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kn@mdasenad:tbm)kSt fuewncy af audeee Muony ﬂtmg:r receiver quickly
domai n

I
SR Rk Bl J8TPr R o N o iruty

f alpphdipde dife RFQERSFHBShigh @cy S5t ARd #RGudneWnfodatatioh s well as
addi ti on, many non-1linear detection and/or filtering
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[0014] Compared fo tradltlonal ‘analog’ clock and data recovery (also known as-'
CDR) techniques, data deteetlons and/or phase trac_kmg in the digital domain often
have the adVanteges 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 often inexpeneive to
implement in the digital domein. 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



30 't hat n1ght ‘be unavallable for analog |nplenentat|on
are of ten inexpensive to inplenment in the digital
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CDR of t-en provi des good: phase tracki ng- perfornance it
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non- det erni ni stic phase noise :
deterministic phase noise and frequency offset While non detenmmstlc phase n01se ‘

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

offset should be tracked in order to prov1de good receiver performa.nce A ﬁltenng'
_ approach is often unable to make such a distinction and thus overall detection
30 perfonnance suffers. _

[0017] There are other well-known methods that atfefﬁpt o improire' the oerfonilanoe,

such as sequence deteotion method based on the V-itarbi Algorithm (VA) and its

modiﬁcations, as I_ Woll as feedbaok detection schemos and Decision  Feedback
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shoul d be filtered out (i.e. suppressed); the
deterministic part as well as the frequency offset
shoul d be tracked in . order to provide good receiver
perfornance Afiltering: approach |s often unable to
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PERY"™5°f ur t her i nprove the detection. performance.

| [ 0§8@d0) ' I RDAENGHLSITRRY, ﬁ@%par@fﬁs ﬁ)PP&Eﬁ’iﬁgsdafté)éver a digital

.. Y

30

receiving data over a digital transmssion |ink

hatiangmssior diek hevingor rageesivéniyr megeggenscqente steapipdes generated

gener at ed.
o represent an over-sampled sequence of sym_bols, detectmg a first and second
symbol from the first and second sample streams, and estimating a channel response
length 1s 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 overasainpied 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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i nstruction o
receiving a sequence of samples generated to represent a sequence of over—sampled Sl

symbols the sequence of samples comprising a first and second sample stream .
“according to a first and second phase of the sequence of samples deteetrng a ﬁrst and
second symbol from the first and second sample streams, wherem the detectmg
,proceeds according to a dynamically updated table assoeratmg one or more detectron
patterns Pattern; to one or more flags Flag;, wherein Fi lag, has a value 1ndrcatmg a
difference between a w1dth_ of the symbol associated w1th Pattern; and an over- _
- sampling rate L used to produce the sequence of samples, and adjnsting one or more

‘equalizer parameters in order to reduce the flag values. -
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recorded thereon for enabling a processor of ‘a
conput er systemto process incomng data over a
digital transm ssion |ink, the conputer-executable
instructions.including 25 receiving a sequence of-
sanpl es generated to represent a sequence - of _
_over-sanpl ed synbols t he sequence of - sanples :

COMBRIEFIDESC Mﬂyphaseﬂ@ R, n according

" to a fi rst and seco sequence of

Samphe2s] - dhé pedskittin@erftionsit ithateaROREy BY BRahplk! 0 h&eby way of :

~first and second sanpl e streans, wherein the det ecting

. pr. oé’é&i@%c@dhdlf@rqswféhemmp@wng deavdageand woivbich like: reference )

ssoma Qne..or. e detectio 0 patterns Pattern;
: ? efeoflflﬁﬁlﬁnnllrgp’g tsawﬁ F’ﬁEFI ag; ‘has a value :
N ndl[mms! NBiglre M habEIGR] Gracleeeigren%%&atiﬂg atﬁethewﬁa'sysm for
associ.ated wth Pattern; and an over sanpling rate ,
,us etbcmthmr eﬂdaie ovéren etgqaleramanmeloﬂdmkl asaccaniinedvitk tan reglbod1ment N
?{hg egual i zer parameters in order to reduce - - s
O the° é’f‘?FSPﬁ}B CIUSNBRI EF DESCRI PTI ON OF THE DRAW NGS

OOﬁﬁl]z'ny}q%,]%eLSﬁ@t ﬂé‘ﬂ%ﬁ;ﬂ{ ;Iﬁﬁ}rét?néte }nléﬁfoﬁ%ﬁﬁlek}XcéﬁﬁXn gff da’ee overa. —

-+ exanpl e, ation, 1n the
- 1of - digialtcaompsaivpi 1013 drmmﬂgmeamdl amerbodimehi dfahe present 1nvent10n
'ref ﬁ)ﬁnce 5 nunerals' refer_to simlar elements and

8, Figusn3 3 2 topglgvel biock dliagrara jlystreting s risla Kelgrtanra m‘éordance | "

, "'%ﬁh%ﬁ%hﬁggﬁnéﬁ?hfﬁﬁ? PRI O reception of

" data over - Pansm 551 0N 1ink, in accordance L o
Wit j0029) Gﬁ@mﬁlmﬁm blook didpeanp ieeating méePﬁtte@iﬂ Anh@@é’rﬂn accordance
Figure i2 is_a flow chart illustrating a nmethod for = .
t hew%é%ﬁf“ib@ﬁmmﬂt abtha PevseRt iaventiondi gi t al transm SSI on

in n h nt o sent :
15: nvlgm%dl)]on rgﬁfer ga{él gCE(r gﬁ n?lgu%bn% g éaV% yzer Element, 111

di ageembahdd wish bad em&@ueeﬁﬁtnl@pleeé@[nvehm@ccor dance = :
~with an enbodiment of the present invention. [0029]

Fi g0p3lis Figire 6 iy » blockidingramillysirating thei Fgsticriu ffos ingicpordance with

An rdance wth an enbodi nent of the -

prgdséne blonlve I}E}%g %Se[lb%‘é;fﬁtoﬁrgure 5 is a block ' ‘

~di ggozap |P11é1i!|§t7r1@ta| Bigcla d a&xeﬁlmsﬁeeﬁ BRI S8 BWitchdrin accordance |
- accordance wi th one enbodi nent of t e present
20| n\}’élﬁh prsrembatiaept qf.t@e;p@s@t inyentién. ock -di-agr am

I t t El Buf f
SR RR 55 5 R0 Aulht oo SR RSP oot in
7 laeccede{c@%%Mnmmﬁlwsif&@me&nt fifentidiam Sw tcher
- in accordance -20 w t.h 'one enbodi ment of the present

i n\@0R4d] orfigure 9 is a block ~diagram illustrating an exemplary computer system

employed to implement an embedlment of the invention.
25 _ _ | | S _
-DETAI'LED DESCRIPTION OF THE INVENT-I.ON
[0035] Reference will now be made in detail to a partieular embodiment of the
invention, examples of which areilhl'strated in the accompanying drawings. While
the invention will be described in conjunction with the particular embodiments, it will
30  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



[0033] Fi gure 8 is a bl ock dl agramlllustrating the

inventionto the describ enbodlnents

- HINdgIShERGetbindhistit iktRr. nD‘iJ.e 't@ ten d6éh. Hﬁuhl‘l 't’ﬁet 0\;6'9-%amp1‘
e onmr)afr b}nan phe s&nplnpertdta&z g e tooesewithian emrap iyt ", T

El'astic Buffer Controller, in- accordance wth one-

- enbodi ment of the present i nvention. [0034] Figure: 9 _ :
is a bl ock diagramillustrating an exenplary. corrpute SN _j o

he iR aBPLOaT o i SRR uAeRTARE o}

: "[OO@ﬁﬂheapf;ﬁ{deﬂ@ﬁuﬂsll now be nade in det a|l to 'a |
- particul-ar enmbodi ment - of the invention, exanpl es

whi BIIB3§} &Vhen Q}@!‘-ﬁatlﬁldd datatlmenaewmbawl ra@namas'm' jk
VWi |.e ti b d bed t4on::
o 4 e Bl B Al ek P SpA R 1 TR 6 8e

i f on al-ent’s .as -ma
W ﬁ‘ﬂ_" > FRY gﬁ* rbl l’lna%H%t rg e cheJtVﬁreaq zhgg}fﬁcﬁﬁ ﬁepggteg sample’seq)

| ,def'l;ﬂbe@ut ﬁ%ﬁﬁ%@?ag%%ﬁggvﬁh@:i e L0 6 @Lse Yhs8e that

. over- Sanpl e
'I | n]]?(qr dxtarmipde, adlsit valbé of Otmayuareiva miagbt@buslyacaelﬂoe,rort

fers.r ,
10det®r1 lﬂ&s]tqlcor FyptberfombiRation rdepea e OPﬂtt‘tel'erHelEﬁ?e

I s“sent -over

bust operafion-in the.presence:

! Slys 208 T HRHRD ALRE: M?er%?%ﬁ% nres WI

than one sanple.per Bit -an L
exe;yptbely over - sanpl i ng factor of . L=3),. ‘a blt va
may not -reach the receiver -as a perfectly Tepeat ed;

sarfh/lseluanie s, oticiys iBrcesh fe d3hs oA ote of the.

1 SIS TREOAGAUENCE RS G O BRI BeraB womes

©1500Gnowdedge dmymamraouﬁdaseslﬂ ORansied Hodm Sfisamplés; wh:lch in 1tse1f;7:‘:* Ay

ot her conbi-nation, depending on jitter.  Hence, -the.:

¢ hdb Pehglengs todstermmerandrkecs (ko pf. t ABphar apnversh tercks the Phase of
ggé,gegsmﬁsa%euggwmas USh Yol LGRS tygnsp@%g;eg acking

one VI ous. approac

a Mmegmr Howeve phasé uta&leng &mmoealsuhmlsﬂ betweeebhase §h1&ee$mh result -
not_work-in many .cases, _because it assunmes 15 el
kndvame age-dstermirigsis Jities aflaetmedhe ildf:at W@nlmmtwéaw posmon of the R

205 SARLAL CROTR B el Gl B lolin by BB RRISOR be tracked,

- 25

deter R¥ack™d pproac trac

t hanghsiaee chifist Whlcﬁl @‘Badluebtb elafiieh ingndry el o ans afifedt the 1dea1. o

|n sone i nst ances b% npl ementin ‘tracking. loop

Howawphng pRsisien apdd m@rel seal nott g@i traekedgufstarigat we@hase trackmg o
g tu?\?ol&ty %}écatttem Ee%% Igg | thf% ;tg,p ”°”Io%§;t‘%{ ?%%g? 119 the channel by'-;
pOSIhddl@lithtfhe tblaﬁdvndth of the tracking loop, based on the observatlon that boundalyi

sh1ft1ng due to ISI is a hlgh-speed process and happens at a rate hlgher than the:_ -

" bandwidth of the tracking Ioop While this approach Works Well when dealmg Wlthl_.'

; low-frequency 1nstab111t1es, such as problems related to generator frequency or radm'

- link: Doppler effects, wide noise spectrums due- to cable cross-talk and hlgh-frequency -

Jltters caused by slicers and Phase Lock Loops (PLLS) limit the performance of. phase '

30 _trackers Therefore, it is desxrable to 1mprove the performance of recewers

10038] Figure 1 is a top-level block dlagram 111ustrat1ng a method and system for
reception of data over a digital fransmission link, in accordance with an-embodlment

-of the present invention. Transmitter 51 transmits sampled data over channel 52.




