; e3eQNL68T= 2 FEB 200g ADAPTI VE MAXI MUM LI KELI HOOD DETECTI ON  TECHNI CAL
"FIELD This invention relates to maxi nrumlikelihood detection of data
recorded as anal og signals representing a finite nunber of states, and,
nore particularly, to adapting maxi numlikelihood detection to handle

vari abl e data channel s. BACKGROUND OF THE | NVENTI ON Maxi mum | i kel i hood
detection of data recorded as anal og signals and detg%;gﬁ;ﬁr arti al
response sanples is highly rl nl- g FEB?2004?2 tggg us in
magneti c di sk drives, where the disks and heads are fixed and
non-renovabl e. The characteristics of the channel are fixed, including the
particul ar disk nedia, the particular recording and read heads the linear
vel ocity and flying héPQH?I%%ﬂﬁﬁ%ﬁmyhéIH?%%?QRRMQ§T§HHI?%e recordlng and
read heads, and the recording and read el ectronics. The channel
characteristics can be neasured and, once known, tend to remmin constant.
Wth constant channel characteristics, the detection capability of naxinum

| i kel i hood detection can be designed so as to be highly er
received partial response sanples are equalized so that t MWM“ Nmmlm

provided to the maxi num |ikelihood detector tend to precisely na

expected signals. Additionally, a specific code may be enpl oy elf |ch
maxi m zes t he di stances between the sensed states. Only j umnmwﬂmmmmmmF

are taken into account, such as differences in data rates and
outer tracks, mnor servo *G00002*

TECHNICAL FIELD

This invention relates to maximum likelihood detection of
data recorded as analog signals representing a finite number
of states, and, more particularly, to adapting maximum

likelihood detection to handle variable data channels.

BACKGROUND OF THE INVENTION

Maximum likelihood detection of data recorded as analog

signals and detected from partial response samples is highly



of ftrack operation, mnor disk defects, and some head wear over tine. Thus,
a speci fi ¢ maxi mum |i kel i hood detection circuit can be designed which is
specific to the type of disk drive and which will have a lowerror rate at
hi gh recording densities. Further, such m nor changes have been

accommodat ed by enploying digital FIR (finite inpul se zeﬁﬂﬂgﬁl lters

= 2 F E B 2004 3 whose coefficients are programmable,™ ng the
frequency response of the filters to bét t er equal i ze the signal being read
to match the maxi num | ikelihood detector. Exanples include, US Patent No.
5,321,559, Nguyen et al., US Patent No. 5, 365,392, Abbott et al., and US
Pat ent Naadvand43ed69, irbbeinetet alsk ldribesonmesererendidifsksubhdt o use such
maxi mum | i kel i hood detection with recordi ng devices which have renovabl e
medi a. Remmyabhecmediad dawd s -rensviwlde Imasscshpaage idediceesfwhiieh al | ow
data to be recorded on portable nedia that is renoved fromthe device and
stored el gguwhrnearsugtvas, iimdiheisyotiegeahelvesrodisio nautianated dat a
storage library, or in true archive storage outside of a drive or library
on storage; shelvas 0&chidexesdandadt ieddLonhal Densar T crmyntndf data so
stored quickly becones very large and, if a new and upgraded portable nedia
i's introdpggithg th'é@?ﬁt SeBwdlgsithe aNsk heediar tanaf thberss@rding wesi st
re-recording all t he archived data onto the upgraded portable nedia.
Hence, a pagskwads,K coppatididddoydifgt yid cadday enequiroeted.or Thenovabl e nedi a
devices. The characteristics of portable nedia thus vary between the types
of medi a, cipdnal $Batk8hdet Dstvidsy chat weene onas:obntheosasreionpe ekndedi a, and
‘Wi thin the sane nedi a. - 2 FEB 200g Exanpl es of renovabl e nedi a devi ces

i ncl ude opsiealaiGi sknapdnopti cal tape storage, which nmay be read-only,
wite-once, and rewitable nedia, and be different types of nedia, such as
mol ded, magnetp-tePicoasantt plrasereahangeaoesiiiast iOat, | cab dedictiion subj ect to
variation fromnedia to nedia in recorded data output characteristics based
on the typep®fi nedi ar abeveum Viarieatihoadi de tediianmater bal de digtnseeno

manuf acturers and over tinme, and between recording densities. Optical nedia
i s al so subjestbd mighapgerasr tthee.ecOhdi ngeeroiees phetwebnresamies, where t he
effective head to track speed may change, or as the recording noves from
one side efmphes dirsk ejocahoéderg thlagr €hehel@fflectoirpgifieddte i sk surface
angle may be tilted. Another exanple of renovable nedia devices includes
magnet i ¢ tnapemuneclarkdiligpovhiete dtave teedi ot promidied yvapk el i ore

expected signals.
Additionally, a specific code may be employed which

maximizes the distances between the sensed states. Only

j limited changes are taken into account, such as differences in
data rates between inner and outer tracks, minor servo
offtrack operation, minor disk defects, and some head wear
over time. Thus, a specific maximum likelihood detection
circuit can be designed which is specific to the type of disk
drive and which will have a low error rate at high recording
densities. Further, such minor changes have been accommodated

by employing digital FIR (finite impulse response) filters



based on different data densities on the sane type of nedia, different
types of nedia such as chrom um based, nickel -based, ferrous-based nedi a,
or between materials used by different manufacturers. Additionally, tape
medi a may have differing thicknesses and therefore differing nedia to head
(flying and contact) characteristics over the recordp %g geﬁg head,
resulting in differing head to nedia spacings. The tagg y also fly
at differing head to nedia spacings as 3 he tape noves fromone reel to the
next and the tension or angle of - 2 FEBQO4 s the tape to the head
varies. Further, the flying characteristics of the tape nedia nmay vary as

the tape fiead bScPPYEL: J/0man r & S8R 1the thapeck andimackseat the ot her
side of the tape. Maxi mum |i kel i hood detection in such differing

ci fcumtaél%gﬁehé exceetidfagly dhéficuldns akdpBRyef edylidg -a dhEferent maxi num
|Ike|lh00d tec or for each circunstance. The incorporated Hutchins et al.

'019 and g %g1aBQ£hgafééaﬂ%opﬁ@!bﬁetﬂ@ﬂarmmuw kekd hopdhdeleetess. whi ch al | ow
t he progra ng, or setting, of numerical netric coefficients, adjusting

the [ oSP i 9L st gﬁ?m% mym bibkehi heod Hebackey, Nhe &oekf aclenys are

preferably rive rom'the difference between netrics directly associating
10" and i shalgs ofsghepecarded: shonal., Tha 69efLidiienion are
respectively app |ed to ‘each digital sanpl'e to generate alternative
metrics, ang.eagh respectiMe alternative netric is conpared to a previous
metric. Base on fhe conparison, one of a plurality of provided netrics is

sel ected whi chr gUBLASS VMIQJ @1@%&51@199 ROSidd wacandaRagat iM&ehoHpda. Then,
the one of the finite nunber of states represented by the selected netric

s 'dent'c]i%tee%tl%lﬂdw&@ r@é&pam t Qethged dantdrf hedeopendfadiie rklakt e st at es,
a maxi num i keli hood state detector is increnented to a ﬁHXIﬁUﬁ1|Ike|IhOOd

state dictateghy,LBee me?d BB 12000t 6nd dentydf nadsope-0fgd hrficakt e states,
the increnmented maxi nmum | |keI|hood state detects the recorded anal og

signal s. Jhehuneni,cabt Fetd ie ceebbish et Sifrabhe feaisumdd kel i hood
detector are based on sanple "cases" which are derived from sanpl e outputs
for expecteghwayehehmenofad Rar thaukasré@d dsewiibdel heud®tdd ancaekf i ci ent
nunerical values are calculated for the expected sanpl e outputs.

Speci fi cakiyradd@nsankecputpulug obht bReagxpecicndeay eb os i, are idet er m ned,
for exanple, by measuring a nunber of actual outputs for sanple points of
t he wavef pri®,and veakegladé ngittsheenmeana vatiies cof 1eachrpfort he sanpl e
points, and the netric coefficient numerical values are calculated for the
mean val uekeDfed e sanpbeeouimutcthetrheorbyiprovi diThg &heumunmet idedla netric
coefficients. The equations for deriving the netric coefficients mnimze
t he nean squstetberuarkbet weermdsheergcéaved signdlf andevhand deal signal,
which is the noise-free signal. Once determ ned, the nunerical netric

coef fi ci enpsrated stoortedlinmadiodlkupntabfecand Welrectiedawhedi tchedport abl e
medi a having the characteristics is identified as | oaded into the device. A
port abl e reaovald e fimediecaumay e readesti feedeextdmualaly by vhé¢ abel , or
internally by reading a nmenory chip, reading a universal nodul ated code
fromthe medhayedrdatee ohitpsthé evpdnypdes pbrihlel eredicdat.o Beneead? nay have
nor e - 2 FEB 2004

backwards compatibility is typically required for removable

media devices.

The characteristics of portable media thus vary between
the types of media, but also tend to vary between ones of the

same type of media, and within the same media.



uni versal characters which are easily read which identify the nedia. A

nmedi a detector nay conprise an optical reader or scanner for reading a

| abel, a wireless interface for reading a chip., or may conprise |logic
associated with the read channel, and, the nunerical netric coefficients
are selected fromthe | ookup table for the detected nedia. Thus, the
nunerical coefficients for the specific media nust_ gegmvnglp advance, and
t he predeterm ned nunerical coefficientds nust be stor nd avai |l abl e for
use. Further, the characteristics of the specific nmedia nust not be

vari abl e, so that the sane nunerical coefficients may be used for the nedia
Wi t hout changgyadioueyef, rasodiisicuseed aabevesedpticdaideneBF ac?s St ect to
change as the recording noves between tracks, where the effective head to
track speed BBYi&ANGRe 8Eodsgéd hesrietomdynge novas-divlom BRet8TAECDf the di sk
to anot her, ere the effective head to disk surface angle nmay be tilted.
Tape medig may.fl yasite dickiiar i agd headiitfderedt at gpaeiafgsesd ar h8UEARS noves
fromone reel to the next and the tension or angle of the tape to the head
varies. RURHRET , nideetd-Hphd cchad agtierd-shiaogeofiedhe. t ape nedia may vary as
the tape head is noved fromone side of the tape to tracks at the other
side of the t@pe;cal mediEEBs2004jsct Fur teeriatihe Epaeindddapspt BpFe?

renovabl e media may not have an identification character that ma}[ be read
to identify the Aedi & @ndaghecthpredetersticedbaasdrowdine 6#PPi €fents. Even
if the nedia is identified, the read/wite interface may change. For

exanpl e, the .singheebi gesdt ighangened e andtape ateadeweee interface is due
to head wear. Tapes w || cause abrasion to the head, eroding the MR read
head nat efialsaMieLeasahdieovet alinbe pod evdtieenofrethediwg tdendidh€it are not
eroded as nuch. The net result is that the transfer function changes and
differs fomdApacteat apestiepentijagtonot diearagre aof thet BRRCHEHP WREASt he dat a
was witten and the age of a sane or different (different drive) tape head
when the gdat@edrs treads, SUMMARY HEF e TIfECE NVENTIEON tiot ErachnSRf e Yof t he
present invention to provide adaptable maxi num|ikelihood detection.

Anot her objggde 0fort he pheseatoidiventiouasi srem Prowilde RaxFHuM 1%l hood
detection for nedia whose precise characteristics are unknown so that there
are no pregdetess netreuntei eafecoeff herente. d ik dvddedearBIth Hafer and a
met hod for adapting a progranmabl e digital maxi mum|ikelihood detector to a
vari abl e ¢hapsgel output and a calibration systemfor calibrating a

Another example of removable media devices includes
magnetic tape recording, which have media to media variation
pased on different data densities on the same type of media,
different types of media such as chromium-based, nickel-based,
ferrous—baséd media, or between materials used by different
manufacturers. Additionally, tape media may have differing
thicknésses and therefore differing media to head (flying and
contact) characteristics over the recording and read head,
resulting in differing head to media spacings. The tape media

may also fly at differing head to media spacings as the tape

moves from one reel to the next and the tension or angle of



-, 2 F,E B 2004 9 programmabl e digital maxi num|ikelihood detector from
unknown data in a known code at a vari abl e channel output. The nmaxi num

| i kel i hood detector is that of the incorporated Hutchins et al. '019 and

' 020 applications and detects digital sanples of data recorded as anal og
signals representing a finite nunber of naxinun1|ikeLng£ﬁigg?QB§ in _
accordance with a finite nunber of maxirmumli kel i hood -TO-sanpl e path
cases. However, the digital sanples represent the variable channel out put
of the recorded analog signals at a predetermned timng with respect
thereto. In the incorporated Hutchins et al. applications, the detector
conpri sestt sappl €oi tpeithdar veedeisvi nguttige di giHcalr15anpl es of the recorded
anal og signals, and programm ng sources for providing nunerical netric
coef fi ci efHaracBampkeitOB € @RPltiaps hbeiNIRYF a/EA RURBET €abe MRIAH G 5
coefficients to each of the digital sanples to generate alternative
netrics. nReleat irebal ch@Us LadraVitdRs taphr ey OM- KL envhiehe ORI $85 a
difference nmetric function of a previous digital sanple derived from

di f f er encendm®iapecs representing the difference between netrics directly
associating "0" and "1" states of the recorded signal. The one of the
respective gengratmefl alkerNalddvecietties 18 sehectiedewhigh mninizes the
mean squared error with respect to the previous netric and a maxi mum

l'i kel i hoogh aids tEREREY & deidddi@g1iha i FRXEmM ldnkehbhoed case 4 epresent ed
- 2 FEB 200g by the selected netric, the set maxi mumlikelihood case of

the path aemmenst abeideh ectidldnode necesdsd @alegnstgpahsst g adapter
conprises a detector identifying the maxi mum i kelihood state correspondi ng

to a digital sapliacetpbherdearidadnanal ogr signal snqgamgageunul ator coupl ed
to the detector for partially accunulating the detected digital sanple with

prior detgsgeddiightabrsamy esGaunesprEti Mbd iddhe tarxi Faey i keld,hood
state; and | ogic coupled to the accunul ator and to the programm ng sources,

enpl oyi ngttidiemeaurtl agyedodi Gititalngsaopl #smé BcA1Nence @k FeSHONE A¥G: X mum
| i kel i hood state to determ ne and/or update the nunerical netric

coef fi ci emtjdriniche heaxéppwndd kdl itheoslasiabe.1iMea igabhbaat O syst em

conprises a detector detecting digital sanples of the recorded anal og

si gnal s cDine espoifdicignts are preferably derived from the difference
between metrics directly associating "0" and "1" states of the
recorded signal. - The coefficients are respectively applied to
each digital sample to generate alternative metrics, and each
respective alternative metric is compared to a previous
metric. Based on the comparison, one of a plurality of
provided metrics is selected which remains within defined
positive and negative bounds. Then, the one of the finite
number of states represented by the selected metric is
identified, and in response to the identified one of the

finite states, a maximum likelihood state detector is

incremented to a maximum likelihood state dictated by the



t,o one of the maxi mum |i kel i hood states; an accunul ator coupled to the
detector for partially accunulating the detected digjtal sanples for the
correspondi ng maxi mum | i kel i hood states; and | ogic coupled to the
accunul ator and to the programm ng sources, enploying the accumul at ed

digital sanples for the correspondi ng maxi mum |i kel Ph%EEBazgglrt o]
g I

determ ne the nunerical netric coefficients natchind- sanples to

t he one of the maximum|likelihood states and setting the provided nuneri cal
metric coefficient toa - 2 FEB 2004 mvalue related to the determ ned
‘mat ching nunerical coefficient. For a fuller understanding of the present
i nvent i onidemgfigriencenshefil thdbeimade swattdre frolel antcngneleteal mackidescri ption
taken in conjunction with the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF
THE DRAWNGS 1EhGodlstst@ dlitagitanmhei cedepies anbabyoni@falas .channel
i npl ementing the present invention; FIG 2 is a representation of a stream
of wite dataTaednumerical metric coefficients of the maximum

likelihood detector are based on sample "cases" which are

derived from sample outputs for expected waveforms of a

particular media, and the metric coefficient numerical values

are calculated for the expected sample outputs. Specifically,

the sample outputs of the expected waveforms are determined,

for example, by measuring a number of actual outputs for

sample points of the waveforms, and calculating the mean

values of each of the sample points, and the metric

coefficient numerical values are calculated for the mean

values of the sample outputs, thereby providing the numerical

metric coefficients. The equations for deriving the metric

coefficients minimize the mean squared error between the

received signal and the ideal signal, which is the noise-free

signal.

Once determined, the numerical metric coefficients are

stored in a lookup table and selected when the portable media

having the characteristics is identified as loaded into the

device. A portable removable media may be identified

externally by a label, or internally by reading a memory chip,

reading a universal modulated code from the media, or the

first few bytes of the media to be read may have more



its corresponding representation in NRZ and NRZI; FIG 3 is a diagram of

channel step response curves for a recorded signal of FIG 2 including

sanpl es of the signal for first order detection; FIG 4 is a diagramof an

exanple of a maximum i kelihood trellis branching fromone sanple t]? t he I

next for first order detection; FIG 5 is a diagram of _a of signa
2 SEB

to noise characteristics of maxi mum |ikelihood detecti ol ak

detection; FIG 6 is a diagramof an exanple of variable channel output of
digital sanples representing one maxi mum |ikelihood state; - 2 F E B 2004
12 FIG 7 is a block diagramrepresentati on of an enbodi nent of a maxi num

| i kel i hoodindeeestdr claanth adapt ehh cial by adasdnysysse@mitofcH Helept @S9t he
invention; FIGS. 8A and 8B are a flow chart of enbodi nents of

adapti ve/ celdibr.ati on of maxi mum | i kel i hood detection of the

A media detector may comprise an optical reader or
scanner for reading a label, a wireless interface for reading
a chip, or may comprise logic associated with the read
channel, and, the numerical metric coefficients are selected
from the lookup table for the detected media.

Thus, the numerical coefficients for the specific media
must be known in advance, and the predetermined numerical
coefficients must be stored and available for use. Further,
the characteristics of the specific media must not be
variable, so that the same numerical coefficients may be used
for the media without change.

