1 [ Nane of Document] Specification [Title of the Invention] Error
Correction Method, Error Correction Grcuit and

| nf or mat i on- Recor di ng/ Reproduction Apparatus [Detailed Description of the
I nvention] [0001] [Technical Field to which the Invention Pertains] The
present invention relates to an error correction technology using cyclic
codes. In particular, the present invention relates to an error correction
met hod and an error correction circuit, which are used for correcting 2-
event errors generated in reproduced data, as well as relates to an

I nformati on-recordi ng/ reproducti on apparatus enploying the error
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[Detailed Description of the Invention]
[0001]
[Technical Field to which the Invention Pertains])

The present invention relates to an error correction
technology using cyclic codes. In particular, the present
invention relates to an error correction method and an
erroxr correction circuit, which are used for correcting 2-
event errors generated in reproduced data, as well as
relates to an information-recording/reproduction apparatus
employing the error correction circuit.

[0002]
[Prior Art]

In order to detect an error generated in reproduced
data, cyclic codes are used in a wide range of applications.
A procedure for encoding data by using a cyclic code is
shown in Fig. 2. A recording data sequence 21 is supplied
to a division circuit 22 for dividing the recording data

segquence 21 by a generating function, which is not shown in



division is output fromthe division circuit 22 as a data sequence 23. The
data sequence 23 is referred to as CRC (Cyclic Redundancy Check) data. The
CRC data 23 is added to the tail of the recording data sequence 21 to

produce an encoded recording data squence 24. The encoded recording data

sequence 24 is obviously divisible by fthe generating function. Thus, by
checking the CRC data obtained as a result of a dividing the encoded
recordi ng data sequence 24 by using the division circuit 22 after
operations to record and reproduce the encoded recordi ng data sequence 24,
it is possible to forma judgnment as to whether or not an error has been

gener at ed tRet PeghieR! Ot CEShLNs@she doth LD eld Ngs Jat PessEfUENCERL4. [ 0003] A
conventi onal tecﬁnology for correcting errors by using cyclic codes is

described jivRPaisAt idosH¥BAt Erofinthexasphigieh appkuimg2bhas heahgal ogy to
signal processing carried out by a nmagnetic-disc apparatus is explained by
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encoded recording data sequence 24. The encoded recording
data sequence 24 is obviously divisible by the generating
function. Thus, by checking the CRC data obtained as a
result of a dividing the encoded recording data sequence 24
by using the division circuit 22 after operations to record
and reproduce the encoded recording data sequence 24, it is
possible to form a judgment as to whether or not an error
has been generated in the reproduced encoded recording data
sequence 24.

[0003]

A conventional technology for correcting errors by
using cyclic codes is described in patent document 1. An
example of applying this technology to signal processing
carried out by a magnetic-disc apparatus is explained by
referring to Fig. 7. A magnetic-disc apparatus (HDD) 1
comprises a head/disc assembly (HDA) 7 and a package board
(PCB) 14. The HDA 7 includes a magnetic disc 2, a spindle
motor 6, a magnetic head 3, a carriage 4 and a R/W- IC 5.
The magnetic disc 2 is mounted on the spindle motor 6 for

rotating the magnetic disc 2. The carriage 4 supports the



magneti c head 3 and positions the magnetic head 3 at any arbitrary radial

| ocation of the magnetic disc 2. The RW IC5 is attached to the carriage
4. The PCB 14 has read/wite channels 8, a 1-event CRCC correction circuit
15, a hard disc controller (HDC) 9, a servo control circuit 10, a

m croprocessor (MPU) 11, a ROM 12 and @ RAM 13. [0004] The read/wite
channels 8 conprise a wite channel for recording data and a read channel
for reproducing data. A signal-processing technol ogy adopted by the read
channel is based on a PRML (Partial Response Maxi mum Li kel i hood)
technique. It is known that a short error of the order of several bits is

gener at ed rjdyde & A Ead VFUnd O8] 81678" OL RlgRY: BEORELAN3 OB By PRL
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a microprocessor (MPU) 11, a ROM 12 and a RAM 13.

[0004]

The read/write channels 8 comprise a write channel

for recording data and a read channel for reproducing data.

A signal-processing technology adopted by the read channel

is based on a PRML (Partial Response Maximum Likelihood)

technique. It is known that a short error of the order of

several bits is generated in a single event in data

reproduced by adoption of the PRML technique.! In

accordance with the conventional technology disclosed in

patent reference 1, the l-event CRCC correction circuit 15

for generating cyclic codes is provided between the

read/write channels 8 and the hard disc controller 9 so as

to allow a l-event error (that is, an error generated in a

single event) to be corrected. A cyclic code that can be

used for correcting an error is called a CRCC (Cyclic

Redundancy Check Code) and a technigque for correcting an

error by using a CRCC is known as a CRCC correction

technique. The l-event CRCC correction circuit 15 carries

out a CRCC encoding process and corrects a l-event error.



4 [0005] On the other hand, patent docunent 2 discloses a technology for

| nproving the power to correct an error by wusing a CRCC on the basis of
reliability information obtained in a process of denodul ati ng data
reproduced by adoption of the PRML technique. In accordance with the
technol ogy, in the case of reproduced data with reliability |ower than a
threshol d value, an extinction error is determned to have been generated.
In this case, an extinction flag is set at the location of the extinction
error and, by carrying out a CRCC correction process on a sequence
obtained as a result of performng tentative- correction processing based
on a flexippgosyiterion for the reproduced data on the basis of the
extinction flag, a 2- or-nore-event error can be corrected. [0006] [ Patent

Document 1] Japajgsad@ifited HAiPPPutiht 200 meht0% (Haghoskd @ 4 and
Figs. 1 and 5) [Patent Docunent 2] Japanese Patent Lai d-open No.

égf)s-eé?’ﬁ;l?%éfﬁgg%fi% : % APfovih§Sthd: pAwdR0t3) cdBBEEE ah PepbbEMbYO be

using a CRCC on the basis of reliability information
obtained in a process of demodulating data reproduced by
adoption of the PRML technique. In accordance with the
technology, in the case of reproduced data with reliability
lower than a threshold value, an extinction error is
determined to have been generated. 1In this case, an
extinction flag is set at the location of the extinction
error and, by carrying out a CRCC correction process on a
sequence obtained as a result of performing tentative-
correction processing based on a flexible criterion for the
reproduced data on the basis of the extinction flag, a 2-
or-more-event error can be corrected.
[0006]

[Patent Document 1]

Japanese Patent Laid-open No. 2000-57709 (Pages 3 to

4 and Figs. 1 and 5)

[Patent Document 2]
Japanese Patent Laid-open No. 2000-134114 (Pages 6 to 9 and
Figs. 1, 4 and 5)
[0007]

[Problem to be Solved by the Invention]

The extinction flag based on the information on



The extinction flag based on the information on 5 reliability is sensitive
to the setting of the criterion threshold value. To be nore specific, if
the threshold value is set at an excessively |large nunber, the extinction
flags will be no longer set. If the threshold value is set at an
excessively small nunber, on the other shand, a nunber of extinction flags
will be set. Thus, it is practically difficult to obtain an accurate
extinction flag for each bit unit in a stable manner. In addition, in
i npl ementing the CRCC correction technique, a correction processing
circuit is required for each data sequence conpleting a
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I s another object of the present invention to rovide_a highly reliable
i nformati oflags will be no longer set. If the threshold value is set

at an excessively small number, on the other hand, a number
of extinction flags will be set. Thus, it is practically
difficult to obtain an accurate extinction flag for each
bit unit in a stable manner. In addition, in implementing
the CRCC correction technique, a correction processing
circuit is required for each data seguence completing a
tentative-correction process. Therefore, the circuit scale
will inevitably increase.

[0008]

It is thus an object of the present invention to
provide an error correction method and an error correction
circuit, which are capable of implementing the CRCC
correction technique for 2-event errors by using a small
circuit scale in comparison with the conventional
technology while tolerating inaccurateness of extinction
flags.

[00039]

It is another object of the present invention to
provide a highly reliable information-
recording/reproduction apparatus employing the error

correction circuit.



recordi ng/ reproducti on apparatus enploying the error correction circuit. 6
[0010] [Means for Solving the Problenm] In order to achieve the objects
descri bed above, the present invention inplenents a CRCC technique that
can be adopted for correcting a 2-event error by utilization of the
following neans. In the first place, t error correction nethod conprises
the steps of: handling a 2-event error generated very frequently as an

obj ect of correction; sequentially finding CRC data for a generated event
of an error handled as the defined object of correction at any arbitrary
bit position of reproduced data by inplenentation of a cyclic- replacenent
process; c@aooyomg out an exclusive-addition process of the CRC data to CRC
data of the reproduced data in order to virtually carry out a

tentative- corMe&fid Ofor PEOLEESg Obhd HréWeahjerror at a first bit position;
further finding CRC data generated after the tentative-correction process

in order to detecinddadrerd SERLEvELtIRe SEEPEEL D! desPPBbEd CBboREd the
correcting the 1l-event error conpleting the tentative-correction process

at the fi r?}:egéiﬂtp?ﬁj&r&he@oﬁn_dimpﬁgﬁeﬂtgvﬁaneEr Rechhiblle £RE@Ndah be
position. [0011
adopted for correcting a 2-event error by utilization of
the following means.

