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The present invention is defined in the attached claims.

50 Toward this end and according to the invention, a method is provided for processing, in a signal processing channel,
sample values of an analog signal corresponding to binary data coded with a RLL code, such as the (1,7) code. The
coded analog input signal is converted by an analog-to-digital converter (ADC) to a sequence of digital sample values
at successive clock times. The signal is equalized, either after the ADC by a digital equalizer or before the ADC with an
analog filter or (as illustrated) by a combination of the two, to correspond to a predetermined analog shape. Then a

8  seqguence detection algorithm is used to decode the digital sample values into the coded binary data. The decoder is
preferably programmable to adjust the thresholds in positive and negative phases of the decoder when anomalies in
signal shape cannot be compensated for by the equalizer. If desired, the decoder can be continuously adaptive to adjust
to variations in signal shape.
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phase-locked loop timing recovery circuit including a variable frequency oscillator (VFO). The apparatus, as thus far
described, may be identical with that used in the conventional peak-detection channel with (1,7) code.
. The channel is preferably of the type referred to as extended partial response maximum likelihoocd (EPRML) channel
\.s  which is characterized by the polynomial (1-D) (1+D)? In EPRML signaling, the signal spectrum resembles a typical
magnetic recording channel transfer function, desirably obviating the need for the notch filter required in the normal
PRML channel characterized by the polynomial (1-D) (1+D).
More spacifically, the filter 12 and equalizer 22 operate to filter the read signal so that the response to a single
45  magnetic transition is a pulse given by the sample values ..., 0, 2, 4, 2, 0 Fig. 2A depicts written transitions of magnitude
2between +1 and -1 levels of magnetic saturation; and Fig. 2B depicts the read response that is normalized by a scaling
factor to correspond thereto.

in the environment herein described, use of the (1,7) RLL code reduces crowding of write transitions on the media
to 2/8 that experienced with the PRML or EPRML channel. The (1,7) code acts as a trellis code providing a built-in

50  redundancy with its 2/3 rate. It is very tolerant to nonlinearities in a high-density, high-data-rate magnetic recording
channel.

Briefly, according to the invention, the coded analog read signal output from filter 12 is supplied to a delay means
20.Delay means 20 may be a digital chip of the type designated as the PECLDL-28-01 Programmable Logic Delay Line,
marketed by Engineerad Components Company of San Luis Obispo, California, and which permits selectively adjustable

85  delays in increments as low as a tenth of a nanosecond, depending upon the rate of the clock. Delay means 20 provides
delay alignment between the analog signal and clock signal inputs to an analog-to-digital converter (ADC) 21. ADC 21
converts the analog input signal into digital sample values at successive clock times. These digital sample values, in
some cases (depending on the characteristic of filter 12) may be equalized by an equalizer 22. The digital sample values
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s () Baseline Check (A, Ay By and By)

A,=1implies (yg+Yq) +(¥,+Y,) =4 (1)
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recei ving one new sanpl e per cLﬁE tivg) wiih & Kob¥gah of ki x sanple 15
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nextgcycle. The Decoding Al gorithm 25 Decoder 23 executes an al gorithm
using the equations in Tables 1 and afx%,ry t{;i s algorithm the sanple vayue
that is currently being decoded is denoted by [err], corresponding to the
cl ock c?'Eﬂe i =0. The process is iterative and is driven by read clock 13.
According to a feature of the xpveplidsqy,+yJegoeig=-L3 i s "state dependentd);
i.e.s given the current state [err] and 30 sanple values [err] the decoder
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and QOO0 (Table 1) corresponding to the positive phase of the signal have
mrror image symretry wth 4sainepieso@dy)1W+YartdYatid Sr2especti vel y (Tabl 19)
corresponding to the negative phase of the signal. The mrror inmage
synmet r yiiyiphass lbRsRHEr i zed by a change in the sign for all the sanple val ues
in the corresponding places in Tables 1 and 2. 40 The deci si ons of
decoder 23 are driven by the outcone of three basic checks: nanely (i) the
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[err Jsf 0 plpqqgofgyg[gn%d' §¢ sgmgtpsisiqeecmred with a sign change to all the sample values when cg=1 for the equations

in Table 2 which corresponds to the states in the negative phase.

The hardware of decoder 23 is shown in Fig. 4. Registers 30-40 hold the respective interim functions of the sample
values yg through y, as shown. During each cycle, the content of each register 30-40 is moved in the direction of the
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Decoder 23 provides means to compensate for this mlsequallzatron For this purpose, the read responses to the

positive and negative magnetic transitions are characterized by the pulses with sample values .. 0, oy, B4,¥, 0, .. and ..

2 0, -oup,-B2, Vo, 0 .., respactively (see Fig. 2B). In other words, oy, By, ¥4, -0, -Ba, “¥o defines the signal shape for ac-

commodating nonlinearities and small variations around the nominal sample values which, as illustratively assumed in
Fig. 2B and previous description, are given by oy=0,=2, B;=Po=4 and y;=y,=2

In Table 4, the programmable values of the threshold constants for each test are expressed as a function of the
signal shape given by the general parameters oy, By, ¥y, -0, -Ba, “Yp. In event of nonsymmetry in the shape of positive
and negative readback pulses, the threshold constants for the corresponding tests in the two phases of the decoder (in
Tables 1 and 2, respectively) will not always be equal

In Table 4, the threshold constants for the positive phase are indicated with a plus sign, and those for the negative
phase are indicated with a minus sign. For example, the test corresponding to Boolean variable A, will use the constant
K(A;+) for the states in the positive phase (states with c;=0) and the constant K(A, -) for the states in the negative phase
(states with Cy=1).