However, as discussed above, optical media is subject to
change as the recording moves between tracks, where the
effective head to track speed may change, or as the recofding
moves from one side of the disk to another, where the
effective head to disk surface angle may be tilted. Tape
media may fly at differing head to media spacings as the tape
moves from one reel to the next and the tension or angle of
the tape to the head varies. Further, the flying
characteristics of the tape media may vary as the tape head 1is
moved from one side of the tape to tracks at the other side of

the tape.



present invention; FIG 9 is a block diagram of programming inputs and
logic for applying programed nmetric coefficients to digital sanples of
channel output signals to provide netrics thereof, in accordance with the
enbodi mrent of the present invention of FIG 7; and FIGS. 10 and 11 are

bl ock diagrans of logic for providing selected first orge nf nce
metrics fromthe netrics of the circuit of FIG 9, anJZeF@i%@lfhe

maxi mum | i kel i hood branch which mnim Bs the nean squared error with
respect to the previous finite nmaximumlikelihood state, in accordance with
t he enbodi nent of the present invention of FIG 7. DETAILED DESCRI PTI ON OF
THE INVENTICNFEhtﬁefynﬁﬁﬁismecﬁgideﬁcrﬁiu&binempWQEE¢rmﬁﬁh§ﬂm@diﬁéﬁts in the
foll owi ng description with reference to the Figures, in which |Iike nunbers
repr esenty ke 25anBeRE Sidadidn eheprotsr tiitl eayhbs Femcbritd ddensiflescri bed
interms of the best node - 2 FEB 2004 13 for achieving this invention's
obj ecti vege idedial hnles@ppitegiratiede by idwsmnelkiikbbedcoet fie eautts . t hat

variations may be acconplished in view of these teachings w thout deviating
fromthe spirig,c@r igscope aitdhasi nventipivd, the read/write interface

may change. For example, the single biggest change: in a tape

read/write interface is due to head wear. Tapes will cause

abrasion to the head, eroding the MR read head material,

whereas the metallic pole tips of the write element are not

eroded as much. The net result is that the transfer function

changes and differs from tape to tape depending on the age of

a tape head when the data was written and the age of a same or

different (different drive) tape head when the data is read.
SUMMARY OF THE INVENTION

It is an object of the present invention to provide
adaptable maximum likelihood detection.

Another object of the present invention is to provide
maximum likelihood detection for media whose precise
characteristics are unknown so that there are no predetermined

numerical coefficients.

Disclosed are an adapter and a method for adapting a
programmable digital maximum likelihood detector to a variable

channel output and a calibration system for calibrating a



Referring to FIGS. 1 and 2, a wite-read channel is illustrated in FIG 1
that inplenments the present invention for adaptive/calibration of nmaxi num

| i keli hood detection of wite data, such as that illustrated in FIG 2, as
supplied at an input 10. Typical binary data 12 is signaled as NRZ data 13,
havi ng a signal voltage for each one bit and no (or anoé-hEE% ifjal vol tage
for each zero bit. When binary data is to be recorded™o B age
nmedia, the data is typically convertedg%o a recording forma t, such as NRZI
data 14 by circuit 15 and supplied to a target channel 17. Thus, it is this
NRZlI data that a maxi num |ikelihood detector 18 nust use to base its
reconst r (RAC9ERMBRLE Aedigittad daranaR, 1Tkl thgsicc sleteatget feomnmeknah i s
designed to reproduce the data as faithfully as possible within reasonable
cost constatai ansa Mewnuefitica atapevaysilein epinogilnguaprtape Hedi a 20 and
wite and read heads 21 and 22 is illustrated, optical or magnetic disk
syst ens ¢ iggo lhke bipd@y @gtechoanys ofhathesydeenrpcoaporated equal i zer 24
and a read-equalizer 26 are enployed to offset to sone extent certain -
non- | i nedhitichdgsopt al. 2' HEaBA20020 1@ppecatdding and deteet syst@mmland to
provide the read signals at the sane anplitude. In maxi mumlikelihood

det ecti orfampdiesnef dhea rexmingded oat putlagy gnignals trgpreakhyifddg rst equal i zed
by a read equalizer 26. If the read equalizer 26 is digital, an analog to
di gi tal cdomvaet apmR@rief amyioyed Lt be pilowidiesttatesdiigi atosdmptesviath t he

out put of the read head 22. The analog to digital converter 27 includes a
cl ock recovamyitei nrouber anid ragtienpol ak¢ bihdahisampd ei-hbes pop bé epdiet ween t he
actual sanples to provide digital sanples which have the correct tin ng.
FIG 3 ildapstsr-at Esvwaverdedld ZédithassamRie strEpressponske curyvislB@ and a
non-i deal step response 31, which transition between a positive anplitude
state, cdlllaamed optpyt g, thendegonded amplag wdanstiatet salled a "0" state,
and illustrates idealized timng of the first order digital sanple points,
wher e "yRT§ASEESeRES tHelr edéht rapgetlal thvagploe, Typkthe represents the
previous digital sanple, and "yk+~" represents the next digital sanple. The
i deal di gitETPOARHPE Potel i arcé Sél eeblebicar Is@sat theudetestox| ock rate at a
mul tiple of the clock rate of the recorded data. The anal og signal received
by the a8 #565dRgPeaPLEoirert éPrwrefeeisentiite digihel weareoles of

the recorded analog signals, and programming sources for
providing numerical metric coefficients. Sample logic applies
the programmed numerical metric coefficients to each of the
digital samples to generate alternative metrics. Relational
logic provides a previous metric which comprises a difference
metric function of a previous digital sample derived from
difference metrics representing the difference between metrics
directly associating "0" and "1" states of the recorded
signal. The one of the respective generated alternative
metrics is selected which minimizes the mean squared error
with respect to the previous metric and a maximum likelihood

path memory identifies the maximum likelihood case represented



nore-than the input square wave, and can be perturbed by noise signals. The
actual sanples taken are typically at a clock frequency not synchronized
with the underlying bit boundaries of the recorded signal, instead a
phase-| ocked | oop (PLL) - 2 F EB 2004 ~s phase locks to the detected

data and restores (generates) this clock. In the case_og P%m PLL it
is essentially a calculation of a synthetic clock periot. gnal

sanples are then interpolated to estinmd@e the signal at the synthetic clock
rate. The output of this interpolation is the new sanple streamyk, which
is valid at each synthetic clock period, thus yk is typically sent out on a

data bus whi ehe hasl ecteer mespondi tige vt chastigmal 11 ladd Hodely case dptihe| ocked
at the original sanple clock rate. The resultant sanple often bears little

resenbl angathoméhery daaltiezedtdtgidql tisampkerdyk adfdlocivaads. Maxi mum
| i kel i hood detection has proven effective in interpreting the detected

sanpl es for degpdihithe dahdrikéd A JBRICAYM Ofe @ IGfi%ghyY hBaghRguie
determ nation of each digital sanple value on the detected pattern of

sanpl es Whii¢B) i REbM RS theoRkeseaSRMIEea dheitd T HarPden fmaxe mum

|'i kel i hood detection of digital
recorded analog signals; an accumulator coupled tofthe
detector for partially accumulating the detected digital
sample with prior detectéd digital samples corresponding to
the maximum likelihood state; and logic coupled to the
accumulator and to the programming sources, employing the
accumulated digital samples for the corresponding maximum
likelihood state to determine and/or update the numerical
metric coefficient for the maximum likelihood state.

The calibration system comprises a detector detecting
digital samples of the recorded analog signals corresponding
to one of the maximum likelihood states; an accumulator
coupled to the detector for partially accumulating the
detected digital samples for the corresponding maximum
likelihood states; and logic coupled to fhe accumulator and to
the programming sources, employing the accumulated digital
samples for the corresponding maximum likelihood states to
determine the numerical metric coefficients matching the

digital samples to the one of the maximum likelihood states

and setting the provided numerical metric coefficient to a



sanpl es of data recorded as anal og input signals 14 of FIG 2, and
illustrated as having an exanplary output of FIG 3, is illustrated in FIG
4, showi ng the possible maxi mum|likelihood trellis branching from one
sanple to the next for first order detection of the "0" and "1" states of

the recorded signal. In the exanple of FIG 4, in accor dazﬁg éﬁﬂéhe

i ncorporated Hutchins et al. 419 and 420 applications, es used
- 2 FEB2004 16 to calculate g andlP, the factors in the netric
cal cul ations, for Cases "0", "1", "2" and "3" is determned for a

particular nedia for a particular read head by determning (e.g., by
cal cul at iveluver rekased eitenthe thecnearmed/ alatehfiay sawdrijpeiint . The nean val ues
are then enployed in netric equations to assess the various Cases and then
t he equatdomisiatensol ved to determ ne particular metric coefficients, which
in the normal case of renovable nedia signals 14 do not have the idealized
rel ati onshi p ebrt hefsl phaldd@sthnehld zed ttleapseseat | iowesitriphi, fi ed maxi mum
| i kel i hood detection by having digital sanples-that are integrally
reference should be made to the following detailed description

taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic representation of a channel
implementing the present invention;

FIG. 2 is a representation of a stream of write data and
its corresponding representation in NRZ and NRZI;

FIG. 3 is a diagram of channel step response curves for a
recorded signal of FIG. 2 including samples of the signal for
first order detection;

FIG. 4 is a diagram of an example of a maximum likelihood
trellis branching from one sample to the next for first order
detection;

FIG. 5 is a diagram of an example of signal to noise
characteristics of maximum likelihood detection and of peak
detection;

FIG. 6 is a diagram of an example of variable channel
output of digital samples representing one maximum likelihood

state;



related so that it is easy to calculate the appropriate netrics. As

descri bed above, maxi num i kel i hood detection of magnetic disk drives,
where the di sks and heads are fixed and non-renovabl e can have the
equalizers 24 and 26 of FIG 1 designed so that the idealized signals are
provi ded to the maximum likelihood detector. As discuss Fﬁ@gwgggﬁennvable
medi a may vary substantially in characteristics. The incorporated Hutchins
et al. 419 and 420 applications provige maxi mum | i kel i hood detectors

whi ch all ow the progranmm ng, or setting, of numerical netric coefficients,
adjusting the response of the maxi mum likelihood detector to the different

characteristi f dl%fgrg%%: egg&z%% g@ﬁ%§hndé%ﬂbgearpggrémg&gfmgn@utchlns

et _ 2 FEB 2 4 ma cations erent nmean val ues

are deter ned far ea h var| o rta ta a that are

i kely t 0°be’ I'5EdEd™ %581 é%f%igggrag%$§f%ﬁi, /§5?%§I%§e1}|0|ents are
deternlned frqgh%p% aneg Iu%%véLQeocoeff|C|ents are stored in a | ookup
tabl e and®&fe prOV|8edpfo e WBX|nun1f|keI|hood detector when the nedia of
that type is | |f ed Sgj 08 aded | iV FIGS. 3 and
4 illustrate exenplaryapgegél zed cFéss %E?#gq?@Gﬁ%@sggﬁgggcdfves 30 and
first order_sa nd_n eal .case fo on of e first

or der sanﬁ?%%tﬁgﬂgﬁlégrﬁﬁ§o%e ﬂE@ﬁWP@riH%%%lﬁﬁ) 6F lg?d?%dglsystenl As
is discussed in the incorporated Hutchins et al. 419 and " 420

appl i cat i BRE%C¥t HelVe8f¢88i ng and sanpl i ng systens are al so enpl oyed, such
as class PR 11 di.ng a second order. sa be e untered in
i Fla e ot B r?v"gi%@gd.lﬁa ERPLRCS i “order

an optical st of
sampl es nd such as class Extended PR IV ncodln ord sanpl es,
asnﬁay be%8ﬁcﬁﬁﬁﬁ¥ﬁq§dpFﬁgéaW% &St 16i §ReH T%ﬁﬂ§ gé E@gt 6% Fﬁe :
ur pose of _disclo th resent .inventi t he f| t order, class PR |
getgctlon &AF?IBé%dé§€Plg lg%%ﬁs6ﬁep59V§§?ITe?%”Fh§%§F?O 11" be able to

extrapol ate to.other n%X|gun1I|%eI|h% etectlon Syst

accordance wit embo presen 1nventlon of
FIG. 7; and

FIGS. 10 and 11 are block diagrams of logic for providing
selected first order difference metrics from the metrics of
the circuit of FIG. 9, and selecting the maximum likelihood
branch which minimizes the mean squared error with respect to

the previous finite maximum likelihood state, in accordance

with the embodiment of the present invention of FIG. 7.
DETAILED DESCRIPTION OF THE INVENTION

This invention is described in preferred embodiments in
the following description with reference to the Figures, in
which like numbers represent the same or similar elements.

While this invention is described in terms of the best mode



- 2 FEB 2004 Per the incorporated Hutchins et al. "419 and "420
applications, the channel sanple yk of a PRI systemis the function of
input bits ak, and ak_,. The goal of the maxi mum|ikelihood detector is to
produce an accurate estimate of the channel input sequence (ak} by

observing the pul se anplitude nodul at ed sequence K}. Al A M
| i kel i hood detector does this by maximzing the | i(iel}fl%ginggyon

p(yk~so; {ak}) P(Yk~sk% (ax} ) - wherl® so = the initial state, and sk = the
current state. The probability of the given output sanple at tinme k depends
only upon the current state of the system and the possible input ak a

(0,1}. T ogigE? Ell%glHﬁ%?angREE%QQSQﬁﬁeQﬁ1g§§Cri@Q@J@5bep(Yk SO- lak} ) -

~k p(~"" rrthis system at” any tine k, there are two netrics:

m o)k = k =
ST SR Y Sesﬁif??é]”ﬂﬁﬁe”w%% B e 7 e 20,

}[mh:rﬁ fl;ta_c&oa@} ﬁ5§%m\ﬁq<elof %h et'téacqh.—nqgs w?t]:ho@fc?éxfﬂa&gnbof%r@ 4, for

i'h60d ector,” there are four ways that the
trellis dlagramc

n _branch fr n g tinme to the next, respectivel
cal | ed " Cd¥e & %Cﬁ§ e399pe Cf,gmng fm§ang d’r{éase 3". . 2 FEB 2809 19 A)s/

di scussed in the incorporated Hytghing ef ali.c 4199a0,0420 sappl i cat i ons,

EEE 'r'ret ric cof rrcrents o | ferehce metrics are deri ved, enpl oyi ng
cases" o S nmpl._o di ffer C
have occuttetftratedoty &IG- Zlug%?t %mp e t)r(l Efg&%é J?(rgyetjjnltzlo(#)nlr(Cgs)e 2 Ero

gu%Yﬁol [Z%ﬁ:)adﬁpt_p.V(s/Cabibg_af{hOi] fl%%aﬁDgf;%an{e%éofdn&&é?%% )8%( E_ ?‘]?G%Z<
+ousz)) 0/f/)qrite data, such as that illustrated in FIG. 2, as supplied at
an input 10. Typical binary data 12 is signaled as NRZ data
13, having a signal voltage for each one bit and no (or
another) signal voltaée for each zero bit. When binary data
is to be recorded on data storage media, the data is typically
converted to a recording format, such as NRZI data 14 by
circuit 15 and supplied to altarget channel 17. Thus, it is
this NRZI data that a maximum likelihood detector 18 must use
to base its reconstruction of the write data 12.

The typical target channel 17 is designed to reproduce
the data as faithfully as possible within reasonable cost
constraints. Although a tape system employing a tapelmedia 20
and write and read heads 21 and 22 is illustrated, optical or
magnetic disk systems may also be employed. 1In any of the

systems, a write equalizer 24 and a read equalizer 26 are

employed to offset to some extent certain non-linearities of



then Case 0 has occurred and DIx = DIx_1 2 (u3-u0) Yx + (u32+uo2 ) %

Defining: wheregl=2 ( uo -ul ) andP, _ -uoz + u,z,wheregz= 2 ( uz -lls)
andPz = -uzz + usz,whereg3= 2 ( us -uo ) andP3 = ujz + uoz%o thatDIx_ 1<
glyx +P1 % andDJx_1 > gzYx + Pz% hen, Case Ohas occurred, so.that DO x =
DIx_1 + g3Yx + Ps . 2 FEBZzZGOd~ 202 . | f DIx_1 < Yx + (

2 uo - ui
-uoz+ Uiz ) andDIx 1 <2 (uz -u3 ) Yx + ( -llzz+ -quz F)(Eﬁﬂgﬁlrcése 1 has
occurred andDIx = 2 (uz-uo0)Yx +(-uzZ+ubdk) %befining:where gl =2 (uo - ul)
andP, _ -uoz + ulz,where gz =2 ( uz - us ) andPz = -uzz + u3zwhere g4 =2 (
uz - uo ) andPQ = -uzz + uoz %o that DIx_1 <giYx + P1 ; andDJx_1 < gzyx +

Pz; t hen, tgiesinegjlgigﬁgcﬁﬁi;\%e%oys%gg%ggﬁ_%éo ;)I(Q)QIY'L)&Q-Fﬁgé) r%(d +§i(gfna@‘%xaﬂ: > 2 (

uo- ui ) Yo @an uz- -uzz+ u32 )
% hen Cas an =.-D X, 2 Z- Y.+ (o +u~2
) Def i ni ng&éé&@%ggﬁégi%@%% -qtﬁlé?xéﬁ%lfikglu%c?(foﬁ SPlﬁ%telr&é‘ gS S:t%%%'ﬂ - u3)
andPz = - + ~ S, = J2- U RPS=-uz2+ . % hat DIx_,
>gi Yx + P1 ] rfﬁéﬁéﬁgfqg%tg?xlg%aé’zgﬁghg%p%%azigq]z tﬁgsseoégﬁélleez, sb(%/t atDj x =
(hor + Ui 128 3 I e FaY A Bt Gl MO T S
has oceu LEnpLoPRtgn 2 AN 30 2L A < R Lo Wi o =2 ¢
u3z, where g6 = 2 ( u3-ul ) ahd P6 ~ =-u32+ul2% so.th DIx 1 > glyx + P1 %
ondl Do 1555 0 58 BT5p  REE ChCl (9 had? okttt 7830 Pt U 276908 + Po.
The sanpl e out puts of the exp2e7ct,ed wavef or ns are determned in the

i ncor por at @ ¥t ASPBETERE 2UEGCAHESS 420° Hp1 iTERCVBRYE BV THEdsdPng a
nunber of sanple outputs for the waveforns, and cal cul ating the nean val ues
of each o’f“’i%@é’ﬁﬁpé pBPHt stO PAE SRBPIFEC JOTFHG SRE AGHETT ™ aPues are

then cal cul ated for the mean val ues of the sarmal %o(]):légguts, t her eby

provi di ngt® RFRufEr AC4F E bt 3 EoetPichehtse t t timing.

