 e3er ~GoBBCt EFREF6*GT~-GQ E4 - 1 TITLE OF THE | NVENTI ON METHOD AND
APPARATUS FOR TURBO CODI NG AND DECODI NG | N A DI SK DRI VE BACKGROUND OF THE

| N\VENTI ON 5 The present invention generally relates to a fij“MMHMNMMHMMMI
drives, particularly relates to a data reproduci ng techniqu

turbo codi ng/ decodi ng nethod is applied. A signal processing cirqssisb
designated as a read 10 channel, in which a data signal read out froma

di sk medi um (hereinafter sinply referred to as disk) with a head is
processed to reproduce original data, is generally used in the field of the

di sk drive typified by a hard d Tiig signal processing 15
circuit includes a custom LSl &3%%%eb§?5ﬁ§$%§&g§ésgﬁhg circuit containing

a wite channelymiReessing MRS G Bifglcd %ﬁﬁa Aﬂfmgﬁ Skyis also
designated as read/wite channel or data channel ata decodi ng net hod

(data reproducisng st hed)ye20 designated as the so- called PRML (Parti al
Response Maxi mum Li kel i hood), in which a partial response (PR) nethod and a

Viterbi decoding nethod are cERiIKEROUND sORODEE ethhvENTheNcurrent read/ wite
channel. In contrast to the PRML nethod, recently another 25 data decodi ng
met hod i ® whi ch t he PR metdwshtanichwerittirdd generally relates to a field
of disk drives, particularly relates to a data
reproducing technique to which a turbo coding/decoding
method is applied.
A signal processing circuit designated as a read
10 channel, in which a data signal read out from a disk
medium (heréinafter simply referred to as disk) with
a head is processed to reproduce original data, is
generally used in the field of the disk drive typified
by a hard disk drive. Usually the signal processing
15 circuit includes a custom LSI and the signal processing
circuit containing a write channel processing a write
data signal recorded on the disk is also designated as
read/write channel or data channel.
The data decoding method (data reproducing method)
20 designated as the so-called PRML (Partial Response
Maximum Likelihood), in which a partial response (PR)
method and a Viterbi decoding method are combined, is
adopted in the current read/write channel.
In contrast to the PRML method, recently another
25 data decoding method in which the PR method and a turbo
coding/iterative decoding method are combined receives

attention in the field of the disk drive (see Zining

*G00002*

IR



.coding/iterative decoding nethod are conbined receives attention in the
field of the disk drive (see Zining 00002 - 2 Wi, "Coding and
iterative detection for magnetic recording channel s" Kl uwer Academ c
Publ i shers, pp. 21-43, 2000) . By the way, the head having a structure in
which 5 a read head el enent and a wite head el enent are separately nounted
on a slider is used in the disk drive. A GWR (G ant Mgnetic Resistance)

el enent is usually used as the read head el ement. The GWR el enment generates
a phenonenon called "thernmal asperity” in 10 read operation. In the disk

drive, it is C%%ii“%%gﬁggahn%h%t%ﬁ%%'%Eg%%kekﬁﬂqﬁp%%rfEeﬂﬁﬁﬂﬂxﬁead i ncl udes

the so-called burst n inthe read operation due to a“factor such as the

thermal asperi ty. BeGaus el &S K uNeIbIneMddh 1o PG Hig burst noi se
results in disability of error correction and the like, various kinds of

measur es have $ﬁﬁnszngsg®o@gee Jpn. Pat. Appln. KOKAI Publication No.
2002- 164946) . e data decoding nethod in which the PR nethod 20 and the

turbo coding/iteratiBie tircadiyg ted hah@newionpigedt hasareant igirat i on in
whi ch plural codes are connected through an interleaver. Sonetines this
causes the errar readdeasdealyrsmieahdyn wWrd Hentheradde@al@mentn axee case t hat
the data signal includes 25 the burst noise as described above.
Accordingly, i msetheadady toam tede ogr rrors ldglaredts earsdds icarbhieedliet to the
decoded data, there is the problemin which the - 3

drive. A GMR (Giant Magnhetic Resistance) element is

usually used as the read head element. The GMR element

generates a phenomenon called “thermal asperity” in

10 read operation.

In the disk drive, it is confirmed that the data
signal read out from the head includes the so-called
burst noise in the read operation due to a factor such
as the thermal asperity. Because there is a problem in

15 which the burst noise results in disability of error
correction and the like, various kinds of measures have
been proposed (see Jpn. Pat. Appln. KOKAI Publication
No. 2002-164946) .

The data decoding method in which the PR method

20 and the turbo coding/iterative decoding method are
combined has a configuration in which plural codes
are connected through an interleaver. Sometimes
this causes the error to be widely spread by the
interleaver, in the case that the data signal includes

25 the burst noise as described above. Accordingly, in

the case that the error correction is carried out to

the decoded data, there is the problem in which the



.error correction becones di sabl ed. BRI EF SUMMARY OF THE | NVENTI ON In
accordance with one enbodi nent of the present invention, there is provided
a disk drive which has 5 a read channel adopting a data decoding nethod in
which a PR nethod and a turbo coding/iterative decodi ng nethod are conbi ned
and inproves the error correction performance for burst noise. The disk
drive conprises a head which reads out 10 data froma di sk nedi um and a
read channel which decodes a data signal of concatenated turbo codes read
out by the head and reproduces original data, wherein the read channel has

a detection unid,mhi chydetect s, B Sindoi $es &9t i ned in the data signal and

an 15 iterative decoding unit which executes iterative decodi ng processing

including a posteriori probaxidds wuaeaadt ng precessimig (oNPP decodi ng
processing) to the data signal, the iterative decodi ng unit changi ng

contents of likelihood getstliahéOnwi o 68&r ¥ipgd Onén20ot hendepedisBat

cal cul ation according to the detection result by the detection unit. BRIEF
DESCRI PTI ON CF ifHESEMERALE NG FANS. OFp A MRAW NG dhed acee npratyh ngadr aw ngs,
whi ch are incorporated in and constitute a part of the specification, 25
il lustratie enbadimead sclofnndke dadwventnons Gath tdgetdiErg wne thodiei gewii ah
description given above and the detail ed description of the enbodi nents
given bel ow, a BR mefhed tandxpl @ipbe heoginanct peest bfe tdecoairati on. FI G
1 is a block diagramshow ng an essential part of a read/wite channel
accordi ng to arfferli FHehtCIPL IR | FREntTRFCVSS e orrer a.coprbektdpagr am
showi ng an essen%%&%ggart of an iterative decoder according to the