Thus, in Fig. 4, the comparator circuit corresponding to the Boolean variable A will be supplied with two different
values for the constant operand, namely K(A,+) and K{A,-), and the output will be gated selectively according to whether
the condition is cp=0 or cy=1, as shown in Fig. 5. (The sign change block 45 is then not required.) The comparator circuit
for each of the eleven Boolean variables (namely, Aq, A, By, Bz, X4, X5, Y4, Yo, Z;, Z and p) will be similarly modified
to receive two different values for the constant operand, and the output will be gated selectively according to whether
{ the condition is c4=0 or cg=1.

According to an important featurs of the invention, when anomalies in the signal shape cannot be compensated for
by a filter and an equalizer, such as 12 and 22, the programmable decoder 23 provides an easy means to compensate
for misequalization by adjusting the thresholds in the two phases of the decoder. This flexibility permits operating decoder
23 at near-optimum performance even in the absence of ideal shape of the readback signal. In disk files, this is especially
important because the programmability of the decoder can be used to change threshold constants at different tracks or
bands of tracks and obtain near-optimum performance at all tracks.

According to ancther feature of the invention, programmable decoder 23 may be used with a partially equalized or
even unequalized read signal in a recording channel.

The programmability of decoder 23 also enables it to continuously adaptively adjust digital parameters in the de-
coder. More specifically, the estimated sample vaiues at the output of decoder 23 can be monitored in comparison with
the received sample values. When averaged over a preselected number of like sample values, the signal shape can be
characterized in terms of the parameters o.;, B, ¥4, -0, -Ba, Y. This information can be used to obtain the corresponding
threshold constants (Table4) and adaptively adjust the decoder for variations in the signal shape.

Also with this improved decoder structure, the decoder threshold values can be easily verified through an extensive
amount off testing, and then be adjusted in accordance with the empirical results to accommodate specific anomalies
in the signal.

In particular, the first set of preselected thresholds corresponding to the baseline checks A;,A,, B,, B, is used for

(1) 55 The logic of block 62 provides the decoded data do correspeﬁ;amétt.v'sfi!%I :2!5350 dn@ the brasure pointer in ac- -
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[err] f withopidharemplexily of the cpnyentienatirelieriyeeViteti decaglprt h t he | ogi ¢ of section 2 of
Table 3. This state value is supplied to state register 50 to becone the
current state value [err] for the next clock cycle. Block 62 al so
det eFni nes the "expected sanple value" (i.e., maximumlikely sanpl e val ue)
[err] in accordance with the logic of section 3 of Table 3. Progranmabl e or
Adapti ve Decodi ng The decoder 23 structure provi des consi derable
flexibility towards adaptation to the signal and noi se environnent. The
shapg of the analog read signal varies with the radius on the surface of a
magnetic disk. It is also affected by the 20 head geonetry, which often
shows up as an unavoi dabl e nonsynmetry of the positive and negative
readback pul ses. These and ot her anomalies in the signal shape cannot
al ways be conpletely conpensated for by the filter 12 or equalizer 22, or
at |%ast it is not always easy and cost effective to attenpt to do so.
Decoder 23 provides neans to conpensate for this msequalization. For this
pur pose, the read responses to the positive and negative magnetic
transitions are characterized by the pulses with sanple values .. [err]
and ,. 25 [err] respectively (see Fig. 2B). In other words, [err]
defines the signal shape for ac- commobdating nonlinearities and snall
vari ations around the nom nal sanple values which, as illustratively
assuned in Fig. 2B and previous description, are given by [err] In Table 4,
t he programmabl e val ues of the threshold constants for each test are
expressed as a function of the signal shape given by the general paraneters
[err] In event of nonsymmetry in the shape of positive 30 and negative
readback pul ses, the threshold constants for the corresponding tests in the
two phases of the decoder (in Tables 1 and 2, respectively) will not always
be equal. In Table 4, the threshold constants for the positive phase are
indi®ated with a plus sign, and those for the negative phase are indicated
wi t a ni nus sign. For exanple, the test corresponding to Bool ean vari able
Al will use the constant [err] for the states in the positive phase (states
with [err] and the constant [err] for the states in the negative phase 35
(stajes with [err] Thus, in Fig. 4, the conparator circuit corresponding to
t he Bool ean variable A wll be supplied wwth two different values for the
constant operand, nanely [err] and the output will be gated sel ectively
according to whether the condition is [err] as shown in Fig. 5. (The sign
change bl ock 45 is then not required.) The conparator circuit
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3. Detected Sampl e Val ue [err] (f|ve output lines) [err]

4 [err] EP0369962B1 o] -4 30

[err] [err] [err] 35 40 45 SO 55 10 EP 0 369 962 Bl -Table 4 5
Programmed Val ues for Threshol ds PROGRAMMED VALUE O: THRESHOLD NO\/I NAL TEST