FIG. 3 illustrates an idealized class PRI step response
curve 30, and a non-ideal step response 31, which transition
between a positive amplitude state, called a "1" state, and a
null amplitude state, called a "0O" state, and illustrates
idealized timing of the first order digital sample points,
where "vy," represents the present digital sample, "y,.,"
represents the previous digital sample, and "y,.," represents
the next digital sample. The ideal digital sample points are
selected to be at a uniform clock rate at a multiple of the
clock rate of the.recorded data. The analog signal received
by the analog to digital converter will resemble a sine wave
more than the input square wave, and can be perturbéd by noise
signals. The actual samples taken are typically at a clock
frequency not synchronized with the underlying bit boundaries

of the recorded signal, instead a phase-locked loop (PLL)



Thus, the netric coefficients are derived fromthe difference between
metrics directly associating "0" and "1" states of the recorded signal. The
cal cul ated nunerical coefficients for a particular type of portable data
storage nedia are stored in a | ookup table and provided to the maxi num
| i kel i hood detector when the type of nedia is identij_izag:E§ DPBYed into the
device. A portable renovable nedia nmay be identified, r-exanpl e, - 2 F
E B 2a04 22 externally by a | abel, or ilfternally by reading a nenory chip,
readi ng a universal nodul ated code fromthe nedia, or the first few bytes
of the nmedia to be read may have nore universal characters which are easily
read whi C;{Ehésdee(f}tdcfk)é thec e dide LolEl @ad%ﬁcf e%‘rtoqg)é’ (&8{1? I @nganpri se
an optical reader or scanner 1n alibrary for reading a I'abel, a wrel ess
interface r eadi a i r i se l.Qgi i d with the
read chan%Ie(?é,k'or,%qi ?g?ncgag% |qufr %r ;C/qutxﬁ%?r%ﬂ? erecy l\(/%vi legsgﬁggﬂ e%rredi a type
when sel ect i a. . e i { ia.k i he
nuneri cal Sén% rlazthggrer??i %i Se%- ghré'atrleC gg gk\étl‘g%“f%bgmt & F%gﬁﬁ% %%rmltg@for t he
det ect ed [ T e . fi,cients for,t sp_gnq{],fi medi a
must be k%\%\gmé}er? gg\ﬁlgﬁég,ﬁa and tah%%%%ggg%e¢%$; r?&rrértigg? coe e|tgicents nmust
be stored,and i.l ab f g€ o sFUt De racterpsti of the
specific Fred a%/r?ﬁcset' n](gtﬁe bcgﬁt ari e?tgl E,E_EEoi?%%%%gqggn%gntﬁ%rf%al
coef 1 ci enlg, B, BeaHSed Tanchnesmodl & Wt hauh, chanae:; Sonever, as
di scussed” above,” optical’ medi'a i's subject to chahge as the recording noves
bet ween t re.t Ty d ack .cha , . 0r as
D Vb oGO U e koL T W & otr PAE g ERORgS

t he di sk i a surface angle y P1T. Tape

medi a may i.tferi ad t.0 i S ves from
one reel %%ég%%}oﬁgi%ggagép?%gﬁ er?sli’ogggr @%%gﬁ%%%%ttﬁec?gg]é&?g% @ehead
varies. FyYrt 1 the fLYLDY- € cteristics of the tape nedia may vary as

t he tape ﬁea IS <A > EEB ‘g%og%r%% noved from one side of the tape to tracks

at the other sjyle @k, hbent apgn,RULIERER, bLHEs SPaGilfd ¢oReRE BRl & reyovabl e
medi a may not have an identification character that may be read to identify

the nmedi arpod; &&]16GkaPredet &1 AR cnuger ical coetf 8§l enis.iigferring to
FIG 5, an exanple of signal to noise characteristics (SNR gain versus

di spl acemgoko fnddie RRNBL £ 1Of8 I83bn32) rolc pXiAT kL kEL LR G ecti on
33 and an exanple of signal to noise characteristics of digital peak

detecti ongdge &1 idanpgbbatsd. qlhrii R g8l B £hafadl & nshifsmids ustrate that
t he accuracy of maxinmum i kel i hood detection 33 is significantly greater

than that cefope %ts%%ll PRe e the nbReodi 8F talcrsanRliea1asgnpear the _
expected anplitude 37. This is the reason that maxi mum | i kelihood detection
i s highlyvdesé rabligewiienettedatuthe rased. sbayeyerwhitaxiinumbékedidood
detection 33 has a higher error rate and is less efficient if the digital
sanpl es apeepoit atar@lenear the expected anplitude 37. Thus, maxinmum
l'ikelihood detection has not been used in systens where the channel is
hi ghly vari abl Bhorfiwuzer ertbe meedesh predeirssd st Joutreni edl ateedfdl ci ent s
are unavail abl e. The present. i nventi on both provi des adaptabl e maxi mnum
| i kel i hoodadlpl estsOnidtar racyadedld e amhangel npands predisdea aaxFImMm2,
| i kel i hood detection for nedia whose precise

and illustrated as having an examplary output of FIG. 3, is

illustrated in FIG. 4, showing the possible maximum likelihood
trellis branching from one sample to the next for first order
detection of the "0" and "1" states of the recorded signal.

In the example of FIG. 4, in accordance with the incorporated

Hutchins et al. ‘419 and ‘420 applications, the p values used



-. 2 F E B 2004 24 characteristics are unknown and where there are no
predeterm ned nunerical coefficients. Still referring to FIG 5, digital
peak detection 32, enployed primarily with magnetic tape, or threshold
detection, enployed primarily with optical nedia, are |less accurate than
maxi mum | i kel i hood detection if the equalizer for the §L iﬁégﬁﬁfr IS
properly set to equalize to the target channel, but ar E Qﬁ
identifying a reasonabl e proportion of jghe signals when the sanples are

di spl aced fromthe expected anplitude. Referring additionally to FIG 1,
the present invention conprises an adapter and a calibration system 34 for
adapting a pragrammbl e digital maxinum|jkelihood detector. to a variable
channel ot FRIHETE? 22F ithr &end2at pF DgranthfoME tar i T4t e iniy

l'i kel i hood detector from unknown data in a known code at a variable channel
out put . THeF dd85Cer Omay "} dentd't $rehe3di 47 13 aHpres IeF 3 e Ecotddd anal og
signals corresponding to one of the maxi mum likelihood states by nmeans of

f eedback BF¥a dort RePadki eida Y iveadi heed ket@aumitgngofe aflaptiig t he

maxi mum | i kel i hood detector, or by neans of a non-maxi num |i kel i hood

det ect or BB FWrRta@apPE N heraF@ithuinei keI HoddiedérEcedeh I8 idrid/ or
calibrating the detector. Exanples of non-maxi num i kelihood detectors 36
are di gi tHre peeale detees orke fidremegrépyedt Bpenaiedicacaapbienyital threshol d
detectors for optical nedia. - 2 FEB 200 25 As will be seen, the higher
error ratessets tthe vesdpagkCasfest RadnaRePuhe i KBIGtHE8E 88 er26ied g Oonhen
identifying displaced digital sanples 31, or of the non-maximumlikelihood
det ect or BB-eMTERS gentityl g wtsplcaceal Hi gienlis sampresinothg eq@@dced in

i nportance by the present invention. Additionally referring to FIG 6, in
accor danc@3sf t3f tieBogrbsentediny Siorahs taAcHe didfi thavesahpl Eealermsdf i ed as
corresponding to one of the maxi mumlikelihood states is partially

accumnul at el &l tanspipopLdilye t2InsdspBes previously identified as
corresponding to the maxi num|likelihood state. Thus, FIG 6 represents one
exanpl e of a skidaddzefl digsed addwpl esmpykiiempximup {hkekbimns e, the
sanpl es are separately identified as corresponding to the nmaxi num

| i kel i hoodeseghtien Gy1having vwhicii alheappésenthdamdlee inéppeskiits a "1" and
the i medi ately preceding sanple represents a "0" state. In accordance wth
t he presehtlFRAeMO Shatwhen! Yigfitvaltosaaprelade 19 GOREPPT &t As
corresponding to the "0-1" maxi mum |ikelihood state, it is partially
accunul at BBy adaptSeLEar i Prhtd G esyBEdHTER Wit iredpfevs dusetaddunul at i on
whi ch includes priaor digital sanple 40. Simlarly, when digital sanple 42

i s identi PFREFEL EorkeSpohaf ng'tde k8BS 81 8%S Rpd MARASi REPI StP&te, it is
partially accunul ated with the previous, accu ation which_jincl]udes prior

di gi t al saﬂ?}T%eé“Od’@%gﬁdcﬁi.h%?t SRR hzafa{%‘lma”sda%ﬂ 8£4516 ¢ & denti 11 ed as
corresponding to the "0-1" nmaximum |li kel i hood state, it is 26 2 FEB
2004 par t F&PTY St ArmilPat el % 19PalHEepr 8VPBRASS AUMACHE P8 Whi I i ncl udes
prior digital sa ,Iei,40, 41 and 42. A series of digital sanples is thus
accunulat@ax$%W“§§3ﬁ IPOoPRed Uit @ pondi ng naxi mum | i kel i hood states. The

artial accu atj.on preferably conprises
P HHAS discu%sed abovgc re ovag?e media may vary

substantially in characteristics. The incorporated Hutchins
et al. ‘419 and ‘420 applications provide maximum likelihood
detectors which allow the programming, or setting, of

numerical metric coefficients, adjusting the response of the
maximum likelihood detector to the different characteristics

of different removable media. In the incorporated Hutchins et



accunyl ating a fraction of each identified digital sanple with 1 m nus the
fraction of the previous accunulation of the identified digital sanples.
The accunul ation nay be represented by the fornmula: Ak = (a) (Yx) + (1-a)
(Ak-~) where A represents the. accunul ation and a represents the fraction.
As an exanple, the fraction a may conprise 1/16th. Th gital
sanple in the accunulation starts at its highest inﬁﬁzfgﬁigFggg?he

accurrul ation, and is then continually rEduced in inportance by the
fractional anmobunt (1-a) as the next partial accunulation is made. The
partial accumul ation in accordance with the present invention insures that
no one dg%ital sanple‘mjll control thecge erm nati on of, the nuneri cal

coef fici éfits, 4Bdt2nd ot aRPHrCARYR"3m SFERRCECDY YK P Thus, even
shoul d the detected digital sanple be erroneou t he resul tant _accunul ati on
(AK) wil dsFeradaarafer Mash ofayapters i HP i%ﬁtiyitf%lfﬁgf4m§§6laoys t he
accunul ated digital samples for each of the corresponding . - 2 _F E B 2004
27 maxi mihat RERi hobel stia &8, 1eadaet it dd& FEtAURBYTRE TRy cend
coefficients matching the accunul ated sa Ie% to the gfxinunl i kel i hood
state, aﬂa“ééﬁ§f€#6%e@%ﬁi%ﬁ%ﬂqe6ﬁfmbPe%pﬁg¥% EalRi2Pr &Yt ndMerical netric
coefficient to a value related to the determ ned matchin nunerigal
coef fi ci ePReffiisdcaEe e? HE QTGN O ?héo?ﬁﬁHﬂﬁ%%&enaggr?E%I OerFdcints is
made in accordance with the cal cul ati ons of the incorporated Hutchins et
al . 419 Rl mag2ouBppl ke 1nes JeERBEBYI TRET HeCalE ﬁﬁlgge i §iYP8I *8anpl es
as the mean val ues of each of the sanple points. The nmetric coefficient

nuner i cal 1dentidd edr ast heafedliciicat B %2 tHORGEuAGI 4t ed sanpl e val ues of

t he sanpl e points, thereby providing the nunerical coefficients, identified
above as "g"" Ef%f-as aFﬂ"X ¥%9%§t§6§gi?F%mQﬁéﬁﬁﬂagfa#hZ?ﬂec%ﬁﬁﬁﬁﬁbﬁ where gi
=2 (uo - ul) and P1 = -uo2 + u~2, the accunul ation value for uo, i

o, i
enpl oyed $EEHrEEEessgnauER T AP ﬁérﬁﬁn%?cf%%lsag‘é’é??ic‘?'é%tréongﬂldﬁﬁz P1. The
accunul ation value for uo is also enpl oyed to, cal cul ate each of the
nuner i cal CeeRs filcifent deFecwitPfudbrs AT b itduSRrPIRusS U ehd? meY
accunmul ation is for a single sanple point u~, and each accunul ati on val ue
affects ate ergmriteardcdrfd? GRS IWBEER2YR | TYFEN heP8anpl S FHFTES Furt her
in accordance with the present invention, if the media cannot be identified
i n advancén ﬂﬁéHﬁﬂOFPQFBQQ@d@gxﬁﬁﬁ@hétcééffi%%%ﬁ?%inﬂ?obe set to a null or
to assunmed generalized values, and a set to a very high fractjon, such as
2 F E B 2002l bguiyops, sgthpst RO G PPAc PRAR 51 24 %ﬁﬂe&gtaﬁev% 3P qui ckl y.
Once the ML_detector is runnin snDothI§F%the a is reﬁegrao a nornma

|

val ue, suERPhevadd GUCh 8§ R Cdt danEBCRPERY (HE 5PES8R: OFA%%nti on, i f thé

samples, as may be encountered in an optical storage system,
such as class PR IV encoding and second order samples, and
such as class Extended PR IV encoding and third order samples,
as may be encountered in a magnetic disk or tape storage

system.

For the purpose of disclosing the present invention, the
first order class PR I detection will be described, and one of
skill in the art will be able to extrapolate to other maximum

likelihood detection systems.



medi a does not change characteristics rapidly, but rather changes over a

| arge string of recorded data, the step of determ ning the programabl e
nunerical coefficients may conprise setting a to a very snmall fraction
such as 1/100, or may conprise responding to every nth one of the

accumul ated digital samples. FIG 7 illustrates an enBoHE@B200% a maxi num
| i kel i hood detector and adapter/calibration system of the present
invention, and FIGS. 8A and 8B illustral® enbodi ments of the nmethod of
adaptive/calibration of maxi mum|likelihood detection of the present
invention. The enbodinment of FIG 7 may be inplenmented by logic circuitry
or in a conputRly RHECESSEOFporlitcly HatERME nat ian. ‘Asyngid onmgs di gital
sanpl es may be provided froman equalizer (26 in FIG 1) for the nmaxi num
l'ikeliho ﬂjlqtc%citieﬁs?ttlil@mﬂan%%q’ seRbl&dy," MeQJTERT afy AUPUE ERet he nmaxi mum
| i kel i hood detector. In the illustrated enbodi nent, the interpolation to
the synchranqus, di¢i t abuSamlLs, | Sakonduct ednbygdHn igH @hBOkak Ofurd 01. 1t s
al so possible to equalize after "I nterpolation. Thus, the asynchronous

digital samplesRkeqgebaysd fy wdebayalfl 40 Jmichibhesprepagad ereof clock
signal s - 2 F EB 2004 which are supplied at inputs 105 29 Interpol ator

101 enpl oysaddia Ghek sbgndlcs L@, PrioY ididianknt 68 DALY Rphetuaen
|

asynchr onous gital sanples 100 'to provide the estirmted synchronous

digital sagpleoda QRghbRge 108, . Whigd s itdi@ askbmahesh sicgrakoanpbéd ude at
the point as the clock phase crosses a synthetic synchronous time boundary.
A signal op;dine 107nicahh ethe t1guak hookndhs@tien bhat|shhe(aligi tal sanple on
line 106 I's valid and is "qualified". In a synchronous environment, such as
many magngti ¢shard i skodnicves, - idHenpekaborsddd angdqdel ay +H2 are not
required, an _fhe 6|g|tal sanpl es are provided directly on line 106. The
synchronous, Al (lac2anPkee YorolH101ey BEOMder 1 bhept Lodasiecter |18
The digital sanple is also J%Iayed to conpensate for L state -

i denti ficathon by d8layod08, uidie el ayedesanpl & Jesi grat edsasm k@ I n
accordance with the incorporated Hutchins et al. 419 and " 420

appl i cati ens, pddei icgiihalt sanel eoyk) i s suppldted tekéhehgenetakiczed maxi num
| i kel i hood detector 118 at its sanple inputs. The maxi mum |i kel i hood
detect or mRY BPedadiridsdanpsadapti ve maxi mum | i kel i hood detector when

enabl ed by a signal on |line 111, or nmay operate as a non-adapting maxi num

| i kel i hood detgct 08, W{th) pr-ogr aprwls e ¢agfficients in accordance with the

i ncorporated Hutchins et al. 419 and 420 applications if not enabled by a
signal on linerddlthiEheystem? &t B}y 2004 BO there are two metrics:

- ' .m(0)y+1n[p(yk|sk = 07ac)]
m (0 maximum: m{l),,;+1In[p(yxisx = 1iao)

_ : .m(0) 1 +1In{p(ygisy = O0ia;)]
m(l), maleum‘nul)kﬂ+ln[p(ykSk = 1;a,)]
where s, = 0 if a,, = ao and s, = 1 if a,, al

Referring to FIG. 4, for the first ordér maximum
likelihood detector, there are four ways that the trellis
diagram can branch from one sampling time to the next,
respectively called "Case 0", "Case 1", "Case 2", and "Case

3".



programed numerical coefficients may be provided froma mcroprocessor on
lines 112. The nunerical coefficients are provided to the programmbl e

regi sters 114. The registers 114 and input 106 are provided to the sanple
logic of the nultiple difference netric decision block 118 which al so
conprises the relational logic and sel ector of the ingpzngg§q4¥gptchins et
al. 419 and 420 applications. The relational |ogic of*b provi des
a previous netric which conprises a difflerence netric function of a
previous digital sanple derived fromdifference nmetrics representing the

di fference between netrics directly associating "0" and "1" states of the
recorded signaly (e, SELECION s GauRLEd. Lo, LG SATR 8! 08l C.and Lo the

rel ational |ogic Tor seléecting the on of e respective generated

al ternative, gretdd GSMabeh, Nl MAGS d ReFRap SAUATART (86T QL ¥k AdhdeEspect to
the previous netric and for selecting one of the derived difference
metrics. Adgiidonald iertheasedgotsd rderhyedogdidserangecneyric conprises the
previous netric for a following the digital sanmple. A maxi num|ikelihood
path nmenory 1lhdss eappbednyoaiherselcechetriéor identifying the one of the
finite nunber of maxi mum likelihood cases represented by the sel ected
metric. The patdr memsery tespanesodaurrie:i dentified one of the finite cases
and is set to a maxi mum likeli hood state dictated by the identified one of
the finite stated, thengetisdeximimdikehood state detecting the - 2 FE
B 2004 31 recorded anal og signals. A decoder 120 is coupled to the maximm
| i kel i hood path(®entr §hferPsigidlli) rg t Hés¥etsmaxi mum | i kel i hood st at e,
converting the state to the NRZ data. For enbodi nents of the invention

whi ch accommodat e AC PRML channel s, such as class PR IV encodi ng and second
order sanples,_ and .cla Ext ended | V encoding and third order sanples,

t he path nennr@egfgjﬁhéﬁbé_é%ﬂﬂéﬁaFa§ 16. In accordance with the present

i nvention, one accurnulator 122 is provided for each sanple point u". The
accunul ators each conprises both a register input 110 and a programuabl e
register 114 for mach<of (fhe gampl ¢ valewes.nOnceddhe accunmul ation is
acconpl i shed, the calculation of the coefficients is acconplished by the
mul tiple differenog_ etz depi)sion bhoék+ 1d8)i n accordance with the

i ncorporated Hutchins et al. 419 and 920 applications, calculating the
metric coefficteen Gageeli dab vatwesed gma B« ot dihul dtfled vaywes of the
sanpl e outputs, for the correspondi ng nmaxi num Iikelihood states. First, the
correct adeudmelldtor 122 nust be sel ected for accurul ati ng the synchronous
di gital sanpl.e g%.as del ayed, the del ayed sanple designated as y,;d. In
accordance wit R-tH&Btesent invention, and referring additionally to FIG

1, the adapter jjay.identjfy 5“% di giyt al,ssaml es -0f, ,he recorded anal og
e o

1 . 1

signals corresponding to on t he' 'maxi num | i k&l i hood states by means of
f eedback 35 frorethe mayg,mum kel jhoegq p32---22 K R,B 2004

where gs = 2(ns — Wo) and Py = -ns® + pe%;
so that DJy,; < g,¥x + P, 7 and DJy; > gyyy + Pys
then, Case 0 has occurred, so that

Djx = DJy.y + gayx + Ps.