In the first place, the error correction method
comprises the steps of: handling a 2-event error generated
very frequently as an object of correction: sequentially
finding CRC data for a generated event of an error handled
as the defined object of correction at any arbitrary bit
position of reproduced data by implementation of a cyclic-
replacement process; carrying out an exclusive-addition
process of the CRC data to CRC data of the reproduced data
in order to virtually carry out a tentative-correction
process on a l-event error at a first bit position; further
finding CRC data generated after the tentative-correction
process in order to detect a l-event error at a second bit
position; and correcting the l-event error completing the
tentative-correction process at the first bit position and
the l-event error at the second bit position.

[0011]
In.the second place, the error correction method

further comprises the steps of: identifying a bit range,

for which a probability of the existence of a generated



In the second place, the error correction nethod further conprises the
steps of: identifying a bit range, for which a probability of the
exi stence of a generated error is high, on the basis of information on

reliability; and concurrently carryin% out CRC correction processes on

2-event errors on the basis of CRC data found after a tentative-correction
process carried out virtually for the bit range. [0012] [ Mde for
Carrying out the Invention) By referring to Fig. 1, the foll ow ng
description explains a first enbodi nent, which applies the present
invention to signal processing carried out by a"magnetic disc apparatus. A

magnet i c- desgoapparnigh, (6WDthd b&oIBr bsesndobpadi dhsenassemaby1HpA) 7 and
a package board (PCB) 14. The HDA 7 includes a magnetic disc 2, a spindle

notor 6, aanBJIBShEGrHERE1y c@rfﬁiﬁgaGQt4Cﬁﬂdcarfﬁgflb§ ProcéBeegBgRet i C
disc 2 is mounted on the spindle notor 6 for rotating the nmagnetic disc 2.

The carriageedestPRPELSst bR tHBOPRLIE HEaER3 ARHaPPSLhRCAStEREaMRgNELiC
head 3 at any arbitrary radial |ocation of the magnetic disc 2. The RRW

IC5is at%gégggl%g ngrgéfibﬁgﬁréﬁ%ggecg§§léé B@EﬁgcfEQQWﬁgtfoghﬁﬁgels 8,

a | -event correction circult 2-event correction circuit
16, a hardbg{SEaﬁggtroller (HDC) 9, a servo control circuit 10, a

[0012]
[Mode for Carrying out the Invention]

By referring to Fig. 1, the following description
explains a first embodiment, which applies the present
invention to signal processing carried cut by a magnetic
disc apparatus. A magnetic-disc apparatus (HDD} 1
comprises a head/disc assembly (HDA} 7 and a package board
(PCB) 14. The HDA 7 includes a magnetic disc 2, a spindle
motor 6, a magnetic head 3, a carriage 4 and a R/W- IC 5.
The magnetic disc 2 is mounted on the spindle motor 6 for
rotating the magnetic disc 2. The carriage 4 supports the
magnetic head 3 and positions the magnetic head 3 at any
arbitrary radial location of the magnetic disc 2. The R/W-
IC 5 is attached to the carriage 4. The PCB 14 has
read/write channels 8, a l-event CRCC correction circuit 15,
a 2-event CRCC correction circuit 16, a hard disc
controller (HDC} 9, a servo control circuit 10, a
microprocessor (MPU) 11, a ROM 12 and a RAM 13.

[0013]

The read/write channels 8 comprise a write channel



m croprocessor (MPU) 11, a ROM 12 and a RAM 13. [0013] The read/wite
channels 8 conprise a wite channel 8 8a for recording data and a read
channel 8b for reproducing data. A signal-processing technol ogy adopted by
the read channel 8b is based on a PRMg (2, 1, -1, -1, -1) technique. An
I n-surface recording technique is adopted as a nmagnetic recording
technique with the line recording density set at a standardized |ine
density of 2.75. [0014] The HDC 9 supplies recording data to the 1-event
CRCC correction circuit 15 provided for correcting a 1- event error. The
recording data is subjected to a CRCC encoding process in the 1-event CRCC
correcti on8ai founi reerdhnfiodatbeand amerendedhenhelt Rb flegneeprodusénd by
way of the wite channel 8a, the RFR'WIC 5 and the magnetic head 3. [0015]
A reproducédtai gral signalyphowes$ing heeceaoll cdianaddpt 8d by tag oéadhe
magnetic head 3 and the RWIC 5. In the read channel 8b, the reproduced
signal is deabndela8bdisbbangdconvar PRHLI (20 fepraduead datatethairapr.oduced
data is supplied to the 1-event CRCC correction circuit 15 for correcting
a 1-event Enrbn-séhnfaceoretbaiingnnethheqoer iechadpaedaat- avmagnetier is
supplied to the 2-event

recording technique with the line recording density set at

a standardized line density of 2.75.

[0014]

The HDC 9 supplies recording data to the l-event

CRCC correction circuit 15 provided for correcting a 1-

event error. The recording data is subjected to a CRCC

encoding process in the l-event CRCC correction circuit 15

before being recorded onto the magnetic disc 2 by way of

the write channel 8a, the R/W-IC 5 and the magnetic head 3.

[0015]

A reproduced signal is supplied te the read channel

8b by way of the magnetic head 3 and the R/W-IC 5. In the

read channel 8b, the reprcduced signal is demodulated,

being converted into reproduced data. The reproduced data

is supplied to the l-event CRCC correction circuit 15 for

correcting a l-event error. An error that cannot be

corrected as a l-event error is supplied to the 2Z-event

CRCC correction circuit 16 for correcting a 2-event error.

The reproduced data with the l-event errors and the 2-event

errors corrected is supplied to the HDC 9.

[0016]



CRCC correction circuit 16 for correcting a 2-event error. The reproduced
data with the 1-event errors and the 2-event errors corrected is supplied
to the HDC 9. [0016] 9 The HDC 9 transmits the reproduced data with the 1-
event errors and the 2-event errors corrected to a host apparatus such as
a conputer. The MPU 11 is a conponent % or controlling all other conponents
enployed in the HDD 1. The servo control circuit 10 is a conponent for
controlling the rotation of the spindle notor 6 and the positioning of

t he magnetic head 3 under control executed by the MPU 11. The ROM 12 is a
menory for storing progranms of the MPU 11 and prograns of the HDC 9. On

the other hand, tTe RiM 18 tS&isebtastlte tdpesdieed si@t & Ngieiat ehé 01 be
recorded and reproduced data. [0017] In order to carry out a CRCC encodi ng

process, gi¥hsi @Aré¥saaf@nenat bRgveHeCcCkirebrsNcarrbEEBA( kbnaahoskeedback
Shift Register) 31 shown in Fig. 3 is inplenented. The generating function

uses a coehphairgblisnehahi 88 af compdifP01IHHGNI {1 oM thecomsbslenel a

15t h-order primtive polynomal. In the LFSR 31, a register corresponding
to a coeftbpi gphtPbi1hglall bRRegeBBMBbhBALEURRDIBYlS W B AYD 4Si Ng an

_exclusive-additlon circuit. By controlling a
The servo control circuit 10 is a component for contrelling
the rotation of the spindile motor 6 and the positioning of
the magnetic head 3 under control executed by fhe MPU 11.
The ROM 12 is a memory for storing programs of the MPU 11
and programs of the HDC 9. On the other hand, the RAM 13
serves as a buffer for storing data to be recorded and
reproduced data.
[0017]

In order to¢ carry out a CRCC encoding process,
division by a generating function in an LFSR (Linear
Feedback Shift Register) 31 shown in Fig. 3 is implemented.
The generating function uses a coefficient notation of
1111000111100001 from the inside of a 15th-order primitive
polynomial. In the LFSR 31, a register corresponding to a
coefficient bit of 1 in the generating function is wired by
using an exclusive-addition circuit. By controlling a
preset terminal (PS) 35, '000000000000000' is preset as
preset data 34. Hereafter, notation 'zero' is used for
representing '000000000000000'. When data 32 is supplied
to an IN terminal on the MSB side after the preset data 34

is preset, a result of a division appears in each register



preset termnal (PS) 35, '000000000000000' is preset as preset data 34.
Hereafter, notation 'zero' is used for representing '000000000000000".
When data 32 is supplied to an INtermnal on the MSB side after the
preset data 34 is preset, a result of ;g division appears in each register
10 at the point of tine all data is input. The results of division are
output froman OUT termnal as CRC data 33 of 15 bits. The CRC data 33 is
added to the input data to generate encoded data. In this enbodi nent, the
recording data conpleting the CRCC encodi ng process has a length of 100
bits. [0018] Referring to Fig. 4, _the follow ng description explains
concrete p? cE%%egob%grPgdtbg B}ltﬁétﬁ-é§eﬁPp Therrett s Srcuit 15
and the 2-event CRCC correction circuit 16 to correct errors. For the sake
of conveni @k¢ESigR #Re ABERRLpEren, ari gUT4terBhRas apr €BFt dp&pr ddeffing .
both the I-event CRCC correction circuit 15 and the 2-event CRCC
correctionl2ibitist 1He IGRGARE3 ol 15 added o nikpput aka 1tevent error

to be corrected, two types of error, that is, a 3-consecutive-bit error
and a 5- c@emeratevengpdedrdaka.arkn ipls eembadianenk stherregprding
inmplication is that a result of a survey based on a sinulation of
di stri but i datafcempbeténgntbef GRCE emgpdihg process has a length of

100 bits.