Base- Li ne eck[err] [err] 40 inja
Si gnal pr ocessi ng channel Lotlglﬁmkcvmusupnéemmtpng to a d| gi t| zed

i ncom ng apa ana aded da d_net hod
bei char

current state {err next sm?tea(aerr) preconputing functional
expréssi ons ( 't%“ oo glf sarrpl e values (err) for a preselect¢d
nunber of jal RS akketd Bdeo)t heErasyrerrelfter val ue [err] 50 conparing presel ¢ct ed
ones (36 tp 40) of said expressions (30 to 40) agai nst correspondi ng
threshol ds} (51 to 61) to provide respective binary decision outputs (P to
Z2); ,decodj ng the state val uesﬁgorrespondi ng to the current state [er(]

intoone bj & HeXRUESMEEMPY N o [err] 55
a = Pbo + Pbo
by = Py + Peq
20 cy = Pby + P(coby + RyFgby + Ryaghy + ReagGe + Rydlo)
. . where R1 o A| 81 + X, 4 Y|Z'
ot Re = A28, + X + Va2
% 3. Detected Sample Value ¥,: {(five output lines)
. Bt =1 = Yo=14
aoboEo = 1 - ;oﬂ -4
30 RyBobo + RyBglo = 1 = Yo=2
R!a;b.o + Eﬁaﬁcﬂ =1 = ;o = =
Rydobo + Ryaghy + Rgagty + Re3E = 1 = Y=
35
B
;\/_
45
50
55
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using said outputs (P to Z2) in colépunctlon W th state val ues correspondi ng
to the current state [err] determ Blyal ues for the next state
[err] whi ch beconme the current state vaI ues forthe next-iteration of the

cl ock cycle Tabhl g4 otta i gmrre =B

Programed Val ues for Thr eShol ds P VALUE CF THRESHOLD_

NOM NAL TEST Posi tive Phase [err Negati ve Phase (efr)
VALUE 10 Base- Li ne dogrampmed Values fopJhresheldsieck [err] 40 Clains
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bi nary datja, ™54i d] net. hfastyePhaee iTaPact er) sed NspativmBpase(c, =1) | 5ji NYALHE

st at e- depgndent sequence detection algorithmiterated by successive cl ¢ck
cycl®es to|amkweuna®hdck OM a current state [err] to a next state [err]

pr econput g .unc} ~ |crns 30 g sanpte v |ue‘l
[err] for & Ry ReTD L s v e el aLuZ_Le.H]
so conpariing AP eskKeetbd Sehe2si 85 to 40) !SN-isaisd!:!e?prabm ons (1#0 t& 40
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outputs (P to Z2) in conjuncti;on with state val ues correspondl ng to th

current stfchtesk HogdionChediet er mi ni Nng state val uesforthe next state [err] i ch
becoget he cur,f,ent %akﬁ_u@,yfﬁTorthe nex de;,fz;@y,g,nhc?f the croq cycle]

EP I-O 369 s 22 D L LA A L LATAY A A B v i @ 4 | I_I_I J., I‘IT\JT“U\]T Ilg L IIC UL’"U'J U : g'e_PFC:L t I ng

a programied Xal ub ¥P8F) 2&vil t hreshol d (S0 KEe 81-'8 The nethod Jof Claim 1,
i ncl udi ng [t hevist epKYB#) =&, -3, + a,-9;  det erpkvi-ng ean, @xpact ed sanpl e wal ug

(err) fro TR UL - QULPYLs and The FLgE e yal Ugg Torrespon o,

25

21 .| KEZI+) =a-Say+ B3+ 1)-7 K(Z1-) = atg = .8 (2g + B¢ + 72) 74 -4

22 . K(22+) = @y - 5 (o + g + 19) K(Z2) = ap- 5 (xy + By + 79) 2
30 Phass Check .

P Kip+) = -K(A2-) % 7/8 Kip-} =~ K (A2+)}x 7/8 -7

Note: zq, By, 71, 220 S *y2 2re signai-shape parametars.

35
%  Claims
1. Amethod of processing, in a signal processing channel, digital values corresponding to a digitized incoming analog
signal representative of codad binary data, said method being characterised by:

45 using a state-dependent sequence detection algorithm iterated by successive clock cycles to advance from a
current state (ag by ¢g) to a next state (a, by ¢¢),
precomputing functional expressions (30 to 40) of digital sample values (y, 1o y,) for & preselected number of -
values ahead of the current value (yg);

80
comparing preselected ones (36 to 40) of said expressions (30 to 40) against corresponding thresholds (51 to
61) to provide respective binary decision outputs (P to Z2),
deoodirig the state values corresponding to the current state (ag by ¢g) into one bit of coded binary data (dy);

85

using said outputs (P to Z2) in conjunction with state values corresponding to the current state (ay by co),
determining state values for the next state (a, b, c4), which become the current state values for the next-iteration
of the clock cycle.
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1.

each said preselected set of threshol ds

A method of processing, in a signal processing channel, digital values correspondingto a digitize'd incomir.Ig analog
signal ropresentative of coded binary data, said method being characterised by:

using a state-dependent sequence detection algorithm iterated by successive clock cycles to advance from a
current state (a4 by Cg) to a next state (a by ¢;),

precomputing functional expressions (30 1o 40) of digital sample values (y, to y,) for a preselected number of
values ahead of the current value (yp),

comparing preselected onas (36 to 40) of said expressions (30 to 40) against corresponding thresholds (51 to
61) to provide respective binary decision outputs (P to Z2);

deoodirig the state values corresponding to the current state (a, by ¢) into one bit of coded binary data (d,);

using said outputs (P to Z2) in conjunction with state values corresponding to the current state (ag by cp),
determining state values for the next state (a4 b4 ¢4), which become the current state values for the next-iteration
of the clock cycle.
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claim1, including the steps of: 5E enerating a*programyedsvatue