‘detector 18, enploying the maxi num likeli hood path nmenmory 119, or by neans
of a non-maxi mum | i kelihood detector 36. Exanples of non-maxi mum i kel i hood
detectors 36 are digital peak detectors for magnetic tape nedia, and
digital threshold detectors for optical nedia. Additional delays of the
digital sanple y,;d corresponding to one of the naxi rrum_l,'zkEEQS;@gftat es
to the adapter 122 are required to conpensate for the protesst t he
multiple difference metric decision blggk 118 and for the maxi mum

|'i keli hood path nenory 119, or for the processing of the nonmaxi nmum

| i kel i hood detector 36. Wth the various delays, the sanple is synchronized
with the jdentification, of the sanple, NRZ| .des 125 and decoder 126

det er m neé t hetlrlr?a;():&f’rﬂﬁ ?i(ﬁ%l_i ﬁldl)g“ rsIPe{t go't F;all‘ gbr%ﬁ%vponds to the digital
sanple of the reggrd al o i,gnalsf0 election of the correct adapter
122 for a non-na??ﬁﬁ%???géliﬁ%g%kgé#egfo? g%)'The NRzZI deskew synchroni zes

the actual di gifkdl cagep] endd ucdeteat 9hq 3y,f Lom;hzi—m@ﬁyklzz-apdpfwdt ot}] he
oaas e

data stream wth the clock signals on lines |29 and 130, and
data, via mul tgegligxag: 131, into FIFO buffer 132. For exanple, the data is
provided on line 133, called "d2", and is indicated as valid for |oading by
a signal on |iwner:34, cal Fed (liy2" p,Thendokingisequente of data, including
the nost recent, is thus stored in the FIFO 132 and is provided to decoder
126. The decodewr:26 i ngerpRéts -t he) serfidhce ofi.’dat’and determi nes the
correct 2 F E B 200a 33 adapter 122 correspondi ng to one of the maxi mum
| i kel i hood st athége Al t efnat PVBty; Wheediack 35 F1 om¥hée maxi num | i kel i hood
detector nay be enployed to determine the maxi num likelihood state that
‘corresponds t &% (&2di §Pr-al< Sapl'e P ThedHholdmint| §Rel T Woéd feedback 35 is
sel ected by a ,signal._on |ine 137 whigh it.ches nultiplexor 131 to gate the
f eedback 35 réﬁﬁ%? F 3h %o%ﬁ?nﬁﬁ%%f%ﬁﬁfk%&?ﬁggﬂ data 133. Qualification
signal 107 squﬁnge€3;h§ praxi mum | i kel i hood detector and is al so enpl oyed
to sequence the “mul t7'pl exor 131 and FIFO buffer 132. Logic 140 of the
selected (Nth) one of the adapters 122 is selected by the decoder 126 and
accunul ates a fraction of the identified delayed digital sanple ykd with 1
m nus the3fracti av,qf> & (previouy, accumdt at ingh ;ofntthe identified digita
sanpl es. As di scussed above, the accunul ati on may be represented by the
formul a: Ak = (a)PJYkJ 2H11= a)s) ¢kt ~)-nher @A ir epresent s the accunul ati on
and a represents the fraction. The |logic 140 thus may conprise an infinite
i mpul se r esponS¥T idaser 2(PRR)CTHTTEY £8F R 67 “Rverbgithght!e THenti fi ed

di gi tal saqplg§. As is known to those of skill in the art, IIRfilters may
be inplenﬁhf@d in fixed logic or programmed into progranmable |ogic
processors. Aspone .exanple, the fraction a is set at input 148 and may
conpri se 34 ; - 2 E B 2004 1/16th. Thus, each digital sanple in the
accurul ati on stdtes at it s= b @hesty iympaat apce-g@ thg2accunul ation, and is
then continually reduced in inportance by the fractional anmount (1la), which
‘is set at inputhd49, e.gq,,= at(l5+6f)handaB, theugrext pgartial accunulation is
made. Herein, the terns "accunul ator", "accunulate", etc., also conprise
"averager", "awleming" gsf 2lluerty) afd|Rerrpg*tm’etc. In accordance with the
present invention, the accunulation is made on a continuing basis for each
identified di gp?ath&amdke anthYprbvidédat® Phe muBtYplteldifference metric
deci sion block 118 to deternmine the patchi g one of the programmabl e
nunerical metrFRCRIATS & BAESOCTH T4k éﬁo&g Exanpl e, the identified digital
sanpl es may be acgquLateg to pgqyide t he accunul ations Ao - A3 for uo - u3
in the equati oR: for “det et MMk ng ‘the mat chi ng programmbl e numerical netric
coefficients g, - g6 and P, - P6.




I f the conputation of the coefficients is relatively slow, only every nth
digital sanple may be accunul ated under the control of input 141 for
determ ning the programuabl e nunerical nmetric coefficients matching the
digital sanples to the one of said maxi mum|ikelihood states. Thus, the
required logic to conduct the partial accunulation and the |ogic of the
multiple difference netric decision block 118 to det er-nﬂnEEB%[]ﬁsl{ ching (N)
programabl e nunerical netric coefficiea%s may be rel atively inexpensive
and slow if desired. _ 2 F EB 2004 35“Specifically referring to FIG 7,
mul ti pl exor 145, when set to "0" recycles a previous accunul ation of |ogic
140 for the NtE aﬁgunulggor 122 at line,144 fromregister 146, and, when
Bu e

triggered By i 1yd, _spa5ﬁe$/bé¥%iﬁﬂha cumtit ati on fromlogic 140 to

mul ti pl exor 147 a register The_acc bation is provided at output
150 to the nultip?g“ﬂgf?gr%ncéfﬁ@trig @%c?gybﬂ'block 118. As illustrated in

FIG 7. asinglpeacelumilaas 122, mRyg b emR) oy ot fop, gecumil apjon, of sampl e
val ues for the determnation of certain programrabl e nunerical netric
coefficients nmpbehjng,one maxi numlikelihood state, or a plurality of
accunul ators 122 may provide an accunul ation for each of a plurality of

di gital sanpl esnhgeéchi ngya=ptuiaki tiyy eindrexi=-mamd ikkel3d, hood states. The
feedback 144 of the accumul ation of each of a plurality of accunulators 122
are depicted ashkiraes 152, =ahdnt kepoutguat P150 -of,” theis;accunul ati on of each
of the plurality of accunulators 122 are depicted as |lines 153, which
provi de the actbfufated TiTYi2@b-BanpresPt themiil tipl e difference nmetric

deci sion block 118 in accordance with the incorporated Hutchins et al. 419
and 420 appl i 8t £BAS, Ddar >cdibultati g aHePret 1T G2¥oef Feti ent nuneri cal

val ues for the ccunulateg]values of the s | e outputs for the
correspondi ng AR NERTT i k1FhE6G EF &t esSC entional calibration logic 160

is iIIustratedﬂ.n:EIGg a_gpr the data detector enploying the non-maxi mum
likelihood - 2*FEB® 00g "detector, e.g., for averaging, and may be

provi ded for i mibi abnGal i RI@IAN 2T cfOTc YRS QavBE LRS dype of media and
detection of the encoding format of the nedia so that the correct maxi num

| i kel i hoodheaquatinens i anth« aefddrpbent 84 eyt e rsekected. *Ald emaatiazel vy,

signal 150 is a good estimate of the mean for the bit sequence. Thus, a
mean nay beEpmgdmertabed oy timasurd nbubl nguvererofasdnpdanterrins detrt ithg a to a

| ow nunber and readi ng output 150, e.g., by a mcroprocessor. Once the
encodi ng fORCTS, debereredatiRe hlirgreTalvateeri efceet idh éhes derived in
accordance with the incorporated Hutchips et al. 419 and 420 applications
and st or ed®¥WE PEIREP- t a %e@ﬁ@§l§eF8%f£kF%ﬁﬂﬁ1”PWSrbB??a&ﬁ¥¥%?BEF§ havi ng

t he characteristH%%lg§ &dﬁﬂ;

then ca %ﬁ Lgﬁﬂ%géhﬁkgﬁtggm fgi pdt@ accordance

i.fie
with the present inventi on, fﬁg %ﬁapters 0 hé present "I nvénti on may
al so be utildzed 1,0.90apkg iR MRATYELL K&l ihooddetgctpfsfromthe
predeterm ned nunerical coefficients. Thus, rather than directly providing
-the predeterm ne@disHURRE| G&d r GORIJdrgient st s the: Ran veal vesm e oyed for
determ ning the numerical coefficients are provided fromthe | ookup table
by the m cdbpfomessobeatedn methdizst dimatt 1 plasarcib4ingl hpUtarkb4'it"hen
operates multiplexor 147 to gate the table | ookup value to register 146,
and the ouspatepfolt hber sgrerdgd cogpeilses the feedback on line 144 to be -
2 F EB ZOO-r partially accunulated by logic 140 with the digital sanple
provi ded on | i iéeleglcrhased thinskberturPef ket HYcd f@8t 8charti¥ iaditial Iy

reset wwth the nean val ues which conprise the basis for the programred
huner i cal  EBRT f11C FRIEED L 8ntR Y & (R ABERT 2eP 1y Th& o gl 31 L HHH es.

table and provided to the maximum likelihood detector when the
type of media is identified as loaded into the device. A

portable removable media may be identified, for example,



Alternatively, the programed nunerical coefficients may be directly
provided to the progranmed registers of the nultiple difference netric

deci sion block 118 in accordance with the incorporated Hutchins et al. "419
and " 420 applications, and the adapters 122 then sel ected by inputs on
lines 141. Additionally, the present invention provideaé&ﬁxgﬁngBWKelihood
detection for nedia whose precise characteristics are u o] 0 that there
are no predetermined nunerical coeffici@ts and therefore no table entries.
In either situation, the initial setting of the register 146 by the

m croprocessor at line 112 may thu; generalized values or null. In which

case, a Aaqlga{ rb%zg'_ 9%%% :c{}g%tééﬁalw% a%alidg hnhéhaty ertiber ef ore

set to 3/4°&t ih od detector s running snoothly, a is
normal valugs; he 4 K& 138SYABdndduldticki abbiy s8sm ane ked@ibs €ncend he maxi mum
then reset toa - 2 F E B 200g 38 FIGS. 8A and 8H illustrate an

enbodi ment ; 0§+ afdeiaklsver ek dagisdiian tacooer deat enayi thlavehsope esent i nvention
whi ch may be inplenmented in the adapter of FIGS. 1 and 7. In step 200, the
type of mediaeassh tdieresecedsnghfor mate ebsihe redi ahdich ddertcifed B¢ t hat t he
correct maxi mum | i kel i hood equations may be selected. Step 201 determ nes
whet her t hedeai s A reatilaedenecyof arayt.hdoparkpeml arcafpdilge pP eer@L s an
‘entry in the table, "YES', the table entries for the type of nedia are
provi ded irrageepoROXanasrdiiscaskEraover rRadinble @het e FhYE Eoifpri se

ei ther the nmean val ues which conprijise the basis for the.ﬁLogggnpgggd

numeri cal 1@SEFERET efS TRACERIaR eCrePEd By FPRRE D I ruPET R 6Xor 147, or

may conprise the programmed nunerical .coeffigi S i i tly

pr ovi ded twdtPhEh%rﬁﬁirﬁ?é‘&“Fggi%’E'erls ot t%héa%gﬁ ’plegydﬁ?Pg%g%g%{ Betric
deci si on hl ock 8 1n rd CP g I t edrhidut CBinpSo@inal . 419
and " 420 gﬁgﬁigé i%%gggﬁiefhgﬁgﬁa%%kggjﬁgbrgggﬁ??%is for the ?yﬁ§£é$ medi a,
or the typgofcgedi fads: 4ndetaet abhdsicNOnekrist épe 20k ot the encoding
format is known, step 205 sets a and 1-a inputs 148 and 149 to tenporary
val ues andscgetsctihersmldigplhiesanplddblio mmuhk detectgeheralibzed val ue. Then,
in step 210, the value of the nultiplexor 147 in register 146 is supplied
on output 150 ahdsihehdetmetrocatatodfbitdends gpdates IMMEIFA6gRaftabl e
numeri cal coefficients in accordance with the incorporated Hutchins et al.
“419 and ‘™gZ0 dppkiest i Phdvansg. i and B PredeterBlRHJUEECSFGance with the
i ncorporated Hutchins et al. 419 and 420 .applicatijon t rammabl e
nuneri cal FRAGSICIEBEF TS et S&Péegp‘?ﬁ? ead’a}lﬁagtlgpgailu{ed eg‘g]ﬁgéggf he

digital samles of siep,Ala (g gﬁge\%\ﬁé&jﬁlé @bl ¥EsPBidd G I n step 213, a
stored previous nmetrrc isS provide ich conprises a function of a previous
digital sapplenil shepn2l4dnd herenguRéride reepectiver gensr akedsed
alternative netrics is selected which mnimzes the nmean squared error with
respect tordheny evdodswieiditc dfangkep 213. The selected netric is then
stored in step 213. In step 215, the one of the finite nunber of maximum
‘1i kel i hood casemvieseirgdeasidisthasieidchbpyer eqrteseit @ddhy ihesWuleedt 8 metric
of step 214. Also step 215, in response to the identified one of the finite
maxi mum | i Redndrood chsesecerd g MOVREXPRLTTE KedHSod"path Hory to a

maxi mum i kelihood state dictated by the identified one of the finite

maxi mum | i REF¢HOGE® E588s Lo THEA JetPrasi it FTKEG'nS6d st ate Uet'ects the
recorded anal og signals_and the data.re anal og

si gnal s isrﬁFﬁs?ﬂe h&teéi?%ﬁﬁﬁ?6§?d258pﬁé§§£q%ﬁggg%o%ggﬁégﬁégt qfﬁe pr esent
'nventlon’nge media may fly at differing head to media spacings as the

tape moves from one reel to the next and the tension or angle
of the tape to the head varies. Further, the flying

characteristics of the tape media may vary as the tape head 1is



alternatives, the maxi mum | i kel i hood state corresponding to the next

digital sanple ykd is provided either by feedback fromthe detected nmaxi num
| i kel i hood state for -that digital sanple in step 225 or by detection by a
non- maxi mum | i kel i hood detector and decoder 126, in step 226. Connector 227
| eads to = 2 F E B 200g 40 the identification of t | j kel i hood
state of step 225 or 226 in step 230. In step 230, tﬁgzafgmlﬂor 122 for
that identified maxi mum likelihood sta2® is selected. In step 232 at the
sel ected accunul ator 122, logic 140 partially accunulates the identified
digital sanple ykd fromstep 233 wth the previous accunul ati on. As

di scusseq, ARV @ rohhEnPrL\HOVE aEEURAALd O reeRBr A eshantaeeusttatodn of the
identified digital sanples, alternatively conprises a value of steps 205
and 210, wfe alaper, nafimear,Canpr spesifit ipirtadll e meamowalh ee mehliiehmewnpri ses
the basis for the programred nunerical coefficients of steps 202 and 210.
The accumdtatiase afi sdep iZX3Zatasndcbavssed dhetenavalye beeaderesent ed by t he
formula: Ak (a) (Yk) + (1-a) (f.~:-~) where A represents the accunul ation
and a repramgritfty the meciot ieonl SThechcRifAftEdAedalWBeT <t ored in regi ster
146 and fed back to be partially accunulated with the followng identified
di gi tal se@ifd.ciangs-as di scussed above, each identified digital sanple may
be accunul ated, or each nth digital sanple be acc ted. In step 240,
the mul tiple diefeeréneetmetiy 'c%deéf‘s?’é%y%]reo::%yffgnagt gmoﬁiesg% t he
programmabl e nuyneric.coefficients fr t he t 50c¢I nce with
the i ncorﬁkb?%ﬁcgc?rﬁﬁgéﬁf ngl\:]al% Qg Vﬁfg%néc}lsp?lllzé g‘pgl%i ggt%%g%%pq-% 2 FEB 200g

41 Connector, 250 then) copnect s, £015%6p; R4 ft LalibRr 881 oy afn updat i ng. of
t he progranmabl e nunmerical netric coefficient determned in step 240. .Step

251 det er gj nigs) Whet Regnhher @ fi sot epa232t ¥essta dsergotag yt setddang. | f so,
"YES', step 252 determ nes whether the | ast accunul ated sanple or all of

t he accunutetedh sampl ascof 1 beitaps 232 NaweSNR afzin zbdrsotehattitdse nmaxi num
| i kel i hood detector is running snoothly. This may be acconplished by
counti ng theusurder tbhtsohpl asculsatly haveabaem ddeghihapedie 1000 of
each sanpl e point, or by neasuring the changes_in the accumul %}ed val ues
agai nst t BBeshol dEificaphey dRERtSSr hennbhal et &iRGdt AR Ot Pastep 252,
the tenporary a setting.is jntained. |If_the detector is. t step 253
resets a f’BePh%hendjrlr‘P&Itg%eF?Ii‘r@g‘?s 15" oAy "t ﬁ}téel%x ecgccegura}ﬂlfyg%é%@és)agr?ﬁl e poi nt
is tested, in_step..25 p - e poimt,. I f all
sanpl e poiThng \l/vserteh gféata%ggi Flggfer%mfénﬁﬁ ?E;e“rgllg)ée%{ gg%%%ézg?glﬁllga syetti ngs
to normal 4.Thusyid ha drethodaanse tthe@adapter/calibration system of the
present invention provides adaptable maxi mum i kel i hood detection and

provi des maxi nuswévdee! imagadudel siodliidrodkdodenedi somiBEs drasr echsgher
characteristics are unknown or for which there are no predeterm ned

nureri cal exoekf retermms] isolkengetticivateddothagd¥oitvdt Se8PkABWATANd f or

whi ch the mexi num | i kel i hood detector has inplenented adagt ers 122.
not at or near the expected amplitude 37. Thus, maximum

likelihood detection has not been used in systems where the
channel is highly variable or where the needed predetermined
numerical coefficients are unavailable.