- tracking l'oop, based on the o

| _'-IIQ:latepe@amn

20 sanpling clock with respect to the synbol boundary)
~and therefore should be tracked, and phase shifts

whi ch are due to channel nenory and do not affect. the

ideal sanpling position and therefore need not be

e S PRSI AL DR o o)
t her&@i@@@%d @éﬁodé@iﬁe fnﬁh:ﬁﬁittE@@ ggéin dyrsbidt W0 it BRsed upon trackl_ng the -

ervation that boundary . _
-25, détedtionniplidvilityt of {8l sampled Hatghinstsed of m‘aoklagéhamtlmal sampling -

| P?gg%ggﬁ?%&@r at Y p{gxgﬂq}%tgtoga&s%gtgqp %{ﬁ{’]%\éﬂ rh % t itation, ‘one' -

5dea% Rl Pﬂ zlrg‘éﬁlfbﬁﬁﬂlréﬁﬁcﬂ'e 'dfé?fo@&i ﬁdv'ir%;e mﬁ%ﬂ'ﬁbha@mplo?és a binary I_ _. -

ens re to generator requenc radi o

'. Dopﬂbﬁabeef\ﬁméxﬁ cadli sienbudiassenepent bfimeo dalaes, suchacbl end =1, or 0 and

~cross-talk and hi-gh-frequency Jltters caused o
sl i belieigfpge.pRgHs mase ﬁmigg@ggm(sp[qgl)sc pqugtp opﬁr@te & the rate of one bit

o per S8 IRISE Ala B Aol RRE s JEBLIS] U8 il oahy? casos can be |

~.-des
R 003&&}6/6&1 QuiiRl 4 dagnplest omIonevai thdsecite dioa greasssary cond:tlons for the .

o 1.nprove { ornance O ‘r-ecel vers.

|Ilustrat|(§gtaa met hod “and ,system for - reception of

8 ey bR %Iphﬂéhrﬁaﬁaﬂ ense We@&ﬁﬁi@ér bOE-daliliaE Nfabony - cah S handled |

“referred to as "receiver") - recei ves and decodes .the

tramlngptldm Si gnal Det ect or 100 I's based upon

ta@bkﬂg gt[ e\gay % éfa%%ﬂe?%h Etl?tl 55 ‘8 E)y hﬁ%&tatﬁ ltﬁeagﬁ)érﬁﬁon of a detector -_

' 150‘c tdreisdgon E&Emshsﬂﬁ)é 'aﬁ'dv)ér—@efmpliﬂguﬁabfoatdfoﬂ =03l apid ansthg smgle—blt ‘

not byway of limtation, one 5 or nore exenplary

enbadiphiegt Jndike tridifisnak saquenoei dvgecaarﬁ,uthk pvﬁsﬁwdetmtnrdw separately

: i a bi ngﬁzg% Pgh%%%tﬂceﬁ o ﬁﬁgregﬁs%ﬂpiﬁé pﬁisegigﬁer eio&qfalghase offset

one of more embodi nent s are disclosed to operate at

"t heofy ft 6Dend diea pitks a spepleswapnse tha allewefos e mes seliablgydetection.

‘fact is kept: low and in many cases can be between 2

- anded RENESSnt SIRMNBHE PhadeBCBR @R 1IOI0NNRERREASIMe amount of look-
conditions for the 10 operation of the disclosed

20e rrtimhmdemdsloah@hcadem;fmﬁpn dhe.i preeugerd| 41151 wbwréerbqiféa)t ip order to
s adﬁpgéve\ém@f}gxr gg{ nB%letEyﬁéw%%& Edgpegl %41)1 @i}?t > ’thealgger -sampled

- as WRlHhafiéh 131868 Eo RirlEr ﬁlgﬁfg{ré e dedschion %erf@ﬂ;'ﬂm@@ ThlS is in contrast

”handl ed anal ogously. By way of exanple and not

by tompnwintiphati ‘Phasjed?ipkarﬁewblph often afiscard e dwereanpled data once the

100 i s..shown ere| nélusn ng an over-sanpling factor of L

= sampling BRasg %W’@P Shpling. Unlike traditional

'.'25 S eg 6@ € el Bt A detectiBh ﬁ%‘r’fﬁﬁﬁﬂ{ce dgé Pedserit hQ&htion is computationally

efficient, a.nd therefore can be successfully apphed at data rates and/or cost constraints
well beyond those currently possible for traditional sequence detectors.
~ [0041] The detectlon performance can. be further improved by combm.mg one or

more embodiments of the present invention with transmons driven phase tracking

30 (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 presenf invention. In effect, slow phase variations as well as non-

¢ gisclgsed p@h@@ﬁ@@tsaw thpavenion i galin agplicable toa

7 e B IRod Al Blop R A6l BERH00 comprsgg more



‘anal yzes sanple sequences for dlfferent sanpllng

phases (with a nom nal phase offset-. of 1-U) and then

picks a sanpl e sequence that al | ows for the nost .
reliable detection. For the different sanpling -

b 5k e A T RS BT R {ypggﬁhoopwm -

e e 288 B TR e smbPo L Ecenli of da
SOV e&lgﬁ?%&lﬁﬁh@lt&n &eicﬁ:gﬁanm hi &nﬁ@cﬁﬁﬁnﬁ@ﬁth@

" per Stertimnatel hithpdeeeding . thefiesttsymbol, she argfhodacdroha d
. eff%’ilpent and therefore can:be successfully-appl

~ th

. l'de?is 5&1[%%%@?8:?%& tu{eg Fg%@gg ?lr?r%nce can Eg
furt heirstl pmsegvstdldt))exemiﬁs his BYMPRE ovEr aﬂmb@mimdw dotvs V.

| 10t r ack“ngdom@msaﬂsl lsgluées di grmpley comespondinayip dhe spkrent symb

" be de@j(sfteﬂoﬁﬂvhfh &y oﬁéﬁ%aﬁplﬂi@ Etor@iThDdiTeNfypical obdeevation window .
. present invention. In effect, slow phase variatijaons: as 3

- andposterShhpRE R 100 OF RS phedenti MPERIR umsS'gi iging phase’ -
“synbol - by-synbol detection. In addltlon the: o Tl

ov edeviatiopis édich anfd). nat i on i s used to- further Jin’pro‘ve

it

decli upon. 25 [0040] Fn terns of:. detect.ion

WIEHES and/ or cost ‘constraints well beyon

of the present invention wi'th transitions=driven: pt

{1:) |a g(;l ag ng gn% él%etéF %ﬁﬁ'ﬁ%aiﬁ@g&?ggﬁ%‘% tF ot inistanc

wel | #EYompre deokof M| pﬁhs)@nmi@ sescaple I Fevkans loo aheadf?;.?.“'f_'-"f':

B T

“15hand| egni MERLAERGyRBSE On AeKaRbicdase EBCH 63%wb &bak_behmd samples e

25

30

[0042] Figure 2°is a flow-chart illustrating a nethod" R
for thed ps@bnpkfadlnacbtanuﬂ@ sambepsedl inSudditipnttgithe L= 3" Sampfes f0r ther;_;_'-' L
~transm ssi.on | i.nk ce Wit odi ment - of B
RS i SR SRR Sl P et O
LNe T NERH at I8! &Jforn'f dgedphhrduRah s?ﬁlbopﬁﬁ&é kadch Boésﬁﬁe samplmg_f S

foll ow ng steép For ‘each sanpl hase (out "of SRR
"t ot al pledse thngamrm]ns ssteateﬂlabgveatlmk aheath amdtk)okfbehsﬁ samples as--_ ar

ST PO R R R A SR R sssm, may
-sanpl £$u&Qhs sthsgief] eRtibid BerRithlafitd assssestedssowel b B

as sone sanp romt e pr vious .and next -symbols. S IR
Fore |A8t26,nésﬁmafteafheadeta:ylﬁh&mlamlﬁﬂy fan emhemmﬂmgl plage’ (1e assess the.'_ T
factor of L = 3, a_typical  abservation w ndow W may
conpr@@@l@‘&ceﬁa@'é’ﬁfpl es. In an exanpl e case of. W

be us
the lowest decision uncertamty) As described below, one or more lmear and/or-_'-

~ong | g&z %hl%gtghf: n% iqrﬁagmL ﬁh@ ﬁ%:l%p tl&gctf"o%%ilgmﬁ@'h €. havmg..: L

. nonlinear filters can control the selection process in order to av01d unnecessary;-,
rstream switching. Altemanvely, symbol -by-symbol sw1tch1ng Wlthout ﬁltenng-r
~ can be employed if needed for a part1cular embodlment N
e At 36, adjust 36'an Elastic Buffer if it is determmed at 32 that the sw1tch1ng
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 l Ul For example, for an over-sampling factor of L.=3, such a crossing

10



15 fronrthe current synbol In an exanple case: of vvﬁ;;,,.-
6, two | ook-behind sanples and one | ook-ahead. sanple -
can be used in addition to the L = 3 sanples for the [_ E
~current synbol, and sinmilarly for other values of L T

Sy ol oss kgt s B 2 kB %”Aﬁ&ﬁ«eéﬁégéc:e“us’gg;lar'er
- the sappi ﬁﬁgrﬁta%ada@mwe arlyQsikh@ iR inRardsaRls Ra a’@be'

‘sanpl es, 20 wel | as past “deci sions for: sample ...
strearrkoepmgerdtqﬂncetmmm%e Tott paft—<, ﬂearﬁs‘l-ndyanfbé >

used. t ove tection -perfor :
Hoscr iAelioRn Fis e MSiehce bavoBE bie ol Hhcriae Pt phas
reliability fqr' each sanpl i-ng phase (i. e, 4ssess
‘Heci silageuihar - Gl (vwhidh is 24F in2Ris cass).eThe- Ehetlcsﬁnffbn inge
streamwith tie hi ghest . detection reliability (i

over-'r.-s ot

- havi ngy s, s R BefleGhHo HHGS" G 1 Wjusdd, for cach sampling g

- descri be one or - I"t-near. ;and/or ~.-nonki
fi I't erstrearain owlet tocdccdune fcsréjoandarpnropsmgess in or de
~avoid unnecessary st ream swi tchi ng. :Alt-er nat | vely,

syrrbol At$, spRwdhe ahave slepniprife 16BaIning Hrbolsg th %%PFP!

o (45, e BESEE] B8 BB bl R0-IR T

1032 [dozm tihe aFwoh(ﬂhd)ﬂﬂe pRReMiRERESn Cdt@sa‘éﬁﬁnéﬂlﬁbﬁde samp
boundarles eneral , "a synbol  boundary is crossed

i f. carrest askl iy to sy éheoralumf t@pfcﬂemtrsw phaswel 4
| d h
O GG S BAESE biid SACEyert B8Ldhe hnp R st

CF OBBId bV GE U 1Mﬁfee&fﬂfe‘s*ym%op§tre%m Has 218 drsgbor swith

“has takén place. For a Iarg over - sanpling factor-;

sucthe a@nﬂ*ﬂ“% fe. aﬂrltbfhemeerqﬂ 1) eud ﬁe ctete&ﬁmlﬂ dnin temiddle of such -

R G P O RRLRT S BoAeRt b e feedifatpdenbe
di fr%@dr&l%@s%ohﬁ& PERB, FIAhGhdraRGcH HudSTY RiVFabR; 1c5th@ﬁncerta1nty_-_:;,irf: S

4, i e. 5 larger -than Ul (which-iS 2.5 in this case).

Thesmiciated avitusuchra ese@escaermedkiﬁ@ughvthrsm taetrivaali ex@n‘spltz it does S

S e B OO0 A Bk 8 e s

sdid-ordeflto S§treckIRIBRE ﬂlesyrﬁmweheteps for the SR
regﬂaﬁinl ng synbol s |2 the stream 10043] The above L

20st dp843dr eAdeanothich exkaimplenseaycres diavinige ploase- lnvmlamt)@lm]ctlon results,_ o

The a f.the S I nvent.i
iR R B Rl Ble oAl g AR U ST
guegysd dﬂeoualweopm heo CWRcRN depatPhs mméele beﬁ)v&)o
estimate the Treliability of such a guess.
of aepdeRaty: HdssiObl-elsabpt i ng phase Wil yi eI d the
Phase 1: 001.111:011.110.0, which is also decoded as 01010 _
25 Phase 2: 011.110.111.100.0 , which is decoded as 1010x (1 e. 1 symbol early)
o [0046] In the above example, it was possible to make the correct. detectlon decmon'
regardless of the selected sampling phase because all three streams of detected data
_ are identical over the four symbols shown. i
[0047] However, in the above example, the detection reliabili_ties differ for the
30 different phases. For instance, the Phase 0 data can be decoded reliably because all

symbols have a pattem- of samples which could represent only one pessibie symbol

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

11



same synbol value. For instance, if the synbol stream
has ‘a long run of synbols with the same value (e.qg.
with the value of 1) and the detector 100 is in :
t he-m ddl e of such 15 a run, the sanpling phase i's not

Of GORGRS P UDE. 1116 BRI LN MUy bbcause two adjacent

.regarc ess of 't he. phase. Furthernore, such a guess:is.

ver yymbols aifl learei separatei dbyunsiaghed) sample. askhic catapowlst fo a case w1th .