embodi ment; FI &€ B otk KREGF anth®%i ng an essenti al

The disk drive comprises a head which reads out
10 data from a disk medium and a read channel which
decodes a data signal of concatenated turbo codes read
out by the head and reproduces original data, wherein
the read channel has a detection unit which detects
burst noise contained in the data signal and an
15 iterative decoding unit which executes iterative
decoding processing including a posteriori probability
decoding processing (APP decoding processing) to the
data signal, the iterative decoding unit changing
contents of likelihood calculation for carrying out
20 the decoding calculation according to the detection
result by the detection unit.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
25 illustrate embodiments of the invention, and together
with the general description given above and the

detailed description of the embodiments given below,



part’ of a disk drive according to the enbodinent; 10 FIG 4 is a block

di agram showi ng an essential part of a turbo encoder according to the
enbodinment; FIG 5 is a flow chart for explaining operation of the
iterative decoder according to the enbodinent; and FIG 6 is a flow chart
showi ng an exanple of 15 an APP decoding algorithmfor use in the iterative
decoder according to the enbodi nent. DETAILED. DESCRI PTI ON OF THE | NVENTI ON
A preferred enbodi nent of the invention will be described bel ow referring
to the acconpanyi ng dravvi ngs. 20 FIG 1 is a block diagram show ng an

essential part of latl% cg}ia(ng;ag rﬁﬁlagplceog% gdo iment. FIG
tia

3is a bIock dlagran1 omﬁng an ess part adis rive |nclud|ng

the read/write channgjg5.q 25 (Md&yr@ﬂ@ﬁa@fs&&ﬁaaaf%sfémﬁb@im in FIG

3, the disk drive has a disk which is a recording medium a head 3, a

preamplifier pal &f r&Wdadywiihe: r@adiwl taechaing & B0kmodh Skent
controller (HDC) 6. A spindle notor (SPM 2 rotates the disk 1. The head 3

i ncludes a readthedct elrererttidriGVR el enent) 5 and a wite head el enent, the
read head el ement reads out data fromthe disk 1. In the head 3, the wite
head el efent wites Fhe. datiss on bheckdi dkadramhehqrzapdn feeserxttglit 4 has
a read anplifier 40 which anplifies a data signal (read data signal) read

10 out by the ot dfacdrelidrerat itve tdegmigt decamdinge tredhe

embodiment;
FIG. 3 is a block diagram showing an essential
part of a disk drive according to the embodiment:
10 FIG. 4 1is a block diagram showing an essential
part of a turbo encoder according to the embodiment;
FIG. 5 is a flow chart for explaining operation of
the iterative decoder according to the embodiment; and
FIG. 6 is a flow chart showing an example of
15 an APP decoding algorithm for use in the iterative
decoder according to the embodiment.
DETAILED DESCRIPTION OF THE INVENTION
A preferred embodiment of the invention will be
described below referring to the accompanying drawings.
20 FIG. 1 is a block diagram showing an essential
part of a read/write channel 5 according to the
embodiment. FIG. 3 is a block diagram showing an
essential part of a disk drive including the read/write
channel 5.
25 (Configuration of Disk Drive)
As shown in FIG. 3, the disk drive has a disk 1

which is a recording medium, a head 3, a preamplifier



write channel 5. The preanplifier circuit 4 also has a wite anplifier 41
whi ch converts the wite data signal outputted fromthe read/wite channel
5into wite current to supply it to the wite head elenent. 15 HDC 6

i ncludes a host interface connecting the disk drive and a host system and
carries out input/output of the wite data WD and the read data
(reproduci ng data) RD between the read/widge channel 5 and the HDC 6. As
shown in FIG 1, the HDC 6 has 20 an error correction unit 60 connected to
the read channel of the read/wite channel 5 and an error correction code

(ECO) generatl%s;_. [;GUi 4t lccg)nnecl e wite
channel . (Read ?Fe%cﬁént%%)ggg S omﬁﬁ%ﬁ? 9&§e readpwwite channel
5 is broadly didediinto @ rgad channel connected to the read anplifier
40 and the wite channel connected to - 6 the wite anplifier 41. The

wite channel has am Rgi{Run ettt hidoMy tedo eneadain34i sk tiur bo encoder
38, and a precoder 39. The RLL encoder 37 converts the wite data WD into a

normal 5 RLL cade $equerice ddde EGC rdaid Headddaeghdm: t(wRvd fetnedat)a by the
ECC generator 61. The precoder 39 is provided in order to give recursive
char act el5i sti csnido aa W2R tehdrasel dlentdre r ede cteathdleadAte ltdmentpaiadds t he PR
channel is one in which the input of the read 10 anplifier 40 to the output
of the equal i zent33laiay & esitted BERK Rar tilal tRes gussk)3 cHdreactmitissti cs. The
PR channel is regarded as a kind of convol utional codes and corresponds to
an i nner code heasbrdsmeandt e ittghdheodta I Ahskbk ilr FIG 4, the turbo
encoder 38 includes an interleaver 38l connected to the RLL encoder 37, an
RC encoder (RCE: RecUrsiRieatinhio]1RY ol CEne dtietds IBX eath PP PUMSE 383. The

Ciroui t and 20 B T oorEs Them b H. | &S P d {50 Ho 149

10 out by the read head element to transmit it to the read
write channel 5. The preamplifier circuit 4 also has a
write amplifier 41 which converts the write data signal
outputted from the read/write channel 5 into write
current to supply it to the write head element.