The present invention both provides adaptable max imum
l1ikelihood detection for a variable channel, and provides

maximum likelihood detection for media whose precise



‘2 FEB 2004 42 FIG 9 is a block diagram of progranm ng inputs and |logic for
appl ying programed netric coefficients determ ned in accordance with the
present invention to digital sanples of channel output signals to provide
metrics thereof; and FIGS. 10 and 11 are bl ock diagranms of logic for
providing selected first order difference netrics fro jpcs of the
circuit of FIG 9, and selecting the naxinun1|ikelihngthggﬂzno&hich

m ni m zes the nmean squared error with ngspect to the previous finite

maxi mum | i kel i hood state. The detector of FIGS. 9-11 is one enbodi nent of
the incorporated Hutchins et al. “419 and " 420 applications. The nuneri cal
nmetric coefficients are programed, or set in,acco ce with the present

i nventio ﬁwFW§F§5§SBHT%§¥Fh%H%HSWPegﬁ%ﬁégng?tpﬁégnégggﬁﬁllikelihood
detector to the variable nedig. | programed nunerical netric
coefficién e§e§Frpﬁge§r%%%enﬁlﬁaﬁvgﬁgffg%%?%sﬁr ovi ded at progranmm ng inputs
401, 402, 411 4 Hse gu i.ad1p a - i3 coefficients
"g,". "g2" ~ ﬁgﬂﬂla%gfﬁggﬂuﬁhggﬁﬁgfe§§ﬁ€%:ﬁgﬁ'%%ggeggﬁggﬁﬁﬁ{ggfegisters
921, 422, .43k Rkdp3Rar THe Bl hegreelf i ANt ©r0khaBeh@d alet smtlibhpl i er
(product) netric coefficients, ang the netric coefficients P1 and PZ are
addi tive égffseld prehatclgagfth ebentsl rdeir egreameed aetudatecaebhi cients
are respectively applied by logic 441, 442, 451 and 452 to each digital
sanpl e ofmahanumell iGul pudbodidptalcs ipk $pphe exhuwtl lizeputobOttandiist ored for a
clock cycle in register = 2 FEB 2004 43 51. The application of the netric
coef fi ci edseqraoviideprabeebnatdatvéonenpptsze Hey dofe 4ergelictamels2 and 53,
respectively at outputs 54 and 55. The alternative nmetrics are enployed in
a maxi nunPr kTS IFeealdet eEt e o YaBApaAr TP I8 PERRPFBH B AdCcur rent
sanpl e and, a prior sel ected qftric iH.or er %o SE|E§E th gg&{ic whi ch

m ni mi zesS AP e delqGaretPBHIST Akt ALPREPETE T8 FECpFERTOUS netric. Thus,
t he progra ) (Lyputs 401, 402, 41l and 412 allow the alternative netrics
to be adap?%dlln accordance with the present invention to the sanples which
are being ready £,0953MLA0: { s, 483r1c406, ank Hdsendlbniasiestively
supply programmed netric coefficients " " - " " "p " - "p " to registers
423 - 426.8R8lr 433 ard36ap¥bi Cindre canpbeyedot osyealeruBat eot hedatariinaus
difference nmetrics for the various cases. Again, the nmetric coefficients g3
- g" are auptogtdrerab(lpr adgttdl metxiimumc ekl chert slet@egorheonetric
coefficients P3 and P" are additive (offset) netric coefficients. The

pr ogr anmedarbibie deenkilcpehpst sl fegpeetl tver iR PERIBFIIYIT 443 - 446,
453 - 456 to each digital sapple of channel _output signals yk supplied at

i nput 50 Qhﬂlﬂ%}éVﬁH%EV‘Féﬁ?gﬁ§¥xﬁf@tﬁﬁt95effﬂgt nq a%ﬁf%,lﬁ-%ets of
metric coefficients are enployed t.o ati f i.fference netrics
for 4 posgPBY% %%%%5% fhgggl?%gf§%g¥%£§6éé%8§%3 f@gigg? Sgky$§%pply 2 FEB

2009 identify the digital samples of the recorded analog signals
| corresponding to one of the maximum likelihood states by means

of feedback 35 from the maximum likelihocd detector 18 for
adapting the maximum likelihood detector, or by means of a
non-maximum likelihood detector 36 for adapting the maximum
likelihood detector 18 and/or calibrating the detector.
Examples of non-maximum likelihood detectors 36 are digital
peak detectors for magnetic tape media, and digital threshold

detectors for optical media.



‘out puts 465 - 468 representing respectively, g3y~ + P3, g4y~ + Pa. gSYk +
P5, and gay,; + Pe. Since the netric coefficients "gl" - "g"" and "PI" -
"Pn" are derived fromthe difference between netrics directly associating
"0" and "1" states of the recorded signal for first order nmaxi mum

| i kel i hood detection, this insures that no accunul atio Eggﬁ&l' S is
unbounded, and there is never an overflow at the difFéZeE Q¥c

regi ster. The programmed netric coeffici@&its "gl"-"gs" and "P1"-"P6"
derived fromthe above are supplied, in FIG 9, at progranmm ng inputs
401-406 and 411-416 to registers 421-426 and 431-436. The programed netric

coefficients are {gﬁ ectivelytggpﬁyﬁgapy r%giQaéé;Y%QQﬁEPQeéégéé§6 to each

di gital sanpl SyV [ﬁiﬁg "at I'npu he resultant outputs are stored in

register 6 QU 4 t ogi fe Rl 10. In FIG

10, the gﬁfggésﬁﬂgggﬂggja%égph§?hggf%@%@%ggegﬁghdgggﬁgg?r§giy conbined with
a previ oys ABLELS &I QMA1ePadbeEs681, byr |AYithed AOndnfZx imthile.i keehdbd f er ence
nmetrics are provided on inputs 468, 480, 481 and 466 to a mnultipl exor 64,
the nmetridet@Rtbirnges 48ded apl@serying GBSE adRY, danitaputardi@sr 8pr esent i ng,

for exanple, case "1",'on input 480 representing case "2", and on input 468
r epr esentjgagceds en” poAsaridee byeshet prédentprioviededomet rics are related to
the alternative nmetrics and to the previous netric 68. 2 FEB 2004 45 Use
of the differ@ddétimetallns raférresal tanfI@i fé efangecoedanas ¢d&hf feeent s
allows a selector 60 of FIG 10, which responds to the inputs at |ines 61
and 62, trresensctnusntien dicfEcdr pgétabt $3WLeDIRe 63T 539 @AM ti pl exor 64 from
bet ween the cal cul ated netrics. of inguts 435, iSB, §81 or 466 of

mul ti pl exXRTIEEPOTHENE | B GF IFPReQa 1™ Hh A28 bF ATSP V&l ues, whi ch,

when taken ta her, re sent .t he four es .a ; | tipl exor
64 to gaﬁgﬂ?H%S%HeaS?u? ésﬁh 5ﬁt§ Eéggﬁégﬁfg%?éggﬁﬁggéa%ﬁ?ﬁgﬁﬁa ticular
case. The; £a595;80caded, bedN8 d3h8t 8o0fnd NRulinites 16k 8L AR e . FI G 11, a
negative signal indicating a binary "1" and a positive signal indicating a
bi nary "Ofnhud,esuldt.i 89rkprd e davdnkl BRSMP BPrESentseitget her foiyiteases. The

sel ection of one of the provided difference netrics of inputs 468, 980, 481
and 466, sasureas (Yhat4d-hes.r esul taatexmipliec aheobprtebRreesapasatal def i ned
bounds. The cases designated on lines 61 and 62 are generated by conparing
t he al t er e tvief irpet riscsopre$pRNEin 54 cahlle 5B iguthe IpeiherE Tidteer ence
nmetric. The difference netric "DJK" 63 at nultiplexor 64 is delayed in

regi ster B8 End SupPRrBdtan RARSAE 69TREE eFeRIREIErad t 1 me?ds ¥, k_1~" to
adders 70.and 71 aof FIG 11. Each .respective alternati metric "glyk + P1"
and "gZyqum?gﬁgﬁél%ﬂPSﬁF%%{%gEﬁf@ﬁ%ﬁ §Epfésgﬂ%%f1e t%k¥ﬁ%érters 490 and 491
for multiplying, hyJ-uscons and @ ¢.-added {ovdita o eyhensqifdar ence
metric "DJ~k_1~" 69 by aaders 70 and 71 to provide 46 = 2 F E B 2004 the
respecti veaposd t41ve saRdeRegal dy & Strires sponaliPuics the andl &2nmhinatm i dentify
the one of the finite nunber of cases represented by the sel ected
accunul at egdxeetidel sthitect ively,pdhe addgenscd®ulatad/ bypr ovi de a conpari son
of the metrics to the previous difference netric. The states on outputs 61
and 62 ar edesedr taalsi@irettionheysiext M Wishehbe pravicys' pgRumghaigion

mul tipl exor 64, and are used to select a trellis path in path nenory 80 to
a maxi nunihiRel i eowest aréodi etat'edl BPPRE fBentF @ Yni YR®State. The

th 80 ise th th 119 of FIG .7, d. vid th
paCh MDY 80, I SOt ISGREL N TPl 1%, S .. i des e
i l'ikelih .St , ti th t I nma
o o P AR 1O S SR P R ey e

coef fi ci fg&%vgggggigég@g%t%ﬁ IRfig, AndAcEaseibs ENNIEN SanBetatid he most

li kely, om I"'es "avail e at that point. But each case allows

for one of, g pat s (xee EhGn éi?itﬂnﬁ R emeaOLy iden iresal ¥gs the two

paths down to one after sufficient tinme (synchronous clock periods) has
passed. Thg ke¥pbsaihfttLveky "0ase @hiomm fakel bRsodidtdte, beteisher a 0 or
a1l {right side of each case, m(1)k or m(O)k}. If there is a long string
consisting of only Case 0 and Case 2, then the path nenory cannot resolve
whi ch of two paths has occurred. Cases 1 and 3 however, give convergence
and thus allow the path nmenory for PRIV or EPR 1V - Cases 0 and 2 can
occur for extended periods of tine.



‘- 2 FEB 2004 47 \Mereas in a baseline channel alnost all transitions wll
map to Cases 1 and 3. In the context of adaption, the present invention
estimates neans with an IR filter using detected (M. or otherw se) bits.
Wth each noisy sanple there is a new estimte of the nean, but not
necessarily a better estimte (depends on the noise at Eﬁm?’aﬂf factored
in). These estimates are then used to change the CoeH2 ch change
the netric equations used by the M. detector. \Wereas M. detection itself
gi ves a maxi mum | ikelihood or m ninum square error estimation of a bit
sequence, the estimation of the nean (or u) is not maxi mum|ikelihood. The
maxi mum pakel d ibodiodemedabed of it GBe BreTiowusACUNUARESPHaANEE W th t he
present invention thus provides adaptabl e nmaxi mumlikelihood detection for
a vari abliecthdemairicandipibel dexnmss #fim £1 k19 Hfod BePBEtTDP T or nedia
whose precise characteristics are unknown and there are_no predet er m ned
numer i caligbed} | irendes. iRetBYF i #FHyARh ol F €28 Ahé&"Bresent invention
calibrates and adapts the maxi pum | ikelihopd detector so that it operates
33 t owar GSTERBPIRATIY FPXLBREt L S5O §SF§%%'msnt 37. Wiile the preferred

enbodi ment s of 1 he, present. Lavent|an hiave beep dbkusteated in detail, it
nodal

shoul d be appar®enmt®that ications and adaptations to those enbodi nents

ey Occu%ccuﬁugafﬁg%%pQﬂa%%iER_QPQ§§§JHH%QtEPié&Wﬁiﬁﬂth thaple dejpar ti ng

fromthe scope o e present invention as set forth in the follow ng

claims. | 1;495-2n& £ RA004 Ve g avibusAsgetmerkfian waxihem | i kel i hood
detection ofl digital sanples of data recorded as anal og signals

representjigrark Al d & nwbemangl e saxi Themadckeli hobeh steat &8 i n accor dance
with a finite nunber of maxi mumlikelihood sanpl e-to-sanple path cases,

sai d di gideplresanpbesby epreegemtinhg: channel out put of said recorded anal og
signals at a predetermned timng with respect thereto, conprising the
steps of : prowidf ngdtyxl ehstltd Mpnbgr anmabl e numerical netric
coefficients, said nunmerical netric coeff.i (;Ci.ent ! el a};@j N9 L8+ ENenhe

probabi lity ofhe&pdAdFERiae anbles?cofHidilcy a"dat & Seqience:

respecti \(;ffel%C ap%I ying said at |east two programmabl e nunerical coefficients
to each of* &G di gital sanples to generate alternative netrics; providing

a previous neﬁEi%nmgkgﬂpf@ﬂnﬁk§%%a@tiHﬂQ§h@ﬂiQBm@rDé@Viﬂuﬁﬁdigﬁhab,
 each digital sample in the accumulation starts at its highest
importance to the accumulation, and is then continually
reduced in importance by the fractional amount (l-o) as the
next partial accumulation is made.

The partial accumulation in accordance with the present
invention insures that no one digital sample will control the
determination of the numerical coefficients, but at most will
have an importance of (o) (yx). Thus, even should the detected
digital sample be erroneous, the resultant accumulation (Ay)
will be accurate.

Next, adapter/calibration system 34 employs the

accumulated digital samples for each of the corresponding



sanpl e; selecting the one of said respective generated alternative netrics
which mnimzes the nmean squared error with respect to said previous
nmetric; identifying the one of said finite nunber of nmaxi mumlikelihood
cases represented by said selected netric; responding to said identified
one of said finite maxi mum | i kelihood cases, setting a naxi | i kel i hood
path menory to a maxi mum | i kelihood state di ct at ed byz %ﬁﬁﬁified one
of said finite maxi num i kelihood caseg, said set maxinmum | ikeli hood state
detecting said recorded anal og signals; identifying ones of said digital
sanpl es corresponding to one of said maxi mumlikelihood states; partially

accuml ating s d:kdentidd ad digi b saPlesd Phesallcarsiespeading maxi mum

|Ike|lh00 st at es, raction o ‘each said identified digital sanple bei ng

accunul ates Wit ohe gl Iﬂél§ct§ﬁlgd thagtbemu Dt PLAKeySt acoiimuaatinan of said
identified digital sanple; responding to said accunul ated digital sanples

for said cordiasRends g dpxd faIBeiskgkbb hoosh Siratesn) det eipdatiesg eathl east one
of said provided progrannable nunerical metric coefficients matching said

digital sarplieRd ausardcodheandirisaicde Akt amm Itckel vhboe stlatest tand updating
said at | east one provided programuabl e nunerical netric coefficient to a
val ue r el @dieddtersandddederminedumatrtbd hgcorffeciieak - coBfd i ci ent . 2. The
met hod of claim 1, wherein said identifying step conprises |dent|fy|ng sai d
di gital seelsrssnasiosr pEsPondiatghieIsarEeHEd Imerel F kel PHodd S18CE b

f eedback of each said maximumlikelihood sta The net hod of cIa|n11,

wher ei n s%ﬁ(ﬁﬁﬁﬁﬁﬁ§§PeaEéEﬁnﬂQﬁ|Qﬂ%c§ﬂéblﬁﬂﬂlq (5¥§?P90869?ﬁ? mai nt ai ning a
e BRET oyt ) b L8 L Al SOl sedergch S,
Ps initially,f6l.dd ibiEst yaldie20d %HQ%@QA%P%'lMeEeéEteé& »segend val ue.
sample points. The metric coefficient numerical values are
then calculated for the accumulated sample values of the
sample points, thereby providing the numerical coefficients,
identified above as "g," and as "P;".- As a specific example,
in the equation where
gy = 2(p, - 1) and P, = -p2 + 1%, the accumulation value
for p, is employed to process and calculate the numerical
coefficients g; and P,. The accumulation value for p, is also
employed to calculate each of the numerical coefficients in
which p, is a constituent. Thus, each accumulation is for a
single sample point j,, and each accumulation value affects all
numerical coefficients which utilize the sample point.
Further in accordance with the present invention, if the
media cannot be identified in advance, the initial values of
the coefficients may be set to a null or to assumed

generalized values, and o set to a very high fraction, such as



5. The nethod of claim1, wherein said identifying step conprises
identifying said digital sanples as corresponding to said maxi num

| i kel i hood state by other than said maxi num | ikelihood detection. 6. The
met hod of claim 1, wherein said partial accunulation step conprises
accunul ating every nth said identified digital sanple. FEET‘@I m‘ﬁ: S greater
than one. 7. A nethod for adapting a programabl e digita X

li kel i hood detector to a variable chand@l out put, said nmethod conpri sing
the steps of said maxinum likelihood detector detecting digital sanples of
data recorded as anal og signals representing a finite nunber of maxi num

l'i kel i hood/ st alceshbb K6 FskITGRiwhtB ard i adfuestRdTbery ofu iaiytumohickel i hood
sanpl e-t o-sanpl-e path cases, said digital sanples representing said

vari abl e twamrel deutpudr of s sainc ihgcendethanaltdg si gratssat t@ predet er m ned
timng wth respect thereto; said maxi numlikelihood detector providing at

| east twonqmegr areiabl eswehrers dallenetric coefficients, said nunerical netric
coefficients relating to the probability of said digital sanples conprising
a data sequendd;sor égpeeepxdnceapptpi he sarepent Laygsnitiony prlogh&mmabl e
nunerical nmetric coefficients to each of said digital sanples to generate
al t er nat | B ifetdaess NOpr RFRAN G THFEGTF bB&E T tH3Pd Wiy cRU ®fes a function
of a previous digital s | e; selecting the ope of said respective

gener at edc%?rigé?%g)tvﬁeangg?‘?ecsﬁmin@hOﬁi g?‘ﬁ‘?ﬁ%es 3 [ﬁe s%theapfeo error with
respect to said previpus netric: i.dentifyi t ne. id finite nunber
of nﬁxinu%# %ﬁ&ﬁ4%ﬁ80598a%E%P%%ﬂﬂ%?%SnPahé%Vgghf3%Eg gégé%gﬂg%ric; -51-
2FEB2004 L5, f SRORRE LA 5@ (b IAIRALLT LA oNEr Al 9, dshER L8 Ao

| i kel i hood cases, settlﬁg a maxi mu I kel i hood path nmenory to a nmaxi num

l'i kel i hoogspt@ingdiset abegoyipitd ederli fitgdon® ok hsahdchhuidt@draxi mum

| i kel i hood cases, said set nmaximumli kelihood state detecting said recorded
anal og sighadtssl detwpetng a digital sanple of said recorded anal og signals
corresponding-to one of said maxi mumlikelihood states; partially

accunul ating sBi@ detiédtetratiep teal esbepiaenk tof pr nexisandl detlddoed digit al
sanpl es corresponding to said one of said maxi mum | i kelihood states, a
fracti on ©Fteeldr $4dd 2depket € ditgiatdr s anpr " IR (1§ eabERttated with 1

m nus said fraction of evj ous unul atj on of said prjor ect ed

di gital safpFe %Oqﬂ1apgsg6ﬁée %Q)%ﬂﬂa§%agEEHﬁ%Eégﬁje %ﬁpﬂﬁgn%%ﬁﬁgglf

determ ni | east f j r.ovi ded I i netric
dot ef 1 1 by £2S1009,81., 580, 1,041 80 SUEATTARN 0 BUITEAL Gl R ¢

l'i kel i hoodestiad §sveRG WRYBLE Nh Saittheabnb8aShe ON& MFAY, dednpy ggr amabl e
nunmerical metric coefficient to a value related to said determ ned

nuneri cal ispeéhécieantoy 8ogTbecimttiadyobreclai an dompahterepnosassbetect i ng
step conprises detection of said digital sanple as corresponding to said
one of sabd aaxémrimatiikal.i hood states by other than said maxi mum |i kel i hood
detection. 9. The nethod of claim8, wherein said other detection conprises
‘peak det ecti orASMIENIFROUSeERGHE DY TRLPS8MaWhkes H5PVesed SEHBraet ecti on