{0018]

Referring to Fig. 4, the following description
explains concrete processes carried out by the l-event CRCC
correction circuit 15 and the 2-event CRCC correction
circuit 16 to correct errors. For the sake of convenience
of the description, Fig. 4 shows a circuit representing
both the l-event CRCC correction circuit 15 and the 2-event
CRCC correction circuit 16. In addition, in this
embodiment, by a l-event error to be corrected, two types
of error, that is, a 3-consecutive-bit error and a 5-
consecutive-bit error, are implied. The basis for this
implication is that a result of a survey based on a
simulation of distribution of error events for a magnetic
recording channel dominated by white noises indicates that
the 3-consecutive-bit errors and the 5-consecutive-~bit
errors occupy respectively 95% and 1% of all the error
events. For the same reason, the correction of a 2-event

error is limited to correction of very frequently generated

3-consecutive-bit errors that occur at two locations in the



recordi ng channel dom nated by white noises indicates that the
3-consecutive-bit errors and the 5-consecutive-bit errors occupy
respectively 95% and 1% of all the error events. For the sanme reason, the
correction of a 2-event error is limfgged to correction of very frequently
generated 3-consecutive-bit errors that occur at two locations in the 11
reproduced data. In addition, in the case of this enbodinent, the
reproduced data has a small length of 100 bits. Thus, an error event is
stretched over a boundary at a relatively high frequency. Considering this
fact, a 3- _consecutive-hit error_or a 5-consecutive-bif error stretched
over a bouh8BF§ PgeéoﬁPgéredI%yagﬁbB{?%n Hf EPep%T?%rﬂénEF%ﬁing t echni que.
[0019] 'Zero. is preset_in each register froma switch SW by way of a
preset i npEMPPELRERLI! F@eoFePFQdEF%Q datashas, asgmadd: 1epgth ofnd0 a
reproduced data sequence output froma PRML denodul ator 41 provided in the
read channBft8p TRUSypPRi @BLeD aYeRN 18rRtRarched: peer FBRPAVNEITaGtof a
switch SW2. At _a point of tine the reproduced data with a_ Iength of 100
bits is inpureleRevedrabighi §rsaupacy-| fCopeideringathiasfagt. zard-, no
error is determined to have been generated. If the CRC data 43 is not
'zero', oncpneegupdve-hifderzarepron Pscgasecwtiyg-bdthgr&ofeen obvi ously

stretched over a boundary is corrected by adoption of a
pattern-matching technigue.
[0019]

'Zgro' is preset in each register from a switch SW1
by way of a preset input terminal PS of the LFSR 42 as
preset data PS-D. Then, a reproduced data sequence output
from a PRML demodulatcor 41 provided in the read channel 8b
is supplied to an IN terminal of the LFSR 42 by way of a
switch SW2. At a point of time the reproduced data with a
length of 100 bits is input, CRC data 43 is output. If the
CRC data 43 is 'zero', no error is determined to have been
generated. If the CRC data 43 is not 'zero', on the other
hand, an error is determined to have been ocbviously
generated. In this case, an attempt is made tc detect a 1-
event error or a 2-event error to be described hereunder.
[0020]

In order to detect a l-event error, a cyclic-
replacement process for the CRC data 43 is repeated to make
a shift to the position of the LSB of the CRC data 43

generated in the reproduced data. The CRCC period used in



generated. In this case, an attenpt is made to detect a 1- event error or a
2-event error to be described hereunder. [0020] In order to detect a
1l-event error, a cyclic- replacenent process for the CRC data 43 is
repeated to make a shift to the positiheon of the LSB of the CRC data 43
generated in the reproduced data. The period used in 12 this
enbodi ment is (215 - 1 =) 32,767 bits. Thus, in order to detect an error
event generated in the reproduced data encoded into 100 bits, the
cyclic-replacenent process nust be repeated 32,682 (32,767 - (100 - 15))
tinmes in advance. A nethod of ggrrying out this process in a real-tine
manner i stBdéscembedimengatient 2docuniert) 132 F1¢5tbiks al Thugn igp@TgeIon to
carry out the cyclic-replacenent process once is expressed in terns of a
base nmatri tocdetecti Ay errox evend gedelrfted dmngheThreprogdussda dedtar i x 45
I's conputed in advance. A beta matrix 45 is a matrix obtained as a result
of mul ti pl gnpgdede ibdoe 198t biites IRec@8cliwegepSiacesemt palomesst myfstt he
beta matrix 45 is either O or 1, the values of the elenents can be stored
in a regi sber repebteds82,A82m{l3i,Flbi7er 4400hen M)t itdimess iphedvetracemat ri x
45 by the CRC data 43 to produce CRC data obtained after carrying out the
cyclic-rephamenbotl pfocasyydagodntt ithms pHoeeEiCitiatza rieal -Iriese mammetrhe
LFSR 42 by way of the switch SW, and a

is described in patent document 1. First of all, an

operation to carry out the cyclic-replacement process once
is exp:essed in terms of a base matrix consisting of 15
rows and 15 columns. Then, a beta matrix 45 is computed in
advance. A beta matrix 45 is a matrix obtained as a result
of multiplying the base matrixes 32,682 times. Since an
element of the beta matrix 45 is either 0 or 1, the values
of the elements can be stored in a register with ease. A
maltiplier 44 then multiplies the beta matrix 45 by the CRC
data 43 to produce CRC data cbtained after carrying out the
cyclic-replacement process 32,682 times. The CRC data is
preset in the LFSR 42 by way of the switch SW1l, and a
switch SW3 is closed to supply the CRC data to an error
detection circuit 46.

[0021]

The error detection circuit 46 compares the CRC data
with the error event to be corrected to determine whether
or not the CRC data matches the error event. At that time,
if the CRC data matches a 3-consecutive-bit error, for

example, the error detection circuit 46 stores a record of



switch SWB is closed to supply the CRC data to an error detection circuit
46. [0021] The error detection circuit 46 conpares the CRC data wth the
error event to be corrected to determ ne whether or not the CRC data
matches the error event. At that tine, ;3if the CRC data matches a
3-consecutive-bit error, for exanple, the error detection circuit 46
stores a record of 13 a 3-consecutive-bit error detected at the cyclic-

repl acenent process carried out O tinmes. If the CRC data does not match
the error event, on the other hand, the state of the switch SW is changed
over to supply "zero' to the INtermnal of the LFSR 42 for a

cycli c-repRadefigRfecphié¥esBitTRETPEsHREPRYCEREdEPE FECLABA supplied to the
error detection circuit 46 to repeat the pattern-matching rocess. The

det ect ed eFPBlacomant| preceFedcarsagdwPth PhEiMAGnbelf bl i FRS daka
cyclic-replacenent process has been repeated till the CRC data 43 matches
the error @gedtned BatchotheceryonseHesEri BRdthBoEhert hpgdy othe not ed
that, if the CRC data 43 does not natch the error event to be corrected
even afterstabeco€l ther spitchnENE prochaBIREsovpEelioc&PPPEY O@erPépéat edly

100 tinmes, no correctable 1- event error is determ ned to have been
gener at ed. the02N] terminal of the LFSR 42 for a cyclic-replacement

process. The resulting CRC data is then supplied to the
error detection circuit 46 to repeat the pattern-matching
process. The detected error event is stored along with the
number of times the cyclic-replacement process has been
repeated till the CRC data 43 matches the error event to be
corrected as described above. It is to be noted that, if
the CRC data 43 does not match the error event to be
corrected even after the cyclic-replacement process has
been carried out repeatedly 100 times, no correctable 1-
event error is determined to have been generated.

[0022]

A 2-event error is detected by concurrently carrying
out 2 processes, that is, a process to tentatively correct
a l-event error at a first location and a process to detect
a 2-event error at a second location. The tentative-
correction process computes all pieces of CRC data for a 3-
consecutive-bit error generated at any location in the
reproduced data. Now, assume a data sequence in which a 3-
consecutive-~bit error is generated at the LSB of the

reproduced data and, for other locations, the CRC data 43



A 2-event error is detected by concurrently carrying out 2 processes, that
IS, a process to tentatively correct a 1-event error at a first |ocation
and a process to detect a 2-event error at a second | ocation. The
tentative correction process conputes g4l pieces of CRC data for a 3-
consecutive-bit error generated at any location in the reproduced data.
Now, assune a data sequence in which a 3- consecutive-bit error is
generated at the LSB of the reproduced data and, for other |ocations, the
CRC data 43 14 is data 'zero'. The data sequence is divided by the
generating, function and, mul tipljed by the beta matrix 45 to .  conpute CRC
Gata i adébdlata CrSTiot at 6 a#e Feduensipg s qoroiaed HY GRS dat a. The CRC
data is preset in the LFSR 49. The preset CRC data P14P13 --- PlPo is
suppl i ed tFFRETRYIRG %@%@%19%9?%@emugﬁ%P{%%%ranFh?hBeHQtﬁatEé¥o45i§°
supplied to the INtermnal of the LFSR 49 and a cyclic-repl acenent

process | CHRIeLRutddtReln BIGERGR | dSeMAE TN PpPrcess Pput s new
CRC data fromthe OUT termnal of the LFSR 49 and supplies_ the CRC data to
a stage repnee® the CRE dpbasanthei pBC €abacRe BacgeExiid: ithe LV Fhé Xt age
register 50 is supplied to a stage register 51. As a result of repeating
thi s oper &h®rPreset | ¢RE | dAtTRDBat - PRIPL31s-suppbbefstenhpf Madtio a stage

regi ster 52. Eventually, 97 pieces of CRC data are stored in the stage
stage register 50. Later on, the data 'zero' is supplied

to the IN terminal of the LFSR 49 and a cyclic-replacement
process is carried ocut once. This cyclic-replacement
process outputs new CRC data from the QUT terminal of the
LFSR 49 and supplies the CRC data to a stage register 50.
At the same time, the CRC data existing in the stage
register 50 is supplied to a stage register 51. As a
result of repeating this operation, the initial CRC data
P1aP13 --- pPipe is shifted to a stage register 52.
Eventually, 97 pieces of CRC data are stored in the stage
registers, from the stage register 50 to the stage register
52.