rspoct by aP RRBSIASAR HOsRi el obt rtq%svm%%'"éem%ﬁff% Rt w8De per

formancg f e method of claim1l, wherein the coded
bi nary gaﬂgm@‘%"n ‘gﬁﬁﬁm'umﬁtﬁ&;ﬁmted code. 18. The met hod of claim 17,

whergin the &dtblﬂnnhuﬁ‘dwnteﬁpdctbma‘hﬁﬂ vag o §fr&n t@u&d&%m &.%uts-gh@thm&Q%eQI:orﬁépeﬁcmgl
i ncludi Ng pri@e chrdntbiife B b bl}@ndeauence al gorithm ‘the steps of
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binary data f, PneIRBNBIBCET B%51)Ablcing bo tRPEIPcRd ¥lpldSauAl Y yccessi ve cl ock
times; and further equalizing the digital sanple values to correspond to a
pr edet ea.mmedetawdf agm3 NingRiing tHa sidps of: IgaReraliRg & prograthmedl validoreach thRbHAGISN & 61f arar

t 0 use of abidpivetye@titying the programrddivanestaberdimb Bt chdnge if Bach bdmpievgiud ilBe incbrdigiantdpg
anal og signal to correspond to a predeterm ne? anal og shape; and 25

t hen conveigbal agrombazeddo a edriespontiingexdecied wingimvdluer( ¥ ksent ati ve of coded bi nary
data into a sequence of digital sanple values at successive clock tines.
Pat efit afts Fhe methes! oelaim 1, incjugingbe ftepe:en zur Ver ar bei t ung di g| taler Werte in
ei nem Si gnal ver ar bei tungskanal di e ei nem elew%ehenden |§1%| ta- lisierten,

ana:c Oﬁen Si g??ﬁ?“t@%?aé"b}h@ ol {51 g 8 from efpiized pargs °8'E§TSE‘?5“"B%1'P &ndiqe signgh gfepe- g as
Vi h
ot at s aBn AR L thar he Sikfitne bmvland e v e b PR e

Takt- zyklén N eadThalt = wr rd,” ‘umvon el nem ueIIen St at us (ao bo co) zum

nathst e ) i |
1805t o Sl A 6y HSASGE 00 UKL 8

f est gel egte Z2 von Werten imvoraus vor dem aktuellen Wert (yo), 40 den
Ver (ffei gh Thé&btgﬂ ofgire N, irRiudidgthe ¥idp of. Sfipidying diffddent WesHIKIEIOKRsi(ve EndiieGatiid bhaddh 6f the
ent spr ec henaleysighal kivepé hsatacdsSety th acorfiriigdate asymenatnysgd the sifyanatiape.

Bi nar ent schei dungsausgange (P bis Z2) zu erhalten, das Decodi eren der

St at uswer tTée methes of elaimakineiusing dyringtha pracomputing Bes! @myarmttwm@newtmg abagdlipp qBpck
der %Odl erendepmpging it against a firsBirepale@iestsat {5 1e18p) of sgif threghaldg fonepniryfingmissing pg gnd ryiea-fitp
bi s Z2) z PFARfAvsEdY felefsn St at uswerten, die dem aktuel l en Status (aO bo co)

gr; S p(rjlegg QI'Be ﬂwgtﬁodﬁ%cflajra |1,| ing é:'tmng }tea grgc%wgurtl}lgean]d gmpgr?ng ”S‘sc hsten Status (al bl

precomputing a peak position check and comparing it against a second preselected (56 to 61) set of said
35 thresholds for controliing peak-shift errors caused by nonlinearities in the signal.

11. The method of claim 1, including during the precomputing and comparing steps:

* precomputing a phase check (51) and comparing it against a third preselected set of said thresholds for con-
40 . trolling the propagation of errors and creating pointers to such etrors.

12. The method of ciaim 9, wherein said first set (52 to 55) of thresholds is programmable.

13. The method of claim 10, wherein said second set (56 to 61) of thresholds is programmabile.

48
14. The method of claim 11, wherein said third set (51) of thresholds is programmabile.
16. The method of claim 1, including during the precomputing and comparing steps:
50 precomputing a baseline check and comparing it against a first preselected set (52 to §5) of said thresholds for
controlling missing bit and extra-bit errors caused by defects;
precomputing a peak position check and comparing it against a second preselected set (56 to 61) of said
thresholds for controlling peak-shift errors caused by nonlinearities in the signal; and
&5

precomputing a phase check and comparing it against a third preselected set (51) of said thresholds for con-
trolling the propagation of errors and creating pointers to such errors, each said preselected set of thresholds
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St at uswerten ffir die nachste Iteration des Taktzykl usses

Verfahren nach Anspruch 1 mit fol gERPAPERBItt: dem Erze m" IIII r
programmerten Wertes f jede Schwelle (51 bis 61). 3. Das ren na
Anspruch 1 f[g’"'ygﬁ %ﬁ%@@ﬁ?lsﬁ"fen 55 der Bestinmung eines erwart.eten

Bei spi el yvgy; ei dungsausgangen und den Status- werten,
die deml| akt%@?‘wd trg;{qr&u?‘ﬁ%h%%&p%g? ent sprechen, und 13 EP 0 369 962 Bi