15 HDC 6 includes a host interface connecting
the disk drive and a host system and carries out
input/output of the write data WD and the read data
(reproducing data) RD between the read/write channel 5
and the HDC 6. As shown in FIG. 1, the HDC 6 has

20 an error correction unit 60 connected to the read
channel of the read/write channel 5 and an error
correction code (ECC) generating circuit (an ECC
generator) 61 connected to the write channel.
(Read/Write Channel)

25 As shown in FIG. 1, the read/write channel 5 is
broadly divided into the read channel connected to the

read amplifier 40 and the write channel connected to



-encoder 37 and the RC encoder 382. The RC encoder 382 includes a del ay
element (D) and a nod 2 adder (EXCLUSIVE-OR gate "+"), carries out RSC
(Recursive Systematic Convol utional) coding 25 operation, and outputs a
parity sequence. In the concatenated turbo codes, the RSC code corresponds
to an outer code relative to the inner code which is the 7 PR channel

code. The turbo encoder 38 random zes the RLL code sequence (W) with the
interleaver 381 and outputs it to the RC encoder 382. It is assuned that
the RC 5 encoder is in the case that, e.g. constraint length L of the code

is "L=3". At tRis RAI; Eﬁg-f I i-ng equations (1) and (2) hold when
out put for input Uk ils e,seat tolchlkel.IO%}:' Uk +Zk 1 + Zk 2...(1)10 pk= Zk

+Zk_2. .. (2)Where Zkrgansan ddnafauani ap eofy tde, GQUer+ 13821 e &) Means
EXCLUSI VE- OR operation. The PUI\/lle 383 inputns theRlﬁa\n ormation slequeen%)e (RLL

code sequence (EARdeand1,hey pAIHY SRURNCSANGD LAd &Ut3d he The
mul tipl exi ng processing while the PUMJX 383 punctures the parity sequence

SO0 as to becomrid @desiodRd Cdidihuveattis0.thEhavirdd elchameliddansmdsnay wite
codi ng data sequence to the wite anplifier 41 after carrying out 20

predet er i ned Rersiden sgapeessH NGWS) .a X elwtd dcedidygl sequanee from
PUMUX 383 by the precoder 39. The wite channel usually includes a
conpensat or camzniiteg daita vy tiéhec Gl At .o rTHEL wwr iTthee et ced exmed
included in the head 3 records the wite data 25 signal which is

t ur bo- coded on ith®rdivsider By arsiad ittice Wore argcwsUPpid exhdrasrh e thies Wrds e

anplifier 41. ,
to a PR channel in the read channel. At this point,

the PR channel is one in which the input of the read
10 amplifier 40 to the output of the equalizer 33 have
desired PR (Partial Response) characteristics. The PR
channel is regarded as a kind of convolutional codes
and corresponds to an inner code in concatenated turbo
codes.
15 As shown in FIG. 4, the turbo encoder 38 includes
an interleaver 381 connected to the RLL encoder 37,
an RC encoder (RCE: Recursive Convolutional Encoder)
382, and a PUMUX 383. The PUMUX 383 is a puncturing-
multiplexing circuit combining a puncturing circuit and
20 a multiplexer. The PUMUX 383 is connected to the RLL
encoder 37 and the RC encoder 382.
The RC encoder 382 includes a delay element (D)
and a mod 2 adder (EXCLUSIVE-OR gate “+”), carries
out RSC (Recursive Systematic Convolutional) coding
25 operation, and outputs a parity sequence. 1In the
concatenated turbo codes, the RSC code corresponds to

an outer code relative to the inner code which is the



_ g (Read Channel) As shown in FIG 1, the read channel has an AGC
circuit 30 connected to the preanplifier 40, a |lowpass filter (LPF) 31, an
Al D converter 32, and an 5 equalizer 33. The AGC circuit 30 includes VGA
(Variable Gain ' Anplifier) and controls signal anplitude of the read
signal fromthe read anplifier 40 at a constant value. The LPF 31 renoves
hi gh-frequency noise fromthe data 10 signral .- The A/D converter 32 converts
an anal og data signal into a digital signal. The equalizer 33 usually
includes an FIR (Finite Inpul se Response) type of digital filter and
carries out wayef al.l.zl.ng processing in the PR nethod. 15 The read
channel furthe%giggghggg gbéhfst noi se detector 34 connected to the A/D

converter 32, an itehat i\erdeeodeie3s 3sand dnRlsl sehpRden,3@o4dEhe bur st
noi se detector 34 detects the burst noise such as the thermal asperity and

dropout 20 aCCQégh@ﬁcéo agsanplichudeevahte rakat/be dataasidgbakpaisgiital
signal) outputted fromthe A/D converter 32. The burst noise detector 34
out put s det ect ikonthlkeagci ehepdati a82DF (@ i asstheddehect itbe Result to the
iterative decoder 35. At this point, the detection 25 flag information DF
"1" nean$§ the detedeironsofint ibeburst Mhbiage. eAy.slowstiraiRtGle2gthhé.
iterative decoder 35 has g _ an APP decoder 35| carrying out APP (A
Post eriori eri opif Rhebabdei tiy) "deS8di ndtprtddess podg ty o thise TPR1oWamgel (i nner
code), a DEPUMUX 352, an interleaves 353, an APP decoder 354 carrying out
the APP decodi egupitdeassi(dg €85 (Rhe hRiC sdghiepterisuter dode), Ux POVUX 355
for use in the iterative decodi ng processing, a deinterleaver 356, and a
hard deci si on §8itt t95Fk-The APP decoder 351 inputs the detection flag

information DF fromthe hurst noise detector 34, 10 §nd out put RS of the
equal i zer 33, and cnﬁﬁnﬂ af % He-AU R85 The DEPﬂﬁUX_SSZ is acircuit in
whi ch aIGepunt uring Pckl r=CL£kt +ar2dk_az_.derml tiplexing cingui t are

Where Zy means an inner variable of the RC encoder 382
and + means EXCLUSIVE-OR operation.
The PUMUX 383 inputs the information sequence
(RLL code sequence (WS)) and the parity sequence and
15 carries out the multiplexing processing while the PUMUX
383 punctures the parity sequence so as to become
a desired coding ratio.
The write channel transmits a write coding data
sequence to the write amplifier 41 after carrying out
20 predetermined inversion processing to a systematic
coding sequence from PUMUX 383 by the precoder 39.
The write channel usually includes a compensator
carrying out write compensation. The write head
element included in the head 3 records the write data
25 signal which is turbo-coded on the disk 1 by the write

current supplied from the write amplifier 41.



