- 1 - S07P1134 DESCRI PTI ON RECORDI NG REPRODUCI NG
APPARATUS, EVALUATI ON VALUE OPERATI ON METHOD, AND
EVALUATI.ON VALUE OPERATI ON APPARATUS Technical Field
[(0001] The present invention is directed to a
recordi ng/ reproduci ng apparat-us in a systemt hat
perforns recordi ng/ reproduction using PRWVL decodi ng
(Partial Response Maxi mum Li kel i hood decodi ng ( PRM.:
Partial Response Maxi mum Li kel i hood)), and further
relates to an eval uati on-val ue operati on apparatus
and an eval uation val ue operation nethod which can7beis4 -
used for the recordi ng/reproduci ng apparatus. [0002]
I n recordi ng/ reproduciggcapparatuses for optica
recordi ng nmedi a such as optical disks, the
RECORDINGART PROELE 196 WrdRATIOEY eEvARUET IO TVAIARR O th@ANBON
are adjusted to optinal states as recording
condiETit@s @NteEVRAhUEHI 0% CORIE CRARAI IOYCAPERRYTUS
mediumis perfornmed. [0003] The adj ust nent of
recording conditions is perforned based on an
eval uation_index of the quality of signals to be
Tecrapradutedidwher e general eval uation val ues of
[OOB%Qroduction signal quality are nean and vari ance
values of the statistic of timng edge errors at

285 0s O PSSe POT M rQ o2f L8N o3 FOLPLA34, bl nari zati on.
recording/reproducing apparatus in a system that performs
recording/reproduction using PRML decoding (Partial Response
Maximum Likelihood decoding (PRML: Partial Response Maximum
Likelihood)}, and further relates to an evaluation value
cperation apparatus and an evaluation value operation method
which can be used for the recording/reproducing apparatus.
[ooo21

In recording/reproducing apparatuses for optical
recording media such as optical disks, the illumination
pulise width, level, etc., of laser beams are adjusted to
optimal states as recording conditions under which recording
on a recording medium is performed.

(00031

" The adjustment of iecording conditions is performed
based on an evaluation index of the quality of signals to be
reproduced, where general evaluation values of reproduction
signal guality are mean and variance values of the statistic

of timing edge errors at zero-cross points or after



[ 0004] Here, recently, a schene called partia

response nmaxi mum | i kel i hood decodi ng (PRVL decodi ng)

has been wi dely adopted as a reproduction schene for

optical disks, in which a nore suitable eval uation

i ndex as an eval uation index of reproduction signa

gquality is demanded for a signal reproducing system

usi ng PRML decodi ng. [0005] In such a

situation, for exanple, as described in Japanese

Patent No. 3674160, a tech@&ology in which a

di fference netric in the maxi mum|ikelihood deco8DPrpl134

processing is used as a reproduction margin
biremalAatiican t echni que has been proposed, and a

techni que for a maxi mum | i kel ihood decodi ng systemto
fomvEl uate a signal quality after recording has been

establ i shed. [0006] I n Japanese Unexamni ned

Patient . Apptématy .or Pulblarcatizadheflopa 200l 3I35¢ M se

additionally, a technology in which an eval uation
naxidRiTe lOAPeINARePRRING S BT eeRea. Bt r 1es |Fparheridely

maxi pum | i kel i hood decoding is fed back and used in

adg di°ng CORTPTTONT s° Profoséd. °Ph-the tethiroldgy ™ P
escrj in nese Unexam ned _Paien licatian
= A Bk N P 0 350000 Hondvor o hABult (atih of
re@ e sed; 0.8 iff erence dBthiseql $o00L Bhna1
eval uation value "3 whose error matches a tine axis,
repdiliiS righey ef of eud Ne@Nvani efdcddinyi.ew of the
adj ustnment of recording conditions for appropriate
[COterlk edges because the error is not regarded as an
edge error of a recording mark. [0007] Exanpl e
enbBodenehts sidmatiiera rfecocdiengl £ epk o dires gl sys tiem
that perfornms maxi num | i kel i hood decodi ng processing,
Jarmtedicn Fanerppiopr? af € eVal 1t Grovarie tasWal &k ghal

o+ B R SRR SO
Y

tedhdidf st h@%pﬁgéngﬁréﬁgsé@yeiﬁﬁ(Hltéd%%ﬁ%uESfQEOgiﬁgﬁaﬁ%m
recor di ng/ reproduci ng appar atus characterized by

11 6anidesl Bgcodi i § ¥ H9éh eadli High it Bhat gwki t @Sa gy
reads information represented by a nmark and a space

after ard:oirdonyahaecioseh ngsadl ieieca PRML decodi ng uni t
that perfornms partial response equalization

[0O®¥cessi ng and maxi mum | i kel i hood decodi ng processi ng
on_a reproduction signal read fromthe recording .

medfufFByREHe WA R 4diTTE uAPPLE 62 bbta Tidecsddan
o S3K 2RI, SYBRLPLLSD) Y7L U8 SPSERLEN, U o e
evaﬁ]%{%tﬁ%ﬁoqghﬂg L0182, dLELET E0EE; REteen A, dLT LELENCe 1 the
maximum likelihood decoding is fed back and used in
recording conditions is proposed. In the technology
described in Japanese Unexamined Patent Application
Publication No. 2004-23507%, however, an evaluaticn value

based on a difference metric is not an evaluation wvalue



4 between a maxi mum | i kel i hood path for an equali zed

signal that is fed to the maxi mum|ikelihood decodi ng
-processing through the partial response equalization

processing and a path in a bit-advanced shift

direction and a difference netric between the maxi mum

l'i kel i hood path for the equalized signal and a path

in a bit-delayed shift direstion. [0009] In

exanpl e enbodi ments, the eval uation val ue operation
whgaiet calrowl aties- alees signatineal rkysevabodti s valharefore
. _using an equalization error, value which is an error )
10580WEBHSRh eqdlial i"26d si%nalVal FEHEEFTES T hemaxd Shrhding
- Liskel i hgo ecadi essi.ng an i al i :
co%dg%khﬂg ?Sg‘%ggéggfﬁégg B3kl egggs ﬂgcgﬁg%a?ﬂ% er%%q is

signal* va froma decoded si¢
no@btrahiede@sad 48dlde Arrdie oFaxi puALLEKE) ihood,
decodi ng processing. [0010] Furthernore, the

[0@vdluation val ue operation unit stores.the cal cul ated

signal quality evaluation value in a distinct manner ..
accBraPREe t CRWESEPEE daERr patt ePn BREDERHNG AT aH@ducing

xi mum.Li kel i hood decodin rocessing. ,[.0011] .
Syﬁu??her%%%, cé?ﬁﬁiﬂrmﬁeanggﬁppmﬁbrfO%l %ﬁ;&%ﬁ%ustﬁ¥?ﬁ0dlng
pret:eg_s£§§,0r dng i$i 9Pl - ikl ngyopefatd pnyhiuthes 2
writing/reading unit by using the eval uation val ue
sightai ned1lbhyyt keadvaltiahi omlval udaaperat ilen uped i£68r, for
further included. [0012] 5 ~I'na second aspect
exgfrife Chventiortneher T gosrediogd cendevapnati éac., and
._val ue operatjon t hod for cal cul ati a
MBI GREP QU TR oVl VA OrVal BRI L Bt Pt o
DiLEPLESEN £d %P%éﬁ$@%&k and a space on a recording
“medium s read, the signal quality eval uation val ue
[obegng -an i ndex of a quality of the read signal,
characterized by conprising: when partial response
equali zafiioatpesvessi of ame newiemtiiobi kéheeods provided

decodingﬂgrocessing are perfornmed on a signal read
2 fr FROORELPELEPR AYUFBUT um EBPBBEAYR defbaEacHaFazed by

in i g ALy uat Lon I
coffEblal] 18, 2 O Al iy YR LELLOD MRS g renas
inPBEfA €idet Maen fedtxd Mimd inkelid heed spah ckokcaBnd from a

equal i zed signal that is fed to the nmaxi num
retpkelndootedisondi gy prRitessiempdimoughitthe thartt | glerforms

response equalization processing and a path in a _
papFt2 hdvAREEANSRI f tC ISR NanPE W T FHECenc@ifret Fieg imum

linil qgjtheco ﬁinun]kggeéiEQOdcgﬁtg fgr Ey ugg#%li%?dnal

S|gnéf and a papﬁ iR 3 %l?-d%layed sht ¥ ditection®"9
reh@0%3bm the recording medium by the writing/reading unit
Lo obtain decoded data; and an ‘evaluation wvalue bperation‘
unit that calculates a signal quality evaluation value

corresponding to a difference between a difference metric



In a third aspect of the invention, there is provided

an eval uation val ue operation apparatus for

calculating a signal quality eval uation val ue when

i nformati on represented by a mark and a space on a

recording nmediumis read, the signal quality

eval uation value being an ipdex of a quality of the

read signal, characterized by conprising: a ,
betakewnl at immnximint t had] Caboll ad€els, fon eccasjuardl iakd signal