- "such .a s.is.zero. A though this atr
exafgr@ tely i“%’o@ Whpahy CAUEH & TR :51}?&]9?’% Fefe fffﬁk thus producing and.--

LSO T T S

20 heo4Thmbkitiae dﬂétewtloametnb’e oﬁe,qnéxnﬁ}tﬁlgm%m@VGI of uncertamty The -

phase i.nvariant. detection results, consider the

 Fol Ksithdo asgpAecitiohmefics (Braimpfier alse refemortytapimpdy ps memcs) o

010 |

o Odemsm@metncslvhen-d@codﬁi'gﬂ@ﬁnbbls 86 1ncbixﬁn@§alnpl&sl£bqﬁences .

'mhlch is al so-decoded as 01010. 25 Phase 2: o
011[%.161 1miconirass, the: rﬁhalnwm of galés;smﬂeﬁlea@tqur tho Phasee! arld Phase 2 :

3, B oy T 6 ST e

"bq%W§9¥L%§§&@904 Pé%? g&%ﬁqsgﬁﬂpd%%ngsmgﬁﬂnscm1qum;  '_‘.
rega&ﬁhﬁﬁg A hﬁegaahﬁcmd cS@RL ithe RhasiRe BACBYSEetatdd without

_three streans’ of tected data  ‘are ident |cal over the - ‘
. fo uambggnﬁml the detostion rfigbulyy inpiee irethe presendseofsbsre IST combined with

55 HRF e YERLAR f ol o e B Sl Bilfor e phie
canmhﬁm@!a@@ 04adahe hicall Mﬁbﬁqﬁaﬁsm #hd Phosy 0@ksmNaRDL? indicating the
pattern of sanples which could represent onfy one -

1ﬁooss1|ctﬂaeedsqn¢bmmtyv(ar oasluce] rehbbdlty)mé tlswdﬁmtlommromﬁ@r the Phase 1.

O EhERRLRERh " SuTple, vBRUAREL ) 5B phR% 2 fsmmn con be givena
- anbingiidlof 2DECAIHRArdMG tﬁéjﬂ)ﬁfcﬁﬁﬂoftﬁymle@ Bfearh. are .

separ at ed. by a single O sanple. This corresponds to a -
casi@0dfl hBy rvayamﬁ Webtyativngind St Limhatim, dhel Seldoveing settinm illustrates

T vl B0t SHReBraRGY (6 BhaSampld LriiBegtiaton of the

20 el jeghlar and 5 has a cunulative "detection metric" of
, indicating a l'owlevel of uncertainty. The ideais
to Examgle di¢x defectiompattéras f¢hbrandWes al so referred

. as netrics 0 nbol uences . rder
| 0SB a 3 Slit Shbontunrll TR RS aAe s B doffbsato will be
- decisi A
S UPAERTEL R B REREEal P RO S L ARAPRO M e .

of gilesdécidedt foe adateiofiosyrtibe), Félmdsnmehnqﬂeinﬁttatﬁm ﬁrhlchOioes not use: '

t r h he Ph
252a:§§€]g§1 )Ibr?}yljpgf. Sde%f:&?pdabagr the schearif’eew erségnr gaprlr‘]ewggsrr%alue is used to

reduce uncertalnty of detectlon of the current symbol is herein called De0131011

Feedback Detection, or a DF scheme. Such a scheme i 1mproves reliability of detection

(i.e. reduces BER) in some cases at the expense of additional hai'_dware._ |

[0051] .’l_"he following table presenfs proposed detection patterns for a DF detector.
30  Please note that in order to conserve space (both here and_iﬂ real hardware), only the

first half of the table is _expl_iciﬂy provided. Inverting the pattern bits as well as the

detected vatues produces the second half. Other compression schemes may be used in

order to more succinctly represent the table data.
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H i
pR—

‘confusi ng and anbi-guous, and: even |f the sequence ‘can”
be detected wi thout ambiguity, the detection mght- be
in error in the presence of severe |Sl conbined with -
phase jitter. and/or frequency modul ati on of the data R el ol
Thus, the netrics for the Phase 1 "and Phase 2 streams

are set' higher than- for the Phase O .stream.: thereby -
i nldl cgt PRGrA hef ﬁltaﬂbngrafe@s ?ﬁetﬁ@celi’hikb nt %»vat.ntr hr egus&dmlfber
- rel i abi 0 e detection:-process for e ase

and Phaégéo)é? str ans. For’ e)xan'pl e% othOPhase f/

~ Phase 208drteansl can be gi Wen a wetric tof 2 assz
-corrpareg?d o they0 metric: gf ‘the- hase Q;streamzlf{10049
‘By way 0 rIIustratron and not - ||n1tat|on t he :

' follomn%@mdectrbn illustrétes  séme exéhple déﬁ@ctre
,ggtter n@o(nrooposred Ifordan @C(Iarrpl e.inplenentati ?,ysgof_i ]
rece e data .detection- patterns
and V\#S‘B%{@@SO ong - ot her0 en‘oodrlnents S?JS
—enbodi-neentd of Qhe detector 100 il b@ |IIu§ﬁﬂated
- herein: o419 1 oy ement ati on whi ch, uses % pr evi- q}%%l y -
detected value - (i.e. a value decided for ‘a previou
synbol )00188d orfe |nplenen9at|on ®hi ch’ does nofSdse
such a(nnewroualy detected val ueg A schene mhesarn ‘a

previ o Iue s used to, .reduce .uncert.aint

det ect uf’s‘h‘ng the current éyrrbol ﬁs her& n calyllgfa3
~ Deci si drot0Feedback Detection, or0a DF schene..186zh:a
schene jgyppoves reliabilify of dgtectign (i eySI;:ﬁp;

reduces ‘BER). in sone cases at the expense of-- S
- addi ti Sl Ohar dware. [0054] The fol I owPhg tabliéfSO

presennﬂnpnoposed det ecti on pattagrns far a, Eﬁqmg -
'-detectq£ 30 Please note.that i order to. conﬁz ve

space - ( &%h herle and in real har mare) -only ¢

first Waloplof the table i 8 explltltly prOV|ded6M7 o

Invertighngoihe pattern. bitg. as me[t-as the degegged
‘val-ues produces the second hal f. O her conpressron :
~schemed W8y belused in obder to®nore Succinct¥gs

represenbol he tiabl e data.112 Pattern PDeV|ou51Nh4ue

WRTECse” Yalue Pacfeln s’ 0,0000 g,8,0 0
000 1-9101® 0 3/60 " 0001010 0 101 4/59 0 OOZU@317Q .
-1 1563 o 1 0 1. 2241 tf‘ |
01011 1 U o 0 20
01100 0 o 1 1 239
01100 1 0 1 1 2538 <
01101 0 1 1 1 2557f',
01101 1 1 1 0 2736
o110 0 0 0 1 28535 )
S 01110 1 0 0 1 29734 3 S
‘o111 0 0 0 1 30/33
01111 1 0 0 1 3R
Table 1 '

| 10052] In Table 1, note that only the 4 pattems 00110,00111,0101'1 -and 01101
(06,07, 0B and 0D in hexadecimal notation) are dependent upon the DF value (shown -

5 _in the column named “Previous Value”). Thcrefore; it can be concluded that a~
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0001101106/57 0001111107/56 00100000
1-8/55 00100 1 0 0 1 9/54 00101 0 1 0 0 10/53 0 010
11100 11/52 00110 0 1 -1 1 12/51 00110 1 0 1 O.
13/50 0011101 -11 14/49 0011 1 1 1 1 0 15/48

0B b e byl S flftain o B

0 18e@ick gaflgafcﬂaattégnao1 101012241 01011 1

1100.23/4
25/ S@eamisebettion 1 1 1 26/37 01101 1 1. -1 0 27/36 |

| 13 grateingie RN e N PR

. 101 1 ang 0 110 1 (06,
- not hpudse) Respensbe(FER) rfinite ;ﬁupulshﬁespﬁnsiaﬂmé of shphwear)zanbe used in

100001124/39 01100 1-0 1 1.

E’l@&ncﬁﬁbah b@%fhepaﬁ"hﬁbﬂgrn%o&e]tyﬁe of fﬁt’eﬂan& (s@ch as Fmrte

OD.ih hexadecrmal = =

t he -col umm. named- " 'Pr evi ous Val ue"- refore, it

15
o by-symbol basis. The pattern decoder in each stream handles such short term shifts.

20.

25

30

.be %@%F%B@Hltiﬂﬂéf’ma e_snge amount of pi ase co erence and i m ogdaer 1o prevent E
rapld sw1tch1ng between detect1on streams since such sw1tch1ng can degrade '. ::
- - detection rellablllty _ L | _ o
- | 10 g '[0054] The detector 100 can be made more accurate 1f a past detectron hlstory of a
o specrﬁed length is taken mto account before arriving ata decrslon to sw1tch to another o
‘stream This is because several 1ndependent processes such as ISI, phase jitter, L
: f frequency modulauon and/or clock frequency offset, or other processes affect the-

' symbol boundanes as descnbed prev1ously Some processes such as Jltter and to a E

certain extent ISL, have: short phase coherence i.e. a high rate of change on a symbol—_ '-

_{0055]  Other processes, such as.frequency offset or ﬁ_equency_ modulatlon, generally

" have a much longer phase coherence period and thus are not suitable‘for handling by

pattern detectors alone. In such a case,. ‘stream’ sthchmg 1s performed, thus

accomphshmg (1nd1rectly) a sarnplmg phase trackmg
[0056] In one embodrment for a DVI/I—[DMI app11cat10n the filter can be 51mply

implemented as a moving average taken-on. per—stream basis (t.e. L of 1-D ﬁlters)

‘which is then followed by non-linear thresholding. This prevents stream swrtchmg,

unless the difference between the metrics of the current stream and the candldate

streams is above a specified apphcat1on-dependent threshold

[0057] In one embodiment, the candidate stréam with the smallest metnc is selected |
However, other st__rategles_ might be used as well.

[0058} Before the symbol value is fmally 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 candldate stream the phase difference

between current and proposed streams is greater than % (i.e. greater than a one-half

14



. i nfdid,%dt@r 100 elkee JBaRIARS eteh®) e@sneearrldeeeabﬂ 08y fesult
- used in order to maintain sone desired amaunt Qf 5

o RSB b e I ?tlr%‘:h.

L freﬂﬁﬁg&%uﬁﬁg%ﬁ gtr@aﬁglor_ cl ock frequency offse

) 10corréreeﬁee(eg Tom fhePhyse étrémafOétfaw&é 8 salswslm;; oV

) | han@?g@ﬂsugﬂfgﬁl- gQJ?PIQ@M%E,?PQsGS&

'Si nplrfred non- DF det ector can be |n'pl errented vvrth a
reasonabl e .degradati on of detection quali ty for’ such '
patterns. Stream sel ection [0053] Once the netrics are

caI culated for the current synbol in each stream the -

or P R RO U@ 208 e 8 e U

o 00BAIPHARED HBLAETY sy k@R CRR 2P Sy IRIRp IR RichE GYTAL 8 ) b

. past- detection hi story of .a - speci f| ed I ength- |s
| nt sireaocaiihe eik6Ha 1 4e. grvhe rﬁ’gamz arerAHmnsIhrsrcase), Sy
her m Thi-s i s because several

to a
i ndsﬂﬁhssrﬂssist Snless BERERaRS SIPRS arefRkRll OpP rePo
ot her cesses ect the‘ synbol boundarles

to.a 15 certain. extent 1-Sl';  have short phas

" pr oteames, such as frequency of f set . or frequency._.
.~ nmodul ati on, general | have ‘a nmuch | onger “phase.

coHBPEHc Dfseppiiblaselttiprdo dhe abeye Brobleapamprses addin an’ Elasnc

g AN - D, B e s

st ream OI‘WE acco

15( i ndictaed lsyﬁerﬁnﬁadrp[ﬂ g qbasea tfowekd p@ase[rﬁ)@&ﬁﬂe g rﬁrdﬂrm ehe Phase 0

enbodi ment_ for a DVUHDM  appl:i cat.ion; -the filter:

be ssrrermrtsv the Rigse Resireats isthe ahovs thg éeneﬁke%ﬂlerﬁlastw Buffer_i:; o

o BE RGP0 ol habs o R, DonyotOUCTh (2

|0r phes &tﬁ&h@rﬁ%%v\ﬁﬁbﬁhﬂﬁgﬂhas@ ol sftﬁ:ﬁmttbﬁhd [Phﬁ@r@rsﬁ-eam in the above: : e

between the netrics of the current stream and the.-

carsdr@ples thokngthof thecFlpgicdbrirs iningfsatedibyswme symbol.