[0023]

In order to make the verification easy, these pieces
of CRC data are CRC data for 3-bit errors generated from
the MSB to the LSB of the reproduced data. These pieces of
data are subjected to an exclusive-added process for
exclusively adding the pieces of data to CRC data found
from the reproduced data in order to generate CRC data

obtained after virtually carrying out tentative-correction



registers, fromthe stage register 50 to the stage register 52. [0023] In
order to nmake the verification easy, these pieces of CRC data are CRC data
for 3-bit errors generated from the MSB to the LSB of the reproduced data.
These pieces of data are subjected tojan exclusive-added process for

excl usively adding the pieces of data to CRC data found fromthe
reproduced data in order to generate CRC data obtained after virtually
carrying out tentative-correction 15 processing based on a strict

criterion. It is to be noted that these pieces of CRC data can al so be
conputed every time CRC data of the reproduced data is cal culated or these
pi eces of DRecdasingahagefooBeasssréati Aragenmen-asltil@dto kg jeated 7
register if there is a margin. [0024] By closing a switch SW, the CRC data
conput ed fthat theseepiedesedfdfRE& (atmeranhelgal PeprpeRuted everie beta
matrix) is stored in a register 53. Exclusive-addition circuits 54, 55,

--- and 56timer QREGudatrchbdsitire- ndpirvdvnedpdatesseschdrudrtkdspyeltiresadi ng

the pieces of CRC data stored in the multi-stage registers 50, 51, --- and
52 to thepDRGedabfi SROr ddtancahealegi beestbB8edndnprdvenceessl fixedf the
excl usi ve-addition in LFSRs 57, 58, --- and 59

values in a register if there is a margin.
[0024]

By closing a switch SW4, the CRC data computed from
the reproduced data (after the multiplication of the beta
matrix) is stored in a register 53. Exclusive-addition
circuits 54, 55, --- and 56 carry out exclusive-addition
processes for exclusively adding the pieces of CRC data
stored in the multi-stage registers 50, 51, --- and 52 to
the CRC data stored in the register 53 and preset results
of the exclusive-addition in LFSRs 57, 58, --- and 59
respectively.

[0025]

At the same time, the pieces of CRC data are
supplied to the error detection circuit 46 by way of the
OUT terminals of their respective LFSRs 57, 58, --- and 59.
By executing the same procedure as the detection of a 1-
event error, pieces of data 'zero' are supplied to the IN
terminals of the LFSRs 57, 58, --- and 59 to repeat the
cyclic-replacement process.

[0026]

When a 3-consecutive-bit error is detected for the



respectively. [0025] At the sanme tine, the pieces of CRC data are supplied
to the error detection circuit 46 by way of the OUT termnals of their

respective LFSRs 57, 58, --- and 59. By executing the sane procedure as
the detection of a 1- event error, pie?gs of data 'zero' are supplied to
the IN termnals of the LFSRs 57, 58, --- and 59 to repeat the

cyclic-replacenent process. [0026] Wen a 3-consecutive-bit error is
detected for the 16 first time for a piece of CRC data stored in any of the
LFSRs 57, 58, --- and 59, the error detection circuit 46 stores the nunber
of times the cyclic replacement has been carried out to detect the error
and the | ofarsbntbhet ier aeptiacevefyCBOr dateedteredr in| anyhiod &hgodi nent
error events are limted to a 3-consecutive-bit error. Thus, it is not
necessary LBSR6052,tHh8,t ype ahdebPor th&herkoratietrctdbnagiscudt dénpl eting
a tentative-correction process can be determ ned by identifying which LFSR
has out put stbee€REhedatimbkradEntimest hbedeyedticomepflackaentr bas Assone for
exanple that the LSFR 58 outputs the CRC data leading to the detection of
the error.chnribdsondsep Bgtgetngheupsipeaantl thet hecalibn- sfagder egi sters
50, 51, --- and 52,

tentatively corrected error. In this embodiment, error

events are limited to a 3-consecutive-bit error. Thus, it

is not necessary to store the type of error. The location

of an error completing a tentative-correction process can

be determined by identifying which LFSR has output the CRC

data leading to the detection of the error. Assume for

example that the LSFR 58 outputs the CRC data leading to

the detection of the error. In this case, by going

upstream till the multi-stage registers 50, 51, --- and 52,

a position obtained as a result of shifting from the MSB

(Most Significant Bit) to the LSB (Least Significant Bit)

side by 1 bit is recognized as the location of the error

completing a tentative-correction process.

[0027]

The following description explains a procedure for
correcting a detected l-event error and a detected 2-event
error. In parallel to the cyclic-replacement process,
reproduced data is sequentially supplied to an error
correction circuit 48. The error correction circuit 48

comprises a shift register having as many storage bits as

required for the length of the reproduced data and



a position obtained as a result of shifting fromthe MSB (Mst Significant
Bit) to the LSB (Least Significant Bit) side by 1 bit is recognized as the
| ocation of the error conpleting a tentative-correction process. [0027]
The foll ow ng description explains a pf#cedure for correcting a detected
1-event error and a detected 2-event error. In parallel to the
cyclic-replacenent process, reproduced data is sequentially supplied to an
error correction circuit 48. The error correction circuit 48 conprises a
shift register having as nmany storage bits as required for the | ength of
the reproduced data and 17 excl usive-addition circuits each used for
connect i nge#mpusiwe -gdddddony eiznud tef ealkd ssedaderbiconneictimg ST t
regi sters. Each of the exclusive-addition circuits receives an error
correcti ont¥ogsalccessivemonkes erfr dhe @dosagieotritisr ofi tth46 shaftt i nes ot her
than a tinme for <correcting an error, the error correction signal 47
conveys thegdstarszerBachAvfsté ¢kobssivhéecaddibionociectiba circuit 48
functions nerely as a shift register. Wien a correctable error is
det ect ed, tbkeedwesr adekrerbronotirectibn 46 gaatlledy Ereimttheolerwairti ng for al
the 100 bits of the reproduced data to be received by the error correction
circuit 48defecalibnt kartQftbies ohttbemeepsoNecethdata dime for

correcting an error, the error correction signal 47 conveys

the data 'zero'. At such times, the error correction

circuit 48 functions merely as a shift register. When a

correctable error is detected, the error detection circuit

46 enters a state of waiting for all the 100 bits of the

reproduced data to be received by the error correction

circuit 48. As all the 100 bits of the reproduced data are

received by the error correction circuit 48, on the basis

of the recorded number of times the cyclic replacement has

been carried out and the recorded error event, data 'l' is

asserted on the error correction signal 47, which is output

to the error correction circuit 48. As a result, the

exclusive-addition circuits employed in the error

correction circuit 48 invert the bits of the detected 1-

event error and the detected 2-event error, completing the

error correction process.

[0028]

By the way. in the error correction process

described above, a l-event error and a 2-event error are

detected at the same time in some cases. In such cases, it



received by the error correction circuit 48, on the basis of the recorded
nunber of tinmes the cyclic replacenent has been carried out and the
recorded error event, data 'l is asserted on the error correction signal
47, which is output to the error corregtion circuit 48. As a result, the
exclusive-addition circuits enployed in the error correction circuit 48
invert the bits of the detected 1- event error and the detected 2-event
error, conpleting the error correction process. [0028] By the way, in the
error correction process described above, a 1l-event error and a 2-event
error are detected at the same tine in sonme cases. In such cases, it 18 is
i npossi bl elfolBePEFAPAE FRefREPTMRECeWhGthies Fhe eraeor isr orl -®veat2- event
error on the basis of the CRC data as long as the error detection is
concer ned. eFEOTheTedc3seyentt parerr on dbeebaisds oifr chiet CRE diad@arads t he
results of error detection and prevents the error correction process from
bei ng carrilengoss itheagrvrdafetewitiiont ie eongerngdt.ecInobhhep8028kebi,g. 5 is
a diagram showi ng results of a simulation sinulating evaluation of the
per f or mancthef egrpyr déseetironciacodtdidfg discamdsf ithet resuddistedt . The
hori zontal axis

error detection and prevents the error correction process

from being carried out in accordance with the error

detection.