B 25 K R P ek S HBOH dECuth i oot GRREEI G o eesing

thsbggal theagdramit he Jreeefdidif amdiatitho pebtakBing and a
decoded data, a signal quality eval uation val ue
PagHr r BS péndp hig 17T f BRehEe HetowedRta ik f 8r ehidegference
me@BhEl C ReLueen ajﬂﬁx'ﬂy£1ﬁﬁ%e|lBQQPzﬁ@%@ fOLtRN for the
equal i zed signal that is fed to the nmaxi mum .
equikérpPHoodideeddi AYdpr 6cessitiy tir ough lrﬂrrerqﬁramea*l shift
e equal i zation processing and a path in a
dl%gégggéanced shift direction and a difference nmetric
[obébween the maxi mum | i kel i hood path for the equalized
pa a hift direction
Cooa) <2 P PhBod MnPalhno i neft b2 {0n S4SE i ration
untiBatca dralaue scarmespongh nggtelacdi kianeaeeohetween aising

difference netric between a maxi num | i kel i hood_path
anf AR €GPz &S gngt L i hat i sl & t%PnﬁiFﬂﬁnPetween an
eqhbﬁ?%baooglgﬁgPd'GQl@éOC§§§'ngoangh@ P i @ 1ikelihood
bit-advanced shift direction and a difference netric
depetiheen Rivecamdintumhiikell hddgapateayoriagge signal value
deaggﬁﬁhéée%r%hgqglde?d@dpgagnhﬂ %bQEEngﬁl ed Sgégﬁlt of
rection is a si qual'ity evaluation va ue.
thp0@d5}mum 11E&Eﬂhnpﬁﬂdanﬂﬁﬂﬂggpabcessangeproduct|on
signal that is subjected to partial response '
roegual-i zation processing and that is to be input to a
"~ maxi mum |i kel i hood decoder. [0016] 7 The
di ffereneend®iy i cths acgfif.ecense hatween cveutlibdeamnit
di stance between an equalized signal and a maxi mum
stbrk&el itheodapathatedstibnkel icdnadd tgt atveltransnt wehiue in a
pat h: deci'sion path) detected for the equalized
distgnat, nanoen Eocdidiean o st ageeodret vibein threttern decoded
equal i zed signal and a counter-path (second nost
in| tkel ﬁﬂﬁéﬁﬂu%a]tltﬁ‘;qutoqu dgicedtiegl PEACESSAM val ue.
Oh9gi As counter-paths as referred to herein,
thin
ich.a 1- b

in a bit-advanced shift direction and a path

? bi tég é%yed %hlft dlreCtlo9br arfor us ment

Shl £ %cu S Whefi ggﬁﬁare W't h™a" maxXi mim i Reld

orPa h ddegipin paph)deghed, asﬂﬁtq%%ocisgegmon in the
sequence, 1S consi ered

writing/reading unit by using the evaluation wvalue obtained

by the evaluation value operation unit is further included.

[0012]



[ 0018] And it is assunmed that, as a difference

nmetric, a difference between a Euclidean distance

bet ween the equalized signal and the maxi mum

l'i kel i hood path, and a Euclidean di stance between the

equal i zed signal and the counter-path considered in

the bit-advanced shift direction is a first

difference nmetric. It is fusther assunmed that a

di fference between a Euclidean di stance between the

equahi zedesbgiaksaadtt be naxi hwveht kel hidodrpath mrdrided

a Euclidean di stance between the equalized signal and .
ant hevebuat &vr patdiveonspdenedon n nddrdyl t ﬂ@éla?@hc@lﬁﬁing a

direction 8 is a second difference netric. It is.
sigosdned QURdtta di feerleidd obet we@d Uehe 8t ankpformation

second difference netrics is a signal ualit
re@%ﬁﬁ@ﬁ??@nbVa@ué““?%O%gﬂ a Spac%h ng Cmﬁﬁ Pgtgﬁdlum S

| yati on | at ' di ff bet
IR B U
I I I
« ST LT e, Sl sl g

wh@hr%gfﬂyéfﬂmgébéﬁgéte@ﬂ@yfﬁaghﬂ§ p@oééggﬁﬁgQBﬁ@Iﬁbx1mum
eval'uation val ue suitable for use In, for exanple,

1itBe i pdbys Rt i 0y rﬁm@ﬁmgcometlp@ms@rmea ,orl Sa signal
obt ai ned. [0020] In practice, noreover, such

reasi ghadgualhict yreval damdg omeddme tan<ﬁ&taxﬂ cdkatveédd data,
usi ng an equalization error value which is an error

cabetheenngnaequahhzedusi ghal cval wetied Yoluhecomsdinanding
| i kel i hood decodi ng processing and an ideal equalized

tosi gnadl Mt irn et befped f?orfd (FeEsded 8r§har between a

obtained as a result of the maxinu kel i hood
nagd@Eli hd et beeedi Ryth aher atdt %%?a%ﬂo%dq Al gy 15 fed

ot B bogare T hood PRyt B g Bafat #3congn the

|gna
L uat L, ' - t d
R T e

piklkalhhood d%ﬁ@@tngda&@%%hngaﬁeul ¢ beystidiable fafetric
between the maximum likelihood path for the egualized
signal and a path in a‘bitmdelayed shift direction. |
[0013] |

In a third aspect of the invention, there is provided
an evaluation wvalue operation apparatus for calculating a
signal quality evaluation value When information
represented by a mark and a space on a récording medium is
read,ithe signal quality evaluation wvalue being an index of
a gquality of the read signal, characterized by comprising:
a calculation unit that calculates, on occasion of

'pérforming partial response equalization proceésing and



- 9 - SOrP1134 the eval uation, adjustnent, or the
i ke of recording conditions for each recording
"pattern. Brief Description of Draw ngs [0022]
[Fig. 1] Fig. 1 is a block diagramof a main part of
a recordi ng/ reproduci ng apparatus of an enbodi nent of
the present invention. [Fig. 2] Fig. 2 is a
bl ock di agram of a PRM. decgder and an eval uati on
val ue operation unit of the enbodi nment. [Fig.
ma3imking. 1 8ké Siltodd oekcdidagtamofcas sStiguctur & okigndBSAMead
calculation unit of the enbodi nent. - [Fig. 4]
frieing.the ir@udiiagr amdxpl dicniaig: ssitratae dodanisidatans d nsignal
Vi terbi decoding. - [Fig. 5] Fig. 5 is-a diagram
qu@%pﬁaunﬁﬁglaa@EQmsut@ﬂ¢ﬁur$Qﬁﬁ$a90@d@nUertpath §Hgprence
Fig. 6 is a diagramexplaining a bit shift.
beFﬁﬁﬁﬁ A ﬁﬂéfe?ep§ea“ﬁﬁé@ﬁaﬂ?%&ﬁﬁ%ﬂlﬂanﬁﬁélB%WHe+¥#ellh00d

oo hUBSE O s Syl vekion velue speral on VLY Ol
‘llk%!§ﬁg 8ndecod1ng processing thrcough the partial response
equalization processing and a path in a bit-advanced shift
direction and a differencer metric between the max imum
likelihood path for the equalized signal and akpath in a
bit-delayed shift direction. '

[0014]

In example embodiments, 1t 1is assumed that a wvalue
corresponding to gi difference between ea_differehce metfic
between a maximum likelihood path for an equalized signal
that is fed to maximum likelihood decoding processing and a
path in a bit-advanced shift direction and a difference
‘metric between the maximum likelihood path for the
‘equalized signal ‘and a path in a bit-delayed shift
direction is a signal guality evaluation value.