20 AP BRI A e LR Rl Gl el i uﬁed i the bv i

NetdideGssich §2! 186 tpRehose PV ationt the lcofié rggﬂfoﬁw etsd ' @6t mtended asj -
‘be used as well. .[0058]. Before. the sy val ue is "

fi rharltapmeel Btpwtlc@omlaapmtsmqréntvgn@rs ‘apineRdigs ecan be uéed For'f ,-‘:..{;-_

made th th

21 PR T ¥inlb RGP Gt P Vi o, BlseBn muttiploxers and

SV\ﬂcbﬁﬁ’ddﬁgslﬁf& fepRtdr Ottt Hoid- @@veﬂlaéﬁiﬂb%lsB%f'tﬁrot[ @Q&g]HJJ\irever the:' -

i'n the process of selection of a new candidate.stream-

- 25¢ h&olijagg ctesrﬂfmuognmtmues to use the notion of an Elastic- Buffer w1th the

' understandmg that a practical recetver may use any 1mplementat10n that serves to'__" T

buffer and/or deiay the data sufﬁ01ently ,

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

switch decision after the detection of the c_urr_ent symbol is .done. At th1s point,
30 optionally, the_ length of the Elastic Buffer is adjusted as well. However, the new

-candidate stream is selected during the next symbel'interVaI. In other Wortls,,the

phase switching process can be visualized as occurring in-between the symbol

‘detections, namely after the previous symbol has been‘_de_tected and before the next -

15



betvveen current: and proposed streans is greater than 2
(1. greater than a one-half 14 U phase junp), the

det ectl on .process .crosses the symbols boundary. Unless
the detector 100 takes additional steps, erroneous

SR B ol UL, B B, e victing

j U”&ndie" &Silel dinthe ﬂy[f@pﬁﬁ cufteft dyﬁﬁ)bliﬁﬁﬂmut/\ﬁ@mél@ nHoﬁrever such an‘ o

. streamthat.is close to the begi nni ng of ..a U ( ?
t heariproesh  1Dag tinergasei haréwwstt WIWthihovv&lgnlﬁémt Y wgproving the.
cting a, streamat the end

'- fac e

%tﬂtlotl@u@htyt‘%@aﬁﬁﬁ?gt %’?g?sfe%am in this case), the SR
Y b5 POV ¥n Whidiide &{&S&ﬁﬁ a&d: HpERs RCRRASAM startup or -

‘Sztes a]retaken onégsy%bo wi | i w (l?e C A

- drowhatdstablishing admehmlecbrmmtmmhe]ﬁIM]BuﬁEmmyseaqh atj §djustment

the.phase myves by. o

 bacr o et Bitod. g (e potusE ey Nafs todi foribly re-
n%egrergd‘ ?isﬁltglésiﬁ ?S?sﬁﬂlb Qath16ss algg reee%ﬁ%gkrevehﬁecrmr propagatlonr '

d twice, caus

dup;bheﬁéthbﬁlcelﬂ&ed be thi@Elﬂstle(Buf&t bmm:mg[ fRER} &@ai]ustment Timit and'_ N

.7 possi-ble-solution tg the aboye. probl em conp
‘ 10ad diansing Anytiipletqrrors dyg feopn ma ;

ad ﬁﬂ fore the stream 15
‘ seﬁégﬂgﬁogﬁ}{?g&a@ ?008?%@%' %Le casé of a forward phase
. MDV[@066}. The fd- &mtdrh@ prhasewbris by datecting 4 Heer@hastef e Elastic Buffer

streamin the above exanple) the length of the Elastig
_ Buflf:]gth b(:]ov‘@zerp Hie. Aksanest &ar qj@qgawe il ay)ég@@é&cwegh gf the Elastlc_ )

1 e 3 R R

) 15t helh@ﬂél‘df—’) is %Rl gg-defided \}aﬁfbgtlfhlﬂffalﬁéﬁﬁlaﬁbaﬁb(e@ oBttfaly@xptionally be
is increased by one symbol. 20.[0063] Note that an

absﬂdﬂm‘telﬂfhgﬁtﬁﬁﬂe Buf fer (and variable delay) is used
‘ ove. scu sion for th
0ol e BT R MUAROR R ingp et dono

"~ limtation. In practical. mg enmentations, various
appEBaghesfisahcdnterusb. ofFor——+ msenhe ssedpaer example, for an EB,,.,
I npl enent ati ons can be used?whi ch are based on -

mul fi srssth@%émemm@&n%%ﬁ@ ySaipelers that hold

sever a nbol's worth of data. However, the 25
20f ol [DM]n@ltﬂnmumlp,t more dabririte umpldrmmtmeni ban tr@ttk tlm t@lﬁdency of the
an El ast c Buf fer with_ the und,ersqﬁandl n

pr ddestic Ftutfeg fo¥aefloyrand rrseenigyt in, PRI (R AEC §{ edﬂorteﬁg?ce for buffering
| Sea%ifl E[cﬁrecﬁbﬁ fo?rmésﬂdﬁ]%l thatar? %ﬂ%g subf iigdt@RE! YF there is a

etimng1Is suc der cal cul ates
t hencﬁrﬁéxfthpoalﬁﬂe ifedgeanclyhffset and the receiver sampler lags behind the phase

of the incoming data, the sampling phase may hkely be advanced and potentially
25 -bump against the zero delay limit. In such a case, the buffer can be re-centered to 3

of the maximum delay in order to decrease the probability of reaching the limit again

~and caﬁsing data error. | l '
Overall Architecture .

{0069] The architecture of an exemplary implementation of the present data detection

30 method and system is now described. Figure 3 is -a top-level block diagram

ﬂlustrating a data detector 100, in accordance with an embodiment of the present

16
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:'-t he{ngﬁ L Syﬁgﬁl deltdz:go?rl\() ﬁs&tapﬁa \(’E%‘iﬁgzép ?10 %éﬁi@s Fllrerl:'. S0
i n- beéaneSwidche 1vnblaktic B\EFeq ) aBcantRiaR! syreahtserecibh &5

" previ ous synbol- has been detected .and bef.ore*the: next
15 &ﬂﬁﬁbﬁhesqueméewne@mfsamnhddmw isofed intocPa

PPl B it B RESuink RS Sk B el
~conplexity wi thout: si'gnificantly inproving t

 det shdition thjs dldckymaynprodwe addﬂmnala&eamagésldeﬁn{maa]n71'5 _
- During: anpdgfettled er|o€ of. th receiver oper o
i

| L ) -_Con@i@&k%lgﬂ is fd ed:-{oa\%tldec(t\ﬁ‘éﬁ% m%\nﬂ?ﬁéﬁli’c

in- p055|ble dat a loss Such r e nterihi prev o A
1er rap W%&Mﬁ%ﬁﬁ ymmﬁ&teaﬁﬁ E42hiP. 3\9@@@? a@qrrtenn stab
'cau3|ng '

B coniﬁeg@altae aftemptiupl follewestabds treidspipete chyngeobfthierca
.of crossin the nbol boundary. [0066] : Th;

theyElasti, Emeﬁﬂ:fn "By, n%t%a%labpeeﬂopaﬁgﬁnﬂél (heA

switch decision after the detection of the current G
synbol .is done. At this point, 30 -optional Iy the « -

| engt h of the Elastlc Buffer is adJusted as wel | EN
However, the new candi dat e streamis selected duri ng:

g process e VI sual I ze as .o

Wt

FOWRV L digHE euaans ARRRE hog%ér WA aeealéiah@wsear

s ucsATIling phase, pstimAtiy ueielon measnre t?at'#??f

n such a case uffer

Buf {65 JA?;e@%ﬁ& 8% lofa%& Ua{e%@% Fﬂ{@ﬁetﬁﬁg

e error an 1na 11y to

r -kt Ansterdpy: Hngicsirepys &@taeEftrrSa[glbal gg%e e,’%ﬁtis@pc the -
Exﬁf attempts to :’f. : Lo

fora negat | Or “an.1ncre asf

- 15Bufttgk thengiha peysntbot hmsnﬁ)el withnsirabelt fatel) |nmyt caukmer’ﬁniebus and/or 8 '_j"-‘:: !

cases, the buffer length (i.e. 15 the: dela
a pHECeRSFTY Eleayn PEChimg Eh%dea@s n%erdé@ib

glotz{n' rigj'gn%#e%%sn?}% ? f?ll(i)ént}‘a\;%m%a@hg%gg 9{ ffie CEH]%S{%EC d;r \}?Rga oY e

N erﬂmm]d ek abe il @lgrdims have Beeneﬂltéremleerernaﬁetealmf referred ro: as. Pela

207

O

EBl engrA 2 may be. used. 'For exanpl e, for an EBM g

- 7 sy:nakﬁds metries)c Bt kroopktdimeiian | Bb agetent %tfa'%ﬁmtﬁhef block 140?-3’

‘{’Ig‘%%%%c‘@l oﬁ’éw?;sﬁre :rgfg ksg%t % eﬁ%;tgh?r block I‘E] aIS? Controls the RO

BUflEl@g‘th 10 tiy Blabti© Wugid 1 2@ iComdteto ddjust nhobalfferiiigodelay i 1n the case of |

‘provide nore space for buffering in the:.directi.on o

mewnbpk@@dmaeaqg c?leﬁn@éate St seleqtiondata liste!i‘frbéfrtbe Phase— .

' SiTPSEITI 4 RREUE el BUEIEX, B0k Sl sfeaebg_z;ha “Symbol-'

: _-'| NGRMEcGsighl 241t he sanpling. phase may li kely be

advanced and potentially 25 bunp agai nst the zero..

~ 25dell8§73]i nThe HlastleuBhffer blesk, 120h elpys ﬁéﬁdléﬁﬁ gegams; by the arnount,r_

‘re-cen

30

speci &d Ey the Sg'eam Sw1tcher 140. The L candldate streams are delayed by the'_' :
same number of symbol intervals. Ina practlcal hardware 1mplementat1on the Elastlck: -
Buffer block 120 can be rmplemented asa multl-tapped shift reglster shared between
the candldate streams, and an array of multiplexers for selectlng the approprlate tap.
Other 1mp1ementat1ons are possible as well, such as.a shlft reglster of variable length
for cach stream. | ' o
[0074] The delayed candldate streams are apphed to Cand1date Stream Selector

| (CS8) 150 which retams one of the L streams and discards the remamlng data The
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of the maxi num delay in order to decrease the
probability of reaching the limt again and causing
data error. Overall Architecture [0069] The
architecture of an exenpl ary i npl enentation of the

present 8356{} dgérpeg%htgqhe t(ﬂ@ad @%?%slﬁtmﬁesda%r 100. An |

'S a Ieve ck’ diagram

i | |1H1§bft§ﬁtl A ﬂivdﬂﬁaﬁeoﬁi@taﬁlfdcﬂ bf #20predent aﬁmmiﬁrscmc \iadkhof feedback
an. enbodi nent of the present 16 invention.

detleaptsdn theoovesdhgateotersi 08 tenedegyk Thimfarilisates h.a&hiy pme%l?h @Eector 100

- Zk%&%ﬂgﬂw SR R BBl s BB b AL bd R gperton,

" equell iazakdm intotShit Reglletﬂt 210 baving Thescifiedsisiny. The Shift Rengter 210

PEHTESSG eftfs‘é&ﬂialdﬁﬁrﬁeé andQghdrs fed into Pattern
yzer In-this block, the incom ng data

patlt:&tenném&ﬂymal yzed on a per-phase basis, and 5 L

ﬁé‘ﬁ&q‘»i’s&“ R S Gk ) OB 10

| s u%ﬁ&'&ﬁa&@% ﬁ? AahbtimBeRE réééﬁ?niv@ﬁtﬁﬂmiﬂeqﬁcolﬁﬁg data. samples

sanpl I ng phase estinmations, quality of-

discussionis linmted to_value (V) streans 111 and

- 10nretis long e(lwglwrl@%sﬂwa@oﬂmwm total of L per-phase
metrics streans, hereinafter_also c; Iled 'raw,

netrics"” 10 are furthém‘p?-éc?é‘&sé be a Metrics

% . Filter 130's0 as to su ress: shorf-term.ins abl i'e o =
of apdavhersinile ds {he w&esagﬁemm@xfﬁ?tef’ Lt o _%fleﬂ*%%#c‘ghead (LAY
- of the netrics, .The ,det ect,or. eneral tt eRAPL,S;. - _—
t o 5pEp] eavyegwa%ﬁ éort THEG apﬂyilﬁegghalﬁg% SRR o ek aghind (LB) -

H |smple§ls@leo‘ﬁluﬁkR%i€%r§épnp§%§e% ﬁ@@@pl@@,m gar

R A L S GG
ST R I L 5 RO S e

baghslyéis - (Be. vhé m,ﬁswﬂ)@ne I8 ehmpRy rioausduding aleeision feedback. (DF)
and/ of  unnecessary stream switching. The I\ﬁﬂrl cS
d.

d Hoa\aeggq, yvhﬂe this

 GovartbP Rutbiaol Rl PRE il RehRERIRALE i eration csier

beed uhiitrsRh@dothbeimeplBatitation| 4o Iioea‘ﬂeler eEbrt &xaawple, parallel registers

. "cooked" ‘netrics), the.L cooked netrics 131 ar
20t o vt mulpBwersctag Lesetie facibtatoprralisl @rpcaé%%%%de%(e“@ﬂch might be

corEraNeS e Sh e A S LBl RY G Rg copmympion

S otog MWSFroh{‘ﬁlebSHlﬁQIdﬁ[k%r@qbaﬂleléﬁmﬁ)l@ Xasee ednt t6yTachy of Pattern

'_25

.30

boundary crossing. The candi date stream selection data

i s Agehyrenlenivats 220223 ... 3é0 e Eor pl@'pgmlof glarity, palyithefirst two and the -

?aé% gt eé*Bi%J gﬁ]g yziril%ex%gntg%re s%lo Wi in I%lgu%] 3 BYcrl Pa%te Xﬁg%er Element

220 ... 240 observes the appropnate collection of samples presented to it on a per-

sym_bol 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 eut on lines 202 and 203, respectively.