«conmbi ned. The DEPUMUX 352 carries out the inversion processing of the PUMJX
383. The deinterleaver 356 15 carries out the inversion processing of the

i nterl eaves 353. The hard decision unit 357 carries out binary (0/1)
decision to the APP decoding result and determnes the final turbo decoding
sequence. The RLL encoder 36 carries out the RLL decoding 20 processing to
t he turbo decodi ng sequence determ ned (degoded) by the hard decision unit
357 and outputs a reproducing data sequence (RD) corresponding to the
original data to the HDC 6. In the HDC 6, the error correction unit 60
carries 25 out (e LI HQNr ection processing to the reproducing data RD
transmtted fronlthe read channel According to the detection flag

information DF fromadestiwstin F1d0 1 Noise deiecdtipinéh Rde fﬂl
correction unit 60 carries out erasur€ correction processing by u5|ng t he

flag informati @irdF+l)3 @ eIRsUNe pméwéecrean( i@ decpdi ng pergddon) S
Referring to the flowhart of FIG 5 with dat a decodlng oper ation

whi ch is primarfiillterhe(Idegodiing aaper/dl icnhidyr ddie 32 eratd e decoder 35 wil |
be descri bed. Wen the data signal recorded on the disk 1 is 10 read out by
data sig®al tr&wwltitzed dvannel 5. transmitted 15 circuit 30, equalizer 3
The AGC circuit 30 includes VGA (Variable Gain
Amplifier) and controls signal amplitude of the read
signal from the read amplifier 40 at a constant value.
The LPF 31 removes high-frequency noise from the data
10 signal. The A/D converter 32 converts an analog data
signal into a digital signal. The equalizer 33 usually
includes an FIR (Finite Impulse Response) type of
digital filter and carries out waveform equalizing
processing in the PR method.
15 The read channel further includes a burst noise
detector 34 connected to the A/D converter 32,
an iterative decoder 35, and an RLL encoder 36.
The burst noise detector 34 detects the burst
noise such as the thermal asperity and dropout
20 according to an amplitude value of the data signal
(digital signal) outputted from the A/D converter 32.
The burst noise detector 34 outputs detection flag
information DF (0/1) as the detection result to the
iterative decoder 35. At this point, the detection
25 flag information DF “1” means the detection of the
burst noise.

As shown in FIG. 2, the iterative decoder 35 has



-the read head el enent of the head 3, the is anplified by the read anplifier
40 and to the read channel of the read/wite In the read channel, the data
signal is to the iterative decoder 35 through the AGC LPF 31, the A/D
converter 32, and the 3. Wen the burst noise detector 34 detects the burst
noi se contained in the data signal outputted fromthe A/D converter 32, the
burst noise detector 34 outputs 20 the detgection flag information (DF=1) to
the iterative decoder 35 (STEP Sl1). In the iterative decoder 35, as shown
in FIG 2, the APP decoder 351 carries out the APP decodi ng processing, in

whi ch the PR ch @ ?'Poig%c%gtert%stlh%ar@gg'hgzéu%o Pp (ﬂy%{%ﬁéc%%&,g r}etislic RS

which is the ou equali zer Speci fical eco 351

carries out prg%%% bnng ?e@odﬁn@?&%o%@%% bbhﬁb(%%% gR c%% n%ﬂe

above-descri be erenc Zinin shown i as the APP decodi ng

processi ng and (gahewl abeg)a 'aOMIP'UM@'SU g sext %Em”%'nt'e'}fl%%%tﬂ @"53l0r Qbakidd ty
ratio (STEP S3) However , the | ogarithmc "external 5 information

probabi |ty rabie@oidersetat QaZeRAnat olitr $het inPP @fecbldg nigt @raldews i¢RditRy
processing. In this case, the case in which the burst noise is not detected

from t hesbur st thei g8cdeketicdice34 (OFEER) cosledssampdM{IXES sisn foTERsS2)in 10 The
DEPUMUX 352 is a circuit in which a depuncturing circuit and a
dermul ti pl exer &he daelriatede HeeocBERGVIOXc8%2 sdamy, i @s delihn tielrd elaveer S8i5dn
processi ng of PUMJUX 383 in the turbo encoder 38 and outputs the logarithmc
ext ernal i nfor @adi enhprcbalsidiistyry aniig 3715 the i nfornmati on sequence and
an external information probability ratio to the parity sequence. However,

the external informetiCoRE sleandan B Hlatinewdr éspeirhian; it £iRssition
punctured by PUMJX 383. Then the interl eaves 353 carries out interleaving

20 by the sanelﬁéyrpéﬁlpﬁeq ntf&PledPss PYEF Y Rodse QeSS Ofcoder 38 and
t put he | th f t ab t
"htr| edleq | BT B o BB hind ST b o b R o o dobi 11 ty
ti to th ) t
4T o T bkt saastoc s 2 e ot of U
processing to tah%]z\’ Mryascanlovs, %‘1'}‘6%'1@ g‘i’x’&ala %%l“m'p tl:x':, ﬁ;\t/*&r‘?}%}ﬂf are 12

code (STEP S5) dei nterl eaver carries out ersi on processing
of the interleawedidedl an@bh%utmﬁmdxh@dzo%rﬂﬂl@g Q)Lﬁ:Xtt@fé‘%Jn\)é}fsQchfﬁt' on

probability ratio corresponding to the original information sequence. 5 The
PUMUX 355 i nputesddee diegaldft e eisr @3, The deinterleaver 356
15 carries out the inversion processing of the interleaver
353. The hard decision unit 357 carries out binary
(0/1) decision to the APP decoding result and
determines the final turbo decoding sequence.
The RLL encoder 36 carries out the RLL decoding
20 processing to the turbo decoding sequence determined
(decoded) by the hard decision unit 357 and outputs
a reproducing data sequence (RD) corresponding to the
original data to the HDC 6.
In the HDC 6, the error correction unit 60 carries
25 out the error correction processing to the reproducing

data RD transmitted from the read channel. According

to the detection flag information DF from the burst



-information probability ratio corresponding to the parity sequence
outputted fromthe APP decoder 354 and the logarithm c external information
probability ratio corresponding to the original information sequence 10
outputted fromthe deinterleaver 356 and carries out the puncturing and

mul ti pl exi ng processing. The PUMJUX 355 outputs the processing result as a
priori information probability ratio to t i nner code to the APP decoder
351. The APP decoder 351 inputs the priori 15 information probability ratio
and the output fromthe equalizer 33 and iterates the APP decodi ng

processi ng (STEP. . t iterative decadi ng .processi i S _canpl et ed,
t he hard decisﬁgﬁgg%ﬁftg %Eaggreg%ﬁhﬁr§8rh§P I&ecﬁgﬁoﬁnﬁrogg§§Pﬁ§F%Sn

uhi ch zero i's sel 248,y eholdd o, Hiadadarid i G aueraal Agformtion
In eque

probability ratio to the origina rmation ncé outputte romthe

dei nterleaver 3nGo g idel mH18S dhe ihals Heceiing sequence (0/1) :
corresponding to the 25 original information sequence to output it (YES in

STEP S6 and STEBa®8) Delcwdiher ofdiathRldn)encoder 36 carries out the RLL -
13 decodi ng processing to the turbo decodi ng sequence decoded with the

hard decBsi on unit Fefeandrmutputthd e owepraduaNEdat & sequences ( RD)
corresponding to the original data to HDC 6. The error correction unit 5 60
carries out théadger drecooringc tiper airiore sdiimd tic tphd maeprlgd uwtien gledatdd ridD
transmtted fromthe read channel (STEP S8). On the other hand, in the case
that the burst oRsirggion det ddteed tHorarhiviee depostem@iSsevidét éet or 34 10
(DF=1), the APP decoder_ 35| changes a |ikelihood equation and carries out
the APP decodi R§Ssrd®essi ng of the inner code (NOin STEP S2 and STEP S9).