[0015]

The equalized signal i1s a reproducetion signal that is
subjected to partial response equalization processing and
that is to be input to a maximum likelihcod decoder. J

[0016]



[ 0023] An enbodi nent of the present invention

W Il be explained hereinafter. [0024] In this _

enbodi nrent, by way of exanple, a case in which - 10

- SO7P1134 in a PRML (Partial - Response

Maxi mum Li kel i hood) schene in which

recordi ng/ reproduction is perfornmed using a

partial -response schene and7in which maxi mum

I i kel i hood decodi ng such as Viterbi decoding is

per ffopmedifaepante al meesponses char adt £f¢striae ofbPR(eEkn  a

X, X, 1) is selected and a Run Length Limted code
EusdéHean aAiRLE(2e 7hetoceni seuseddw thesd misignah ramd  a

length limted to 1 will be explained. [0025]
maﬁﬁ@?ﬁeﬁtléﬂql}hoﬁ@ PP 1, (m@sty Likpligosd| eded@ sorassition

o PO R By FE R ks o i % one
atﬁ?cfﬂ% mof dJF_)SR%ahce be’twjtle)enw Jtheb%qugm ggr gn[aqoqud a

Counter—path (second most likelihood pathjl It is also
called a SAM wvalue.
[0017]

As counter-paths as referred to herein, a path in a
'bit;édvanced shift direction and a path in a bit-delayed
shift direction, in which a 1-bit shift occurs when
compared with a maximum Iikelihood path (decision path)
decided as a depoded data sequence, is considered.

[0018]

and it is assumed that, as a difference metric, a
difference between a FEuclidean distance between the
equalized signal and the maximum likelihood path, and a
Euclidean distance between the eqﬂalized' signai and the
Coﬁnter—path considered in the bit-advanced shift direction
is“a first difference metric. Tt is further assumed that a
differencé Dbetween. a Euclidean distance between the
equalized signal and the maximum likelihood path and a
Euclidean distance between the equalized signal and  the

counter-path considered in the bit-delayed shift direction



First, the PRLM decodi ng schene will be briefly

di scussed. [0027] The PRM. decodi ng schene is a

schene of detecting a partial response sequence that

m ni m zes a Euclidean di stance of a reproduction

signal, and is a technol ogy inplenmented by conbi ning

a process called partial response and a process

cal |l ed maxi mum |i kel i hood detection. [0028]

Incidentally, a partial response sequence is obtained
isbyapestoeningd af el gited reddiitd.on tdef inedabyumed argett 2

response on-a bit sequence. In an optical disk
digystenrePRetveesOrbe1d4 r3t And])sqeonst (& ingegcgngretrics
. indicates that a val ue obtai ned by assigning weights
1soft £1923129u31 1Y £ B Huadqiertéé ¥and adding the

[0 ggglts is returned as a partial response val ue.

P Partial response is a process of

ret ’I“BQ' %10“%&%%32”%%159@90& Riaty N (Eaefélﬂ%%%dt %5 a

process of obtaini

dlEggEQHH@t'Q@tﬁééﬁan&§ %j¥ﬂ¥F3nc%btﬁbB§Qc9y that can be
mul ti plying an i nput of consecutive 4-bit informtion

cabbhsabya idpvrseguenglalized, sdgnand 1 amﬂsa@dlgﬁglt Rerality
results is represented as PR(1, 2, 2, 1) described
‘evab0H61ohO®%ﬂhe is ehnvaddetkpnﬂnnmmmﬁmnﬂylk@bmbeedtlng a
detection is a nethod including defining a distance
bitaldhddta Euctdideam dindt ancehbet wemnunivo sifmad.s, a signal
exam ni ng. a di stance between an actual signal and a
quéﬂgﬁal eprédptied VRdRFanuassbAed bt Useqd@ncd orarfgiample,
tecting a bit sequence that provides the closest
thll§9éﬂ%€m?%%r%%e%%&&ﬁ¢1QQNHQ§@&F&PP§ REfe;, thePtailned.
[Ogyéﬁldean di stance is a distance defined as a
ance obtained by addi ng, over all tine points,

theygauaresofcdi ffaLences, i n aphitude betygen thn..; ey

S|gnals ame time pol.nt ition

ev§§ﬁlé‘€£‘8§ tv%@hep@é’ﬁ des the Lliosest disianes hejweshation
themis searched for using Viterbi detection

crd88CKiahad RBel:eW. is an error between an equalized signal
Value fed to the maximum likeliheod decoding processing -and
an ideal equalized signal value,determiﬁed from a decoded
signal obtained ae a result of the maximum likelihood
decoding processing, and another advantage ie that this can
be implemented with a simple apparatus'Structure.‘
- [0021] | ‘ '

Storing a signal quality evaluatioﬂ value in a
distinct manner according to a decoded data pattern decoded
in the maximum iikelihood decoding processing would ber

suitable for



[0031] In partial-response maxi mum | i kel i hood
detection - 12 - SO7P1134 conbi ning those nethods, a
signal obtained frombit information on a recording
mediumis adjusted using a filter called an equali zer
so that the signal is in a partial response process,
a Euclidean distance between the resulting
reproduction signal and the partial response of an
assunmed bit sequence is exam ned, and a bit sequence
that provides the closest djstance therebetween is
det ect ed. [0032] An al gorithm based on the
Viterbi detection described previously is effect?93P1134
in actually searching for a bit sequence that

thpr evatlest i adjustEeast i deantid stikecef FO088Jing
Viterbi detection is inplenented using a Viterbi

cogai bty Fur medhoreaopHur@I P VM st ates formed of
consecutive bits of redeterm ned length as a unit

Bragfd B?%ﬁ@ﬁ§§opeﬁﬁe§§ﬁWgﬂg%y transitions therebetween,

[Oggg is configured to efficiently detect a desired blt

lence from-anong all possible bit sequences.

[ 0034l é ﬁnﬁw& Yed o Gi TfUiteamt WO £ EGH S L ALE a
prepared for ach state, nanely, a register called a

reE@i‘@lﬁ@;f (;ﬁord%&u%eap whh €hs SE O18s cabbuehbdeant the
di st ance ath netr|c§ bet ween a partial response

préeguentevaaitdoa.signal up to the state, and a register
called a path nenory register, which stores a fl ow of
a biRisequente. (path wsnbrgh) dipotremt hé stBRML decot@r-
and an evaluation value coperation unit of the embodiment.
- [Fig. 31 Fig. 3 is a block diagram of a structure of a
dSAM calculation unit of the embodiment.
{Fig; 4] Fig. 4 is a diagram explaining state -
transitions in Vitefbi decoding.
[Fig. 5] Fig. 5 is a diagram explaining . a decision path
and a counter-path. |
[Fig. 6] Fig. 6 is a diagram explaining a bit shift.
[Fig. 7] Fig. 7 is & diagram explaining a pattern
grouping for the evaluation value operatipn unit of the
embodiment.
Best Mode for Carrying Out the Invention
[0023]
An embodiment of the present invention will be
explained hereinafter.
[0024]

In this embodiment, by way of example, a case in which



SO7P1134 Further, for each branch, an operation unit
called a branch netric unit is prepared, which
conmput es a Eucl i dean di stance between a partia
response sequence and a signal for the correspondi ng
bit. [0035] Fig. 4 shows state transitions (state
transitions) in the case of PR(1, x, x, 1). [0036]
Letting a data bit string be bk E (0, 11, a PR output
dk in this systemhas state transitions as in Fig. 4,
and dk is output at a trangjtion fromeach state to a
next state. [0037] In Fig. 4, STOO0 to ST1%i7p1134
show states, and Cxxxx represents outputs. [0038]

o SR AL R UL PP P el
OSSR L O Lol Prafnc Lot o 406,100

reéﬁéﬁé% %Eggge'§nHHLHtﬁ%{EKLmé¥E%u§PlQ%E@QBog@Q@@Eééhng
obtained. Further, if input bk = 1 in the state of

su&rheassmtt@rSIOQ@coﬁhﬁ@ Bs tFeatSirie@n kopstaiel STHMonse
occurs. An output 00001 is obtained at a transition

chdramnetrietdtabé BEQDD to0 #,he istigt e=3E00&d and a Run

Length Limited code such as an RLL(l, 7) code is used with a

minimum run length limited to 1 will be explained.

[0025]

Incidentally, x in PR(1l, x, %, 1} is selected so as to
conform to optical characteristics, etc., such as "2" or "37.
In the following section, for example, the case of PR({1, Z,
2, 1) will be considered.

[0026]

First, the PRLM decoding scheme will be briefly
discussed.
[0027]

The PRML decoding scheme is a scheme of detecting a
partial response segquence that minimizes a Euclidean
distance of a reproduction signal, and is a technology
implemented by combining a process called partial response
and a process called maximum likelihood detection.