Pattern Analyzer Elements |

[0078] Figure 5 is a block dlagram illustrating a Pattem 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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25 [0073] The El astic Buffer. bllock 120 delays = ..@ .o -
candi date streans by the ambunt specified by the. --»-" .~
Stream Switcher 140. The L candi date streans are.. °
del ayed by the 'sane nunmber of synbol- |'nterval S. In a

DI hoBl B R AL P A 05 Bton
r egi %ﬁsusﬁhfébﬁréd REbIOANe 38R EAREIdRE s RebRRITE20. affle:

-array of rultiplexers for selecting the appropriate
. t apis @Blatdhoara pemsymhelrhasus; icnenerper patsetvpbiyeleas well

e i S R T
fors ﬁ%‘%ﬁfs@@@%ﬂ%ﬁa S/ R3S RSl JEOTHl

- renaiGicagbd anplemthied uiihgraeR eidnnly Meraaiyn (Rénﬂ)aeleﬂslﬁ
-,out ut data stream, 151 of -the detector 100..An :.

paPe SHdAE vl Vst stopet i Resise Hlsdarhe

'-lnv : f feedback |oops* in. the
o oveﬁﬂlt Fgglgtifg{léﬁeﬁg}éﬁ%pol ogy.. This facilitates
~ par Eidseic Bigfeect or .100 i npl enent ati ons. and. nakes’
t echnol o%y .sui tabl e for. very-hi gh-speed" operatlon
1

105uct90§§] @ssmlﬁ séﬂ@ﬁkddlsﬁm lﬂtlltt@élngrﬂéﬁ ElaglfeB WalﬁtOe

WI 1 fbcélﬁtedf eb@@le KBDtan@fshiﬁB@ b es%ﬂaylotn@ 'ShifDRe%ﬂ_tEﬁs
~incom ng data sanples. 201 are sent into

RegPis B s 20bal deing Undspsiconsel ofedoy. siginb 48t appropriate tap of - SR

)

150V epuBRler 0l 350 OF 460N, Ths ohifpatsuuTbas: of 4696Kth%hﬁﬁlﬁplexers 440.:jif_ﬁ_1- s
(LA) sanples required for Eattern anal ysis, NLB.is:

hedilinbabo ssmposska Sellsction oL) cartip sramaniopaRiAgy deleyed and

S0 BhPLLERSE. e SRR R B b RLE BBE A0 g poseivte,

OV efirch ad¥P4 ipaghlie toad ﬁs%mres?lafe%t b&ween aRAILY SirSachd u§1ng appropnate— R
one LA and one LB sanple, not including decision _ :
- f ecuibliplexenryr Otb%rrﬁpplesl)plemh@ta@bnﬁt Regi ster 210, '

proguces es in parallel. However, while thlls _
20par FE‘}}F§P’"§’§gﬁp| ary. enbodi ment " usi-ng Shl ft Register - . : e
21Q008Hes Fidhee IR &t bRRk Sdigk@fn_ilBuHRee i %@mos%&her 140 i

i npl enentations are possible. For exanple, parall R
regacs@réﬂmezmthnmh enuadimpengxed thecpasept uu»eswolt o Appr0pnateiy ﬁltered

o SebR e S RESTET BRI R G it 901 B comet
. COmpbiByd b s@ﬁ‘ldtb% POvEY CS&BﬁﬂéfH?tﬂlgqvtuch compares the i mcommg metncsk -

: 25 on a per-symbol basis and determines whlch one of the L- candldate streams currently. . B

has the h1ghest likelihood of bemg correct. In the present embodmlent the lower the_
metric, the higher the probability that the demsmn Is correct regardmg the cand1date.
~ value. Thus, in such a case, the Comparator 510 may determme the: stream that has

the lowest cooked mefric. The number of such a stream 1s sent to- Sw1tch Fllter 520

- 730 - on line S11.

~ [0082] The Switch Filter (SF) 520 performs linear and/or non-lineér. filtering so asto
 avoid switching the candidate streams for small short-term changes in the metrics.

' “This generally improv_es system operation. The filtering el'gori'thm'f is dependent on
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o metri

LooklUp ‘Tabl e . 310 can be- i npl enent ed usi ng. a Read

" [0077] Fromthe Shift Register 210, the sanples 211

are sent to an array of Pattern Analyzer Elenents
220, 230 ... 240. For. purposes of clarity, only the
first two and the . last Pattern Analyzer El enents are

| gggvfﬂe oﬁﬁg&ﬁ%%n 11'0 ' ng%éfolboﬁﬁg{al@y %CZ'FPE%: %ﬁgﬂt Red or adaptiVel |

'Sanm&ﬂldkﬂlﬁ% evdrR vadlplﬂ mafy casel §8uch ¥ '"!FW/HDMI ﬁ)l@ﬂl@ntatlons) For

estimates the nost |likely detection value as we

 est iesamplenstrmam switchingaerd lort e anilyiwliem fherdifferienee {rametrics between

ang tihétienty B St s % ortred PR Soshily B, o speised

"seseegremeetmonﬁeﬁélﬁeﬂﬁn@ yzer Elenents 30.[0078] |
. Figure 5is a block diagramillustrating a Pattern

Anal[9883] Hhe nmntntly deteaciced damdidatevistréano lseleetnbdﬂhm#ﬁelect” 18 then‘ -

of the rese i nyention. i nco Il ecti
t ot &FtdUt fg &Cm%sate @@m@?@l @gq%.lgé) Péclélev bePr?ldmon the.

- e S S, R R 8 . e

: t he Elame\Buffes IQonﬂ'eﬂerd‘.'ékﬂ) olpervey ﬂieuchaﬁgéls msthe eeled:t?e@dandldate stream '-. o |

Regl ster . 320. The Register 320 is updated on _a o
I(E)er a%@ ABIYFts the Bkasfle B@ffeb Helay &weééleemrbvroa%ee ltee: m‘epﬂdaoundaw in

as a
i nf mzmmmsm?, about phase, equal i zation, etc. The

“onl Blastigdiuffer Gaptrofier ysi. ng random | ogic. The

proc SSI n e nex

- Canﬂjseg mgﬂ’le%elts a\'i)loaélal arr? Elﬁ{s&&@? %% ?E %’urglge%%enttrgller 530, 11‘1‘ o
- 1% asdcofdabtd fm?th ok e[n%ﬂﬁi‘lelﬁlcg Lth@pﬁ:sélﬁ ivealion K ’I‘ﬁb q‘@éiﬁﬁbd candidate _

illustrating the El”astl c Buffer. 120, in accordance :
_W| t firegfe nepBerdi Phase” 691 tiﬂwéecﬁfvéééfﬁmlsﬁ‘v@htlflﬁﬂ 520 tapd dp delayed in -

ke AR e RS B O ous svcam

. . fidBkrs Ism&t@nﬂﬂiiﬁ)ﬂﬁb&hctbﬁﬁtcﬁut dAodad Abbslukovdlu®tir@fit 630.
del ay signal 402, the appropriate tap of each Shift :
Regi098&k g%f@bsqlg@ value qﬁ@ne.sgleg@r égffe@@cgys the sent on line 631 to two-

: correspondlng total .,of, L 15 multiplexers 440, 450

. . wépQomph@tod mpyﬁrﬁlcﬁﬁﬁtenﬁﬁﬂes whethébthe @i fférbee is greater than L , i.e.
‘nultlplexers 440, 450 ... 460 conprlse a col |l ection 2’

serpreBf Ry el SFF TR CRIRRA T oo Baf R Bsipg gondion i

- El afiddeed Bufiinere4l26hablify BRSSdjt@ent c&btﬁ@ véﬂﬁe 0 PR3/ A&Jumulator 680
| oad regi ster shared between the L streans using

ap pritp thedetp Ofn%NDr%t@@ﬂsmd@ﬂOot her such
| nﬁb&ﬁﬁnﬁe \dfrection of the delay adjustment is determined by two-way Comparator

: 25 650, which determines Whether the samphng is leading or laggmg 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 Compaiator 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-

30  centering process.
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- correct. ln-t esent e
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20 Stream SWI tcher [0081] Fi- gure 7 is a block d| agram ;‘:}
illustrating the Stream Switcher 140, in. accordance

with one enbodi nent of the present invention.
Appropriately.-filtered (cooked) metrics M,, are-

Eiﬁ%@%ﬁpﬂtﬁ”ﬂf s 60 e o of A Ao L thglo'_'; e

~whi mhsvprwaﬂeebédeedsshﬂﬁmeﬁﬂ)oasﬁéﬂtscefﬁé dRfecidor ROhpteRatking.
. .basi S and det er mi'nes whi ch one of- the : cand| da e',,~

‘st rthardatzhdetettins priokess| adestjusting Iqeoblvmtanldfor tiT ;

f t t h :Filt n-
1 a5 o
']?@% tﬂ&f‘ P%{Qﬁ‘ hbtxé Shh(?tﬂméf?ts%? th@get@é’t&l Qnalﬁ' e the ‘data

I'g t ate’ o

can rearrB or smaf l

chesag@ise pattehtsamtattrenms t0. es’filmase gen guetlsj tyleidawmeem value
yst ém operatijon. The filtering:algorithmis depend
the detector

¢ rlﬁ Tish 2460 8% Eétlﬁ?eﬂe g%drﬁ&l‘?ﬂ%%mtfoﬂ ra%ﬁﬁ‘t%&' d

. Exarmples -
N many cases. (suc enent-at |ons~

" Fo rmclﬁd@mlnfatmg&Kﬁﬁmﬁhmbﬁﬁeliﬂm@ﬂhtbmnﬁiﬂ&@swwasm'ﬁ@th ﬁltered_f

. the difference in metrics between . the ¢currently used::

- The“curren
15" Ph@&ﬁtﬂfﬂ?fﬁlﬁtoneloif hérerof the Bﬁm?lldtpatt@rnh heifante dakof change of the Dl
Se S

st restimptariel aivat the sigtia Blinss pifastof the ssmglss in eiaRte minimize the offset. .. - |
Speﬁmg ?h% fl% d(;@?%cﬁgﬁ r}teﬁ%dﬂ?tgncg’i% %‘%%@{ov%&"ﬁiﬁr dulglggaéle amount of )

erm ne ream se

Stream ector bl ock 150 on line 521.. 'I'n addi ti:-omn,
t hetatipiphage: @éﬁeteetgee@rgﬂﬁlow,st ialpoesible fe etfe:tch'éf tachsﬂd ellmmate the

T?E‘rgsoel Eﬂ?e‘i’sgﬁl Shm{ E‘%%m %n@hgﬁagrg‘?a%ﬁs{ %e set’ect'svgrl entlrely m'}._

' Ca@gﬂﬁ} arlee THI¢ S5pTvdcD repdsadel just snet d%@m’ﬁle&ﬁﬁdn%d@pﬁxfeﬁlfechmque whrchr “

30

del ay i f the sel ection crosses the synbol boundary .in.
anya@bréﬁﬂmﬁnﬂmesaémﬁdefﬁtelﬁmunt of necessary del-ay .