[0029]

Fig. 5 is a diagram showing results of a simulation
simulating evaluation of the performance of error detection
according to the first embodiment. The horizontal axis
represents a relative signal-to-noise ratio SNR expressed
in terms of dBs and the vertical axis represents a bit
error rate Log expressed in terms of BERs. The SNR for a
pre-error-correction bit error rate of 10™! is 0 dB. Curve
A is an SNR characteristic for bit error rates prior to
error correction and curve B is an SNR characteristic for
bit error rates with only a l-event error corrected. On
the other hand, curve C is an SNR characteristic for bit
error rates with a l-event error and a 2-event error
corrected. In comparison with curve B for bit error rates
with only a l-event error corrected, it is obvious that the
bit error rate is reduced by about 0.5 digits.

[0030]

In this embodiment, a cyclic-replacement process and



represents a relative signal-to-noise ratio SNR expressed in terns of dBs
and the vertical axis represents a bit error rate Log expressed in terns
of BERs. The SNR for a pre-error-correction bit error rate of 10-1is O
dB. Curve A is an SNR characteristic for bit error rates prior to error
correction and curve Bis an SNR characteristic for bit error rates with
only a 1l-event error corrected. On the other hand, curve Cis an SNR
characteristic for bit werror rates with a 1-event error and a 2-event
error corrected. In conparison with curve B for bit error rates wth only
a 1-event Srror corrected, it is obvious that the bit error rate . is
reduced by“Bbodft8. BTAFGFE4NI] U63BP PAnliRP&reiBEdPAEH: Shift register
cyclic-replacenent process and 19 CRC-data processing using a linear

f eedback sRFftCRrEGistePUtape HgFFTégeduaPaYedesERe befiChbovEePfRgement
cyclic-replacenment process and the processing of CRC data can be carried
out concuPFeReFy fRdofher Precreepngpohi ERChAgkasFaddbgacarriedneiérs such
as processes to transmt and receive parallel data having a size of 8
bits. By eXpREUrrgntA® 1ipj pegerf edbsaer §HiWﬂthegigheﬁpﬁﬁgodétﬁogic
processing circuit, the concurrent processing can be carried out. [0031]
The bet a nbhFengfesedsnght pEsPERBEEEAENtoi $ransmiédand receive

parallel data having a size of 8 bits. By expanding the
linear feedback shift register into a logic processing
circuit, the concurrent processing can be carried out.
[0031]

The beta matrix used in this embodiment is created
by operating the cyclic replacement once. By using eight
types of beta matrix, which represent the cyclic
replacement carried out up to eight times, cyclic-
replacement operations for parallel data having a size of 8
bits can be carried out concurrently by means of a logic
processing circuit.

[C032]

In addition, if CRC data for the MSB of the received
data is computed in advance, pieces of CRC data for
subsequent bits up to the LSB can be found from time to
time by carrying out the inverse operation of the cyclic-
replacement process. Thus, by using beta matrixes
expressing the inverse cyclic replacement operation carried
out eight times and using CRC data for 8 bits starting with

the MSB as an initial wvalue, pieces of CRC data for all



by operating the cyclic replacenent once. By using eight types of beta
matrix, which represent the cyclic replacenent carried out up to eight
times, cyclic- replacenent operations for parallel data having a size of 8
bits can be carried out concurrently bysnmeans of a |logic processing
circuit. [0032] In addition, if CRC data for the MSB of the received data
Is conputed in advance, pieces of CRC data for subsequent bits up to the
LSB can be found fromtine to tine by carrying out the inverse operation
of the cyclic- replacenent process. Thus, by using beta nmatrixes
expressing the inverse cyclic replacenent operation carried out eight
ti mes and GYPAGICRBLJIRELST YP Zobithe LEBr ERRgPRI £RUNAhEONSBIZENEAYi niti a
val ue, pieces of CRC data for all 20 subsequent bits up to the LSB can be
f ound conc&FPEntRfe fPofifPre to time. [0033] These pieces of CRC data are
subjected to an_ exclusive-addition process only if the received data is
'1" so th&POBR4 sane CRC data as that stored in the linear feedback shift
regi ster can be obtained. It is to be noted that a beta matrix expressing
the inverse cyclitheseppieesenet ofRE dabn are réebjectednte and a beta
mat ri x

exclusive-addition process only if the received data is '1'

s0 that the same CRC data as that stored in the linear

feedback shift register can be cobtained. It is to be noted

that a beta matrix expressing the inverse cyclic

replacement operation carried ocut once and a beta matrix

expressing the cyclic replacement operation carried out

once are in a relation of mutually inverse matrixes.

[0034]

Referring to Figs. 1 to 4, the following description

explains a second embodiment applying the present invention

to signal processing carried ocut by a magnetic disc

apparatus. In the case of the second embodiment, the

length of the encoded data to be recorded is 561 bits. The

encoding efficiency is improved to at least five times that

of the first embodiment.

[0035]

As shown in Fig. 1, a l-event CRCC correction
processing circuit 15 corrects a l-event error. Since the
correction is carried ocut in the same way as the first

embodiment, its explanation is not repeated. 2An error that

cannot be corrected as a l-event error is corrected by



expressing the cyclic replacenment operation carried out once are in a
relation of nutually inverse matrixes. [0034] Referring to Figs. 1 to 4,
the foll ow ng description explains a second enbodi nent applying the
present invention to signal processing,carried out by a magnetic disc
apparatus. In the case of the second efibodi nent, the |ength of the encoded
data to be recorded is 561 bits. The encoding efficiency is inproved to at
| east five tines that of the first enbodi nent. [0035] As shown in Fig. 1,
a 1-event CRCC correction processing circuit 15 corrects a 1l-event error.
Since the correction is carried out in the sanme way as the first
enbodi nentusing &kel rgeveat (GRGotcareitiaan @drewkorle hatIn chinkbwtcate.
corrected as a 1-event error is corrected by 21 using the 2-event CRCC
correcti onacravget £08. cagrying osde thea teangd ifver coamegitigno piroces s
tentative-correction process is defined by referring to reliability
I nformat i ohsldefin@a3dy Aemetrirddgoftodekiliabg 14 tyaigd oirmiatdanr §i7ng out t he
tentative-correction process by referring to information on reliability is
expl ai ned pgoBeéflerring to Fig. 4. Since a concrete neans for obtaining
information on reliability is
A method of defining a range for carrying out the

tentative-correction process by referring to information on

reliability is explained by referring to Fig. 4. Since a

concrete means for obtaining information on reliability is

described in detail in patent document 2, the description

of the means is omitted from this specification. A

specific bit position is obtained and supplied to the 2-

event CRCC correction circuit 16 as reliability information

17 shown in Fig. 1. At this specific bit position, it is

quite within the bounds of possibility that a 3-

consecutive-bit error to be tentatively corrected has been

generated.

[0037]

It is assumed that a 3-consecutive-bit error has

been generated at one of 17 bit positions, that is, the bit

position m specified in the reliability information 17, the

8 bit positions immediately preceding the bit position m

and the 8 bit positions immediately succeeding the bit

position m and each piece of CRC data is computed as

follows: Seventeen multi-stage registers 50, 51, --- and

52 shown in Fig. 4 are provided, and computation of CRC



described in detail in patent docunent 2, the description of the neans is
omtted fromthis specification. A specific bit position is obtained and
supplied to the 2- event CRCC correction circuit 16 as reliability
information 17 shown in Fig. 1. At thps specific bit position, it is
quite within the bounds of possibility that a 3- consecutive-bit error to
be tentatively corrected has been generated. [0037] It is assunmed that a
3-consecutive-bit error has been generated at one of 17 bit positions,
that is, the bit position mspecified in the reliability information 17,
the 8 bit si tions i nmedi at el receding the bit position m_and the 8

bi t positigggai Bi &t BEGSE cgéiﬂgngl“tpﬁé It Pysiifi Shamt&dd eAth@pi ece of
CRC data is conputed as follows: Seventeen nulti-stage registers 50, 51,
--- and 58taggwhhencemputatipr gfoGREedatangotorptfalPokCoPtRC 22 data
froma preset value P14P13 --- PiPo is started. At a stage the conputation
of CRC datBOfdtipht émyp 84 AFt coppdepteém the- ogfpRs eﬁﬁﬁﬁgtl@&, ofh&hgut put
operation of the LFSR 49 is stopped. At that tine, the desired CRC data
has been BF8Reddi 4S5t EEoPPefegiAt cflxat| toe abthe deoins] FRCadataibas if a

plurality of bit positions is used
been stored in the 17 registers cited above.

[0038])

In addition, if a plurality of bit positions is used
as candidates, a tentative-correction range excluding a
location detected by the error detection circuit 46 needs
to be specified. Assume for example that up to three bit
positions are specified. 1In this case, 51 registers are
provided. Control is executed so that, at bit positions of
the specified range, the output of the LFSR 49 is turned on
and, at other bit positions, the output is turned off. 1In
this way, only the desired CRC data can be stored in the 51
registers.

[0039]

The processes ranging from detection of a l-event
error and a 2-event error to their correction are the same
as those of the first embodiment, making it unnecessary to
repeat their explanations.