corpri Sesegﬂé f?é)]!» d(26 in FIG. 1) for the maximum likelihood detector

at input 100, called "MLOUT" for output to the maximum
likelihood detector. 1In the illustrated embodiment, the
interpolation to the synchronous digital samples is conducted
by an interpolator 101. It is also possible to equalize after
interpolation. Thus, the asynchronous digital samples are

delayed by delay 102 to match the propagation of clock signals



detection. 11. The nethod of claim 7, wherein said partial accunulation
step additionally conprises nmaintaining a separate accumul ation of said
detected digital sanples for each said maxi mum|ikelihood state. 12. The
met hod of claim7, wherein said fraction is initially set to a first val ue
and subsequently reset to a second value. 13. The nEtggg%étfﬁéﬁhn]71
wherein said digital sanple detecting step conprises= igita
sanpl es as corresponding to said maxi m#® |ikelihood state by feedback of
each said maxi mum |ikelihood state. -52 2 FEB 2004 14. The net hod of
claim7, wherein said partial accunul ation step conprises accunul ating
every ntRh,said,det Ll Gkt @b pseEPlEes . Wiekeirpolat Sr Qreaakapibhan one. 15.
A nethod“Fgghcgpgb§géé¥hfaaggrgg?annable digita naxinun1|ikgli%ood det ect or
from unkngun A8 RCE 0gnd TOMLRKBONIE d@ta iint e@pkDavoe asievatena vari abl e
channel output; said nethod conprising the steps of: said maxi num

l'i kel i hoogsydeheshens deleiadd NG aflpgies al 06 aplpesvolie sehel astimatedor ded as
anal og signals representing a finite nunber of maxi mum|likelihood states in
accor dancgmahtrbnaubi @i ¢ e alurshep lof yexni Aumel 1&@l ividod danphe-t o- sanpl e path
cases in accordance with said known code, said digital sanples representing
sai d varietilismathdnagynalitgnnl ishdsaptl e drddd afalby slyHalPHage a
predetermned timng with respect thereto; said maxinmuml.iKkel.i hood detector

provi di ngCeassesast SYWeN P by ryRrRBEPRORSINEIIC RCUREEFY ¢ ot i Gitefit's, sai d

nunerical_ netric coefficients relati to t robabj | ity ,of hd digital
sanmpl es cbrfst i0"ngcal 4 a.%xﬂﬁiénée}nag%?ﬁﬁﬁj %5Eyg§%p §$%ﬁ%%ﬁ%%§ﬁég | east two

progranwablqgﬂﬁgﬁhgfgg ne {éféﬂ%o§gfLé%%ﬁ@fﬁéél.ea%ﬂ of ¢ ﬁ%ﬁ%d#q%ﬁtal sanpl es

to general® Ve MetTiCS; "providing a previous Metric which

compri ses & fUGkhen ghol AL Miusadhat i alnSamBhex aglegding the one of
sai d respective genérated alternative netrics which mnimzes the nean

squared ef ¥k Mith okeEBECind UicSIZivd 1pbetOUsotRelue retifleaid faHeng the one of
said finite nunber of maxinmumlikelihood cases represented by said sel ected
nmetric; ididesponseplessaid pdentdeli ddrenmel pforsdiidef LABt e Theexi mum
11 kelihood cases, .
synchronous digital sample y, is then provided to the M/L
detector 118. The digital sample is also delayed to
compensate for M/L state identification by delay 108, the
delayed sample designated as Yig-
In accordance with the incorporated Hutchins et al. ‘419
and ‘420 applications, the digital sample y, is supplied to the
generalized maximum likelihood detector 118 at its sample
inputs.
The maximum likelihood detector may operate as an
adaptive maximum likelihood detector when enabled by a signal
on line 111, or may operate as a non-adapting maximum
likelihood detector with programmable coefficients in

accordance with the incorporated Hutchins et al. ‘419 and ‘420

applications if not enabled by a signal on line 111. The



setting a maxi mum |i kel i hood path menmory to a maxi mum likelihood state
dictated by said identified one of said finite maxi mumli kel i hood cases,
said set maxi mum | i kel i hood state detecting said recorded anal og signals;
presetting at | east one said provided progranmabl e nunerical coefficient to

a predeterm ned val ue; detecting digital sanples of sai d anal og
signal s as corresponding to one of said maxi num |ikeTi&do S,
 gnal d ol gy |1 ke o B 200

partially accunul ating said detected dPgital sanples for said correspondi ng
maxi mum | i kel i hood states, a fraction of each said identified digital

sanpl e being accumulated with 1 mnus said fraction of a previous

accunul abir-e8r Simsd@ifhriede bl f Eeslf tli gidnals sagpbesprovided- fx@mREB 2004 in
response to said accumul ated digital sanples for said correspondi ng nmaxi num
l'i kel i hoadcstptesesstat enmihnag Bt2 ] east one of said provided progranmabl e
nunmerical metric coefficients matching said digital sanples to said one of
sai d maxi mum Th&ehinmddadt apesfiaightserriengreal ddttd &8¢t one provi ded

programmabl e nunmerical netric coefficient to a value related tf aid
det er mi nedoguevhalpte masdsiteas tbhf f iiefedisser Tk hétodPBPt % m 15,

wherein said detecting step conprises detectin aj d digital sanples as
corr espoRdENgrevided doideofaBR Y R\ Mmeh [ Eeﬁ?ﬁ%ﬁg“%fgfggrBQC%ther t han

id [ likeljhood det lon. 17. Th th | ai ; [ id
ot her | GeFEETIBn EONDITS A itak OB G oL 8O RE e Rba O TCI Al 16,
wher ei n s3i.d OLAGT - dRIGGLT O REPIASEDIMesALe-ABI e an. 19:19The method

of claim erein said partial accunul ation step additionally conprises
mai nt ai ni g a,58PaLat fcACTHI abhon-Of asidind 1debget eske diigidkaliisanpl es for

each
provides a previous metric which comprises a difference metric
function of a previous digital sample derived from difference
metrics representing the difference between metrics directly
associating "O0" and "1" states of the recorded signal. The
selector is coupled to the sample logic and to the relational
logic for selecting the one of the respective generated.
alternative metrics which minimizes the mean squared error
with respect to the previous metric and for selecting one of
the derived difference metrics. Additionally, the selected
derived difference metric comprises the previous metric for a
following the digital sample. A maximum likelihood path
memory 119 is coupled to the selector, for identifying the one
of the finite number of maximum likelihood cases represented
by the selected metric. The path memory responds to the
identified one of the finite cases and is set to a maximum

likelihood state dictated by the identified one of the finite

states, the set maximum likelihood state detecting the



"sai d maxi num | i kelihood state. 20. The nethod of claim 15, wherein said
fraction is initially set to a first value and subsequently reset to a
second value. 21. The method of claim 15, wherein said digital sanple
detecting step conprises detecting said digital sanples as corresponding to
sai d maxi mum | i kel i hood state by feedback of each sa.i_z %&nmpil kel i hood
state. 22. The nethod of claim 15, wherein said parti tion step
conprises accunul ating every nth said ddt ect ed di gital sanple, wherein n is
greater than one. 23. An adaptable maxi mum | i kel i hood detector for
detection of digital sanples of data recorded as anal og signals
representﬂe%r%e&h%hgfoc?%ralgf. MRxhand.d kebi hgodosh Ades d Rhaccor dance

er

with a finite nu of maxi mum |1 kel i hood sanpl e-to-sanpl e path cases,

sai d di gifAlinsATRLes1 [ EL TN REnsPannel Quhautngf tisai cby eeanded anal og
signals at a predetermned timng wth respect thereto, conprising: 2
FEB 2004 @ &anmbedi Bpate f tdonfveeeingnghsadtchtdi got ahesskplasaof said recorded
anal og signals; at |least two programm ng sources for providing at |east two
nuneri cal met e enpbdimdrerd ©f shkdiavedsast whiohnaaeeiveadateodCf i ci ent s
relating to the probability of said digital sanples conprising a data
sequence; PRMnuhenhedysec swotiplasd clessaPl BaArgila@dingusnantPedN S Hrdest | east
two progranm ng sources, for applying said at |east two programed

numer i cal safetlsise @@éfﬂﬁ%rﬁ@et”@eéagﬁ b aifiaggerdl t_YrpIESSo generate
alternative netrics; relational Iﬁcigi o cougl ed to sai dﬁgarrpl e logic for

provi di ngSANHHsyi 18 RBER iR 1EoRRY i RS 1§ Pf 8Pehle netric function of
a previous digjital sanple deriv fromdiffere trics ting the
di f ference bet @r‘fc%g%’%% V%fitrhegglley.pﬁ%%%%? a I}Vr?g%%(?ﬂ?a%g"aléﬁ%{uét%gg of said
recorded shonal i byiucd #61eSIAN LARLeoL 9810 FRIPA&URGLEoARd Lo said
rel ati ona ogi &Hor sel ect i ng the one of said respective generated

al t er nat i ¥e-Weldri i sWhi 6Bt 1 Di FiZes ekhenpean suaed progfantiddler espect to
said previous netric and for selecting one of said derived difference
metrics, wheretyr saidd reel estie ethievedndi & fexlerrce nOhcectitonpri ses said
previous netric for a following said digital sanple; a maximum |ikelihood
pat h menoeycwoul tdent @ ssardose}iedtest, ther ca Hantadiypirngft Reeone of sai d
finite nunber of maxi mumlikelihood cases represented % sai d sel ect ed
metric, s&PefphEirtismdsyaFespohbingg ¥ S5 dW it Heftlis idedToRe" o WHidSinite
cases to set to a nmaxi | i kel i hood state _digctated by sajd.identified one
of said fPﬁFf%l%_Q@quksng% é‘éta%%ddﬁ?ﬁel thérlli%loeo_ S Sgaégelctj_ecti ng said
recorded analied, signals: .aiooulduls foupLed Lo sl d JElaUELLG keld hood path
menory for si gna?l ng sai d Sét maxi num &l § hoo state; a detector
identifyipgedigi ¢l rSamRhesnohesadd rRGARLEH, ANAH DG HuGNAbBe@Svalues
corresponding to one of said maxi mum |ikelihood states; an accumnul at or
coupl ed tersahd sefiget eruthorspast itald yoaceapuhatnqgnasaimdmi dehel fiew di git al
sanpl es for said correspondi ng naxi mum |l i kel i hood states, said accunul at or
accunul at istgtasfracti on of each said identified digital sanple wwth 1 m nus

said fraction of a previous accunul ation of said identified digLtal
sanpl es; and First, the correct accumulator 122 must be selected for

accumulating the synchronous digital sample yy as delayed, the
delayed sample designated as y,.. In accordance with the
present invention, and referring additionally to FIG. 1, the
adapter may identify the digital samples of the recorded
analog signals corresponding to one of the maximum likelihood

states by means of feedback 35 from the maximum likelihood



'l'ogi ¢ coupled to said accurul ator and to at |east one of said progranmm ng
sources, enploying said accunul ated digital sanples of said correspondi ng
maxi mum. | i kel i hood states to determ ne at. | east one of said provided
nunerical metric coefficients matching said digital sanples to said one of
sai d maxi mum |ikelihood states, and updating said at |le provi ded
nunmerical netric coefficient to a value related to d?ﬁiiébﬁﬁned mat chi ng
nunerical coefficient. -55 - 2 FEB 20y 24. The ﬁ&XIﬁUﬁ]|Ike|lhOOd
detector of claim 23, wherein said digital sanple detector is coupled to
sai d maxi mum | i kelihood path nenory and identifies said digital sanpl es as

corr eSpO?gkggt OI?ast mﬁé&%&n #L&‘?rlax*i%ﬂ §§ PlrQ:YoJ %%qlﬂaﬁ;lgm&f“ ) said

maxi mum e maxi hnum el 1 hood detector of claim 23,

wherei n gai gy ageaul 4t or n6Q0RLL SR a iRLYE Abba Yadle iy Bal. acgampiat ors,
each separately mal nt ai ni ng an accumul ation of said identified digital

sanpl es §@r n8ACH: St MTBXEMIBSA kilidieodssBat gre 26igithe paakmum |i kel i hood
detector of claim 23, wherein said accunmulator fraction is initially a
first valdeecandrs sceubsgauent | yagesridib) andecdgik alaltheresBdld The maxi num

| i kel i hood detector of claim23, wherein said digital sanple detector
conpr i sesle@denoor sk maptlicke! médioed. det ector identifying said digital
sanpl es as corresponding to said maxi mum i kel i hood state by other than
sai d maxi mum Ri@etidnood dgdpget PHntiyy daildakarpRRbs |k FIHESHOREE BBt or . 28.
The maxi mum | i kel i hood detector of claim23, wherein s <§ﬁg acgggulator
accumul att€s 8¢eP§ Wit MEKIAUNILRKEFIRRPUISGREEP Sanpie, AGRRELE] 7% greater

t han one. 29. An adapter for a_progranmabl e d| ital Jraxi qym kel i hood
det ect or TEGP1E8 p??ré%@ﬁﬁmﬁaagtgg § FEVEP A glePc anneq"é h%ut sai d

det ector ded %%%gbp I? tabeggg?£§sbﬂ£: qﬁ|keﬁ805ggqjﬂ§n%Qthg signal s

representln e nunb maX1 mum I'hood states I n accordance
with a fiyni RS- U i kel a { orsAmH enpakbncases,

sai d d|gﬁpk%§§g%gFgéa$Lpresent?%g saldhgggpgbpgbgﬁanﬁﬁf out put of said
recor ded raRahRg $i OB fot datpPEedet B¢ M nadnt ikAkngain dUks raespeet, theret o,
sai d detector conprising a sanple input for receiving said digital sanples
of said recpidedsasphcgraiigeal 8itat theadstentid ippbgeanyd ndiescampeeés - f or
providing at |east two nunmerical netric coefficients, said at |east two
nuneri cal coefRZEi dasker di2ht phg €ecedrr &r%bﬁ‘l?t?if%‘yn%ft%ealnlfxdf“df“t al sanpl es
conprising a data seguence; | e qu C cou%Ieg sai d sl gﬂ ut and
to said a]t“ﬂeééélf’oenét%‘f%gtrhéﬁrfngr%%‘? Yor-"Eppi§i B@fsaal‘r? oI e

programed nungeri cal netrlc gefficjie C f i sanples to
gener at e ATBATE P38 R Q?a f gt?%ﬁ% C%bﬁghggg féghgggégﬁéﬁgénple | ogi ¢
for p.rOV'Pifzngfo‘?c Br ﬁéﬁh%%;ﬁﬁfn{ '19k\é‘ﬂhﬁ80&cﬁ@créc%%~°r aedi ffies antoa RREKEG
function of a previous digital sanple deprived fromdifference netrics
representdfr-hrB zes- the adt B12004ithe shdfier encs betaeesr red rfiros directly
associating "0" and "1" states of said recorded signal; a selector coupled
to said spimd= 120gbedanss to saieddaebhast ored, Wogihc ther cdetlectiianglishe one of
sai d respective generated alternative netrics which mnimzes the mean
squar ed e?m oringist B2Pespect3.o aggl dopeevilriantr Vd2aRdlt R 1€ %eding one of
said derived difference netrics, whereby said sel ected derkﬁgg di fference

metric coh%??§%§x%§PéfBFeb?%nu;ﬂﬂEtFFEmP ?r a-F0I926Ri n§ BEPEUiGiTal sanpl e;
a maxi mum | i kel hood ath, coupled. to said select 0 entifying
the one of'Ri Eeﬂu §|ﬁﬂﬁ% '%%ffﬁ%gﬁléé gérr%%%es nted by
sai d sel ected netrlc LY h on [ fjced one of
said finité %ass]éjsnat Ee? gopgéﬂa%%ﬁqxl |§%F| hgllo éntogflgadlg%? at eci4 t%}fesal d

| dent i fied,pne gf. 53 gaf LR trﬁ“o&as.n%%e gai ds sglyaxigpdm khkehd heos state

det ecting said recor anal og signals; and an output coupled to said

mexi mum | 4 k&l i hoods paLR i RBADRY deioati-gnaki narisdidhcset-maasnum | i kel i hood
states; said adapter conprising: a detector detecting a digital sanple of

sai d reCOEH@é‘rﬁf@{@&h@ gaahsn@s cdaespendi dgrdmione ehesabdramxi mum

| i kel i hood states; an accunul ator coupled to said detector for partially
accunul ating said detected digital sanple with prior said detected digital
sanpl es corresponding to said one of said maxi mum|ikelihood states, said
accurul ator accunul ating a fraction of each said detected digital sanple
with 1 mnus said fraction of a previous accunul ati on of said prior
detected digital sanples; and logic coupled to said accunulator and to at
| east one of said progranm ng sources, enploying said accunul ated digital
sanpl es for said correspondi ng maxi mum | i kel i hood states to determ ne at

| east one of said provided nunmerical netric coefficients matching said
digital sanples to sald one of sald ﬁHXIﬁUﬁ1|Ike|IhOOd states, and updatlng

g, I Y S Y " v o Y 1



31. The adapter of claim30, wherein said digital sanple detector conprises
a peak detector. -57 -2FEB2004 32. The adapter of claim 30, wherein said
digital sanple detector conprises a threshold detector. 33. The adapter of
claim?29, wherein said accunul ator conprises a plurality of digital

accumnul ators, each separately nmaintaining an accunqL%éwngPQQQQid detected
digital sanples for each said maxi mum i kelihood stat. g e adapter of
claim 29, wherein said accunulator fraggion is initially a first value and
i s subsequently reset to a second value. 35. The adapter of claim 29,
wherein said digital sanple detector is coupled to said maxi mrum|i kel i hood
path nmenory and ects said digital a I; o said

maxi num 19 tﬁﬁogggs?%ﬁﬁfﬁ5f“PéS b%@Qnﬁgqgggﬁesg?gﬁﬁgS?%%%ﬁﬁﬁgg§ihood st at e.
36. The qi ter of claim29, wherein said accunulator accumul ates every nth
sai d detected digital sanple, wherein n is greater than one. 37. A -

cal i bration S%&E@E‘h&?{véﬂl) bratibagk a3 9T DghaRFRbhex dhgh t Bl keTaxbeum
| i kel i hood detector from'unknown data in a known code at a variabl e channel

out put; saiddeerhorpdetgeldRa €bgiéed rsanlas nbhxilaia rieedideddas anal og
signals representing a finite nunber of maxi mum likelihood states in

accor dancg: wd hnatf epktesputercothevai gl iskebilhoodTsampxdmue- sanpl e pat h
cases in accordance with said known code, said digital sanples

r epr esent i hige lSaiothdv dpeaihek Afarnsekbedatped of asagilgnpécer dedeadd’og signal s
at a predetermned timng with respect thereto, said detector conprising a
sanpl e i nplutch gwitebesviwkt saiakodi dBLaFo sif ddeofeedpPack etordéld®anal og
signals; at |least two pro ranningpsourcei iorc&%ﬁyEdingigt:%¢@§ t wo