Buf f ,1:f_f;:z
20 SRR Qfadihic iy of Rl BT fisPors.OF lfgfget%rm can be
di aghased by usd dasdiagddriiy # pattens aRMfdie phdsenta Qtnls etnbodmaent the
530, - in 15 accordance wi th one enbodi nent- of the - ]
pr detesfor icaw dferh o cmeatpr@fpﬁwedh@anld regponse lsngtéabor analyzmg the_‘ o
number  "Phase" 601 is r. gdl romvaltfc[ﬁ F|I% §
an&lmrglua%l Qg gvgrage sym o th (in terms of the number o samples per.
- symbol). For example, detectmg a large number of narrow symboIs (1 €. symbols
Whlch comprise fewer than L samples, wherein L represents the oversamphng,”
factor) may indicate that the channel response is not properly equahzed In such a' g
. case, the detector can use this information to change : one or more equahzer parameters
_ m such a way as to reduce the numbeér.of narrow symbols at the input of the detector.
Even though the detector may not necessarily be able to mfer the srgn of the mis- '
g equahzatlon, ie. to mfer whether the channel response. is over equahzed or under-
equalized, the equalization curve often has a well-defined minimum which can be .
" reached by making small adjustments in both directions and deterrnillmg in which

“direction the overall equalization improves.
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Regi ster 610 by one synbol, and the difference between
current and previous stream nunbers is determ.ned by
~Subtractor circuit 620 and Absolute Value circuit 630.
[ 00851 The absol ute value of the selector difference
is-the sent on line 631 to two 20 way Conparator. 640,
-whi.ch determnes whether the difference is.greater o
_ than[@gol 1mé‘ﬂomﬁla?fg@dlmhmmmnbteh@kinagfattampymtn}innuze the: overall data
t he Eoundar SSI ng. conditionis :

: _ :c P;Sge\éé%Luoﬁ pst Oéméﬂ(ie ,tqq O%quglcr@ﬁ@(:t@f cmh@tlmate the data
~ val ugalu® rdRbBY i ACGHIRYL %E&gtagfs%ﬁ%gﬁaﬂlﬂ (I;]fe{h@ v?a[ bemg correct the‘.. -

- AND- gat es. 660 and -670. I'rect’ion” of

- deI asfquali;cajmmmba sadbdt for airadiuttiby it g mﬁymﬁaﬁnﬁ:ﬁ@t O other words, :

o [nines whether. the sanpling is$
S ead‘?"r?B ‘5‘&31

eﬁa B#EOW sppbole i large|(mdlctan@g Salastangipl émount of 18D, - o

efboun@g&y r c 0 0. va .
i ncr enen?%dﬂ%fd&% ecr emaﬁﬁ %d?}%cﬁlo &é' éfgs ? fe® ’P@@u‘i‘? gete"tor may

o "Of tmwmdﬂawth deptable reatiltyadven P b presence of mis-equalization,
R é}t%{] Pg Logi c, 690 checks for out-of-range delay
vaI 8t ey

o &qvaizaresgn af thigheDdteayensissumurdento reduce the RS
B50 i SRR FeR ARRY Y o R el pesion ot tne

" re- 30 Centering process

18xt regualizen thé rédivet atdyoistoad avdidQdide dMhbh®ment and kee the Channel' R
'._above descri bed enbodi ments of the detector conpr eP
tr aé?@ipﬁbseda{’% Ingwick atcpesn theeabjentive is the optimfratiom oﬁmemg*erall receiver

. OVeleSaHRy :
Cinp St %g g@ F&%/letﬁ?e W%a?]?n ity éﬁpﬁrf’é@ fCBF’PH’é‘?mS (S“"h as the
st epgualiaér)h -can be taken in order .to'5 extend the : S

'adaﬁilve behavi or of such a detector by using
i nf 1491 i1 anothes %lmdem@utr thegletecive nutytcanstaice @ thisbogram of the symbol -

and/ o

1?;?%&%@8 raigﬂl %gj 1'('?% gr Cﬁ:n\éﬁrgw sfyﬂ’;?P[fvt et mgf;%ggﬂqpahzatlon from
I i nkarpey f SirbBRC eausb@Q%B]oﬂQ#rfaBﬂ)ré REdH a0 p%éc?}eh&n’ofﬁpto\ﬁﬁd/or non-

enmbodi mnents of -the detector anal yze the
pat {ipuniste phase ditter. Fusthemdremsinee the estingitrekddta t/iiiae thelrwn to the

-str 10 es te the reliability
BRSBTS RS oot o i
t hea dettaiinofcedback WedhitdctWRy, RFadidly %?Hhtﬂpatsﬁft@&i thﬁg%ﬂm dmethods can

i nf.or nation about the data stream
205t heriEnl srgentor éaﬁpquﬁ@pbhasenmmbmmdmmmtmtoe ,me@Sexamme one

: “wel er stimate to.adjust th
‘ st adtrl i ph @f?gtéqn 8?,ta fﬁaidssgm 8% 2 rﬁtre,qedglrteqr@ in a DVI or HDMI
m nnmmntdﬁﬁnpfﬁ TRk or WS caﬁ&i&atg asgr%arﬁ?taﬁﬁt ok dete{:ted use such

~reliability can be inproved by, reducing the anoun
15 smm%ﬁtmyqum@hen do sepamtady estimateathip | ®lipisilitye 60 Suessing the -

Si t han he static_phase offset
i sqféﬁlﬁé?%tﬁg ifgfjan'S ?I%E‘?fg%fs?%s Y fiBat fhigliy possble since the
25an d'aﬁérmlt’t‘edl alat Mtférn is known to the detector, thereby enabling the detector to

discover 1ncorrect guessmg simply by observmg code Vlolatlons and/or lnvahd sync

patterns. ' |

[0092] In other embodiments, the detector may use techniques that are based on more
o informative metrics for the candidate streams. While single-bit metrics are typically
30 used in non-adaptive receiver implementations, multi-bit mefrics may be empioyed in

an adaptive detector, making the estimation of data detection reliability more precise

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

channels) as an adaptation criterion.
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"~ which can be used in an over-sanpl ed receiver. 207

~ phase offset for. exanple u3|ng S|nple hardmare Or
~ partially or ‘even entirely in software. This approach
represents just one exanpl e of an adaptlve technlque

005 Abp@Hhkiin Kl BRGoFpIRRES 1ot hor P

_dur ijem3i tro MaktkRE Bordd 81 ths pfoppbabRlapfive t@élﬁu@ﬁbcﬁi_dmﬁﬁal
~ the  detector can forman estinate of the: channeh 2
- 1 esfredback @t@dﬁemr wﬂlabg/mvh described. ndsp desgribechabiave ‘

laver?g&%rgpol VVI d h (| tergsﬁﬁ&f@bfegstcg%gb%edgtolpg’

Hunhey n%d&arwe %M&pgltﬁalé is SufiEADR! Bhild % Whir

-conprise fewer than L sanples, wherein L repi

huchannel onse i S roperl ed.. Such
. cas@emt“hé’ a%teanom%w u§é eehmex’q ﬁf?& 9 Sbrtcrt ﬂi ffi e
one; gk i aﬂﬁﬁ= g
o edﬂgéem?ﬁgﬁ h Sﬂrr%girolrgl%[ n@?erhow se?lﬁ g saﬁ’au?HPﬁ éh _Ieﬁﬁ?ﬁz%tm and/or
1 heimjetdendeomatchifigein didetigh geh ﬂtedsiﬁﬂlmoacam;ulateﬂ metn
-necessarlly e able to infer the sign . of the mis:3l
1 quathopsgh YD 3 seheme; mighteWorky @teHet’mt“E]é fen &ﬁlﬁ@P applications, mor

resp %ea %ﬁks%ﬂ%? a&; Sgﬁsunder- equallzed the

equa |zat| ‘curve- o as a well - defined i ni mui

" whi p]lo9¢]arFobexamplaph1eehéJ¢mtsmiﬁmeg, ﬁ'[’fﬁidltlcﬁﬁtouﬁlbﬂ‘ibﬁtaﬁdldﬁta
~both directions and determining in which direction:
t heP#irar Anabegi iable, may govidp mbass quqna[ﬂeege] welh as narroy

AN BRI IE Mty e SR TR ) LERBIve Bco hegen ';Neu e

optim.ze reception - LT
15exa1ﬁp1haedwae b@l@gth&&htﬂtl&aldefem ﬁﬂl@ﬂﬂ%wﬂe m@ta:q)ltditey gﬁtvaded The e e
val ue rel i abl .e, with an acceptabl gh - U

1 oisaend Balt ofghe table isapadivmipdesed by rivering the pattern blts as 'well as the-,i,l; L
equ A can be traded.for a. reduction in the: S
-anﬁ%£%%§#4n0|se I'n" ot her - words,-'5 even if the- nunber :i““‘”"
“of narrow synbols is large (|nd|cat|ng substantla

anount of 1Sl), ‘when the non-determnistic jitter-

‘and/or frequency offset is small, the detector may:
detect the data'wi th-acceptabl e rellablllty evenin:
the presence of nis-equalization. Instead of .boosting -

the equalizer gain at higher frequencies in order to ;:
reduce the channel response |ength, for exanple by

adj usting the response zero |l ocation of the 10. '
equal i zer, the receiver may .instead avoi d noise:
enhancenent and keep the channel response |ong. R
. such a case, the objectlve is the optim zation: of the L
overal |l receiver performance rather. than the . . 5
~optimzation of its separate conponents (such as the
equalizer): : _ ;
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[

[0091] I n anot her enbodi nent, the detector nay
~construct a histogram of the symbol 15 |engths and

use it to distinguish narrow synbols caused by

m s-equal i zati on from narrow synbols. caused by other

factors such as frequency offset and/or non -
~_deterministic phase jitter.. ‘Furthernore, S|nce the

ePhitdRt €0 Peloas Vathidl EMefrick NOMAsd O VhiGe demgt of ?Jiﬁlrn numbers \
t§§ fgore avai'l abl e %or use in the- detection of :
_ %urs8 r synbols {i.e. 1% ‘a detectio f eedb¥®k
; -aﬂ@lbﬂ(t ectiire), -a.var®ety ofo dat a-@assi st ed adapt H63 on’
- S cgnh. 20 ‘be i npl errent@d Asgan exaétpl e, |£)6lone
- enbodlnent the detector nmay exantne one.. .or nore :
s§ A% oni #at i on dat & fi-el ds? (such®as a rétrace 3/60
i'aberoval pn -a DVI org HDM ~gnplengntation) in opg .or
| h@ candi date stre and, ;once get ected, use guch
: n§ Hroni Zation infofmatior'to se arately -esti e the
. rebdtabi lify of. guesslng thet val-ues in the indi&fdual
i«dat e, streans. te that this;is p03|bles e
ﬁg(ﬂzs transmtted at a pa?itern |Os knovvn@to t he G .
d%?’é’é’t or;%t hereby erfabl'ing & he detector %o di H¥ver .
i memror ect1 guessing sg nply hy obserw ng-cpde vi oyqtions
inyal ird sync - patterns. [0092] I n other
aﬁg{ggl ments, the detlector r?ay use techn|2ques thl'c?53are
b&&ed on hore |nformat|veIMEtr|ds for the candigate
s§§i§ans. ghile single-bit nptrics are typlcallyn5§0
- used in’ non adapti ve receiver |npﬁenentat|ons
- MEPO-bitl metrics tay be dnpl oyt in-ant adapt i W&0
dedieat or ,o-maki.ng tha estinmafion of data (detecting
r bility nore precise nd usi.ng m nim zati on, of
-coﬁér%ﬁ?atlve metri cg ﬁor a sel ected .channel (or alirgf4g
~dhdildat @ channel sY as an ladapt &t i on crd teri on6422 An
~ Afipptyi ve Deci si on Fgedback {Det ector . Exanpl e [ 0093 To
'|Ilustrate sone of the proposed adaptive techni ues
198%enpl%ry decisidn feedback data det’ector wit#
- roamo descrii bed. As. descri bed aboves i n anzenbodlmenh of
t etector, an analysis table (such as Table can
gg uged ?B prOV|de 1 dat a, bvalueé 5 and%netrlcéﬁh@wlle
‘9Ueh0a tdble is suf fli ci ent 0to builld a si2nple 2142
~ @depiivegetector as; descripbed ahove, the adaptyaki on
gri{grlog is a ntnlnuntflltered netrics valuen%over a
bservationlwi ndow? for &xanpl e230 synifoftd)
foatoe he ®el ected candi date1 stream The idet ect aa/3omay
fysgher qttenpt to @dj ust the channel equal [ zatztj/%t
and/or inpedance “matching in order to get the
8§l 1 est Qaccunul atedl netriés. Hodkever, 20 althd6&@h
. ®uyghy a sghene mi ght ;work wgl I engugh 'f.orz_ cert aisfag
%ppfdcatlons nor e '

0 6o 1 0 28/35
01110 1 ' o 0 1 0 29534
o111 0 0 o 10 3033
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,
5  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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BN

el aborate approaches of fer better results. [0094] For o

exanpl e, i'n ane-enbodi ment, in addition to nmetri cs -
and’ o!ata val ues the Pattern Anal yzer table may :
provi de phase informati on as well as narrow synbol S:

.. indig rs r evi ous | ease n tha | n_order - s
~ to W Re A Raepsssprﬁaa%@l ltﬁe ﬂagvalu 5.

onl

~ i.sexplrcitly -provided. The second half of the tabl e

- . is readily produced by |Rﬂa§etﬂﬂ§ymbrﬂ%c&ht ern. blts -as

- well-as the .detected values. .23 Pattern Previous.