For the case in which the APP decoder changes the |ikelihood equation
according to the det®&3 dh& ISffpEignal recorded on the disk 1 is

10 read out by the read head element of the head 3, the
data signal is amplified by the read amplifier 40 and
transmitted to the read channel of the read/write
channel 5. In the read channel, the data signal is
transmitted to the iterative decoder 35 through the AGC

15 circuit 30, LPF 31, the A/D converter 32, and the
equalizer 33.

When the burst noise detector 34 detects the burst
noise contained in the data signal outputted from the
A/D converter 32, the burst noise detector 34 outputs

20 the detection flag information (DF=1) to the iterative
decoder 35 (STEP S1).

In the iterative decoder 35, as shown in FIG. 2,
the APP decoder 351 carries out the APP decoding
processing, in which the PR channel is set to the inner

25 code, to the data sequence RS which is the output of
the equalizer 33. Specifically the APP decoder 351

carries out processing by, e.g. a BCJR algorithm (see



.15 and carries out the APP decodi ng processing, a specific exanple in the
case that the BCIR algorithmis carried out will be descri bed bel ow
referring to the flow charts of FIGS. 5 and 6. In FIG 5, the description
of procedures from STEP S10 to STEP S13 is omtted because 20 the
procedures are the sane as the procedures from STEP S4 to STEP S7. As shown
in FIG 6, the BCIR algorithm for executi the APP decodi ng processing to
t he PR channel usually includes the procedures from STEP S20 to 25 STEP
S24. At this point, (err) (Sk) , (err) (Sk) ,(err) (Sk-1, Sk, yk La (W) ,

L (W) , and Lgthk%Ongageg nggggl g Sab ?tgaglngtWe Sﬁgbagaglllty in a

state (Sk), a reverse i FERLT ON St A

probability OfF?ﬁpa%haghEHS'RgngQEFélﬁg.%Eoéé@slk tgngh Eﬁﬁ%té§k) the

out put (RS) of e equal i zer ogarithmc prl ornatlon
probability ragi 954 th@ﬁf’&&bt BEI‘c‘értheEh@@?ﬁla&%hopréﬂgbtl'i@t 0garishhm ¢

ext er nal |nfornat|on probability ratio, respectively he R al gorithm

i ncl udes STEP $§@Epns§5alIﬁbmgv@%rrkﬁgklogaglﬁﬁh&k(S&ke§BQ1STEP S21
calculating (err)(Sk-1, Sk) 10 fron1yk and La(Wk). The BCIR al gorithm

further gncludesrSTHaRt932 peeukbiveky eakeul aki Bat( ebr kedk) agngierr) (Sk)
from(err) (Sk-1, Sk) , STEP S23 calculating L (Uk) from (err) (Sk)
,(err)(Sk) andtimerdf(Bkelit8kptivando8IBB S24ceakdulati ng taicUckrskr,om La
(Uk) and L (Uk) . 15 In the above-descri bed BCIR algorithm as shown in
STEP S21, the Fhkerkheodnegbarhosheabuukat hadseers) (8k- tet8k)eds febanged
according to the detection fla DFQ' 1) of the burst noise. That is to say,
in the case thﬁbethérﬁﬁr§91ﬁ§|%é §t9ét§été@F€©F 1p, agsegecul (FESoAnt er m 20
600 for calculatlng a _channel value which is the output (RS) of the
equal i zer 33 i STEPaséd-and the likelihood calculation for calculating the

probabil ity of the th_used with the |o arlthnlc priari information
probabi FPty ratio (ﬁ§€UPFFUMyXC§2?Ié§ Gu lr?Wét2§J1WﬂHF¥h6bd calculatlon

q b | Vi bi di
e

The DEPUMUX 352 carries out the inversion processing
of PUMUX 383 in the turbo encoder 38 and outputs the
logarithmic external information probability ratio to
15 the information sequence and an external information
probability ratio to the parity sequence. However, the
external information probability ratio corresponding to
a position punctured by PUMUX 383.
Then, the interleaver 353 carries out interleaving
20 by the same way for the interleaver 381 in the turbo
encoder 38 and outputs the logarithmic external
information probability ratio to the interleaved
information sequence and an external information
probabllity ratio to the parity sequence (STEP 54).
25 For the output of the interleaver 353, the APP
decoder 354 carries out the APP decoding processing to

the recursive convolutional code which is the outer



-- 15 the output (RS) of the equalizer 33, an error elenent caused by the
burst noise can be erased fromthe likelihood calculation result in order
to erase the calculation term 600 for cal culating the channel value. 5 As
descri bed above, since the calculation result of the APP decoder 351 is
random zed by the interleaver 353, the burst error is diffused when the
burst noise is present. In the enbodi nent,,the cal culation term 600 of 10

t he equation cal culating the channel valuée in the APP decodi ng cal cul ati on
which is presuned that the burst error is contained can be erased according
to the detectign of Lhgebucst ngiseq Therehore, the diftysion of thg burst
error can be prevented an he érror “Can Be “Focal’i z8d "R Che

enbodi nent, in; bur.s (o] [ ct r st
noi se detectorléggféggﬁ)ggﬁﬁgségﬁgrBgo%P%cﬁﬁgﬁrgﬁg?% 03§§r%%ggbggguggasure
correction pr0%%%?&6%a§¥t%ﬁﬁ@9e&Q%r%%HGQEE%Qm%QibhagrbBE%&qEEyOQa@Eo(DF?l)
as the erasure pointer (STEP S14). Accordingly, in the HDC 6, "the |l ocali zed
error can be cepkeekpdnddngheor eprOdusigNe adat a réeaadednwisthukher.ead
channel. In short, in the enbodi nent, the dispersion 25 (diffusion) of the
burst ergor can be pheveuMk 353 Hewgite: HeD Idgdradeave ek tefridne APP
decodi ng processing of the outer code by the APP decodi ng processing for