numer i cal theR M@ EESAPPR| Bhel1hopdqdara tddy AURET T cal Coefficients
relating the probability of sai.d,digi am L Sl a data
sequence;i@éﬂﬁ?ﬁﬁ¥6ﬁﬁckh%dﬁfgﬁmFbléggggééﬁ%fi |n§§? gﬁﬂp{%%%§?3 at | east

one progrg@] r at;}l% N9isaboatideasiy Faeopsearamed numeri cal
metric coéffic éiﬁg)%gqgggﬁeo sﬁ%d é?git%l sanples to generate alternative

metrics; rel atjgnal 1400b¢ eQapieddreasaieh pasid &1 agiecaliopt prowvizdi ng a
previous netric which conprises a difference netric function of a previous
di gital sappkelserdyved thenmieidder arceanst a¢oswrlepreesentiragtidie ofi f f er ence
between netrics directly associating "0" and "1" states of said recorded
si gnal ; atbel ed¢wrifieuphetiayed s&ial tednpberiegye whe tlo"dard Fetati onal

| ogic for selecting the one of said respective gen%%%teg,alagrn tive
metrics WEFERt hPhiqh Ze®TrENEORB AL SHIAPEICBr PHriTe 1aETtITIeS R 04 with
respect to said previoys netric_and f selecti ane id derived
differencéaﬁﬁ%??csf“hﬁ%ﬁ@ﬂ?sgﬁiﬂmggVeg gdaae?l%é%ﬂﬁ??F%&egge netric

conpri ses I i t L] .a following said digital sanple; a
naxinun1If%gkgﬁ§%§¥%§#ﬁtﬁgn%Fgm%%%bled to said selector, for identifying
the one of saig fi niteypunben-gf (gaxi,mum Iikl ei hood cases represented by
said selected netric, said path nenory responding to said identified one of
said finite cagreré  Seipriegeat Faxhenmdurkebihondasd at eregiresated Pye sai d
identified one of said finite cases, said set nmaximumlikelihood state

det ecti ng fsaiclipecor ded anal og signals; and an output coupled to said

maxi mum | i kel i hood path nenory for signaling said set maxi numlikelihood
states; said c3hebtesion Py shom BBPFIETGe atpt bt ahifed "PHPEE, presetting
at | east one said provided pro%ranngPle,nunerical coeffuﬁjent to a
predeterrﬁﬁﬁ§?09§?u§}lter (ITR) Tor filtering Or averaging e

identified digital samples. As is known to those of skill in
the art, IIR filters may be implemented in fixed logic or
programmed into programmable logic processors. As one

example, the fraction o is set at input 148 and may comprise



-.a detector detecting digital sanples of said recorded anal og signals as
corresponding to one of said maxi mumlikelihood states; an accunul at or
coupled to said detector for partially accunul ating said detected digital
sanpl es for said correspondi ng maxi num | i kel i hood states, said accunul at or
accunmul ating a fraction of each said detected digital sanple with 1 m nus
said fraction of a previous accumul ation of said dq;gPEBng2gﬂ§al sanpl es;
and |l ogic coupled to said accunul ator sgnd to at |eas ne of said
progranmm ng sources, enploying said accunul ated digital sanples for said
correspondi ng maxi mum | i kel i hood states to determ ne at | east one of said
pr ovi ded puppr| calyiBl T becRogldiiehenthpmat ohi ge saicidlghtah sempies to
said one of said maximum | i kel1hood states, and setting said at |east one
provi ded guef i GalgHBRL! iigp6eeifdsienthboaacyab Lt el abed 1o tkew det er ni ned
mat chi ng nunerical” coefficient. 38. The calibration system of claim 37,
wher ei N sabdt dgh£01yorrddsceauph edngartsaicd bextheini 1d KelonRdoampath enory and
detects said digital sanple as corresponding to said maxi num | i kel i hood
state by efhewhitian saied maxinpat 548 ehdod abt &4’ G Sy 2Safbe mdst um

| i kel i hood detector. 39. The calibration system of claim38, wherein said
digital sanpkeéatictentorlacdepriscsade pedier§efectdt . *%0" The calibration
system of claim 38, wherein said digital sanple detector, LSeS a

t hr eshol d “@etceprdptor” ~ "$gcumulat ¢RI %f.qg‘f‘h‘éo%% Jiatner ataﬁ’%%géie/gt em of

claim 37, wherein said accumyl ator., conpri.se plurality of digital
accunulato@§?ré§&ﬁgsepdgéﬁ ec.

&'y ' ma h%%ﬁﬁﬁ ﬁb’an accunmul ati on of said detected

digital sanples for each sai 'gqggéggggi-mggqt§g@;aﬂm42. The calibration
system of cl ai 3??c%ﬁé?gf%wg§ﬁg§gccunulatoﬁ'fraction isinitially a first

val ue a”dzi%xﬁﬁ gggggnigxm£ﬁ§%% gog@n§ﬂggmﬁgw@bue.féB.eJ&@j@@hﬁbfaeﬁon _
system of claim 37, wherein said digital sanple detector is coupled to said
maxi mum | i ke]sihqod path smmyrsvandddes ecies msditdpdiegilt &fesenmsl awtage
corresponding to said maxi mum likelihood state by feedback of each said
maxi mum | ikealidieadbsbakel1sido Beececalidridte omtspdnantde of & 37, wherein
sai d accunul at or accunul ates every nth said detected digﬁtal sanpl e,
wherein n pﬁpqﬂaNMa@ﬂethgmegﬁﬂgl metric coefficients. In e above

- A39. AT Agl(aen'\gﬁlue',A’t¥1éA)1/<’jér'?\t@1fAlyeud rd'ié 'téf’ ééb%?le':_béi '?‘n%%) be accumulated to

provide the accumulations A, - A; for p, - ps; in the equations

for determining the matching programmable numerical metric

coefficients g; - g¢and P; - Ps.

If the computation of the coefficients is relatively
slow, only every nth digital sample may be accumulated under
the control of input 141 for determining the programmable
numerical metric coefficients matching the digital samples to
the one of said maximum likelihood states. Thus, the required
logic to conduct the partial accumulation and the logic of the
multiple difference metric decision block 118 to determine the
matching (N) programmable numerical metric coefficients may be

relatively inexpensive and slow if desired.
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Specifically referring to FIG. 7, multiplexor 145, when
set to "O" recycles a previous accumulation of logic 140 for
the Nth accumulator 122 at line 144 from register 146, and,
when triggered by input 141, gates a new partial accumulation
from logic 140 to multiplexor 147 and register 146. The
accumulation is provided at output 150 to the multiple
difference metric decision block 118.

As illustrated in FIG. 7, a single accumulator 122 may be
employed for accumulation of sample values for the
determination of certain programmable numerical metric
coefficients matching one maximum likelihood state, or a
plurality of accumulators 122 may provide an accumulation for
each of a plurality of digital samples matching a plurality of
maximum likelihood states. The feedback 144 of the
accumulation of each of a plurality of accumulators 122 are
depicted as lines 152, and the output 150 of the accumulation
of each of the plurality of accumulators 122 are depicted as
lines 153, which provide the accumulated digital samples to
the multiple difference metric decision block 118 in
accordance with the incorporated Hutchins et al. ‘419 and ‘420
applications, for calculating the metric coefficient numerical
values for the acpumulated values of the sample outputs for
the corresponding maximum likelihood states.

Conventional calibration logic 160 is illustrated in FIG.

7 for the data detector employing the non-maximum likelihood
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partiélly accumulated by logic 140 with the digital sample
provided on line 109.

Thus, the maximum likelihood detector is initially preset
with the mean values which comprise the basis for the
programmed numerical coefficients, and are then adapted by the
digital samples.

Alternatively, the programmed numerical coefficients may
be directly provided to the programmed registers of the
multiple difference metric decision block 118 in accordance
with the incorporated Hutchins et al. ‘419 and ‘420
applications, and the adapters 122 then selected by inputs on
lines 141.

Additionally, the present invention provides maximum
likelihood detection for media whose precise characteristics
are unknown so that there are no predetermined numerical
coefficients and therefore no table entries.

In either situation, the initial setting of the register
146 by the microprocessor at line 112 may thus be the assumed
generalized values or null. 1In which'case, o is initially set
to a high fraction at input 148, such as 1/4, and l-u 1is
initially therefore set to 3/4 at input 149. Once the maximum
likelihood detector is running smoothly, o is then reset to a

normal value.
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FIGS. 8A and 8B illustrate an embodiment of alternative
methods in accordance with the present invention which may be
implemented in the adapter of FIGS. 1 and 7.

In step 200, the tYpe of media and the encoding format of
the media are detected so that the correct maximum likelihood
equations may be selected. Step 201 determines whether there
is a table entry for the particular media. If there is an
entry in the table, "YES", the table entries for the type of
media are provided in step 202. As discussed above, the table
entries may comprise either the mean values which comprise the
basis for the programmed numerical coefficients which are
entered by line 112 to multiplexor 147, or may comprise the
programmed humerical coefficients which are directly provided
to the programmed registers of the multiple difference metric
decision block 118 in accordance with the incorporated
Hutchins et al. ‘419 and ‘420 applications.

If there are no table entries for the type of media, or
the type of media is undetectable, "NO" in step 201, but the
encoding format is known, step 205 sets a and l-a inputs 148
and 149 to temporary values and sets the multiplexor 147 to a
null or a generalized value. Then, in step 210, the value of
the multiplexor 147 in register 146 is supplied on output 150
and the detector calibrates or updates the programmable
numerical coefficients in accordance with the incorporated

Hutchins et al. ‘419 and ‘420 applications. Also in
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accordance with the incorporated Hutchins et al. ‘419 and Y420

applications, the programmable numerical metric coefficients

are applied in step 211 to each of the digital samples of step

212 to generaté alternative metrics. 1In step 213, a stored

previous metric is provided which comprises a function of a

previous digital sample. In step 214, the.one of the

respective generated alternative metrics is selected which

minimizes the mean squared error with respect to the previous

metric of step 213. The selected metric is then stored in

step 213. 1In step 215, the one of the finite number of

maximum likelihood cases is identified which is represented by

the selected metric of step 214. Also step 215, in response

to the identified one of the finite maximum likelihood cases,

sets the maximum likelihood path memory to a maximum

1ikelihood state dictated by the identified one of the finite

maximum likelihood cases. The set maximum likelihood state

detects the recorded analog signals and the data represented

by the recorded analog signals is provided at data output steﬁ

220.

In accordance with the present invention, as

alternatives, the maximum likelihood state corresponding to

the next digital sample y,s is provided either by feedback from

the detected maximum likelihood state for that digital sample

in step 225 or by detection by a non-maximum likelihood

detector and decoder 126, in step 226. Connector 227 leads to
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In step 232 at the selected accumulator 122, logic 140
partially accumulates the identified digital sample y,s from
step 233 with the previous accumulation. As discussed above,
the previous accumulation comprises an accumulation of the
identified digital samples, alternatively comprises a value of
steps 205 and 210, or alternatively comprises an initial mean
value which comprises the basis for the programmed numerical
coefficients of steps 202 and 210.

The accumulation of step 232, as discussed above, may be
represented by the formula:

A = (o) (ye) + (1-a) (Axa),

where A represents the accumulation and o represents the
fraction.

The accumulation value is stored in register 146 and fed
back to be partially accumulated with the following identified
digital sample. Also as discussed above, each identified
digital sample may be accumulated, or each nth aigital sample
may be accumulated.

In step 240, the multiple difference metric decision
block 118 determines the programmable numeric coefficients
from the output 150 in accordance with the incorporated

Hutchins et al. ‘419 and ‘420 applications.
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Connector 250 then connects to step 210 for calibration
or updating of the programmable numerical metric coefficient
determined in step 240.

Step 251 determines whether the « of step 232 was a
temporary setting. If s0, "YES", step 252 determines whether
the last accumulated sample OrI all of the accumulated samples
of seteps 232 have stabilized so that the maximum likelihood

! detector is running smoothly. This may be accomplished by
counting the number of samples that have been accumulated,
e.g., 100 of each sample point, or by measuring the changes in
the accumulated values against thresholds. If the detector 1is
not yet smooth, "NO" in step 252, the temporary « setting 1is
maintained. If the detector is smooth, step 253 resets o TO
the normal setting. If only the last accumulated sample point
is tested in step 252, step 253 only resets o for that sample
point. If all sample pqints were tested in step- 252, then
steb 253 resets all o settings to normal.

Thus, the method and the adapter/calibration system of
the'present invention provides adaptable maximum likelihood
detection and provides maximum likelihood detection for media
whose precise characteristics are unknown Or for which there
are no predetermined numerical coefficients, so long as the
encoding format is known and for which the maximum likelihood

detector has implemented adapters 122.
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for applying programmed metric coefficients determined in
accordance with the present invention to digital samples of
channel output signals to provide metrics thereof; and FIGS.
10 and 11 are block diagrams of logic for providing selected
first order difference metrics from the metrics of the circuit
of FIG. 9, and selecting the maximum likelihood branch which
minimizes the mean squared error with respect to the previous
finite maximum likelihood state. The detector of FIGS. 9-11
is one embodiment of the incorporated Hutchins et al. ‘419 and
‘420 applications. The numerical metric coefficients are
programmed, or set in accordance with the present invention,
thereby adjusting the response of the maximum likelihood
detector to the variable media.

In FIG. 9, programmed numerical metric coefficients of
the present invention are provided at programming inputs 401,
402, 411 and 412, and comprise supplied programmed metric
coefficients "g,", "g," , "P," and "p," which are supplied
respectively to registers 421, 422, 431 and 432. The metric
coefficients g, and g, are multiplier (product) metric
coefficients, and the metric coefficients B, and P, are
additive {(offset) metric coefficients. The programmed metric
coefficients are respectively applied by logic 441, 442, 451

and 452 to each digital sample of channel output signals vy

supplied at input 50 and stored for a clock cycle in register
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51. The application of the metric coefficients provides
alternative metrics thereof at registers 52 and 53,
respectively at outputs 54 and 55.

The alternative metrics are employed in a maximum
likelihood detector for comparison to a function of the
current sample and a prior selected metric in order to select
the metric which minimizes the mean squared error with respect
to the previous metric. Thus, the programming inputs 401,
402, 411 and 412 allow the alternative metrics to be adapted
in accordance with the present invention to the samples which
are being read.

Programming inputs 403 - 406 and 413 - 416 respectively
supply programmed metric coefficients "g;" - "g,", "By" - "B,
to registers 423 - 426 and 433 - 436, which are employed to
calculate the various difference metrics for the various
cases. Again, the metric coefficients g; - g, are multiplier
(product) metric coefficients, and the metric coefficients P,
and P, are additive (offset) metric coefficients. The
programmed metric coefficients are respectively applied by
logic 443 - 446, 453 - 456 to each diéital sample of channel
output signals y, supplied at input 50 and delayed by register
51.

In the instant example, 4 sets of metric coefficients are
employed to the calculation of 4 difference metrics for 4

possible cases. Thus, registers 460 - 463 respectively supply
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Pyr Gsyx + Ps, and geyx t+ Ps.

Since the metric coefficients "g," - "g," and "P," - "P."
are derived from the difference between metrics directly
associating "0" and "1" states of the recorded signal for
first order maximum likelihood detection, this insures that no
accumulation of metrics is unbounded, and there is never an
overflow at the difference metric register.

The programmed metric coefficients "g;"-"g¢" and "P,"-"P¢"
derived from the above are supplied, in FIG. 9, at programming
inputs 401-406 and 411-416 to registers 421-426 and 431-436.
The programmed metric coefficients are respectively applied by
logic 441-446 and 451-456 to each digital sample vy, supplied at
input 50. The resultant outputs are stored in registers 460-
463 and on outputs 465-468 to the logic of FIG. 10. 1In FIG.
10, the outputs 465-468 are further processed and selectively
combined with a previous metric from register 68, by logic
470-472. Thus, the difference metrics are provided on inputs
468, 480, 481 and 466 to a multiplexor 64, the metric on line
481 representing case "0", on input 466 representing, for
example, case "1",  on input 480 representing case "2", and on
input 468 representing case "3". As the result, the provided
metrics are related to the alternative metrics and to the

previous metric 68.
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Use of the difference metrics and resultant difference
metric coefficients allows a selector 60 of FIG. 10, which
responds to the inputs at lines 61 and 62, to select as the
difference metric "DJ," 63 at multiplexor 64 from between the
calculated metrics of inputs 468, 480, 481 or 466 of
multiplexor 64. The signals on lines 61 and 62 have binary
values, which, when taken together, represent the four cases
and operate the multiplexor 64 to gate the one of the outputs
465-468 represented by the particular case. The cases
encoded by the state of the lines 61 and 62 from FIG. 11, al
negative signal indicating a binary "1" and a positive signal
indicating a binary "0", resulting in the two lines
representing the four cases. The selection of one of the
provided difference metrics of inputs 468, 480, 481 and 466,
insures that the resultant metric on output 63 remains in
defined bounds. The cases designated on lines 61 and 62 are
generated by comparing the alternative metrics on inputs 54
and 55 to the previous difference metric.

The difference metric "DJ," 63 at multiplexor 64 is
delayed in register 68 and supplied on output 69 after one
delay time as "DJ,.,," to adders 70 and 71 of FIG. 11l. Each
respective alternative metric "g,y, + P," and "y + B," from
outputs 54 and 55 is supplied to inverters 490 and 491 for
multiplying by minus one and are added to the previous

difference metric "DJ,.," 69 by adders 70 and 71 to provide
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the respective positive and negative states on outputs 61 and
62 which identify the one of the finite number of cases
represented by the selected accumulated metric. Effectively,
the adders 70 and 71 provide a comparison of the metrics to
the previous difference metric. The states on outputs 61 and
62 are used to select the next difference metric "DJ," 63 at
multiplexor 64, and are used to select a trellis path in path
memor? 80 to a maximum likelihood state dictated by the
identified finite state. The path memory 80 may comprise the
path memory 119 of FIG. 7, and provides the appropriate data
bit at output 81 to decoder 120 for signaling the set maximum
likelihood state, converting the state to the NRZ data.

In summary, metrics are calculated using equations
invelving both samples.yk and coefficients. Comparisons are
made, and a case is chosen as being the most likely, from the
Yx samples available at that point. But each case allows for
one of two paths (see FIG. 4). The path memory then resolves
the two paths down to one after sufficient time (synchronous
clock periods) has paséed. The key is that every case allows
for that bit to be either a 0 or a 1 {right side of each case,
m(l)k or m(0)k}. If there is a long string consisting of only
Case 0 and Case 2, then the path memory'cannot resolve which
of two paths has occurred. Cases 1 and 3 however, give
convergence and thus allow the path memory for PR IV or EPR IV

- Cases 0 and 2 can occur for extended periods of time.

mL0%
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1

Whereas in a baseline channel almost all transitions will map
to Cases 1 and 3. In the context of adaption, the present
invention estimates means with an IIR filter using detected
(ML or otherwise) bits. With each noisy sample there is a new
estimate of the mean, but not necessarily a better estimate
(depends on the noise at the sample factored in). These
estimates are then used to change the coefficients which
change the metric equations used by the ML detector. Whereas
ML detection itsélf gives a maximum likelihood or minimum
square error estimation of a bit sequence, the estimation of
the mean (or p) is not maximum likelihood.