[0Gz8]

Incidentally, a partial response éequence is cobtained

by performing a weighted addition defined by a target

response on a bit sequence. In an optical disk system, PR({1,



- 14 - SO7P1134 [0040] Further, starting
consideration fromthe state STO01, the input bk can
definitely be bk = 1 due to the run | ength
limtation. If input bk = 1, a transition to the
state STO11l occurs. An output 00011 is obtained at a
transition fromthe state STOO1l to the state STO11.

[ 0041] Those state transitions and out put
‘values are as follows. [0042]
- 11 -

507P1134

2, 2, 1) is often used and indicates that a value obtained
by assigning weights of 1, 2, 2, 1 to a bit sequence and
acdding the results is returned as a partial response value.
[0029]

Partial response is a process of returning an output
longer than 1 bit in response to a 1-bit input, wherein a
process of obtaining a reproduction signal as a2 signal
cbtained by multiplying an input of consecutive 4-pbit
information bits by, in sequence, 1, 2, 2, and 1 and adding
the results is represented as PR{1l, 2, 2, 1) described above.
[0030)

In additicn, maximum likelihood detection is a method
including defining a distance called a FEuclidean distance
between two signals, examining a distance between an actual
signal and a signal predicted from an assumed bit seguence,
and detecting a bit sequence that provides thes cleosest
distance therebetween. Incidentally, here, the Euclidean
distance is a distance defined as a distance obtained by
adding, over all time points, the squares of differences in
amplitude between two signals at the same time point. In
addition, the bit seguence that provides the closest
distance between them is searched for using Viterbi
detection described below.

[0031]

In partial-response maximum likelihood detection



01111: ST111 -* ST111 01110: ST111 -* ST110,
00111:

S07P1134

combining those methods, a signal obtained from bit
information on a recording medium is adjusted using a filter
called an egqualizer so that the signal is in a partial
response process, a Euclidean distance between the resulting
reproduction signal and the partial response of an assumed
bit seguence is examined, and a bit sequence that provides
the closest distance therebetween is detected.

[0032]

An algorithm based on the Viterbi detection described
previously is effective in actually searching for a bit
seguence that provides a minimum Euclidean distance.

[0033]

Viterbi detection is implemented using a Viterbil
detector formed of a plurality cf states formed of
consecutive bits of & predetermined length as a unit and
branches represented by transitions therebetween, and 1is
configured to efficiently detect a desired bit sequence from
among all possible bit sequences.

[C034]

In an actual circuit, two registers are prepared for
each state, namely, a register called a path metric register,
which stores a. Buclidean distance (path metric) between a
partial response sequence and a signal up to the state, and
a register called a path memory register, which stores a

flow of a bit sequence (path memory) up to the state.
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Ffurther, for each branch, an operation unit called a branch
metric unit is prepared, which computes a Euclidean distance
between a partial response sequence and a signal for the
ébrresponding bit.

[0035]

Fig. 4 shows state transitions (state transitions) in
the case of PR(1, x, =%, 1}.

[0036]

Letting a data bit string be bk € {0, 1}, & PR cutput
dk in this system has state transitions as in Fig. 4, and dk
is output at a transition from each state to a next state.
[0027]

In Fig. 4, STO0C fo 3T111 show states, and Cxxxx
represents ocutputs.

[0038]

The outputs Cxxxx represent outputs obtained at the
state transitions.
[0039]

Starting consideration from, for example, the state of
the state ST000, if input bk = 0, then the state of. the
state STOC00 is maintained, and an output CO000 is obtained.
Further, if input bk = 1 in the state of the state 3T000,
then a transition to state STO01 occurs. An output CO001 is
obtained at a transition from the state 3ST000 tc the state

STOO0L.
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[0040]

Further, starting consideration from the state STO0L,
the input bk can definitely be bk = 1 due tTo the run length
limitation. If input bk = 1, a transition to the state
STO11l cccurs. 2&n output CO011 is obktained at a transition
from the state 3TC01 toc the state STOLL.

(0041 )

Those state tTransitions and output values are as

follows.

[0042]

Cl111: ST111 — ST111

C1110: 8T111 — ST110, CClli: STO01l1 — STlll
C0110: 3T011 — ST11i0

C1l1i00: ST110 — ST100, COCll: STOO01L — STOL1
C1001: ST100 — STOO1

Cc1l000: ST100 — STOO0, CO00l: STOOO0 — STOOL

CO000: STO000 — STOOU

Viterbi detection allows asscciation of various bit
sequences so as to be brought intoc one-to-one relationship
by one of paths passing through the states described above.
In additicen, a Euclidean distance between a partial response
sequence as passing through those paths and an actual signal
is cobtained by sequentially adding the previously-described
branch metric¢s in the inter-state transitions forming the

paths described abowve, that is, branches.
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[0043]

Furthermore, the selection of paths that minimize the
Euclidean distance described above can be implemented by
seguentially selecting paths having a smaller path metric
while comparing the magnitudes of path metrics of two
branches or less that reach in esach state. Information on
this selection is transferred to the path memory register 5C
that informaticon representing a path that reaches each state
by a bit sequence is stored. The value of the path memory
register finally converges, while being sequentially updated,
to 2 bit seguence that minimizes the Euclidean distance, a
result of which is ocutput. By doing so, a bit sequence that
generates a partial response seguence whose Euclidean
- distance is the closest to the reproduction signal can be
efficiently found.

[0044]

As is already known, such bit detection using PRML
employs a SAM Jjitter as an index of the bit detection
performance.

[0045]

In bit detection based on PRML, if a Euclidean distance
between a partial response seguence obtained from a correct
bit sequence and a reproduction signal, that 1s; a path
metric for a correct bit seguence, 1s smaller than a

Euclidean distance betwesn a partial response sequence



Viterbi detection allows association of various bit
sequences so as to be brought into one-to-one

rel ati onship by one of paths passing through the
states descri bed above. In addition, a Euclidean

di stance between a partial response sequence as
passi ng through those paths and an actual signal is
obt ai ned by sequentially adding the

previ ousl y-descri bed branch netrics in the
inter-state transitions forgnhg the paths descri bed
above, that is, branches. - 15 - SO/P1134 [0043ko7p1134
Furthernore, the selection of paths that mnim ze
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metrics’ o ranches or less that reach in
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transferred to the path nenory register so that

erndif @caaEon representing a path that reaches each
state by a bit sequence is stored. The val ue of the
[OQg&tlh menory register finally converges, while being
sequentially updated, to a bit seguence t hat
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bi t P gngqu@ma SAMﬂigggg as
ux%ﬁ%%ndexdg$%gﬁéh%?tH%%?%%tF%% perfornange [0045]r

wordk biit dehesti 88t basedy omARMhe ifradabuchicgean
di stance between a partial response sequence obtai ned
ocdurBraeCOoLrr eat ebirbrseguehgesantba o epraddect boAference
signal, that is, a path netric for a correct bit
'S@quence is small er than a Euclidean distance

EOobet}v\/een a partial response sequence - 16 -

~In addition, the most significant seguence among
erroneous bit seguences, which occupies the majority of
errors, is.a bit sequence that gives another partial
response sequence that provides the closest Euclidean
distancé with respect to a partial response sequence
obtained from a correct seqguence. This seguence is obtzined
when, for example, in PRML having & target response of PR{1,
2, 2, 1), only a 1-bit errcr is cecntained.
[oo4g}

In bit detection based on PRML, therefore, it can be

considered that the performance of bit detection based on

PRML depends on a magnitude of a difference between a



SO7P1134 obtained froman erroneous bit sequence and
the reproduction signal, that is, a path netric for
an erroneous bit sequence, correct bit detection is
executed, and if conversely, an error occurs. [0046]
Accordingly, the performance of PRML bit detection is
deci ded based on the magni tude of how far a

di fference between the former path nmetric and the
|atter path netric, that is, a difference netric, is
away fromO. In other words; it can be estimated that
the probability of occurrence of an error is highefpi134
for a smaller difference nmetric. [0047]

In
ddition, the nmost significant, _sequence anpn ‘
B PoABo 0L B SRTEES @ (B et “0c CABP 8851 NPT ty
obt%&n%ﬁrEESm éscgkﬁgétﬁﬁﬂygﬂﬁﬁmﬁQ%taghvgsréggg tion
partial fesponse sequence that provides the closest
sigEda! hdgap gistance, Wi J-espeeh kBnasPRiti 8l1 respoRse
sequence obtained froma correct sequence. This
sec®egdenee & Shobtadédeshaheibndamnieasple, ai PRMerror and
having a target response of PR(1, 2, 2, 1), only a
thelrbptroéncoton sstaomd i ned:t [10048] SAM valbe bitdifference
detecti on based on PRM., therefore, it can be
metgansi-dered that the performance of bit detection
based on PRM.L depends on a magnitude of a difference
[00ét'ween a - 17 - SO7P1134 Euclidean distance between

a partial, response. .seguence obtained froma correct
bi ERE tfieHie T B PRDrGHI CECoh 8 Grat” BintE 40 The
i ' nc : rtial-r n
o= S SRR e OB B e SOpenE i

rec®ddi@hcaRdai i 1 E€PEOLLELd O S aN3led)t B3t nkSind SAM
value (= difference netric). [0049] ‘ And in the

dedeGabdsBBEAEPr Giles NG, appasattisafart he presentnce
enbodi nent, a reproduction signal read fromthe

betweeor dvngdnEde vemis metodsr (Mt zéd) 0BEngbthe

_ PRML decodi ng schene, wherein, in particular, a

desg¢irfipbefefdY value (difference metric) itself, 1z used as

an index for evaluating a reproduction signal gquality

thereof.