VaI 089k t Fliecadaptaeereveiverausss thy ﬁimrecbﬂagmﬁmner sr:lectedmm

o 2B pandiag ety om oty CIeIRy Ogalfyr- Fol
oA 5§d£u§te(pgﬂtﬂ%é-ﬁgere% ﬂlg FalboBecofhe al0 ﬂnslc&rdguﬁf

_‘_7--__2_11/55 0011001 11 112/51 001101010',_
ci/eyaligationg 1 01 -1 10 14/49 0011 11.1°1.0°0
15/

: 717/

s
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‘ whroh can be further venﬁed by reduced metncs values from the selected stream‘

ettaE‘?olfo'vJsSt hal'f of the following table"

0/-63 00,000 1 0.1/62

1.11 00100. 0 0. 0 1 2 8/ 95: 00.100_1

@@971833%?’%590‘%&29“%@%%@3 t 8%3%9%% %m% ‘ls legf? :

nommal sampler spacmg) Preferably, the mformatlon from a: selecte candtdat

: stream is used to adaptrvely adjust the samplmg delay until the ﬁltered phas ,‘value 1s'j P ':“5-_

- as close to zero as possrble This state may represent optlmal samplmg, a: condltloni'f S

{0098] Frgure 9 1Ilustrates an’ exemplary computer system 300 employed to{_

' 1mplement an embodnnent of the 1nventlon Computer system 300 1ncludes one or . o

more oentral processing umts (CPU) 301 random access memory (RAM) 302 read_' | .
only. memory (ROM) 303 one or more penpherals 305 and pnmary storage devrces___"r -} : S

N . 306 and 307. Asis well known in the art ROM acts to transfer data and 1nstruct10ns s S

S 25
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 uni-directionally to the CPUs 301 whrle RAM i is used typlcally to transfer data and - .

mstructlons ina bl-drrectlonal manner CPUs 301 may generally lnclude any number;" -:
of processors. ‘Both pnmary storage dev1ces 306 and 307 may 1nclude any sultable_i S

computer—readable medla A secondary storage medrum 308 whlch is typrcally a- o

.mass memory devrce, is also coupled br—dlrectlonally to CPUs 301 and prov1des

adetlonal data storage capacity. The mMass Memory . devrce 308 is a computer-:

readable medium that may be used to store programs 1ncludmg computer code, data, "

and the like. Typlcally, mass memory device 308 is a storage rnedlum such as a hard

“disk or a tape which generally slower than prtmary storage devices 306 and 307
- Mass memory stor_age_ device 308 may take the form of a _magnetrc_ or paper tape.

' reader or some other well-known device. It will be appreciated that the information
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0101 1010122241 01011 1 100 2 23/40 O 110
0001112439 01100101 1 1 25/38 01101 0 1
112 26/37 01101 11 -1 0 2 27/36 01110 0 0 0 1 0

28/ 35 011101001029/34 011110001030/33 0

111 . 0,31/ 32 Tabl 2 R
pat tnined  Widing iy "Relngiad devieh S e, iny ﬁBP’i‘?BF‘?tS\AFaS“'S be, ~

sy mil{@ofﬁ:fo%t@d {1 aagReh fabfiod sgepame $02%asSAHRI] Gferd

ag value is.set to.1 (e -see patternOlO o

-0).; [0099] HePWy BB hrei adsoamlpyled ts anqnbemo%mputdm,tputhﬂevfcba@w that may -

- val ue. becones 2 (e, eé pattern. 0 00L O
L —gené’rcéHde HE aFq 3o} %}tﬁﬁzt% éﬁvgcs% sugh. %V}d&aémrﬁoa@ tzagk.balls, mice,

yTRed egyfgt hibd Ehecxﬂa&ﬁahw QspLE Hfliyddp Eard Uders, magnetic

l-ags Trom’a sel ected st rom

. candr qbapee fape ecadsys, ablety) saplagiatdion of rhahdwiithng recogmzers or other
~ Optionally, the equalizer can be adjusted untj| o
.07 weHdmopmagpuidetisss tﬁ@b refeP RISt thermemputesh dF‘fl?]é’ﬁ CPUS 301 are

Icg;)é QJW&h Ecgﬂ.?lgﬂlgglil 81“5 goxpﬁutgr ?ﬁ%l Cg&gg%hctaﬁgns network 304 -

L equaldhzata (ﬁ@ltal[tﬁﬁﬁﬂl]ssﬂiﬂﬁnfhﬁqslﬁtemﬁt wBtwazlabr hxemuaﬁet ﬁework usmg a
- adapti vel.y conpensate for phase offset in: 10.th

| l%anmtéfpﬂf cqmgectionsisahewn ganaraliy ¢39d. PNtk suchca Q;@upgmgwon link; itis.
85 Sl HEaA S AIRGE R0 SchPRlL ki SFAKe tink from the

e. sanpl e anl sm-In or

- adj gétvork e m@ﬁﬁﬁhtpﬁﬂmﬁhﬂﬁﬁom&vbr fiRsipdcio he n%twork in the course of
recovered cl ock within: [0..Ts/L] range (i. ‘

no ni:fn’énnmﬁh% rabe'ffa@ﬂswgl;ed PY@fene cg/datﬂh@cwer gmt/@ro ﬁransrmssmn =
fro nd' qﬁ(él}rbsl 0 %e%g{elgéntﬁiﬁ P secH.lgnee of instructions to '

Lot oS A A

ARER lE@éﬁ@u@h%ﬁg\@wo1snﬂa§&&e@énaﬁe&&@ 2B@btpafted to the network, for |
‘possi bl.e. " This state nay fepresent optiml. sanpling, a

. o conelanipde invthe dbene @ abwrmmtt@rr@a SR b@bocb9d i @ pgeder ‘wave. The

R RRE SRR T Bl o e’ B3k spn in e

- e”pec%’[ﬁﬂert Iﬁ?ardware and software arts. Computer system 300 recelves one or more

| over—sampled data streams and processes them in order to decode transmltted symbols

20 and perform recept1on detectlon and/or’ other processing steps deseribed above.

Computer instructions for. performmg such receptlon detection and/or other

- processmg steps may be stored in the RAM 302, ROM 303 pnmary storage - de\rlces
306 and 307, and/or any other computer—readable medla o

[0100] Foregomg descnbed embodiments of the invention are p‘rovided as

- 25 illustrations and descriptions. They are not 1ntended to limit the invention to precnse

| "form described. Other variations and embodiments are poss1ble in hght of above

teachings, and it is thus intended that the scope of invention not be limited by this

Detailed Description, but rather by Claims following.
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i mpl ement an enbodi mrent of the invention. Conputer
system 300 i ncl udes one or nore central processing
units (CPU) 301, random access nenory (RAM 302, read
20 only nmenory (ROM) 303, one or nore peripherals 305,
a 'qﬂmg.storage devices 306 and 307. As is, well
kggvv\%)ql'n the art, ROM acts to transfer data and
instructions wuni-directionally to the CPUs 301, while

is used typically to transfer. data and . .
ﬁi”ﬁ”t ¢ uch mtaod Br Seosving R PTG ALl frasymisgenlink ppmpgising:
gener al T alel unhe ]
R L L R

S Wetjadaice o Symiwip uhetequand atf samples c@nprisises G and second sample

storage nedjum 308, which is typically a mass nenory
detfreas, aCF%rggagéa adigsfand geqsmd phageqfithstansnce o1 spurleso 1
and proyi it [ .
s et B ohiy 3Ra U oA AR HP SRR b dnd sHple streams;
t haid may be used to store prograns including conmputer

code, data, . and the like. Typically, mass nenory
devi ce estimafing a changeligepansellsnmthsinaespaasedo g apmaleer @f samples per

or, i ower than primary storage
dé@?%%@ﬂ%&%@%ﬁﬁ&%ﬁ%&& sg%#%nnry st orage devi ce 308

may take the formof a magnetic or paper tape reader
or_ some ot her. wel | -known device. It will be

apor ecihmsthadrgtredigd in flampatyhsrein 45 ssématingepmprises fracking a
t he: . [ce | 0. Ll at

oS SRR P EfayElihe Tl WighPBE AR R g SRR symbots,
3QAd dlise $yintHoll dhidtheym@piesedtEDBPtheEikibeB Ol sagiiBesdies Symbol.
coupl ed to one or nore input/output devices 309 that

may include, but are not limted to, devices such as

vi,deo npni t.or.s. track l. | i,ce, 5 .keyboards,
rri3(':r op%ﬁné%}fc’dtagﬁ%%tﬁéérhgfat”ir‘flzé ﬁgliﬂéeﬁlcgvgfm ‘ansducer card
r eader s djusBANA bdualiierlRAREHoARNS tKEARBS of b@RbSS Somprising fewer

styluses, voice or handwiting recognizers, or other
an. kriompiaspaccede ¢ threshodd; ovhessin lofepsesgnis@n oyedsampling factor

cQ ters i nal | Us 301 .are .coupled to a
c e el PerbingToner B & srnalfe PBPaRBHRATPels: oLy
neddiRirg tBOlumb&WnaRSwaymibeist al transm ssion link, an
Internet network or an intranet network, using a 10

net wor k connecti on as shown generally at 304. Wth
sych a ,co ication.ljink, Jit. is. contenplated that ..
tfle cPOSmad o Beited i Glah 3 isreimte GHIUShRY CotRRrises aking an
T LBWhid Rl usBRENRS Kn eQlaliFhiiH pRithPdf of BE Qﬁmtzétoﬁldoa\’(ﬁfwnward
the link"to the network I n %he course o pertform ng
t héjustomnetodtbs cqudbieatiovprars etepinestdeldt detcanmptin edichndifastion
transm ssion steps. Such information, which is often

r EPALRIRTEPICVES: sequence of instructions to 15 be
execut ed using CPUs 301, nay be received from and
outputted to the network, for

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
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;
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exanple, in the formof a conputer data signa

enbodied in a carrier wave. The above-described

devices and materials will be famliar to those of

skill in the conputer hardware and software arts.