The maximum likelihbod detector of FIGS. 9-11 thus, in
accordance with the present invention thus provides adaptable
maximum likelihood detection for a variable channel, and
provides maximum likelihood detection for media whose precise
characteristics are unknown and there are no predetermined
numerical coefficients.

Referring again to FIG. 5,'the present invention
calibrates and adapts the maximum likelihood detector so that
it operates 33 towards the point of least samplé displacement
37.

While the preferred embodiments of the present invention
have been illustrated in detail, it should be apparent that

modifications and adaptations to those embodiments may occur



Mo% & ()-' nl0% & ()-'"'P | %*b+bHbl bJbKbLbmO4 nl0% & ()-"''"P | nl0% & () -
mL0% & () mMo% & ()-'"P 1 nl0% & ()-' LbMoNbGb” babbbcvU4 Y109 & () -M
S10%X &' () - 109K & ()- 109X & ()- 109% & ()-Gl0 10 10 ccccddee{Z9vU4
YFL0MX & ()- F" 109X & ()-: F 109X & ()- Flo%&'()-II—F 109X
& ()-ef 6g7989g9gHgKgi vu4 F 10% & ()- ( 10% & () - ﬁé&?ﬁé; 10X 10X
Y+ 109X & ()- Y+ 109 ()-ij kYKkII1Inob 10%&'() F(101010 Y+ 109&' () -
T10% & ()- y T10% & ()- F 10% ()-""nm4n2php}q|[: bW '10% & ()- L
10%& ()-T L 10% & ()-T | 1096-& () -

to one skilled in the art without departing from the scope of

the present invention as set forth in the following claims.
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$10% $, & ()said digital samples representing channel output of said recorded analog signals at a

predetermined timing with respect thereto, comprising the steps of:

providing at least two programmable numerical metric coefficients, said
numerical metric coefficients relating to the probability of said digital samples comprising
a data sequence;

respectively applying said at least two programmable numerical coefficients to
each of said digital samples to generate alternative metrics;

providing a previous metric which comprises a function of a previous digital
sample;

selecting the one of said respective generated alternative metrics which
minimizes the mean squared error with respect to said previous metric;

identifying the one of said finite number of maximum likelihood cases
represented by said selected metric;

responding to said identified one of said finite maximum likelihood cases, setting
a maximum likelihood path memory to a maximum likelihood state dictated by said
identified one of said finite maximum likelihood cases, said set maximum likelihood state
detecting said recorded analog signals;

identifying ones of said digital samples corresponding to one of said maximum
likelihood states; '

partially accumulating said identified digital samples for said corresponding
maximum likelihood states, a fraction of each said identified digital sample being
accumulated with 1 minus said fraction of a previous accumulation of said identified
digital sample;

responding to said accumulated digital samples for said corresponding maximum
likelihood states, determining at least one of said provided programmable numerical
metric coefficients matching said digital samples to said one of said maximum likelihood
states; and

updating said at least one provided programmable numerical metric coefficient to

a value related to said determined matching numerical coefficient.



y $10%& ()- E{|[:vUs 109 && ()- 10%&k &' ()- ~10%& &&' ()- 109& && () -
910%& &8 ()- Y 10%& && ()-& qy|[:-410& & L-z 109%& && ()-G | +10%& && ()-
)t10%& &' ()- F 109%& && ()-s sf109%& &8 ()- , 109%& && () - 9tbA418§.0§'4 s
109%048& ()- s 10%,! & ()- wLY 10%, !+&()-Z LY 10%.,7S

10% ,! & ()-10& &10& & VU410 | @10% & ()- | @10%& ()- SF10% & ()- 9 10%
& ()-ml0>,1°10°,1°10°,!" Y 10%,! & ()-MPW {Z9,410 3@ 10% & ()-

1090& ()- 2.10% &‘hé)ndt]hdad alskging ) - wherm%aﬁa i(d)mtiﬂyir@sm%ammses ideotifying £hid 0

(10 g !10% Q% ' ()-10.1 UH10
10% & () dom a%@}n@.ei 51s Rﬁ)IFeSBé%/gI&g (9 sa1 @q(;))nuxg. ]eljejh?l (ﬁ‘%&é feegbaf%; ;éf{eac

&' () -~_" mBxhiAdlBum 1fkekif0dd sthi& () - S 10%,! & ()- L! 10%/\/&' ()-

L'10%,! & ()- _@0%'& ()-10 10 vW410 rs 10%&' ()-' s 1099!'9& ()-' s

10999& ()-' ,yl0% & ()-10",!'710°,!710",!" 98 10%,! & ()-3TY [:-4109!9r

(1098! 9& ()5 The method of claim 1, wherein said partial accumulation step additionally

comprises maintaining a separate accumulation of said identified digital samples for each

said maximum likelihood state.

4. The method of claim 1, wherein said fraction is initially set to a first value and

subsequently reset to a second value.

5. The method of claim 1, wherein said identifying step comprises identifying said
digital samples as corresponding to said maximum likelihood state by other than said

maximum likelihood detection.

6. The method of claim 1, wherein said partial accumulation step comprises

accumulating every nth said identified digital sample, wherein n is greater than one.

7. A method for adapting a programmable digital maximum likelihood detector to a
variable channel output, said method comprising the steps of:

said maximum likelihood detector detecting digital samples of data recorded as
analog signals representing a finite number of maximum likelihood states in accordance
with a finite number of maximum likelihood sample-to-sample path cases, said digital
samples representing said variable channel output of said recorded analog signals at a
predetermined timing with respect thereto,

said maximum likelihood detector providing at least two programmable
numerical metric coefficients, said numerical metric coefficients relating to the
probability of said digital samples comprising a data sequence;

respectively applying said at least two programmable numerical metric
coefficients to each of said digital samples to generate alternative metrics;

providing a previous metric which comprises a function of a previous digital
sample; selecting the one of said respective generated alternative metrics which
minimizes the mean squared error with respect to said previous metric;

identifying the one of said finite number of maximum likelihood cases
represented by said selected metric;
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state detecting said recorded analog signals;
detecting a digital sample of said recorded analog signals corresponding to one
of said maximum likelihood states;
partially accumulating said detected digital sample with prior said detected
digital samples corresponding to said one of said maximum likelihood states, a fraction of
each said detected digital sample being accumulated with 1 minus said fraction of a
previous accumulation of said prior detected digital samples;
in response to said accumulated digital samples, determining at least one of said
provided programmable numerical metric coefficients matching said digital samples to
said one of said maximum likelihood states; and
updating said at least one provided programmable numerical metric coefficient to

a value related to said determined numerical coefficient.

8. The method of claim 7, wherein said detecting step comprises detection of said
digital sample as corresponding to said one of said maximum likelihood states by other

than said maximum likelihood detection.

9. The method of claim 8, wherein said other detection comprises peak detection.
10. The method of claim 8, wherein said other detection comprises threshold
detection.

11. The method of claim 7, wherein said partial accumulation step additionally

comprises maintaining a separate accumulation of said detected digital samples for each

said maximum likelihood state.

12. The method of claim 7, wherein said fraction is initially set to a first value and

subsequently reset to a second value.

13. The method of claim 7, wherein said digital sample detecting step comprises
detecting digital samples as corresponding to said maximum likelihood state by feedback

of each said maximum likelihood state.
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10%8$& () - accumulating every nth said detected digital sample, wherein n is greater than one.

15. A method for calibrating a programmable digital maximum likelihood detector
from unknown detector from unknown data in a known code at a variable channel output;
said method comprising the steps of:

said maximum likelihood detector detecting digital samples of said data recorded
as analog signals representing a finite number of maximum likelihood states in
accordance with a finite number of maximum likelihood sample-to-sample path cases in
accordance with said known code, said digital samples representing said variable channel
output of said recorded analog signals at a predetermined timing with respect thereto;

said maximum likelihood detector providing at least two programmable
numerical metric coefficients, said numerical metric coefficients relating to the
probability of said digital samples comprising a data sequence;

respectively applying said at least two programmable numerical metric
coefficients to each of said digital samples to generate alternative metrics;

providing a previous metric which comprises a function of a previous digital
sample;

selecting the one of said respective generated alternative metrics which
minimizes the mean squared error with respect to said previous metric;

identifying the one of said finite number of maximum likelihood cases
represented by said selected metric;

in response to said identified one of said finite maximum likelihood cases,
setting a maximum likelihood path memory to a maximum likelihood state dictated by
said identified one of said finite maximum likelihood cases, said set maximum likelihood
state detecting said recorded analog signals;

presetting at least one said provided programmable numerical coefficient to a
predetermined value;

detecting digital samples of said recorded analog signals as corresponding to one
of said maximum likelihood states,

partially accumulating said detected digital samples for said corresponding
maximum likelihood states, a fraction of each said identified digital sample being
accumulated with 1 minus said fraction of a previous accumulation of said identified

digital samples;
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metric coefﬁments matchmg said 1g1tal samples to said one of said max1mum likelihood
states; and
setting said at least one provided programmable numerical metric coefficient to a

value related to said determined matching numerical coefficient.

16. The method of claim 15, wherein said detecting step comprises detecting said
digital samples as corresponding to said one of said maximum likelihood states by other

than said maximum likelihood detection.

17. The method of claim 16, wherein said other detection comprises peak detection.
18. The method of claim 16, wherein said other detection comprises threshold
detection.

19. The method of claim 15, wherein said partial accumulation step additionally

comprises maintaining a separate accumulation of said detected digital éamples for each

said maximum likelihood state.

20. The method of claim 15, wherein said fraction is initially set to a first value and

subsequently reset to a second value.

21. The method of claim 15, wherein said digital sample detecting step comprises
detecting said digital samples as corresponding to said maximum likelihood state by

feedback of each said maximum likelihood state.

22. The method of claim 15, wherein said partial accumulation step comprises

accumulating every nth said detected digital sample, wherein n is greater than one.

23. An adaptable maximum likelihood detector for detection of digital samples of
data recorded as analog signals representing a finite number of maximum likelihood
states in accordance with a finite number of maximum likelihood sample-to-sample path
cases, said digital samples representing channel output of said recorded analog signals at

a predetermined timing with respect thereto, comprising:
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a sample input for receiving said digital samples of said recorded analog signals;

at least two programming sources for providing at least two numerical metric
coefficients, said at least two numerical coefficients relating to the probability of said
digital samples comprising a data sequence;

sample logic coupled to said sample input and to said at least two programming
sources, for applying said at least two programmed numerical metric coefficients to each
of said digital samples to generate alternative metrics;

relational logic coupled to said sample logic for providing a previous metric
which comprises a difference metric function of a previous digital sample derived from
difference metrics representing the difference between metrics directly associating “0”
and “1” states of said recorded signal;

- a selector coupled to said sample logic and to said relational logic for selecting

-y

the one of said respective generated alternative metrics which minimizes the mean
squared error with respect to said previous metric and for selecting one of said derived
difference metrics, whereby said selected derived difference metric comprises said
previous metric for a following said digital sample;

a maximum likelihood path memory coupled to said selector, for identifying the
one of said finite number of maximum likelihood cases represented by said selected
metric, said path memory responding to said identified one of said finite cases to set to a
maximum likelihood state dictated by said identified one of said finite cases, said set
maximum likelihood states detecting said recorded analog signals;

an output coupled to said maximum likelihood path memory for signaling said
set maximum likelihood state;

a detector identifying digital samples of said recorded analog signals as
corresponding to one of said maximum likelihood states;

an accumulator coupled to said detector for partially accumulating said identified
digital samples for said corresponding maximum likelihood states, said accumulator
accumulating a fraction of each said identified digital sample with 1 minus said fraction
of a previous accumulation of said identified digital samples; and

logic coupled to said accumulator and to at least one of said programming
sources, employing said accumulated digital samples of said corresponding maximum
likelihood states to determine at least one of said provided numerical metric coefficients
matching said digital samples to said one of said maximum likelihood states, and
updating said at least one provided numerical metric coefficient to a value related to said

determined matching numerical coefficient.
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maximum likelihood state.

25. The maximum likelihood detector of claim 23, wherein said accumulator
comprises a plurality of digital accumulators, each separately maintaining an

accumulation of said identified digital samples for each said maximum likelihood state.

26. The maximum likelihood detector of claim 23, wherein said accumulator fraction

is initially a first value and is subsequently reset to a second value.

217. The maximum likelihood detector of claim 23, wherein said digital sample
detector comprises a non-maximum likelihood detector identifying said digital samples as
corresponding to said maximum likelihood state by other than said maximum likelihood

detection by said maximum likelihood detector.

28. The maximum likelihood detector of claim 23, wherein said accumulator

accumulates every nth said identified digital sample, wherein n is greater than one.

29. An adapter for a programmable digital maximum likelihood detector for
adapting said detector to a variable channel output; said detector detecting digital samples
of data recorded as analog signals representing a finite number of maximum likelihood
states in accordance with a finite number of maximum likelihood sample-to-sample path
cases, said digital samples representing said variable channel output of said recorded
analog signals at a predetermined timing with respect thereto, said detector comprising a
sample input for receiving said digital samples of said recorded analog signals; at least
two programming sources for providing at least two numerical metric coefficients, said at
least two numerical coefficients relating to the probability of said digital samples
comprising a data sequence; sample logic coupled to said sample input and to said at least
one programming source, for applying said at least two programmed numerical metric
coefficients to each of said digital samples to generate alternative metrics; relational logic
coupled to said sample logic for providing a previous metric which comprises a difference

metric function of a previous digital sample deprived from difference metrics representing
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one of said respective generated alternative metrics which minimizes the mean squared
error with respect to said previous metric and for selecting one of said derived difference
metrics, whereby said selected derived difference metric comprises said previous metric
for a following said digital sample; a maximum likelihood path memory coupled to said
selector, for identifying the one of said finite number of maximum likelihood cases
represented by said selected metric, said path memory responding to said identified one of
said finite cases to set to a maximum likelihood state dictated by said identified one of
said finite cases, said set maximum likelihood state detecting said recorded analog
signals; and an output coupled to said maximum likelihood path memory for signaling

L_— said set maximum likelihood states; said adapter comprising:

a detector detecting a digital sample of said recorded analog signals as
corresponding to one of said maximum likelihood states;

an accumulator coupled to said detector for partially accumulating said detected
digital sample with prior said detected digital samples corresponding to said one of said
maximum likelihood states, said accumulator accumulating a fraction of each said
detected digital sample with 1 minus said fraction of a previous accumulationl of said
prior detected digital samples; and

logic coupled to said accumulator and to at least one of said programming
sources, employing said accumulated digital samples for said corresponding maximum
likelihood states to determine at least one of said provided numerical metric coefficients
matching said digital samples to said one of said maximum likelihood states, and
updating said at least one provided numerical metric coefficient to a value related to said

determined matching numerical coefficient.

30. The adapter of claim 29, wherein said digital sample detector comprises a non-
maximum likelihood detector detecting said digital sample as corresponding to said
maximum likelihood state by other than said maximum likelihood detection by said

maximum likelihood detector.

31. The adapter of claim 30, wherein said digital sample detector comprises a peak

detector.
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34. The adapter of claim 29, wherein said accumulator fraction is initially a first

value and is subsequently reset to a second value.

35. The adapter of claim 29, wherein said digital sample detector is coupled to said
maximum likelihood path memory and detects said digital samples as corresponding to

said maximum likelihood state by feedback of each said maximum likelihood state.

36. The adapter of claim 29, wherein said accumulator accumulates every nth said

detected digital sample, wherein n is greater than one.

37. A calibration system for calibrating a programmable digital maximum likelihood
detector from unknown data in a known code at a variable channel output; said detector
detecting digital samples of data recorded as analog signals representing a finite number
of maximum likelihood states in accordance with a finite number of maximum likelihood
sample-to-sample path cases in accordance with said known code, said digital samples
representing said variable channel output of said recorded analog signals at a
predetermined timing with respect thereto, said detector comprising a sample input for
receiving said digital samples of said recorded analog signals; at least two programming
sources for providing at least two numerical metric coefficients, said at least two
numerical coefficients relating to the probability of said digital samples comprising a data
sequence; sample logic coupled to said sample input and to said at least one programming
source, for applying said at least two programmed numerical metric coefficients to each
of said digital samples to generate alternative metrics; relational logic coupled to said
sample logic for providing a previous metric which comprises a difference metric
function of a previous digital sample derived from difference metrics representing the
difference between metrics directly associating “0” and “1” states of said recorded signal;
a selector coupled to said sample logic and to said relational logic for selecting the one of

said respective generated alternative metrics which minimizes the mean squared error
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with respect to said previous metric and for selecting one of said derived difference
metrics, whereby said selected derived difference metric comprises said previous metric
for a following said digital sample; a maximum likelihood path memory coupled to said
selector, for identifying the one of said finite number of maximum likleihood cases
represented by said selected metric, said path memory responding to said identified one of
said finite cases to set to a maximum likelihood state dictated by said identified one of
said finite cases, said set maximum likelihood state detecting said recorded analog
signals; and an output coupled to said maximum likelihood path memory for signaling
said set maximum likelihood states; said calibration system comprising:

a programmed input, presetting at least one said provided programmable
numerical coefficient to a predetermined value;

a detector detecting digital samples of said recorded analog signals as
corresponding to one of said maximum likelihood states;

an accumulator coupled to said detector for partially accumulating said detected
digital samples for said corresponding maximum likelihood states, said accumulator
accumulating a fraction of each said detected digital sample with 1 minus said fraction of
a previous accumulation of said detected digital samples; and

logic coupled to said accumulator and to at least one of said programming
sources, employing said accumulated digital samples for said corresponding maximum
likelihood states to determine at least one of said provided numerical metric coefficients
matching said digital samples to said one of said maximum likelihood states, and setting
said at least one provided numerical metric coefficient to a value related to said

determined matching numerical coefficient.

38. The calibration system of claim 37, wherein said detector is coupled to said
maximum likelihood path memory and detects said digital sample as corresponding to
said maximum likelihood state by other than said maximum likelihood detection by said

maximum likelihood detector.

39. The calibration system of claim 38, wherein said digital sample detector

comprises a peak detector.

40. The calibration system of claim 38, wherein said digital sample detector

comprises a threshold detector.
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41. The calibration system of claim 37, wherein said accumulator comprises a
plurality of digital accumulators, each separately maintaining an accumulation of said
detected digital samples for each said maximum likelihood state.

42. The calibration system of claim 37, wherein said accumulator fraction is initially

a first value and is subsequently reset to a second value,

43, The calibration system of claim 37, wherein said digital sample detector is
coupled to said maximum likelihood path memory and detects said digital samples as
corresponding to said maximum likelihood state by feedback of each said maximum
likelihood state.

44, The calibration system of claim 37, wherein said accumulator accumulates every

nth said detected digital sample, wherein n is greater than one.