ERYN L1 en&rbtlnb l:lbbrbmr;éd]vllle{c\areachthreshold (5’[T<§G1 allld M S * dem Andem_ der
Schwel  en (51 bis 61) gemaB dem erwarteten Be| spielwert ( YO). 4. Ein
Ver \9hr en Nagibyrahviniaply uﬁany.ag VElubs Hithd}Bdpekdtivh thidholts tiifereateraRkEb LIS tedptiRiSe per-
progr.anmm er tiewmaki@nidrasirckst | ede Schwel | e (51 bis 61), und der adaptiven
Modi fi zi erung der progranm erten Werte entsprechend der Anderung in 5

| edeitn B#1. Spe mbtigsirof clake 3, v@bmgme@maéhnmao‘giea n@ilepathinsitel aagle. Ver gl ei ch mi t

ei nem ent sprechenden erwarteten Bei - spielwert ( Q). 5. Das
Ver f ahr #h &@ﬁhqﬂr‘i’éﬁﬁm&hWEW"[‘JW“?'“T"&?FQ’@HW@M@EHPM dam Ber echnen j eder
Schwel | e %51 bis 61) von digitalisierten Par anet em ent sprechend der
anal gget® P@ﬁ%‘f‘?"d’? mé '“°B8‘§9RV§?‘?&??I°E‘H°??3%°°ﬁ‘9§5?’0&*??3§ps%bel di e Si gnal form

entzerrt W rd Par a orm
0. und .. grg :eg; ks e O;;‘;bg % B ety S e RerbrrA SR or
nor mal i si ert® %t‘ ahren nach Anspruch 5, wobei die
Par aneter d o, -
Py ?@@E%ﬁgﬂﬁ%"&s%%@bé@% oo tocohoons &S proltsmifod o kbe - e
SCHI i t T 20,186 mMACALPEHH MGnBIh @SB LR the S8 tienSCdNoRthrh, 2% sfef ofpOSi t i ve und
tive Phasen der anal ogen Signal form um Asynmetrien der Signal form

auszugl ei cheequali2ifg Be inédering disxidgaignatio corsespondio apradeémibed analogishapenarar end der
Vor ber echnungs- und Vergl ei chsschritte fol gendes hinzu- kommt: das
Vor B&r echnenthen gepvertingrjia legualivde: arppiod isiongh tppigsaitative rof sadedybinancdatadite g sequpnceoldigitalm t
ei ner er st ensaMmplgvejuss aprecassiveplepk time? bi s 55) der Schwel | en, um das fehl ende
Bit und Zusatzbitfshier infolge von Storungen zu prOien. 25 10. Das
Verfahrg Igach nspruch 1, zu dam wahrend der Vorberechnungs- und
Ver pleaneprieRe. ¢ o gendes hi nzu- konm das Vorberechnen ei ner
Spi tzenreosg. \;39 %r xﬁi&l& (bl ffeﬁa';be Rl Hhdm Gl gBfbhadh il &
festge- ‘?1 ? l% iﬁd bei das Verfal en ekennzeichnet ist
Spltzenverd% |e ungs I nf ol ge von N| c Inearitat Im gn Zu
profen. 30  11. Das Verfahren nach Anspruch 1, zu dem vvahrend der

Vor ber echnungsverwtnuny Bihéslsiucdbrangigén SelinieRhg@igetRdrithhhus Zddrvon aufeinanderfolgenden Takt-

zyklen wiederholt wird, um von einem aktuellen Status (a4 by ¢g) Zum néchsten Status (a, by ¢4) zu gehen,

die Vorausberechnung funktionaler Ausdriicke (30 bis 40) digitaler Beispielwerte {y, bis y,) fiir eine festgelegte
Zahl von Werten im voraus vor dem aktuellen Wert (yg),

. 40
Y den Vergleich festgelegter einzelner (36 bis 40) Ausdriicke (30 bis 40) mit entsprechenden Schwellen (51 bis
61), um entsprechende Binérentscheidungsausgénge (P bis Z2) zu erhalten,
das Decodieren der Statuswerte, die dem aktuellen Status (ag bg ¢p) entsprechen, in ein Bit der codierten
45 Binérdaten (dy),
die Verwendung der Ausgénge (P bis Z2) zusammen mit den Statuswerten, die dem aktuellen Status (ag by
Cg) entsprechen, das Bestimmen der Statuswerte tiir den néchsten Status (a1 by ¢,), die zu den aktuelien
Statuswerten fiir die néchste lteration des Taktzyklusses werden.
50
2. Das Verfahren nach Anspruch 1 mit folgendem Schritt; dem Erzeugen eines programmierten Wertes flir jede
Schwelle (51 bis 61).
3. Das Verfahren nach Anspruch 1 mit folgenden Schritten:
& .

[ d
der Bestimmung eines erwarteten Beispielwerts ( Xo ) von den Entscheidungsausgéngen und den Status-
werten, die dem aktuelien Status (ag bq ¢g) entsprechen, und
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Tl fung mit einer dritten fest ol SR ““%ef%n“gﬂhﬂé{ Py gJHIEILLIIIHIIIHIIII [l

Q?‘;? %ﬁ' PR 7 h&ﬁﬂﬂiﬁﬁrwﬁﬁ i mé%'aﬂs?" &f@ $3re Monge (52 bis
55) der ,S o n
| Epmsaecens st eiin s