- 16 changi ngihlferhiakeébnhpadbadgudtiitgn ratdeor diony etspoinkid ndettecttihen fl ag ( DF)
of the burst noise. Further, in the error correction unit 60, the |ocalized
error can be ceeréttedelyecaxecudiutputhiederfasur & heoAPEC idegwdesi B¢ 45 arnide
detection fl ag gDF) as the erasure pointer. Though the specific exanple
usi ng t he BCJIRtakgdrderHmtRad cdeséeibed 44 forRaddeadirng $41 AGLeP t he
APP decoder 351 in the enbodi nent, the inventionis not limted to the
embodi ment . FofFC&¥&rpradinge tPo they OftiddRadan O THRSd CFp SSRGS ot her APP
decodi ng _.al gorithns such as x- Log-.MAP and SOV an al ternati ng nethod
of the BEIR al GHEREIECTIB 08 Hife RICRCSRaET. b Co 48 ol Hor
concat enat i ng e recursive caonvol uti.qnal code was, 15 .assu a out er
code in the reggﬁwpi gtcréﬁ eﬁngfHﬁﬁégéﬁﬁgﬁﬁﬁéﬁfPQﬁ%§ﬁn 'egﬁﬁgh?qu%ﬁ
limted to the i . e. i I lji.ed to a

concat enati ng ggggggggﬁgg FE% 86%%%%%&3@%ﬁgﬂ%ﬁﬁbaﬁiﬁéﬁﬁﬁoﬁgrity detection

code, a parity ;detealitQdnC2d@na?d 18k t ha diike AT HNE rRldrelcrdto Ate
descri bed above, according to the enbodinment, in the disk drive adopting

the data decodnpp kRidde@dd Bswhi clrHehePRJ®ied 3% tikguty B®he priori

coding/iterative decodi ng nethod are conbined, particularly the error 25
correctil6n per fiofoanee iagaiprsbaitia iy Htatie sedahdeutmrovedn aha
result, good error rate characteristics can be reali zed.
equalizer 33 and iterates the APP decoding processing
(STEP S6).
When the iterative decoding processing is
completed, the hard decision unit 357 carries out
20 hard decision processing, in which zero is set to
a2 threshold for the logarithmic external information
probability ratio to the original information sequence
outputted from the deinterleaver 356, and determines
the final decoding sequence (0/1) corresponding to the
25 original information sequence to output it (YES in

STEP S6 and STEP S7).

Further, the RLL encoder 36 carries out the RLL



.- 17 Additional advantages and nodifications will readily occur to those
skilled in the art. Therefore, the invention in its broader aspects is not
limted to the specific details and representative enbodi nents 5 shown and
descri bed herein. Accordingly, various nodifications may be nade w thout
departing fromthe spirit or scope of the general inventive concept as
defined by the appended claims and their egquiyvalents. - 18 WHAT IS
CLAIMED IS: 1. A disk Drive conprising: a head which reads out data froma
di sk medium and 5 a read channel which decodes a data signal of
concat enat ed tgégo codes read out Qé Ege hea%oa dcrﬁproduces original data,
tec |

mhere!n thg re 8Héﬁﬁefrﬁ§§§sén§e pigntﬁﬁlt }Egtggﬁgeﬁﬁfét noi se 10
contained in tRE-A3LA §i9RalkhoARd AN dotqrably g decading unid, uhich execut es

iterative decoding processing including a posteriori pro ty decodi ng

Gecod ng 15 Uni T chang oy aont oare o et haod AL earseranipsr i ve
the original data to HDC 6. The error correction unit
5 60 carries out the error correction processing to the
reproducing data RD transmitted from the read channel
(STEP S8).

On the other hand, in the case that the burst

noise is detected from the burst noise detector 34

10 (DF=1), the APP decoder 351 changes a likelihood
equation and carries out the APP decoding processing of
the inner code (NO in STEP S2 and STEP S9).

For the case in which the APP decoder changes the
likelihood equation according to the detection flag DF

15 and carries out the APP decoding processing, a specific
example in the case that the BCJR algorithm is carried
out will be described below referring to the flow
charts of FIGS. 5 and 6. In FIG. 5, the description of
procedures from STEP S10 to STEP S13 is omitted because

20 the procedures are the same as the procedures from STEP
S4 to STEP S7.

As shown in FIG. 6, the BCJR algorithm for
executing the APP decoding processing to the PR channel
usually includes the procedures from STEP S20 to

25 STEP S24.

At this point, a(Sy), B(Sk), ¥(Sx-1, Skx), Yk

La(Ug), L(Ugk), and Le(Ug) mean a normal direction state



.carrying out the decoding cal culation according to the detection result by
the detection. unit. 2. The disk drive according to claim1, further
conprising an error correction unit which executes 20 error correction
processing to data reproduced by the read channel, the error correction
unit executing the error correction processing including erasure correction
according to the detection result by the tection unit. 25 3. The disk
drive according to claiml, wherein the detection unit detects the burst

noi se generated in read operation by the head according to an anplitude -

19 value of the4aha signal, apd aupuls bl nany. fdag. @%?gcﬁgnor'staﬁet he

detection resul drive accor'ding to € erein e

iterative decodjngiitti §xeGUtes tgleat@?P(tsgﬁgoq ggm'ib 0085314W Of, an, i nner

code to the data signal of the concatena turbo code usi'ng a recursive

convol utional GogeAKAERH & (ode a(g(jlr)clﬂ&pla:sh'e asga{gest(sg\ge dggodi ng unit

whi ch changes the contents of the |ikelihood cal culati on actording to the
detection 10 residgutby(Rde detiend imadinider ¥ a secand ARB degodixg unit
whi ch executes the APP decodi ng processing of the outer code. 5. The disk
drive accdordi ng riforadagd ironl ,p nadrertsi Ini dherdttiey,atd vie gleciotimmigs Ulni ke leXecdd es