[0040]

Fig. 6 is a diagram showing results of a simulation

simulating evaluation of the performance of error detection

according to the second embodiment. The horizontal axis



as candi dates, a tentative-correction range excluding a |ocation detected
by the error detection circuit 46 needs to be specified. Assune for
exanple that up to three bit positions are specified. In this case, 51
registers are provided. Control is exgguted so that, at bit positions of
t he specified range, the output of the LFSR 49 is turned on and, at other
bit positions, the output is turned off. In this way, only the desired CRC
data can be stored in the 51 registers. [0039] The processes rangi ng from
detection of a 1-event error and a 2-event error to their correction are
the same as those of the first enbodi ment, nmaking it unnecessary to
repeat theFPPERPPBREL PoAS1aLtdUR0FiBRgl-60rnodsei agitdm SNBwergresseldt s of a
simulation sinulating evaluation of the performance of error detection
accordi ng i8 thzmseebndBenbodi hbat veTlidchdr axdst aleparisen23 eepidsents a
relative signal-to-noise ratio SNR expressed in ternms of dBs and the
vertical agrxorepateentBhes IWR ferrarpreterrdhecShiRetbiom bit error
pre-error-correction bit error rate of 10-1 is O dB. Curve Ais an SNR
char act eri sate 66r10bi tiserdr @iB.r aCasvpr Aokst aneSNBr charaeteirds tikereas curve
B is an SNR characteristic for bit error rates with only a 1-

bit error rates prior to error correction whereas curve B

is an SNR characteristic for bit error rates with only a 1-

event error corrected. On the other hand, curve C is an

SNR characteristic for bit error rates with a l-event error

and a 2-event error corrected. In comparison with curve B

for bit error rates with only a l-event error. corrected, it

is obvious that the bit error rate is reduced by about 0.5

digits. It is to be noted that, in the simulation, the
range of the tentative-correction is +8 bits and a worst
condition is assumed. In the worst condition, the
tentative-correction position obtained from the reliability
information 17 always has an offset of 44 bits. Even under
such a condition, in accordance with the correction of a 2-
event error according to the present invention, there is
exhibited an effect of a low bit error rate in comparison
with the correction of only a l-event error.
[0041]

In the first and second embodiments described so far,
a magnetic recording channel dominated by white noises is
taken as an example. However, the scope of the present

invention is not limited to the white noises only, but it



event error corrected. On the other hand, curve Cis an SNR characteristic
for bit error rates with a 1-event error and a 2-event error corrected. In
conparison with curve B for bit error rates with only a 1-event
error-corrected, it is obvious that thge bit error rate is reduced by about
0.5 digits. It is to be noted that, in the sinulation, the range of the
tentative-correction is 8 bits and a worst condition is assuned. In the
wor st condition, the tentative-correction position obtained fromthe
reliability information 17 always has an offset of +4 bits. Even under
such a condition, .in accordance with the correction of a 2- event error
accordi ng 18 PRRLHFaBARt LPNOEREFOROIEREr e AS AR PRBIPLY. okl ethecEase a | ow
bit error rate in conparison wth the correction of only a 1-event error.
[0041] | n PRedpmiBating pesadfidopnidstarEnneigesceayegdsbyf zandoq magnetic
recordi ng channel dom nated by white noises is taken as an exanpl e.
However, t@éspdapgemehtshefpthseprsitiaoanefon Mmagnetikpfirad trenshdiani t e
noi ses only, but it 24 is applicable to other noises. As an exanple, in the
case of dpmAinati Ghepdsconsacpitiverbasdi sexorgused brer andomsegudpivacenent s
of the position of a magnetization transition point, the 1-consecutive-bit
errors andbiheeRrooAsecdanpyerebpectively 86&upnudr @83peft mldl yheSerawd 3% of
all the error

events. Thus, the l-consecutive-bit l-event errors, the 2-
consecutive-bit l-event errors and the l-consecutive-bit 2-
event errors are errors to be corrected.

[0042]

In addition, in an actual magnetic recording channel,
white noises and position jitter noises are mixed with each
other at a variety of mixing ratios. If the present
invention is applied to such a condition of noises, it is
desirable to provide a learning function to select an
optimum error event among error events including 1-
consecutive-bit, 2-consecutive-bit, 3-consecutive-bit, 4-
consecutive-bit and 5-consecutive-bit errors. In order to
implement this learning function, it is necessary to
provide a processing mode for carrying out only a process
to correct l-event errors, to find the event frequency of
each error actually corrected in this processing mode and
to select l-event errors and 2-event errors starting with
errors having high event frequencies as errors to be
corrected.

[C043]



events. Thus, the 1l-consecutive-bit 1-event errors, the 2- consecutive-bit
l-event errors and the 1-consecutive-bit 2- event errors are errors to be
corrected. [0042] In addition, in an actual magnetic recordi ng channel,
white noises and position jitter noisegsare mxed with each other at a
variety of mxing ratios. If the present invention is applied to such a
condition of noises, it is desirable to provide a learning function to
select an optinmumerror event anong error events including 1-
consecutive-bit, 2-consecutive-bit, 3-consecutive-bit, 4- consecutive-bit
and 5-consecutive-bit errors. In order to inplenent this |earning
function, it is nEeEEReFryore. yibhi gegardr seedsevgnhodndf mpreaewenng out
only a process to correct 1-event errors, to find the event frequency of
each error ®RECHEl| PLleGeSe ©fe §RCh daftias gemeged=idnpyndde AMER t49 Selreat-
l-event errors and 2-event errors starting wwth errors having high event
frequenci e§VeBteprgps st grige aldocrabiodd [t@04ive? EREUMKter mbtaingd h regard
to 3-event and nore-event errors, pieces of CRC data generated by the LFSR
49 for |- afépr sheoteninsdiyel-covmeictddnt.o Jtves REsdabaeobbai ned after
the tentative-correction. It is possible to

implement a configuration in which, on the basis of this

CRC data, the error detection circuit 46 detects an error
and the error correction circuit 48 corrects the error in
the same way as the first and second embodiments.
[0044]

[Effect of the Invention]

In accordance with the present invention described
above, a tentative-correction process based on a strict
criterion is added to the conventional CRCC correction
system for l-event errors so as to allow a 2-event error to
be corrected on the basis of a strict criterion.

[Brief Description of the Drawings]
[Fig. 1]

Fig. 1 is a diagram showing the configuration of a
magnetic disc apparatus implemented by an embodiment of the
present invention.

[Fig. 2]

Fig. 2 is an explanatory diagram showing an encoding

method using cyclic codes.
[Fig. 3]

Fig. 3 is a diagram showing the configuration of a



I mpl enment a configuration in which, on the basis of this CRC data, the
error detection circuit 46 detects an error and the error correction
circuit 48 corrects the error in the sane way as the first and second
enbodi ments. [0044] [Effect of the Inggntion] In accordance with the

present invention described above, a ntative-correction process based on
a strict criterion is added to the conventional CRCC correction system
for 1l-event errors so as to allow a 2-event error to be corrected on the
basis of a strict criterion. [Brief Description of the Drawings] [Fig. 1]
Fig. 1 is a diagramshow ng the configuration of a magnetic disc apparatus
i mpl enent edingarnfesdbackeshist rreispessdhFSRidvention. [Fig. 2] Fig. 2 is
an expl anatory di agram showi ng an encoding method using cyclic codes.
[Fig. 3] FiglFgisth di agram showi ng the configuration of a 26 |inear
f eedback shift register (LFSR). [Fig. 41 Fig. 4 is a diagramshow ng the
configuration of Big. 4 is a diagram showing the configuration of an
error correction circuit for correcting l-event and 2-event
errors in accordance with an embodiment of the present
invention.
[Fig. 5]
Fig. 5 is an explanatory diagram showing effects
given by a first embodiment of the present inventicn.
[Fig. 6]
Fig. 6 is an explanatory diagram showing effects
given by a second embodiment of the present invention.
[Fig. 7]
Fig. 7 is a diagram showing the configuration of a
prior art magnetic disc apparatus.
[Description of Reference Numerals]
1 .. Magnetic disc apparatus, 2 .. Magnetic disc, 3 ..
Magnetic head, 4 .. Carriage, 5 .. R/W-IC, 6 .. Spindle motor,
7 .. Head disc assembly, 8 .. Read/write channels, 9 .. Hard
disc controller, 10 .. Servo control circuit, 11 ..
Microbrocessor, 12 .. ROM, 13 .. RAM, 14 .. Package board, 15
. 1l-event CRCC correction circuit, 16 .. 2-event CRCC
correction circuit, 17 .. , Reliability information, 21 ..