14. Das V§ddord BbigHen s mnal&. ausqlﬁmr ne?ch%leha,ﬁe §tbn Bei-
Schwel | en progr agm erbar 1 st. Das Verfahren nach Anspruch 1, zu
denuyahrersﬁ;elda{(%r)berechnungs- und VergI ei chsschritte fol gendes hinzu-
kommt : das Vorberechnen einer | npul sbodenpr~fung und der
Ver gl ei 8h DeheVeriBlnrélf nachgneprich é mitipigereies Sahitt: i Beechied joderSctinblle (§10uis 6Hvbniidithliziatenur n
das Pehl erfdamBlemenisprathendtdsiznalegemSignaliomnf ol ge von Storungen zu prufen; das
Vor ber echnen ei ner Spitzenpositionprffung und der Vergleich der PrO‘ ung
mt ei nBr Dagderalren pagvAngerich g wakeirdie Sigaalignn entzerrt wirdynd gip Rargmeter des analngprRigneiéafm --um
Spi tzenveros%m?eBuH@j’sf%h? & 2 Q- Bincy e yRsyPinRip MRMAlsipaapsakiat nerralisitnareienl  zu

prOc n d Vor berechnen ein Phasenprffun der gl ej ch der
br O ing mr‘?gs P PR SO LT LT B gL OB SRy e &
Ausbrei tun | em und das Er zeugen von Zeigern auf die Fehler zu

pr Ot en, gWghg verehrgnnacﬁﬁlﬁs iuaﬁ Sl sﬁdsn geaemme wtérscnie 5&@ Q&Welﬁa?féf«‘ﬁo@.m

Mangen Untuﬁ&ﬁé{g fob Bidsen da alo Sighk¥SmY6h AGhheRer RF genaem
Schrbt t rzeugen sines progranmm erten Wertes fOr Jede Schwel le (51 bis

61 une. RBVETaRgh AL AR £ au datvihiend Bdr &BrbélechnMGs- LIkt VefgdleicdsenriftdYoigshaseiieaden
2| | en kbrert: das Varssachnien dinér ClpalsibpanpBfunguiitl de Verglsichidledr Piifung it etheterdienifesigaletent O

aI | @ Spur eenga5ip¢ §5htiee Sahwellod, im dBafshid/els Biimd@nsatzbittdhlerinisips woo IStdiungdneu priferm di e

codi erten Binardaten in einem | aufl angenbeschrankten Code sind. 55 18. Das

Ver Pahr & Gaa Yeriahpas pacty Arsprgh 1, iz dentiwgirene der Vorbdrechpigam brd Vecdieichgsiitritte iClgendesdiingu-

(1, 7) - Codekomist das Vot 9@&@"‘?@%33#9%3'&'?3@?1“%9%@@91“ digspr B@iyng it eingegweiten festge-

Ver wendun d:%?@é""&?dﬁf‘é}'&% e Behwelien mFpizanveisehipbyngefehiss fRfojop o Nicht-Lineanti inySigngbzug 6 2

Bl |'||| 111122 11J1r 12001 % C L M S * gehoren
da.S- y Qeﬂgﬁ rre]r$r§ac rllnkv%a reni Vargerec lq.le [4] or llel q’Lﬂ%ﬁfé

codi €rt .’nJFH a% .,% .f isen hellt me %{S&%Ewafg fﬁ"%fa .
sine Folg bdnThifer Eg-‘ﬁd??

di gi t al en Be| spl e rte am t | ese e| ner est gel egt en-ana ogen orm

ent Spr €42 s véiakien ndoi AnsM@EH GAbY1 8din dididie KNP (52 68 58) deridnvibiidh prdidfamPiRfbaMa! Wendung

des #equenzal gorithmus noch fol gende Schritte gehbren: das Entzerren des

ei ngehensl cas Ssrahren)ech Sisginel 19, beitihidie z@bir MeAgeba i 61f das Say@biBgproglani@bpgen Form
ent- spricht, und das anschliel 3ende Umandel n des entzerrten anal ogen

Si gnal s 4.dR&s Vetlabrercedh Anvsproch 1Bi beideasitedrittedMengst (B1) Kér Schwelien programmierbar ist.

-~ 40 16. Das Verfahren nach Anspruch 1, zu dem wéhrend der Vorberechnungs- und Vergleichsschritte folgendes hinzu-
— kommt:
das Vorberechnen seiner impulsbodenprifung und der Vergleich der PrGfung mit einer ersten Menge (52 bis 55) von
Schwellen, um das fehlende Bit und Zusatzbitfehler infolge von Stérungen zu priifen;
das Vorberechnen einer Spitzenpositionprilfung und der Vergleich der Priifung mit einer zweiten festgelegten Menge
45 {56 bis 61) von Schwellen, um Spitzenverschisbungsfehler infolge von Nicht-Linearitaten im Signal zu priifen; und
das Vorberechnen einer Phasenpriifung und der Vergleich der Priifung mit einer dritten festgelegten Menge (51)
von Schwellen, um die Ausbreitung von Fehlem und das Erzeugen von Zeigern auf die Fehler zu prifen,
wobei sich jede festgelegte Menge von Schwellen von den anderen Mengen unterscheidet.

§0  16. Das Verfahren nach Anspruch 1 mit folgendem Schritt: dem Erzeugen eines programmierten Wertes fir jede
Schwelle (51 bis 61), und dem programmierbaren Modifizieren der Werte fiir die entsprechenden Schwellen fdr
unterschiedliche Spuren auf einer Platte, um die Leistung flr alle Spuren zu optimieren.