t he APP decodi ng 15 processing of an inner code to the data signal of the
concat enat ed t urdio ccodendusihey Jagaaciltttsiive ecdrevolailt | ionfd rcodieoras an out er
code and includes: a first APP decoding unit which changes the contents of
the |ikelihood roslb@l idtlitoh medcior dinrprastine ldet ection 20 result by the
detection unit; a second APP decodjng unit which executes the APP decoding
processing of the ot Role;2 kRl st Harkneeedas onl i 329 ol ki 2kl 2119 nal
decodi ng sequence, from ut. of the second APP decoding unit. 25 6. A read
channel for defWXg aﬁ“ﬁﬁ&@i (fﬁ%ﬂt SN Sc?&né&l]éﬂla&aetd”t%g’ﬂékcddesim a di sk

drive hayjng a fiead readipg oy \the datgsignal froma disk nedium

includes STEP S22 recursively calculating a(Sy) and
B(Skx) from y(Skx-1, Sk), STEP S23 calculating L(Uy) from
a(Sk), B(Sy) and y(Skx-1, Sx), and STEP S24 calculating
Le (Ux) from La(Ug) and L(Uy).

15 In the above-described BCJR algorithm, as shown in
STEP S21, the likelihood equation calculating y(Sk-1,
Sx) is changed according to the detection flag (DF0/1)
of the burst noise. That is to say, in the case that
the burst noise is detected (DF=1), a calculation term

20 600 for calculating a channel value which is the output
(RS) of the equalizer 33 is erased and the likelihood
calculation for calculating the probability of the
path used with the logarithmic priori information
probability ratio (La(Uyg)) is carried out. The

25 likelihood calculation corresponds to a branch-metric
calculation in normal Viterbi decoding processing.

Accordingly, when the burst noise is contained in



.- 20 conprising: a detection unit which detects burst noise contained in
the data signal read out by the head; and an iterative decoding unit which
executes 5 iterative decoding processing including a posteriors probability
decodi ng processing (APP decodi ng processing) to the data signal, the
iterative decoding unit changing contents of |ikelihood calculation for
carrying out the decoding cal cul ation acc?%ding to the 10 detection result
by the detection unit. 7. The read channel according to claim®6, further
conprising: an A/D converter which converts the data signal read out by the

head into a di giLal signaland an qualdas W ohy execules vavel or

equal i zi ng 15 processing b parti response met'hod to 't

i gnal . wher ei utjae (gLeqtion Uit (JSLeCta,l e DIl 1056, d he basis of

an anplitude value o he digital signal outputted from D converter,

and 20 the itenatdeva ndeeoHaNG Uit BXGEHAT I1reTFHdMe 1LCadig HHOCessi ng
to the data signal outputted fromthe equalizer. 8. The read channel

according to claailmb.atwher eidint e detrcidaaruiniti rdetend sHaedlurstl i se
generated in 25 read operation by the head according to the anplitude val ue

of the data si graldesad iGelidpuiosvai, nariyndd adhd rfadramtd tonras dhd tdetfeadHeon
result. APP decoder 351 is randomized by the interleaver 353,
the burst error is diffused when the burst noise is
present.
In the embodiment, the calculation term 600 of
10 the equation calculating the channel value in the APP
decoding calculation which is presumed that the burst
error is contained can be erased according to the
detection of the burst noise. Therefore, the diffusion
of the burst error can be prevented and the error can
15 be localized.
In the embodiment, in the case where the burst
noise is detected from the burst noise detector 34
(DF=1), the error correction unit 60 carries out
erasure correction processing by using the detection
20 flag information DF (DF=1) as the erasure pointer
(STEP S14). Accordingly, in the HDC 6, the localized
error can be corrected to the reproducing data decoded
with the read channel.
In short, in the embodiment, the dispersion
25 (diffusion) of the burst error can be prevented in the
pre-step (interleaver) of the APP decoding processing

of the outer code by the APP decoding processing for



- 21 9. The read channel according to claim®6, wherein the iterative
decodi ng unit executes the APP decodi ng processing of an inner code to the
data signal of the concatenated turbo code using a recursive convol utiona

5 code as an outer code and includes: a first APP decoding unit which
changes the contents of the |ikelihood cal culation according to the
detection result by the detection unit_ang;a second APP decodi ng unit which
execut es the APP decodi ng processing of the 10 outer code. 10. The read
channel according to claim®6, wherein the iterative decoding unit executes

the APP deCOdi@g88%98§2%h§?%gkgﬁghkg@6E$%%%§o%OF%%%r%% %i%%g%%% of the

concatenated turbo-co recursive convolutrona as an outer

code and 1 ncl udess s bhi $1.6PTpagead RYURLL phich Ghanges.dhfig cqpf ents of

the Iikelihood calculation dccording to t etection result by _
detection unitina geceprd-APRdeqRdi NG i¥Nich Whiheh 18%8aYLe% tefi%ggsi%g%ecodl ng

processi ng of the 20 outer code; and a hard decision unit to e a final

decodi ng sequepeecbi-ercedtpul, akethe isgcend APR-0ee0dingddtilbn Lkinkhe read
channel according to claim®6, wherein the disk drive has an error

correcti 6n uni thehdehe2biexecltes (O 0k sCaheeiraghrRr @edssierg i ncl udi ng
erasure correction to data reproduced by the read channel, and the
detection unit is cGmbuglr éthet rauifitc iexampirt iing -t BGHOW ng t hat the
burst noi se has been detected to the error correction unit and direct
execution of thégerashmewesr descirabveidn ashéher dercocdmige pricore spriogesi ng of
the error correction unit. 5 12. A nmethod of decoding a data signal of
the APP decoder 351 in the embodiment, the invention
is not limited to the embodiment. For example, the
10 invention can be also applied to other APP decoding
algorithms such as Max-Log-MAP and SOVA as an
alternating method of the BCJR algorithm.
Though the concatenated turbo code method for
concatenating the recursive convolutional code was
15 assumed as the outer code in the read/write channel
of the embodiment, the invention is not limited to
the embodiment. The invention can be also applied to
a concatenating code method for concatenating a low-
density parity detection code, a parity detection code,
20 or the like as the outer code.
As described above, according to the embodiment,
in the disk drive adopting the data decoding method in
which the PR method and the turbo coding/iterative
decoding method are combined, particularly the error
25 correction performance against the burst noise can be

improved, as a result, good error rate characteristics

can be realized.