Recording-data sedquence, 22 .. Division circuit, 23, 33 and

43 .. CRC data, 24 .. Encoded recording-data sequence, 31, 42,



error correction circuit for correcting 1l-event and 2-event errors in
accordance with an enbodi nent of the present invention. [Fig. 53] Fig. 5
is an explanatory diagram showi ng effects given by a first enbodi nent of
the present invention. [Fig. 6] Fig. &7is an explanatory di agram show ng
effects given by a second enbodi nent of the present invention. [Fig. 7]
Fig. 7 is a diagram show ng the configuration of a prior art magnetic disc
apparatus. [Description of Reference Nunerals) 1 .- Mgnetic disc
apparatus, 2 ... Mgnetic disc, 3 ... WMgnetic head, 4 ... Carriage, 5 ...
RRWIC 6 ... Spindle motor, 7 - Head disc assenbly, 8 ... Read/wite
channel's, 92:.57HaP8 aBAs&2centisep&r feedback shifs zegissersirddit- -11 ..
" Mcroprocessor, 12 ... ROM 13 ... RAM 14 ... Package board, 15 ..
| -event CRCC &BPREcHR$A.cRhcui Preset. data.eddnt. ERUC demwdudaeitom.ciddcuit,
17 ... , Reliability information, 21 ... Recording-data sequence, 22 ...
Di vi si on cir¥ultip2ler3348ng Baga matcmRg,ddba,- Edror. dEfecdddn
recordi ng-data sequence, 31, 42, 27 49, 57, 58 and 59 ... Linear feedback
shift regisiveyit3247-..| Bpuprdepare8tion. sPgpsedt 48t a, Edtor.. PRWML
denodul ator, 44

correction circuit, 50, 51 and 52 .. Multi-stage registers,

53 .. Register, 54, 55 and 56 .. Exclusive-addition circuits



Multiplier, 45 ... Beta matrix, 46 ... Error detection circuit, 47 .-
Error correction signal, 48 ... Error <correction circuit, 50, 51 and 52
... Milti-stage registers, 53 ... Register, 54, 55 and 56 ...

Excl usive-addition circuits 28 [What is2glained is] [Caimll An error
correction nmethod for correcting an error event generated at one or nore

| ocations in received data by using a cyclic code, said error correction
met hod conprising the steps of: carrying out an exclusive-addition process
of remai ndaeth#fat Bs obtaimed asja result of dividing said received data by
a generating function to remai nder data obtained as a result of dividing
data incl udi qgiairerrjor event virtually generated in said received data by
a generating function in order to find remai nder data generated after a

tentative-correct izn e sH e S madnddiatdy GaneLat 86y esf ok Lyent; and
correcting said error event of said tentative- correction process and an

error eventegaiergdedr-te® SECORE of OREELEONER: S S §RCELYVEYHAt ﬁa\@ﬁen sai d
error event generated at said second |ocation can be detected on the

basi s of sajd yerpd ndesydeld gener al gdqal FLEr Sahfre L ERLAL h¥EREAT M €CTI ON

process.
comprising the steps of:

carrying out an exclusive-addition process of
remainder data obtained as a result of dividing said
received data by a generating function to remainder data
obtained as a result of dividing data including an error
event virtually generated in said received data by a
generating function in order to find remainder data
generated after a tentative-correction process for said
virtually generated error event; and

correcting said error event of said tentative-
correction process and an error event generated at a second
location in said received data when said error event
generated at said second location can be detected on the
basis of said remainder data generated after said

tentative-correction progess.



29 [Caim?2]. An error correction nethod conprising the steps of: carrying
out a cyclic-replacenent process on renainder data obtained as a result of
dividing received data by a generating function in order to check whet her
or not a l-event error is an event of _.an error to be corrected when
generation of said 1-event error in sald received data is detected on the
basis of said remainder data; if said 1-event error is determned to be an
event of an error to be corrected, correcting said 1-event error in said
recei ved datlf¥h® hel basis of the nunber of times said cyclic-repl acenent
process has been carried out and on the basis of said error event; if said
1-event error is Aetermponedotoebeian eeehbd obmpnisnogrtket abkpserfor
carrying out an exclusive- addition process of renminder data obtained as a
result of dividicgrsaingreaei sedydaia-bypaagemenat pngcésacobnon to

remai nder data obtained as a result of dividing data including an error
event Virtgahkyngencaatad obtaSded aseeeiresatldato® lay va dgeweraideiyedinct i on
in order to find renainder data generated after a tentative-correction

process fopasal dyvial GeaklhtdeReraned ion Ah SraRl taN¢hedks Stidth@rsaird error
event of said tentative- correction process and an error event generated at
a second not a l-event error is an event of an error to be corrected
when generation of said l-event error in said received data
is detected on the basis of said remainder data;
if said l-event error is determined to be an event
of an error to be corrected, correcting said l-event error
in said received data on the basis of the number of times
said cyclic-replacement process has been carried out and on
the basis of said error event; |
if said l-event error is determined to be an event
of an uncorrectable error, carrying out an exclusive-
addition process of remainder data obtained as a result of
dividing said received data by a generating function to
remainder data obtéined as a result of dividing data
including an error event virtually generated in said
received data by a generating function in order to find
remainder data generated after a tentative-correction
process for said virtually generated error event: and
correcting said error event of said tentative-
correction process and an error event generated at a second

location in said received data when said error event

generated at said second location can be detected on the



| ocation in said received data when said error event generated at said
second | ocation can be detected on the 30 basis of said remainder data
generated after said tentative-correction process. [Claim31l An error
correction nethod according to clain11?9r 2, wherein a range of said

|

tentative-correction process is specified by using reliability information
obtained in d process to denodul ate said received data. [Claim4l An error
correction circuit conprising: a |l-event-error correction circuit for
correcting a 1l-event error of post-denodul ation reproduced data; and a

2-event-eryor .correctiQn cirguit fqr receivin n ut put .of said

|- event - or PBFISOPFEPOnTEMPARAE At e GFPEEATRG AE356ERderror, whi ch
cannot be corrected by said l-event-error correction circuit. [Claimb5] An
error corrEEPEBRIVPFrERFESESAPPI BFRGSSS-first |inear feedback shift register
for carrying out a cyclic-replacenent process on renmai nder data obtained

as a result B@l%HWiﬂing recei ved data by a generating function; a second

| i near feedback shift register for )
An error correction method according to claim 1 or 2,

wherein a range of said tentative-correction process is
specified by using reliability information obtained in a
process to demodulate said received data.

[Claim 4]

An error correction circuit comprising:

a l-event-error correction circuit for correcting a
l-event error of post-demodulation reproduced data; and

a 2-event-error correction circuit for receiving an
output of said l-event-error correction circuit and
correcting a 2-event error, which cannot be corrected by
said l-event-error correction circuit.

[Claim 5]

An error correction circuit comprising:

a first linear feedback shift register for carrying
out a cyclic-replacement process on remainder data obtained
as a result of dividing received data by a generating
function;

a second linear feedback shift register for
receiving input data obtained as a result of said cyclic-
replacement process carried out on remainder data obtained

as a result of dividing data including an error event



receiving input data obtained as a result of said cyclic- replacenent
process carried out on renai nder data obtained as a result of dividing
data including an error event 31 virtually generated in said received data
by a generating function and for carrging out a cyclic-replacenent process
on said input data; a nmulti-stage register for receiving data output by
said second linear feedback shift register and sequentially transferring
said data fromstage to stage; a plurality of exclusive-addition circuits
for carrying out an exclusive addi tion process of renainder dat a out put

by said f|r rtuaﬂﬁgr ﬁg%?g ?hlf egl 5e%° ae%e% gg&gg%s gf sai d

nultl-stage regrs Sitf a8 y perform a FVE-COrr ect i on
process on_sai rece d data ird I|near feedbac shift

Pegi sters ERAGHL Be8n90$°Fe88F€VﬁBBe88% sfxggﬁ&coaes&eg Cng, By odes

excl usi ve-addi ti qn, C|rg L Z and carrying out a cyclic- replacenent process
on said re88|§8a otPBHs®8%R error detection circuit for: receiving
remai nder data obtained as_a resu aid c

{
carried out by sa?dmv+?efStegﬁe5?9+eee5a§%rsﬁ?¥%lveaéEﬁefggﬂﬁpeﬂﬁiﬁ§ﬁéssa.d

remai nder ainorder.to dete ether or not a detected error
saga secong iinear % k ift register a ng

sequentially transferring said data from stage to stage;

a plurality of exclusive-addition circuits for
carrying out an exclusive-addition process of remainder
data output by said first linear feedback shift register to
each of outputs of said multi-stage register in order to
virtually perform a tentative-correction process on said
received data:

a plurality of third linear feedback shift registers
each used for receiving each of said outputs of said
exclusive-addition circuits and carrying out a cyclic-
replacement process on said received outputs;

an error detection circuit for:

receiving remainder data obtained as a result of
said cyclic-replacement process carried out by said first
linear feedback shift register and checking said remainder
data in order to determine whether or not a detected error
can be corrected as a l-event error;

if said detected errcr is determined to be
correctable as a l-event error, outputting a first error

correction signal based on the number of times said cyclic-



can be corrected as a 1l-event error; if said detected error is determ ned
to be correctable as a 1-event error, outputting a first error correction
signal based on the nunmber of tines said cyclic 32 replacenent process
required for detection of said detected? error has been carried out and
based on an error event of said detected error in order to input remainder
data obtained as a result of said cyclic-replacenent process carried out
by said third |linear feedback shift registers and checking said remainder
data in order to determ ne whether or not said detected error is an error

event to b e? %éﬁgﬁﬁdgrgggséf %gﬁ?¥g§t§8£ege€éé9£0ﬁs QGESEH‘BSQeEQeQG an

error even corr INg a secona erro correction si

based on thg purper BLoAl 0Es, 22k UoGYCLLS £EBLACEIRL BLOEESS LEqubEed "for

detection © I'TOr eéen carried ou on an
t
|

§L¥?QCEY§2§%1§CU.#3%*“9r § %%tégéa? £8LLEGhL RefhoRER aRER 20 61 [ o
n a re ceived.fromsaid error detection
hi b i Sy eRafYe LAk Rk RE, BrBrReE: on
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and checking said remainder data in order to¢o determine
whether or not said detected error is an erxor event to be
corrected; and

if said detected error is determined to be an
error event to be corrected, outputting a second error
correction signal based on the number of times said cyclic-
replacement process required for detection of said detected
error has been carried out and based on an error event
completing said tentative-correction process; and

an error correction circuit for receiving said
received date and, when said first and second error
correction signals are received from said error detection
circuit, correcting said received data.