17. Das Verfahren nach Anspruch 1, bei dem die codierten Binfrdaten in einem Iaufléingenbeschrénkten Code sind.

18. Das Verfahren nach Anspruch 17, bei dem der laufléngenbe-schrinkte Code ein (1,7)-Code ist.

19. Das Verfahren nach Anspruch 1, zu dem vor der Verwendung des Sequenzalgorithmus noch folgende Schritte
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in aufelnanderfolgenden Takt zeiten _jn eine Folge von d|g| ﬂ'ﬂ uu "u " "

Bei spi eiwerten. 10 Revendl catl ons EP 0363 86281 de trai t enent _
de traltenent de S|gnal de val eurs nunerlques correspondant a un st gnal 15
anal ogi qué® ise re r65e t at n es_.hi nai re dee | edi t
proc6d6 et ?% ﬁl g l:\s§ i:__?(E:tz %rg § |t?a Igﬁ%glgna tyas ,dﬁ. 50&{?9'3 Blr]@ar&?en d%rgta §a in adlieman

al gorit hmale ?éatem éé{%elgété'?\tanalégqpﬁérﬁ gﬂ@ﬂrec éﬁ(.:l €s

" ?J
d' hog | oge suc- cessl |terat|on de agon a avancer

act uel b ®ab Qorfahibn NeRh AndpRuck 1Y @bm &dr @br VoAvbndy aas)Squéﬂza@srfmk H&Hh folgbnddy szﬁmiec ul

ngpr €S S igetittonf &8 EhtkdMen 8dslePgenbrdien shalbhon Sitaly, darfitdictedbirdEsigldgleh SHARG4HFom ent-

r'i que sprickt{Anadasdnsciflioptindd Umwandeivdes dafzerién aadidgenSighals das diddodieen Bipadr@teadaratblit, | a

vaI eur actinslfeinendeidigenden Gakaites In cine Solgawpn digitien Basppiwesanl ect i onnees (36 a 40)
parm? | esdites expressions (30 a 40) par rapport aux 25 seuils
correspondants (51 & 61) atin de procurer des sorties de d6cision binaires
r espect ﬁ%‘@!;difqﬂ%ﬁ Z2), decoder les valeurs d'dtat correspondant & |'etat
act ual iaospé‘?"? 650 egﬂl‘{%zbltnggﬁdonnee bi nal re code ﬁq,esf gl re g%?gunSlgnal
desdlte
corrés pon&ﬁﬂ?g"‘éf ?'ISA'E’F%PE“%\ f"t!?ééFe"Fé&”B °'3’l§°"'"a"e °°dé°'; gzd’jw ﬁ‘a’ﬁéﬁ'ﬁ HF4aries sleese

val eurs d' pOur | e nouvel 4tat (al bl cl) qui deviennent |es valeurs

d' etat act ueﬂa yge dun abGHtidel o8 @étéademvmk&,"ggts dBpbfidafit oflin 3R, L@&epar%ycleé’aﬁ&sge@uc-

sel on | a reveaqk Gmdhiaiuelacol ORRAE ERH i Bu W t(a, by c
gdndger une val eur programmbe poﬁbra&c'ﬁaque setfl(lgor?’g? ) ar101(:(§d6 sal on

| a revendi cadtostibr dn précldild@kpAdakiorls RshctRArRE 20405 beaik d-achaﬂmnaag%mmnqm @02

~ vahelur d' echgmpdut bnaBmers pé i dehgureprgeaden 1§ velbbsackilisjops de deci sion et
des val eurs d' etat cor- 40 respondant a |'etat actuel (aO bo co),
nmodi fi er | escopparprles dxpréssionirgséledininées(Bérie ) parmi lasditesl expressidhsd(Ghannd)iphd regport aux
attefidue ( Ysduiscompspargants@llch &3 kdfinde procurepdes pefiies de Hégiion binairesterpedtiesstP 2 23, et apes
consistant a: 46 generer une val eur programmbe pour chague seui | ﬁéﬁil A 61),
et nodifier @eoqeag%ﬁ'eaaaaetaewwv@sa '\9!?? %P'éaoﬁp &8?’5‘!‘?\‘?68%“‘1‘3%‘?1"’81"% fokal a
rmdlflcatlon dans ch ue d' echanti | Si

gt e R e e e
dante ( YO )i'rt fg ?fglél PRV ENRVE ST B 1 P
consi stant A rg cu?er chaque seuil (51 a 61) A part| r des

par anmet E.e%r&UdE@Elbﬁﬁ%v&ﬁﬁz&SﬁR%&%&Hant%tép%cIarQi’stHﬁa@'U signal anal o- gique. 15

35 générer une valeur programmeée pour chaque seuil (51 & 61).
3. Procédé selon la revendication 1, comprenant les étapes consistant & :

déterminer une valeur d'échantilion attendue ( ¥ © ) a partir des sorties de décision et des valeurs d'état cor-
. 0 respondant & I'état actuel (ag by ¢q),
k—.\/‘ ~
medifier les seuils (51 & 61) conformément & la valeur d'échantilion attendue ( ¥ 0)

4. Procédé selon ia revendication 1, comprenant les étapes consistant a:

45
générer une valeur programmée pour chaque seuil (51 4 61), et
modifier de fagon adaptative les valeurs programmées conformément ala modification dans chaque valeur
s d'échar’lﬂ!on dans le signal analogique entrant par comparaison & une valeur d'échantillon attendue correspon-
dante ( Yo ).
5. Procédé selon la revendication 1, comprenant 'étape consistant 4 :
5 calculer chaque seuil (51 & 61) & partir des paramdtres numérisés correspondant a la forme du sighal analo-

gique.
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6 Pr oZ:edG solon | a revendication 5, dens Igauel | a fc;-r ’HII'”"IIM"H"IIIE%H'I
nal ' sont n.,s O 2,

corrigee st |les paranbtres de |a f&Pf:369063 anal ogi guec
i ses par_un facteur

4, 2, 0_ .. et .., O, -2 -4 - 2 0, ... normali
d' echel Pe. Propédaspigiiarekendicglion s, fans leuolitigmedy fig! esf corrigén et 'ﬁséﬂgg treg deda forie de tianRle s
de |a for FRERASUEFPHA 'Za%qéiqgsg?tqu{?géﬁf 2,0, ... ngmaliggs papjin faceur ,‘i'e."?' et -,0.-aC2.
- P2,' 2, 5 S I ' ' . ' et ape
consy st ZnigResseele bG5B s e AR 6P e do o R TRIGIA . F120E
negative d8 |a fof rﬁié A gnal anal ogi que come il est 10