[0050]

Fig. 1 shows a structure of a main part of the
recording/reproducing apparatus of the embodiment.
[0051]

An optical disk 1 serving as a recording medium having
information recorded thereon is rotated by a spindle motor 2
during recording/reproduction.

[0052]

An optical head 3 {(optical pickup) radiates laser beams

output from laser diodes onto the optical disk 1 from an



between two difference netrics, rather than the
above-descri bed SAM val ue (difference netric) itself,
is used as an index for evaluating a reproduction

signal quality thereof. [0050] Fig. 1 shows a
structure of a main part of the recordi ng/reproducing
appar atus of the enbodi nent. [0051]° An optica

disk 1 serving as a recordi ng nmedi um havi ng

i nformati on recorded thereon is rotated by a spindle
notor 2 during recordingf reproduction. [0052]

An optical head 3 (optical pickup) radiates | aseg0721134
beans output from | aser diodes onto the optical disk

obj]ec]c &Q@ q0ns- ]éélop aS(??féd]e?tAez‘?rEUn%ﬁt bﬁ@l!:gf'ss .e@ﬂ art

predeterm ne ical system It further directs

fur@fdrectiedck b ght s fdonad he ppt Gk dhekodri®aB disk 1 to a
phot odet ect or through the predeterm ned optica

phegysisemctorobhabmgantted eotadecgimjnal optiesponditgn tto
the amount of reflected light. It further perforns

obtgger ati eheprotessigng orrdingapoaddnat tsi ghal Fndatectled
at the plurality of photodetectors to generate a
refrl@siteduétpah- sﬁéh£u¥§ReFrE§F666@§|%Pﬁ?@i%ﬁbﬁgpfeéﬁlng

t.he recorded infor on and. var ervo. erro

on é%@mﬁ&?‘ct%ﬁ% é?‘oec‘ifseidn& Ié_‘?‘ Bé%gity °
pho@taet%crtecord' ”genearit%oiq_l o%iu%%on%l Safedto the

cal” head"3 froma recor I'ng signal generation

ééﬂ:c}du%tlggeR?egP&géf)g St 0l Redrsiea %Qs_a_llna{pc;n and

ving the |l aser diodes in the optical head 3, and
vadiitd asekcdeodes algndrd verr t:o-LRithgl, | gbbuking, etc.

accordance with the recording signal DL. [0054]
[0053]

During recording, a recording signal DL is fed to the
optical head 3 from a recording signal generation unit 9.
The recording signal DL 1s a signal for driving the laser
diodes in the optical head 3, and the laser-diodes are
driﬁen to emit light in accordance with the recording signal
DL.

[0054]

Puring recording, reccrding data to be recorded on the
optical disk 1 is subjected to encoding processing such as,
for example, RLL(1, 7) modulation by a recording data
encoder §, and a resulting encoded signal DR is fed to the
reccrding signal generation unit 9. The recording signal
generation unit 9 generates the recording signal DL serving

as a laser driving signal in accordance with the encoeded

signal DR.



During recording, recording data to be recorded on
the optical disk 1 is subjected to encodi ng
processi ng such as, for exanple, RLL(1, 7) nodul ation
by a recording data encoder 8, and a resulting
encoded signal DRis fed to the recording signa
generation unit 9. The recording signal generation
unit 9 generates the recording signal DL serving as a
| aser driving signal in accordance with the encoded
signal DR -19 - SO/P11-34 ¢ 0055] I ncidentally,
so-called wite strategy settings such as pul se 507p1134
| evel, pulse width, and pul se edge timng as |aser
[qugiving signals are specified as recordi ng conditions
r3n1a controller 10. That is, the recording signa

gengrabLon, Uni I Q-has a4l WpetkonttetSLIddRAndR such as
intensity at which | aser beans are emtted, and a
pulfdenateiven, f pnlset &idigh amrid ldimistatdder timedd iad ngseand
can adjust the recording signal DL as a laser driving
drisiigmalsigoadd) st speoridiary acondiadroisaf opndhel @pt ifcwn a
di sk 1. [0056] During reproduction, the _
contgldguctPon Biagnals sAheea@cpycine dpiidialdmeadt3ons
fed to a reproduction cl ock generation/sanpling 4

unithd Pésr SdGERFERCR| BRIk arer™ i0h/ SafPPLhY 2t which
t  oduct | | ock h i 1
L B R atet ERn P ane A g e cr e
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SA'to ou a’ sanpled signal (digital reproduction
si®lanadr) RS, Theckeprpgued i DNykd DGl Q3LstUsedof@ing

processing in a PRVL decoder device 5, a reproduction
cortlatta decader 6 apdiesm evadati on val ue operation

unit 7. [0057] The sanpled signal DS is fed to
[0@%r PRML decoder 5, and partial response equalization

processing or Viterbi decoding processing is .

peppgﬁﬁgd;eprog@cti@xypigg¢mpggg@¥mion signal sA read by

the optical head 3 is fed to a reproduction clock
generation/sampling 4. The reproduction clock
generation/sampling 4 generates a réproduction clock CK
synchronous with the reproduction signal sR using a PLL
circuit, and further performs sampling of the reproduction
signal sA to output a sampled signal (digital reproduction
signal) DS. The reproduction clock CK is used for
processing in a PRML decoder device 5, a reproduction data
decoder 6, and an evaluation wvalue cperation unit 7.
[0057]

The sampled signal DS is fed to the PRML decoder 5, and

partial response equalization processing or Viterbl decoding

processing is performed.



Decoded data (binary data string) obtained by the
decodi ng processing in the PRVL decoder 5 is fed to
the reproduction data decoder 6, and is subjected to
processi ng such as denodul ati on processing
corresponding to RLL(1, 7) nodul ation or the |iKke,
error correction processing, and deinterleaving to
t hereby obtai n denodul at ed reproducti on data. [0059]
The eval uation val ue operation unit 7, the details of
which will be described bebgw. receives an input
equal i zation error obtained in the processing progess qzgy
in the PRML decoder 5, and cal cul ates an eval uation
value as a difference between two difference netrics
ng an equalization error value. This eval uation

I t ff b
NP EE PSRN SRR R DA U SN6E) PRLEESRE B £t ow
dedS3 Aty %%'cgggaggryﬁ' Hﬁe"]gwdec{c%%@o]f; is feghe‘o the

controller 10 sérves as a contr unit of
refpL£OIHiRGY HaREOdUELRgr PP USs tRperkeel thngdhytdsal ng
units. Featured operations in this exanple include
sueva datdmeauotti be pepeoduttd arbrsigandqual tbyrRUSING 7)
t he eval uation val ue (dSAM obtai ned by the
modwld iati om vhkuélibper atron wenitedticangrperkoinancendf
recording condition setting processing (wite ‘
cdeRteRtiegy 186t tPngher AL dcebkaiah W H 2d ele SEPECBRCE el

[0

dai 21 - SOrP1134 eval uation. [0061] Fig. 2 shows
% structure of the PRML decoder 5 and the eval uation
ue operation unit 7. [0062] The PRM. decoder

o |% provided with an equalizer for partial response

eq%@]'é@5ﬁ99t9590@§§ﬁ@ cFégbgﬂHﬁsu%§%nple*héhget%lls of

equa lzer IS |n”p enent e | east squar e

wng%an,%l&\ggéa}er assversal bihber fherpidwafternapan LMS- TVF)

equalization error obtained in the processing process in the
PRML decoder 5, and calculates an evzluation value as =z
difference between_two difference metrics using an
equalization error value. This evaluation value ¢orresponds
tc & difference between ftwo difference metrics {SAM), and
will be described below as an evaluation value "dSAM".
[0060]