[Claim 6]

An error correction circuit according to claim 5,
wherein a range of said tentative-correction process
carried out by said second linear feedback shift register
and said multi-stage register is specified by using
reliability information obtained in a process to demodulate

said received data.



wherein a range of said tentative-correction process carried out by said
second |inear feedback shift register and said nulti-stage register is
specified by using reliability informati on obtained in a process to
denodul ate said received data. 33 [CI@%H]?] An
I nformati on-recordi ng/ reproducti on apparatus conprising: a recording
medi um a head for recording data onto said recordi ng nedium and
reproduci ng data fromsaid recording nedium a read/wite channel for
nodul ating data supplied to said head to be recorded by said head and
denodul ating a reproduced signal read out by said head;, a l-event-error
correction cl¢t@&im 7br outputting data to be recorded obtained as a result
of adding a cyclic code to data to be recorded onto said recording nedi um
to said read/ wide thEereatiod-fecordingétrepgodudtdvrnapparatusof
reproduced data denodul ated by said read/wite channel; a 2-event-error
correctioncempgasinger receiving an output of said 1-event-error
correction circuit and correcting a 2-event error that cannot be corrected
by said 1-event-@rxecordingchediumircuit; a control circuit for receiving
an out put of said 2- .
a head for recording data onto said recording medium
and reproducing data from said recording medium;
& read/write channel for modulating data supplied to
said head to be recorded by said head and demodulating a
reproduced signal read out by said head;
a l-event-error correction circuit for outputting
data to be recorded obtained as a result of adding a cyclic
code to data to be recorded onto said recording medium to
said read/write channel and for correcting a l-event error
of reproduced data demodulated by said read/write channel;
a 2-event-error correction circuit for receiving an
output of said l-event-error correction circuit and
correcting a 2-event error that cannot be corrected by said
l-event-error correction circuit;
a control circuit for receiving an output of said 2-
event-error correction circuit and controlling a transfer
of said output of said 2-event-error correction circuit to
a host apparatus as reproduced data: and
a processor for controlling said recording medium,

said head, said read/write channel, said l-event-error

correction circuit, said 2-event-error correction circuit



event-error correction circuit and controlling a transfer of said output
of said 2-event-error correction circuit to a host apparatus as reproduced
data; and a processor for controlling said recording nmedium said head,
said read/wite channel, said l-event-gfror correction circuit, said
2-event-error correction circuit 34 and said control circuit. [Claim8] An
I nformati on-recordi ng/ reproducti on apparatus conprising: a recording

medi um a head for recording data onto said recordi ng nedium and
reproduci ng data fromsaid recording nmedium a read/wite channel for

nodul ati ng dat a pplied to said head to be recorded by said head and
denndulatiﬁﬂdasaiépEBBEEQJ SigRY9ttread out by said head; a first |inear
feedback shift register for providing said read/wite channel with

recordi ng dak Gl Bhed as a result of adding a cyclic code to data to be
recorded onto said recording nmediumand for carrying out a cyclic

repl acenent proce¥ Bt QERRT HeRTr e B UM Arerrduchiersapparatugi vi di ng
reproduced data, which is received fromsaid read/wite channel after
bei ng denp8OPBE&81BY:said read/wite channel, by a generating function;

a recording medium;

a head for recording data onto said recording medium
and reproducing data from said recording medium;

a read/write channel for modulating data supplied to
said head to be recorded by said head and demodulating a
reproduced signal read out by said head;

a first linear feedback shift register for providing
said read/write channel with recording data obtained as a
result of adding a cyclic code to data to be recorded onto
said recording medium and for carrying out a cyclic-
replacement process on remainder data obtained as a result
of dividing reproduced data, which is received from said
read/write channel after being demodulated by said
read/write channel, by a generating function;

a second linear feedback shift register for
receiving input data obtained as a result of said cyclic-
replacement process carried out on remainder data obtained
as a result of dividing data including an error event
virtually generated in said reproduced data by a generating
function and for carrying out a cyclic-replacement process

on said input data;



a second linear feedback shift register for receiving input data obtained
as a result of said cyclic- replacenent process carried out on renai nder
data obtained as a result of dividing data including an error event
virtually generated in said reproduced3gata by a generating function and
for carrying out a cyclic-replacenent process on said input data; 35 a

mul ti-stage register for receiving data output by said second |inear
feedback shift register and sequentially transferring said data from stage
to stage; a plurality of exclusive-addition circuits for carrying out an
excl usi ve-addi ti on process of renmajnder _data output by said first |inear

f eedback shift réagirglije 11t FE DS IRA piRS ﬁc%$WM?F@s?%%UFeBYst er in
order to wvirtuall erforma tentative-correction process on said

recei ved o3fid e?%ﬁ&ﬁéﬂ%%%ﬁ%ﬁ R IREFS BTt SRBERKESRRE registers each
used for receiving each of said outputs _of said exclusive-addition
circuits aPeaReRFyRhyYobFanSEGEFing FapfladakenfrphoEEageohosgitadeecei ved
outputs; an error detection circuit for: receiving remai nder data obtained

as a result of <hiRLESRIIEY reb|ekehimivoratdssienreiveubts $9rsaid first

| i near feedback shift register and checking said remai nder
carrying out an exclusive-addition process of remainder

data output by said first linear feedback shift register to
each of oﬁtputs of said multi-stage register in order to
virtually perform a tentative-correction process on said
received data;

a plurality of third linear feedback shift registers
each used for receiving each of said outputs of said
exclusive-addition circuits and carrying out a cyclic-
replacement process on said received outputs;

an error detection circuit for:

receiving remainder data obtained as a result of
said cyclic-replacement process carried out by said first
linear feedback shift register and checking said remainder
data in order to determine whether or not a detected error
can be corrected as a l-event error;

if said detected error is determined to be
correctable as a l-event error, outputting a first error
correction signal based on the number of times said cyclic-
replacement process required for detection of said detected
error has been carried out and based on an error event of

said detected error in order to input remainder data



data in order to determ ne whether or not a detected error can be

corrected as a 1-event error; if said detected error is determned to be

correctable as a 1-event error, outputting a first error correction signal

based on the nunber of tines said cyclgg- repl acenent process required for
een

detection of said detected error has carried out and based on an
error event of said detected error in order to input remainder data 36
obtained as a result of said cyclic-replacenent process carried out by
said third linear feedback shift registers and checking said remai nder
data in or eterm ne i?eégeéaor not .said detected _error i S an error

er to
event to b%btﬁﬁP?gcﬁgda Nlo ket 48t E¥CE4CeF PBIaPE™GBE e PRPRESSt 0 be an
error event to,be corrected, outputt ..corregtion signal
based on t%%rﬁﬁﬁﬂeP“be¥|ﬁ@%dsﬁpgrgyiFgeaFeg agﬁﬁk %FggegggFéﬁﬁFFed f or
detection of said detected_ error has been carried out and based on an
error even®nAcEhprkindgsaidqreBALairTedaspr ¢Bt PEACHr bReSeteqMiBEe of
correction circuit for corrgctln% said reproduced data when said first and
second erréhetbpreeti BAt spgfafs 8?§eﬁe§§F9€dlﬁréﬁ1§§F6rePVSPtd§Pe§F|on

circuit; a control circuit for receiving an output of said error
correctlonc@¥¥§GF?dan§DéontrolIlng a transfer of said

if said detected error is determined to be an
error event to be corrected, outputting a second error
correction signal based on the number of times said cyclic-
replacement process required for detection of said detected
error has been carried out and based on an error event
completing said tentative-correction process;

an error correction circuit for correcting said
reproduced data when said first and second error correction
signals are received from said error detection circuit;

a control circuit for receiving an output of said
error correction circuit and controlling a transfer of said
output of said error correction circuit to a host apparatus
as reproduced data; and

a processor for controlling said recording medium,
said head, said read/write channel, said first linear
feedback shift register, said second linear feedback shift
register, said multi-stage register, said exclusive-
addition circuits, said third linear feedback shift
registers, said error detection circuit, said error

correction circuit and said control circuit.



output of said error correction circuit to a host apparatus as reproduced
data; and a processor for controlling said recording nedium said head,
said read/wite channel, said first |inear feedback shift register, said
second |inear feedback shift registergz,said nulti-stage register, said
exclusive- addition circuits, said third |linear feedback shift registers,
said error detection circuit, said error correction circuit and said
control circuit. 37 [Caim9] An infornmation-recording/reproduction
apparatus according to claim8, wherein a range of said tentative-
correction process carried out by said second linear feedback shift
regi ster anfiCdain filti-stage register is specified by using reliability
information obtained in a process to denodul ate said received data.

An information-recording/reproduction apparatus

according to claim 8, wherein a range of said tentative-
correction process carried out by said second linear

feedback shift register and said multi-stage register is
specified by using reliability information obtained in a

process to demodulate said received data.