-a concatenated turbo code in a disk drive having a head reading out the
data signal froma disk nedium conprising: detecting burst noise contained
in the data signal 10 read out by the heady and when iterative decoding

i ncluding a posteriors probability decodi ng processi ng (APP decodi ng
processing) is executed to the data signal, changing contents of |ikelihood
cal culation for carrying out 15 calculatiga of the iterative decoding
according to the detection result by the detecting. 13. A nethod according
to claim 12, wherein the iterative decodi ng includes, when the APP decodi ng

of an inner code isexpcited { ok data shonaloafedde 20, cqnat enat ed

turbo code using a recursive convolutional code as ‘an outer code, first APP
decodi ng for changiing he. Gontenis f dihe ldkeli head 63l culgld.rrgecording
to the detection rés%lt_by t he S%tecting an sé%on%gEPP deco |ngcgg?
executing the ARR decReitn@rPriecassi M-dfdedd ddpe QU ars ¢Rde.1 ikt Ry hod
according to claim 12, wherein the iterative decoding includes, when the
APP decoding the23pefi flike detaN CRAR1 irepeeeuited itk tdhddahirsignal  of

t he concatenated turbo code using the recursive convol utional code as the
outer code, fi s$iowAPRNdededidrgHear hehanigi .ng Adwe reldmigant,s wfritdiss | i kel i hood
5 calculation according to the detection result by the detection, second
APP decodi ng f ovodexdcattiimgst me yARRe made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.




-decodi ng processing of the outer code, and hard deci si on processing for
deciding a final decoding sequence from decodi ng output by the second APP
10 decoding. 15. A nmethod according to claim 12, further conprising
executing error correction including erasure correction to reproduced data
according to the detection result of the burst noise by the detecting.
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2. The disk drive according to claim 1, further
comprising an error correction unit which executes
20 error correction processing to data reproduced by
the read channel, the error correction unit executing
the error correction processing including erasure
correction according to the detection result by the
detection unit.
25 3. The disk drive according to claim 1, wherein

the detection unit detects the burst noise generated in

read operation by the head according to an amplitude



<1K
1([)' oF: 10% 0& ()-!6"! 10%0=08& ()-2"10% & ()-! F+ ! 10988& ()-!F+ ! 10% o' 0& () -
'10% 0& ()-: : < Be gEK 10 o! d@t 10%B%BE& ()-! | @1 10% Ki K& () - !
@i'10% . & ()- 109%& ()- 109%& ()- 10' 0 10' OH8A<EK 10' o! ' "109%& () -
171098 () - 194 1096& () - @109 ()-3 ! @ 10965& ()-3
*2109%%& () - 8nnopgwz! AP1s10%4& ()- 10 10 10L4"10% ()-s!4"10% ()-s
21096& ()-! ' "10965& ()- W' SAEAP1s109Z10% ()-- 10%4& ()-" 10%4& ()- 3
109448 () -f109%4& ()- 10%4& ()- UJEAP1s109%& 109%4& () - F- 10%4& () - f

Looie )09 U ADME): 0 02 SEPIIOH) OB )4 Jgo: -0
information as the detection result.
4. The disk drive according to claim 1, wherein
the iterative decoding unit executes the APP decoding
5 processing of an inner code to the data signal of the
concatenated turbo code using a recursive convolutional
code as an outer code and includes: a first APP
decoding unit which changes the contents of the
likelihood calculation according to the detection
10 result by the detection unit; and a second APP decoding
unit which executes the APP decoding processing of the
outer code.
5. The disk drive according to claim 1, wherein
the iterative decoding unit executes the APP decoding
15 processing of an inner code to the data signal of the
concatenated turbo code using a recursive convolutional
code as an outer code and includes: a first APP
decoding unit which changes the contents of the
likelihood calculation according to the detection
20 result by the detection unit; a second APP decoding
unit which executes the APP decoding processing of the
outer code; and a hard decision unit to decide a final
decoding sequence from output of the second APP
decoding unit.
25 6. A read channel for decoding a data signal of
a concatenated turbo code in a disk drive having a head

reading out the data signal from a disk medium,
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a detection unit which detects burst noise
contained in the data signal read out by the head; and

an iterative decoding unit which executes

5 iterative decoding processing including a posteriori
probability decoding processing (APP decoding
processing) to the data signal, the iterative decoding
unit changing contents of likelihood calculation for
carrying out the decoding calculation according to the
10 detection result by the detection unit.

7. The read channel according to claim 6, further
comprising: an A/D converter which converts the data
signal read out by the head into a digital signal and
an equalizer which executes waveform equalizing

15 processing by a partial response method to the digital
signal, wherein

the detection unit detects the burst noise on the
basis of an amplitude value of the digital signal
outputted from the A/D converter, and

20 the iterative decoding unit executes iterative
decoding processing to the data signal outputted from
the equalizer.

8. The read channel according to claim 6, wherein
the detection unit detects the burst noise generated in

25 read operation by the head according to the amplitude
value of the data signal and outputs binary flag

information as the detection result.
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unit which” executes the APP decoding processing of the

10 outer code.

10. The read channel according to claim 6, wherein
the iterative decoding unit executes the APP decoding
processing of an inner code to the data signal of the
concatenated turbo code using a recursive convolutional

15 code as an outer code and includes: a first APP
decoding unit which changes the contents of the
likelihood calculation according to the detection
result by the detection unit; a second APP decoding
unit which executes the APP decoding processing of the

20 outer code; and a hard decision unit to decide a final
decoding sequence from output of the second APP
decoding unit.

11. The read channel according to claim 6, wherein
the disk drive has an error correction unit which

25 executes error correction processing including erasure

correction to data reproduced by the read channel, and

the detection unit is configured to output information
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probability decoding processing (APP decoding
processing) is executed to the data signal, changing
contents of likelihood calculation for carrying out
15 calculation of the iterative decoding according to
the detection result by the detecting.
13. A method according to claim 12, wherein the
iterative decoding includes, when the APP decoding of
an inner code is executed to the data signal of the
20 concatenated turbo code using a recursive convolutional
code as an outer code, first APP decoding for changing
the contents of the likelihood calculation according to
the detection result by the detecting and second APP
decoding for executing the APP decoding processing of
25 the outer code.

14. A method according to claim 12, wherein the

iterative decoding includes, when the APP decoding
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sequence from decoding output by the second APP
10 decoding.
15. A method according to claim 12, further
comprising executing error correction including erasure
correction to reproduced data according to the

detection result of the burst noise by the detecting.