The controllier 10 serves as a control unit of the
recording/reproducing apparatus to control individual units.
Featured operations in this example include evaluation of
the reproduction signal guality using the evaluaticn value
(dSAM) obtained by the evaluation value coperation unit 7,
and performance of recocrding condition setting processing

(write strategy setting) in accordance with a result of the



An equalized signal yk that is equalized in the
LMS-TVF 21 is fed to a Viterbi decoder 22 and a del ay
circuit 23. [0064] The Viterbi decoder 22
perfornms the maxi mum | i kel i hood decodi ng processing
descri bed above to obtain decoded data DT. That is,
the Viterbi decoder 22 perforns netric conputation
usi ng the values existing in the outputs 00000 to
01111 descri bed above as reference val ues, and
performs nmaxi mum | i kel i hoogh decodi ng. [0065] In this
exanpl e, since an adaptive equalizer (LM5-TVF 21k0h$1134
used, a structure including the delay circuit 23,
é; ected val ue calculation unit 24, and an error

&V MEtic unit 25 is provided. [0066] - 22 -

[(§5¥P1134 The LM5-TVF 21 is configured to update

ilter coefficient froma difference between an

output expected, val e ohtairednir pava decodi NG resulthe

of the subsequent Viterbi decoder 22 and an equali zed
evdiestlibn apdutochuribesn agiial ize a signal to be input

thereto. [0067] To this end, the expected val ue
[O@&]icul ation unit 24 cal culates an original, expected
equal i zed signal val ue

The PRML decoder 5 is provided with an equalizer for
partial response egualization processing. In this example,
the equalizer is implemented by a least-sguare (LMS)
adaptive transversal filter (hereinafter, an LMS-TVE) 21.
[0063]

An egualized signal vk that is egualized in the LMS-TVFE
21 is fed to & Viterbi decoder 22 and a delayv circuit 23.
[0064]

The Viterbl deccder 22 perfeorms the maximum likelihood
decoding processing described above to cobtain decoded data
DT. That is, the Viterbi deccder 22 performs metric
computaticn using the values existing in the cutputs C00CO
to C1111 described above as reference values, and pertorms
maximuam iikelihood decoding.

[0063]

In this example, since an adaptive equalizer (LMS—TVF
21y is used, a structure including the delay circuit 23, an
expected value calculation unit 24, and an error arithmetic

unit 25 is provided.

[0056]



based on the decoded data obtained by the Viterb
decoder 22. That is, an ideal value dk as the
equal i zed signal value output fromthe LM5-TVF 21 is
calculated fromthe decoding result. Incidentally,
this ideal value may al so be determ ned by
convolution with a PR coefficient, or may be

determ ned by cal cul ati ng an out put signal froma
state transition. The latter is nore suitable for
supporting an arbitrary chapnge in the equalization
target value of the LM5-TVF 21, as descri bed S07P1134
herei nafter. [0068] The delay circuit 23 is

rovid [ rger. to _ahsorb an_extr roc time
i %ﬁﬁeE%%L£¥%'gﬁé%oé§¥l T tﬁéuggﬁg%t%dé Q&- !
cod %ﬂe%&'?gpﬂnétdgﬁf %ﬁg '6%tﬁ%éﬂ'§nn u@bu@hé£$béﬁga
equali zed si gnal he correspondi ng 1 deal val ue

vadle %&%al%@dtQrgﬁeae&ééﬁdfﬁdtfggﬂlﬂ3dﬂ“thezéub§equent
adj usted. [0069] The error arithnetic unit 25

VitaHptir aeksdehespdenll yal ¢giati 235 -r<SQIR1134ddko f fiamher
the equalized signal yk, and outputs the result as an
equeuigde zabiignaér torbekinp@7gdjeretc. The LMS-TVF 21 is
configured to update a filter coefficient on the
[0Wa&si s of the equalization error ek. [0071]

| dentally, th | t | f th
 LNBNERSE Gbher it VB i FEHLFoHO? aTerorde
| 00000.to 01111 b
Calsa%% 22080 Shbueuer, ThRCS T et o, RERRh ot

QHYQ%H@%%QBEe%r%%Eaf58@5&H@86b¥akH@SVf%ékﬁﬁﬂdeéBHer 22.
IS en a structure capable of Separately setting

Theﬁf‘ eguali zakikonvhangelk vat uendf e fihe lMe- FVEn2l ¥siue
provided. In this case, identification reference

oumaliuexdrhathecansbevehanges azecO0HHG BHO0AhEbokhoding
whi ch are assunmed to have the sane value), and 00110.
re§1007.2] IncideniNet byt hatiOEk lant 0kl 1@ ycause khe
val ue of 00001 to be changed to a symmetric val ue as
de 14 EHeE mmwryeéuéﬁenomeih 2 SPFi Feft VCI@P@@lOEaﬂ%ésbe
00110 to be changed.to have a %nnetrlc val ue

e A BE o B1 100 “ait00001 17 pob73Sie trom | State

transition. The latter is more suitable for supporting an
arbitrary change in the equalization target value of the
ILMS-TVF 21, as described hereinafter.

[0068]

The delay circuit 23 1is provided in order to absorb an
extra processing time in the Viterbi decoder 22 and the
expected value calculation unit 24. That is, a timing at
which the egualized signal yk and the corresponding ideal
value dk are fed to the error arithmetic unit 25 is adjusted.
[0069]

The error arithmetic unit 25 subtracts the ideal wvalue



The eval uation val ue operation unit 7 is configured
to have a dSAM cal cul ation unit 31, a |eading pattern
mat ching unit 32, a trailing pattern matching unit

33, and a dSAM storage unit 34. - 24 - SO/P1134

[ 0074] The dSAM cal cul ation unit 31 cal cul ates
an evaluation value dSAM from the val ue of the
‘equal i zation error ek descri bed above. The dSAM
calculation unit 31 is configured to have, as in Fig.
3, one-clock-timng delay zireuits 4la to 41d,
coefficient nultipliers 42a to 42e, and an adder sd3p1134
[ 0075] The coefficient multipliers 42a to 42e

eff|C| r.e
di ffﬁo%gﬁoii‘éa dlm%‘gof%dr Ségéc‘%.v@?& 10076]°
der 43, the output values of the
an %%g ??gkgg?nﬁ%r%#ﬁf%grs 42a to 42e yields an
rocgval uation value dSAM [0077] As descri bed
above, the evaluation value dSAMis a difference
betweenvswovei Fif ersermece fiigtirieds toThatatis,a ifiliger s
assuned that a difference between a Eucli dean
cosdifstdrog bet Weerbami el ilreESiagiak tafd. 8 Fexitium
| i kel i hood path and a Euclidean distance between the
fOQQ&dallzed signal and a counter-path con3|dered to be
in_a bit-advanced shift dir ctlon ' ee‘v

d FPEFQ%E""MW ear?aq%%étza TG FF Shee Balwsen 4 1"
i gg eraghﬁt%g%fog S A2 SaU %e@e%g@@v@me@

mI| cl i dean di st ance

co%towec%n ctlﬁmqyel tK@dv}%&f@i ANeh A rgount erspat eases,
consi der ed be in -

however, the error rate may be better when values different
from. those values are set. To this end, a structure capable
of separately setting an egualization target value of the
IMS-TVF 21 is provided. In this case, identification
reference values that can be changed are CO0C01, C1000 {both
of which are assumed to have the same value), and CO0110.
[0072]

"Note that C0ill and C1110 cause the value of CO00Ll to
be changed toc a symmetric value as viewed from C1100 and
CO011l. Similarly, Cl001 causes C0110 to be changed to have
a symmetric value as viewed from C1100 and COOLL.

[0073]

The evaluation value operation unit 7 is configured to
have a dSAM calculation unit 31, a leading pattern matching
unit 32, a trailing pattern matching unit 33, and a dSAM

storage unit 34.