Qonput &) JUSLATR SR LELELYRPANS, :

dat a sﬁb )earrs tgr%;' pr o%rgg%géﬁf em i1 g%ﬂgﬁr%tgﬁgé%%ggebﬁﬂle
transm tt eddeamysyhnd s 20 and performreception

detecti on and/ or other processing steps descri bed

above. (CCSHAtIE 5 apnsl sespanse Iprgth grrespimss fythe sypper of samples

reception gﬁ%ﬁ ' / essi ng steps

may be st bre |%iFﬁghégﬁat%g5¥£§§§ﬁxgg%$£prinary st or age
devices 306 and 307, and/or any other

conput er - r eadabl e nedia.{EQlOO] Fone%&%%g descri bed .
erfbodi i ERPaEHUS HeritRAdRIGLEM Sreheseis mging ggmprises tracking

1 . [ L L [
L SRR RO SE R R ISP Tl S04 syl
Otdndrthe/gmital wadits iargreaited bptrtmfintbet o PRasld e syimbolg ht
of above teachings, and it is thus intended that the
scope of invention not be limted by this Detailed
cripg. A ' ; ' 26 V\E
(é'.liﬁl M e&iﬂ Qﬂkmﬁ%ﬁa&d{a @E‘{Eﬁ? ecgé(ellm\% 2%@? g%gyo@é%l&gfmdi gital
t r ans m(@padjistingiio, eqQEINRE BicBinse foEthe numBeEr 6F syBIIROeprising
of sanples generated to represent an over-sanpled 5

sequence Bwesthipol samples exengdentueshplds silgreds L represents an
conpri si ng a_f Ip;lizlt of%cggr Iy %ﬁtﬁg&?m é&ixﬁége%nv(??ﬁ%a%rﬁ'sﬁl%ples are

to a first and: phase seque
sanpl es; gRFRE LynbIa thérelsy rediiéing GeGtehbey BPRArrdw Symbdle

first and second sanple streans; and estimating a
channel response length in response to the nunber of

sghpl es, per 0 synbol, .f .t first .and.second . .
ot S Poarateh SKEHRY ib Cloiiy £ By SESE AGmorises making
t ha uﬁ%fdmﬁlkéﬁﬁeﬁ(wﬁﬁ eg@izhfiAFdrtedr ofthB eGMRzeY I downward
wi dth or an average synbol width of the first and

s edipnianeny tebibe squaliaation paramgtehsl orderdo lefesminespn sdhicit direction
bé tﬁe punber of sanples per synbol. 15 3. A nmethod as

r SATHERTH QY 2, further conprising: adjusting an
equal i zer in response to the nunber of synbols

conprising fewer than L sanples exceeds a threshold,

wWHer ei i tommyieraseadabde mndiowerayagpdomupptdraxtartablantstrubigons

synbo £o r'siqg)femer t han sanpl es are narrow . .
S%?Fﬁ ea t eirg%, %»5§n ling 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

compriseé tracking a minimum symbol width or an avérage symbol width of the first
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20 reduci ng the nunber of narrow synmbols. 4. A nethod

as recited in daim3, wherein the adjusting conprises
maki ng an upward adj ustnent to an equali zation

paranmeter of the equalizer and a downward adj ust nent

to pzat | teria 4 i [

wr e Tpleg R’ bR AR il R AR A A% r s inples
appgasahbel. f or receiving data over a digita

transm ssion |ink, conprising: a receiver for: (a)

recei ving a sequence of sanples generated to represent
amover : I

o Bamp SR roal BT B R HH 0 10, e SRR Ercoublo
stinstatianc furtiengprifrising:i r st and second phase of the
sequence_ of sanples; 27 (b) detecting a first and .
second 244588 ap pgvalizaingpspepsedndhemuBbal of sywpbels comprising fewer

st ; td ' : I

B e, e S BB e el BN B factor
t headfthe Simtaidcdemrining: feyrbtas . L SarfiplefreaiapotadytitbolsS thereby
recited in Caimb5, wherein the estimating conprises

t rgdusingthe sumbes PRy aYBIbolS dt h or an average symbol
width of the first and second synbols, and the synbol
width is represented by the nunber of sanples per

syizbol .A t8nguteAreaditil@f@tliien asretied inaTlaind 1 Clvitheiifl the fusting
receiver further for: (d) adjusting an equalizer in

r COPWHSE meking an Hpvidradptmgitiors cquehipition napmetespfithe equalizer
t . hr, ol d __wherein e
8 2R ARRLE R IR ERER, Lol Ry palth S fegomine n

C arieh Sirdvtioh @YENiZidDNinkprede®! es are narrow synbol s,
t hereby reducing the nunber of narrow synbols. 15 8.

An apparatus as recited in CQaim?7, wherein the

adjustin onpri ses ,maki n an u rd adjustnment .to. an.
oot AothelRnE FiRa B Clab 2, Shelf B S PobRE Sraiaoupikine the
aghiHmhuR RYmbél Wideh.equal i zation parameter in order to
determne in which direction equalization inproves.

20

14. A method as recited in Claim 2, wherein the estimating comprises tracking 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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9. A conputer-readabl e nedi um havi ng
conput er - executabl e instructions recorded thereon for
enabl ing a processor of a conmputer systemto process
incomng data over a digital transmssion |ink, the

COMUt A EARGIARRA REUEHCL] YIRS TRIeRIAind FERlL ldcting o

a sequence o genera 0O represen

oviinisamnd fabe ?cii;aﬁ@aidﬁrmﬁzeofsufgym@abﬁardtdﬁa deeauantalj@tments.
sanpl es conprising a first and second sanple stream
according to a first and second phase of the sequence

Of20S arr‘p}\ Frethd gfés r%él{ Qn %%%)fé éfsafrgp 9 (> F G4 93 4 gq) hei'é’lg I('ﬂetectmg

thée first an secon reans; and e

C hio figdt ah@ 54N Syrhisulgindhides f? SRS nHoD d&t@&lﬂgﬂiﬂ@ﬂescf&r a current
sanpl es per 30 synbol for the first and second

sysfrmpllﬁs a PIgyioys Langra pexs ganba ied pbyereatiopadndew and
ere| t stimating conprises tracking a
‘ﬁ‘ﬁﬁﬁ?%?ﬁ%%Pe HF% gr an average synbol wi dth of the
first 28 and second synbols, and the synbol width is

represented by the nunber of sanples per synmbol. 11.
A ?dorrpuix ayeth abcrl@dnealil)uwﬁ GleimeLia €and i3 © 20, wherin thedink is a

cQ r S 1n% L2 5 instructions further
6@%% H "an equalizer in response to the

nunber of synbols conprising fewer than L sanples
exceeds a threshold, wherein L represents an

ovér sanphictipdfascedted imany ef{damynbisl 4 andbhpia 2], mpefeawthe link is a

tﬁgﬁhéﬂﬁgﬁgleinﬁﬁ%%&fr?ﬁﬁsﬁﬁﬁgﬁg 12thereby reduci ng

conmput er -readabl e nediumas recited in Caiml1l1l,
wherein the adjusting conprises maki ng an upward
adpust rensppamtesasaqgeitekiiz &laionrd, pereagie ther estifmatihg comprises tracking

ual Lzer an ? H@ﬁnmard adj ustnent to the
3@%@‘ E?Pﬁﬁ“gﬁ &MBter in order to determine in which
direction equalization inproves. 15 13. A method as
recited in Claim2, wherein the estimting conprises
t2dcki ro apperatus amemteﬂsy Cheiin Gyivdterein the eshmatinhosnmsses tracking

recited in i m wherein the estimating conprises
t HaERCHge sHa 31 erage symbol wi dt h.

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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15. A nethod as recited in Cdaim3, wherein the
oversanpling factor is 3. 16. A nethod as recited in
Claims 3 or 4, wherein the adjusting inproves 25
equal i zati on of the channel response. 17. A nmethod as

regd tedyi ' , [ j [: :

| v ovehn dppsulBe ol TR Phoif i lahiRg inploces
I exzhélialg b mhifiAiniofthe shed2ition fgve atirg tHenipp@rd el didasvard
using an equalization curve to infer whether the
chadivdmentssponse i s over-equal i zed of under -

equal i zed. 29 19. A nethod as recited in Caim18,
wherein the determ ning includes reaching a m ninmm

of30.he Afuppdrzias homcited Menysif (fhink & toBwad @3and9, wherein detecting
downward adjustnments. 20. A nethod as recited in_a

of theffisst #ad seqopd aymbels Irsludss oy caghsmabal dgieeléng saﬁgﬂ@nfyph@ current
4 . / _
i AR SHTRR, Sp RS ATy LA SARIRXRAby aud

sydstinlatiag theufet sygipahol i n an observati on wi ndow and
estimating the current synbol.. 21. A nethod as recited

inany of Clains 1 to 4 and 13 to 20, wherein the link

58, P SR 2

Whe b digital Bgudliintérthde @VIRI gh-definition nultinedi a
interface (HDM). 15 23. An apparatus as recited in
Claim6, wherein the estimating conprises tracking

I N nbol wi dt.h. 24 ] ited )
8 T AU TIPS el nd B mg S TB B 2305 26 e e
t h 2 AV ABitFoN R HinYdeH RterBBe AFDOMM appar at us as

recited in Claim?7, wherein the oversanpling factor is
26. An apparatus as recited in Clainms 7 or 8,

3.
e PSR R P b ) Pl B simating
C‘c@hﬁi’ﬁsgs t?e{ckﬁl]g RO St S'ﬁnlﬁﬂl\#iaﬂﬂ ng i nproves

performance of the link. 28. An apparatus as recited
in Claim8, wherein the determ ning includes using an

34. A computer-readable medium 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. . '

31



10

15

30 equalization curve to infer whether the channe

response i s over-equalized of under- equalized. 30 29.

An apparatus as recited in Claim28, wherein the

determ ning i ncludes reaching a mninum of the
equal i zati on curve using the upward and downward
adjustnents. 5 30. An apparatus as recited in any of

Cz0.ns A& compbtepnaidae eddfin avkeitel in Cleine 88, wigereihhie determining
flrst and second_ synbol s includes for each %¢nbol

epgludesygadungn winipym of the pauakivatiangsyeusing (e aprarksand
?Rﬂ| synbol in an observatlon w ndow and
|nﬁw?ﬁgmaﬁg%§%rrent synbol. 10 31. An apparatus as
reC|ted in any of Clains 5 to 8 and 23 to 30, mherein

the link is a dlgltal visual interface (Dvl).
arﬂ:%r at ysompuicrrgaggdle medamy aprecitsdinpgny 9f H@Sa?rfa 1%31119&3 to 39,

| nt hd rd%{e?»_lg\‘f,) lfir%}éﬂg géco%d I@glglgolg zrféé_h?déa% 5%3%1 %%‘éﬁﬁ%e?egtmg

I eabdphed foina &lrfdnidabihle ihsieelons §3h@bcﬂ ahd BRELNYmMbO DN di8ervation
tracking the m ni num synbol wdth. 34. A

coMpdewrand sxading theenrtant s¥nbeei ted in O ai m 10,
wherein the estimating 20 conprises tracking the
average symbol wi dth. 35. A conputer-readable nedium

astlr eci A e@mpitefteailibld heditie hLieditéd i@ angWE CEampl0itod?2 and 33 to 40,
factor is 3. 25 36. A conputer-readable nedium as

r eehereig thelind igjaigitel vispalinterigped2YR. t he adj usti ng
i nproves equalization of the channel response. 37. A
conputer-readable nediumas recited in Cains 11 or

1242, wheg ebiipiitbereadshle/fieliiten AIRERAES apebF 1418980 0P 2hh 83 to 40,
l'ink. 30 38. A conputer-readable mediumas recited in

Clvelienein the livkeis ¢ihigh-defindaoremptimerda interfaca fdBDMI3i ng an
equal i zati on curve to infer whether the channe
response is over- equalized of under-equalized. 31 39.
A comput er-readable mediumas recited in O aim 38,
wherein the determ ning
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includes reaching a mnimum of the equalization curve
‘using the upward and downward adj ustments.- 5 40.- A
conmput er -r eadabl e rredium as recited in any of Clainms 9
to $BSAR4CE3 to 39, wherein detecting the first and

: Sonapdengr éish??iﬂﬁeigﬁﬁﬁﬁﬁgpﬁéﬁbﬁu@% STRbL B pmgervers

et Sy TRGlovk e BPSERRL ottt AP sEBBITRhI M wacks the‘;_' "

iz_the current syn :
- as dMMﬂdehm1MyyOMe Ganipiel &t1.0 ‘]IIJE (teme:btcﬁ&:eparawy analyzes sampler_
* wherein .the Ikgk i.is a digital visual jnterface (

A conput

42 seAuensEpinr itlorendsampngatpsehindther pickea S?“ﬁpla?rﬂ?%?nce that allows

ni-ti-on Au ia. |nterface

s gqughgllﬁ&t A iclif. 40ror h NREF i A i sl 18 dtector o

. ABSREACE soARARTMEFRIGEEBThiG aiE N BekBinF@Riation in order to unprove o
. OVER- SAMPLED RECEI VERS An over-sanpl ed sequence: L
det!m@ncﬂnlpkeamb@bbbﬁy@bwpdeé@t@at dhainyer-pamamed ﬂmzfermatm is used to; _

oo AR e S S

.V:dlfferent sanpli ng phases and then picks: a sanpl.e. o

sequence. that allows 5 for.the nost reliable.
‘det BégioA. For the diffefent sanpling phasés, the'
detector inspects: some anount.of | ook-behind and

:-look<ahead,Infdrnation;in»order=to i nprove upon

si npl e synbol -by-synbol detection. The over{saaned'

' “information is used to further-inprove detection
~performance. Fig. 3 33 = ' RN o
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