Necessai! Gord8dl sl Advbridicatn I, campréhtiétspednsis@intbOr M5 de signal . 9. Procede
selon la revendication 1, conpronant durant |es etapes de precal cul et de
conpar ai son: erhgoygrioterants ssuilsou B6s prissas pdsitvdiet KEgatRl€ddIfBmMab sifral AneIBGIAE ddree oete
cel | ®-ci avenscessaipipeuris'adapierisiesybiie ¢ letomieaipsigaahne 15 (52 a 55) parm
| esdits seuile afoin de controler les erreurs de bits absents et de bits
suppl em@ntRigchdoseion lgvavendisation hapmpienantduran iss étapes ge privalsel @t® compamison a

revendi cation 1, conprenant pendant |es 6tapes de precal cul et de _
conpar ai son: epgealcul dune vérification ta.bage et la cogprapiten gegelle-gi vge pnyrergies ‘?@%‘P'ﬁ Préselegtionnsi ¢
et | % conpar &F&oMPayal lesdis peuilzafin da pantrolgres sarpies 45 his absoata aldp bits g ralémentaires RIFYPRYERSS 6
a 61) parm PEIHPE&eyi|s afin de contr8ler les erreurs de decal age de pic
pr ovoqu ' ri | .solon |la

P evend: abraal e Wbl ¥ crial3pian e By prockbu o oBERAeeB,

conpar al son. |e%%c$l&l Mn@_@@rlﬁ@dﬂ&n & pdElfion \4E bt ol lQ@érﬁleQisgﬁdemaI%Q?avgé ) deﬁiiénl\easnsemble_

coppar ai son f@séﬁ&i_oﬁﬁ;i?aﬁy%i%di{s EUilSiR BF cRTREIET 158 bifeuRt! o8 S6aladdolplc PRIGLER pEr
| e ts seui dds ndf linBaritée ade RisigRdler | a propagation des erreurs et la creation

de pointeurs sur de telles erreurs. 30 12. Proced6 solon |a revendication
9, dans 11.cueéds selenliatrevpdieation i, conawitipendatd Rs dtafds He précakaiei desommmataisor 0gr anmabl e.
13. $#roc6d6 solon | a revendi cation 10, dans |l equel |edit second ensenbl e de
seui | s (56 Aegrralautungyéstioatiomds bhase (51)4t la Pavparaiden dosblieni dver undroigitrad enagnitiaprésd-,
dans | oquel ledtiginé parmbleadithprsilscafie dmeeniedler B propageatiancdas prepues 1t la gioalign derprirtiques, sucd®
15. Procede ©¥8feYWsa revendi cation 1, conprenant pendant |es etapes de

I ' o | cul. d' I fi ' de b I
b R 4 St e b B i o)
oL | SRt e SRS e S8 5 B B0 b,

' Une VS5 i cofiaoRitio OBt aabi SOTHY (3 S0uRSs SRl file aVCC UN
| (56 A 61) s A

deuxgsame ensenbl e presel ecti onn6 parm lesdits seul I n de
contr O s, Pr@édevelofld iéveridiRatide §,abidehahtPeridiant 108 6RYR UL FBIcHAf de@Brfipatan | | Neari t 6s
dans le signal, et 45 |le pr6calcul d' une verification de phase et

| aconpar ai solke paealdbbd'uné vétification €€ base etlia cdinpdralstR dedtiiedrNee uprati@ lessainbie pradiottipins
parm | esdi t &2388)pdnsi lenfiis neutkeafic daromiGledes ofreurgabitabeshis et bis Supp¥mertairss pedvoduaes
crea®i on de prodestdélevts sur de telles erreurs, chacun desdits ensenbl es

presel ectionnes de seuils etant diff6rent des autres ensenbl es.
le précalcul d'une vérification de position de pic et la comparaison de celle-ci avec un deuxidme ensemble

présélectionné (56 & 61) parmi lesdits seuils afin de contrdler les erreurs de décalage de pic provoquées par
des non lindarités dans le signal, st
le précalcul d'une vérification de phase et la comparaison de celle-ci avec un troisidme ensemble présélectionné
(51) parmi lesdits seuils afin de contréler la propagation des erreurs et la création de pointeurs sur de telles
erreurs, chacun desdits ensembles présélectionnés de seuils étant différent des autres ensembles.

5  16. Procédé selon la revendication 1, comprenant les étapes consistant & :
générer une valeur programmée pour chaque seuil (51 & 61), et

modifier de fagon programmable les valeurs des seuils respectifs pour des pistes différentes sur un fichier de
55 disque afin d'optimiser les performances pour toutes les pistes. :

17. Procédé selon la revendication 1, dans lequel les données binaires codées sont dans un codage par limitation de
la longueur de déroulement (codage RLL).
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