S07 21134 a bit-delayed shift direction is a second
difference netric, a difference between the first and
second difference netrics is equal to the eval uation
val ue dSAM which corresponds to the val ue obtai ned
by the dSAM cal cul ation unit 31 of the structure of
Fig. 3. The reason of this will be explained in
detai|l below. [0078] Incidentally, as described
above, if 00001, 01000, and 00110 are changed as
equal i zation target val uepof- the LMSTVF 21, the
coefficients of the coefficient nultipliers 42a anoe1134
42e as well as the coefficient multiplier 42c are

003'?0 changed accordi ngly. [0079] The eval uation
af ue dSAM cal cul at ed by the dSAM cal cul ation unit 31

ISTﬁ% #ﬂtégiddﬁgyﬂ&i pattesn pR{Lh Ngnid 331aBdion
railing pattern matching unit 33. [0080] The

vaihgadsRg Pabt efie npd G N Whict <32al dentidh esreopald ern
of a | eading edge (space-to-mark transition pattern)

desef-ibbe desoded Tthat alSAN thécViteidi wdeicodsr i22 coafidgured
stores the evaluation value dSAMin the dSAM storage

to baive, 34si hn af oy st3 nctngraHmark-adeondi Aglep ehekiits 4la
pattern. %0081 The trailing pattern natchlcg

A et b BB at 1% ‘OF &°t FAPTi gt etiggddeT 43

O&%%%rk t o-space transition

The coefficient multipliers 42a to 42e have coefficient
values which are set to C1000, €1100, C0110, C0011, and
C0001, respectively.

[0076]

and adding, at the adder 43, the output values of the
coefficient multipliers 42a to 4Z2e yields an evaluation
value dSAM.

[0077]

As described above, the evaluation value dSAM is a
difference between two difference metrics. That is, if it
is assumed that a difference between a Euclidean distance
between an equalized signal and a maximum likelihood path
and a EBuclidean distance between the equalized signal and a
counter-path considered to be in a bit-advanced shift
direction is a first difference metric and that a difference
between a Fuclidean distance between an equalized signal and
a maximum likelihood path and & Fuclidean distance between

the equalized signal and a counter-path considered to be in



- 26 - SOrP1134 pattern) of the decoded data in the -
Viterbi decoder 22, and stores the eval uation val ue
dSAM in the dSAM storage unit 34 in a distinct manner
according to each pattern. [0082] This all ows
the dSAM storage unit 34 to classify evaluation
val ues dSAM by pattern and store them [0083] Fig. 7
shows an exanple of pattern matchi ng. [0084]
Part (a) of Fig. 7 shows an exanple of grouping of
patterns of | eadi ng edges.>®2s denotes a space of 2T,
3s denotes a space of 3T, 4s denotes a space of 4dyp113s4
and over5s denotes a space of 5T or nore. Tis a
channel cl.ock. period. [.0085] : Furth 2m .

> HingeeY e e ke b S e S oM b H T oo ic

T over5 t f
a %%%%‘i@ﬁe?sﬁg@t&%e%%éwm%ﬁt RIOTLA8AAt 5¢ A MBI Qe ics

nor e for exanple, XsYm neans a
is leadingredge patigsf f & 1tdarsinkd, oRhicRM - SRR RS o

to a mark of YT. For exanple, 2s3mis a pattern of
thea viaeadi bgtedged Wb hetee idsansidallenltroon auspaca eff 2Zhe
to a mark of 3T. Further, 5sbmis a pattern of a
stdugddirrgoédgegwi 8h Ther arssthonif flons avsipade ekp5Fioed
nore to a mark of 5T or nore. [0086] As in part (a)
in gletRig. b71o®s3m 2s4m 2s5m 3s2m
[0078]

Incidentally, as described above, 1f C0001, C1000, and
C0110 gre changed as equalization target values of the LMS-
TVE 21, the coefficients of the coefficient multipliers 42a
and 42e¢ as well as the coefficient multiplier 4Zc are also
changed accordingly.

[C079]

The evaluation value dSAM calculated by the dSAM
calculation unit 31 is fed to the leading pattern matching
unit 32 and the trailing pattern matching unit 33.

[0080]

The leading pattern matching unit 32 identifies a
pattern of a leading'edge {space-to-mark transition pattern)
of therdecoded data in the Viterbi decoder 22, and stores
the evaluation value dSAM in the dSAM storage unit 34 in a
distinct manner according to each pattern.

[0081]

The trailing pattern matching unit 33 identifies a

pattern of a trailing edge (mark-to-space transition



3s3m 5sbm are separately identified as patterns of
SO7P1134 | eadi ng edges. [0087] The | eading pattern
mat chi ng unit 32 causes an eval uati on val ue dSAM

cal cul ated at the occurrence of, for exanple, the
pattern of 2s3m as a decoded data pattern in the
Viterbi decoder 22 to be stored in the dSAM storage
unit 34 as an eval uation val ue dSAM2s3m [0088]
‘Further, an evaluation value dSAM cal cul ated at the
occurrence of the pattern #f 2s4mis stored in the
dSAM storage unit 34 as an eval uation val ue dSAM2g4mn 134
[ 0089] That is, when the | eadi ng-edge patterns

f t f Fiqg. .7 have d ded t
S IR W R R e s AR
. i .. | ! .
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in BSSEBG POt 1LANESANEES MR LAl | b1V 3l cABasUr ement
such as the pattern of 2s2Zm is not stored. [0090]

[odrt (b) of Fig. 7 shows an exanple of grouping of
patterns of trailing edges. For exanple, Xn¥s neans a
pattresn adfloast riae | d3AM edge awiet lura tt Bdnspt comsfrom a
mark of XT to a space of YT. For exanple, 2n8s is a

evaatatargn ofalaesr PPV NGY eeRyec i e ttaisi th6R- from a
mark of 2T to a space of 3T. Further, 5nbs is a

[O¢ttern of a trailing edge with a - 28 -

Fig. 7 shows an example of pattern matching.
[0084]

Part (a} of Fig. 7 shows an example of grouping of
patterns of leading edges. 2s denotes a space of 2T, 3s
denctes a space of 3T, 4s denotes a space of 4T, and overbis
denotes a space of 5T or more. T is a channel clock period.
[0085]

Further, 2m denctes a mark of 2T, 3m denotes a mark of
3T, 4m- denotes a mark of 47, and overbm denctes a mark of 5T
or more (5T to 8T). A4nd, for example, Xs¥Ym means a leading-
edge pattern of a transition from a space of XT te a mark of
YT. For example, 2s3m is a pattern of a leading edge with a
transition from a spacerof 2T to a mark of 3T. Further,
585m is a pattern of a leading edge with a transition from a
space ¢ 5T or more teo a mark of 5T or more.

[008e6]
As in part {(a) of Fig. 7, 2s3m, 2s4m, Zsbm, 3sZm,

333m, ... E5s5m are separately identified as patterns of



SO7P1134 transition froma mark of 5T or nore to a

space of 5T or nore. [0091] As in part (b) of

Fig. 7, 2nBs, 2nmds, 2nbs, 3nRs, 3nBs, 5nbs are

separately identified as patterns of trailing edges.

[ 0092] The trailing pattern matching unit 33

causes an eval uation val ue dSAM cal cul ated at the

occurrence of, for exanple, the pattern of 2nB8s as a

-decoded data patterrr in the Viterbi decoder 22 to be

stored in the dSAM storage;tnit 34 as an eval uation

val ue dSAM2nBs. [0093] Further, an evaluatic@Rpi134

val ue dSAM cal cul ated at the occurrence of the

pattern of 2mis is stored in the dSAM storage unit 34
Leafd ngn ¢8¢5Fuat i on val ue dSAMRMAs. [ 0094] That
Oqg%, when the trailing-edge patterns of part (b) of

d 7 have occurred as decoded data, evaluation

;/g&ﬂ Szge?@M qnale&hqan $ihis RCh o MBORSL a&@f@ordl ng

an eval uati on val ue dSA

evORiAiiRed vhAuk h&sms@apéu@awd tef nHehatcug rassy nr@ﬂ, gieive
to require eval uation val ue neasurenent, such as the

expatiteer nhef p2aRsrni Sf NbE3tor ed.dQORY] dEhe grotprmgin
of patterns as in Fig. 7 is an exanple. If - 29 -
the Viterbi decoder 22 to be stored in the dSAM storage unit
34 as an evaluation value dSAMZs3m.
[0088]

Further, an evaluation value dSAM calculated at the
occﬁrrence of the pattern of 2s4m is stored in the dSAM
storage unit 34 as an evaluation value dSAMZsdm.

[0089]

That is, when the léading—edge patterns of part (a) of
Fig. 7 have occurred as decoded data, evaluation values dSAM
are stored in a distinct manner according to them.
Incidentally, an evaluation value dSAM obtained in the case
of a pattern that is assumed not to reguire evaluation value
measurement,‘such as the pattern of 2s2m, is not stored.
[0080]

Part (b) of Fig. 7 shows an example of grouping of
patterns of trailing edges. For example, XmYs means a
pattern of a trailing edge with a transition from a mark of
XT to a space of YT. For example, Zm3s is & pattern of a

trailing edge with a transition from a mark of 2T to a space

of 3T. Further, 5mbds is a pattern of a trailing edge with a



SO7P1134 the dSAM storage unit 34 has a sufficient
capacity, for exanple, instead of collectively
designating 5T to 8T as a set of 5T or nore, 5T to 8T
may be separately grouped into patterns and stored.

[ 0096] ~In addition, even for evaluation val ues
dSAM wi th the sane pattern, when each of themis
obt ai ned, the eval uation val ues dSAM may be
additionally stored, or an added val ue may be stored.
[ 0097] For exanpl e,_ ary eval uati on val ue dSAM may
be stored each tinme the pattern of 2s3m occurs, s@7p1124
that a plurality of evaluation val ues dSAM2s3m can be

saved. ternatively,.in the _case_ of the patt.er
crabddnron i T g Vbl ed indy Be-Bobantl ST 4BIY added
mor30 that an added val ue can be saved as a single

eval uati on val ue dSAM2s3m Note that preferably, when
[003R;added value is stored, the value of the nunber of
additions (that is, the nunber of occurrences of this
pait erm)pdrs afso &t aried. 7[ 0098F, 2mds) rerde 3m2s,
recordi ng/ reproduci ng apparatus of the present
3m3enbodi nEnts dhe evadtmtdlon ivainge Lopdr ati pattawins pL
cal cul ates eval uati on values dSAMin the manner
tradesogi pedeabove, and groups theminto, for exanple,
patterns before storing them as eval uati on val ues
[00§3AMRS3m dSAMBNBS. - 30 - SO7P1134 [ 0099] The

SOPAE QAL it ATLDOLLILTLAG hOE XML Wil {2

as ‘recordrng conditions, or the

evéﬂuﬁ%i Be££9&gsd§§ﬁ0591 gﬁéd”ﬁ@ Q%%|$CEB§QQ£@Q 5f¥3for

recording conditions and checks eval uati on val ues

ex42AM obhai ped- bynr gpr gfucifg o hemdaed danki byt 0Pt mim
recordi ng conditions. The adjustnment of optinmum

thd eGeedbngdeenditi opsteate her@ehi evedhe] A580] storage unit

34 as an evaluation value dSAMZm3s.

[C093]

Further, an evaluation valus dSAM czlculated at the
occurrence of the pattern of 2més is stored in the dSAM
storage unit 34 as an evaluation value dJdSAMZmds.

[0054]

That is, when the trailing-edge patterns of part (b) of
Fig. 7 have occurred as decoded data, evaluation values dSAM
are stored in a distinct manner according to them.
incidentally, an evaluation value dSAM obtained in the case
of a pattern that is assumed not to reguire evaluation value
measurement, such as the pattern of 2mZs, is not stored.

[0095]

The grouping of patterns as in Fig. 7 is an example. If



The foll ow ng explanation wll be given wth respect
to the eval uation value dSAM used for such adj ustnent
of recording conditions (wite strategy adjustnent)
or the like. [0101] As described earlier,
particularly, in an optical disk
recor di ng/ reproduci ng apparatus including a PRVL
reproduci ng system a SAM val ue exi sts as an i ndex
for evaluating the signal quality (that is, here, the
quality of a wite signal 44 _accordance with
recording conditions as a wite strategy). The gpyp1134
eval uation value dSAM as referred to in the present
exanpl e, is an evaluation index.servjng as an .
£ L CANASHOSARF VAT o Snd ™% 2 ENdd  8E ar Ttien” o7
indicating LR i C ' [ . I
exagil s o d P B S T tC%hfée‘{)tfig’tﬁ&g):id%tﬁlag?‘/g?%‘?ﬁgwgﬁﬁ £&q°
setdR@ bRdpcating, asshid terafRUnte [SQ%QAtélﬁylg%r@lfe%ﬁ%to
known, a SAMvalue refers to a difference - 31 -
pat%@}B%laﬂdbgtM\@@(ﬂ]_ a Euclidean di stance between a
reproduction signal subjected to equalization
[ogereacessi ng (equalized signal) which is obtai ned by
metric conputation in Viterbi decoding and a deci sion
pafh ¢aakirem ld9vest ifvsogvpatRfiandval Wi ddehmith the
di stance between the equalized g?gnal an

d .

samE PRCEFIPat KCAnge A be-18hriés ERrad By (‘fs}g? HEVar)uiagg o
follows: [Math. 1] .SAIV =E( Ykk)2 -(Yk-dk)2.[0103

Va%ﬁ%ﬁe%\g’é}? §yab'\°7af‘%%lélcﬁféﬁ]i%yec? feflh(eofl\/%?%ﬁ&i%,va]cﬂkue

| s.an.esti,mated out put value of the decision path,
ma}la?ﬂf %‘t%‘%g'an estimated out put value of the
[oceynt er-path. [01041 The counter-path originates
froma location of a branch in a state transition. In
teras efadolecaidlig: Mavele recaedingM meyy e stored

performed for a short period or a |ong period.
cadBecduse tof: phiserasoyi 2swu eorwecodedtiatas bltsaksdemorl

to be shifted.
evaluation values dSAM2s3m can be saved. Alternatively, in
the éase of the pattern of 2s3m, evaluation values may be
accumulatively added so that an added value can be saved as
a single evaluation valus dSAM2s3m. Note that preferably,
when an added value is stored, the value of the number of
additions (that is, the number of occurrences of this
pattern) is alsc stored.
[0028]

In the recording/reproducing apparatus of the present

embodiment, the evaluation value operation unit 7 calculates
evaluation values dSAM in the manner described above, and

groups them into, for example, patterns before storing them

as evaluation values dSAMZs3m, ... dSAMbBmbs.



[0105] For exanple, in Fig. 5 "RF" denotes an
equal i zed signal sequence (that is, a sequence with
the yk value), and "Pa" is a decision path for the
equal i zed signal sequence RF (dk sequence). Further,

in this case, "PbR' is a counter- - 32 - SO7/P1134
pat h opposing the equalized signal sequence RF (d'k
sequence). [0106] As with (Math. 1) above, in

this case, a difference between a Euclidean distance
bet ween the equal i zed sign? sequence RF and the
deci sion path Pa and a Euclidean distance betmeeﬁoggal34
equal i zed signal sequence RF and the counter-pat
. is a SAMval ue. [0107] Opposi ng the deci sion
[O?%ﬁh which is an original state transition the

¢ dBFarRD Lt bl | SV EnCis SR e Ghof Tor e, eite
st£§%éﬁ§“éa%u%@h&ﬁge£§y99c5£ﬁ{ﬁg cgégy%ibns, or the like,
performs recording by variously changing the recording
conditions and checks evaluation wvaluses dS5AM cbtained by
reproducing them to identify opiimum recording conditions.
The adijustment of optimum recording conditions can be
achieved.
[(0100]

The following explanation will be given with respect to
the evaluation value dS8aM used for such adjustment of
recording conditions (write strategy adjustment) or the like.
[0101]

As described earlier, particularly, in an optical disk
recording/reproducing apparatus includiﬁg a PRML reproducing
system, a SAM value exists as an index for evaluating the
signal gquality (that is, here, the guality of a write signal
in acccrdance with recording conditions as a write strategy).
The evaluation value d5AM, as referred to in the present
example, is an evaluation index serving as an extended SAM
value and is defined as an index indicating in which
direction of an advanced or delaved bit shift a reproduction
waveform is shifted and indicating a shift amount.

[0102]

As 1is already known, a SAM value refers to a difference



For exanple, in Fig. 5 the counter-path PbR opposing
the decision path Pa which is an original state
transition is a path in which a bit shift in the

del ayed direction occurs. [0109] That is, as
viewed in the decoded data, the decision path Pa is
bk (4T-space to 4T-mark) of Fig. 6 while the
counter-path PbR is a decoded data sequence in which
a 1- bit-delayed shift has occurred, like bk
(5T-space to 3T-mark) of _F;g.-.6. (Shaded portions are
i mges of marks) Further, in Fig. 5 when "PbL" is®7p1134
considered to be a - 33 - SOrP1134 counter-path, the

ter- h PbL ' t deci_si th Pa is.
L<SoUmt e SR PEL oppos 0 e Sl an B £y 580
. .[0110] - . . T ' [ Lp,t
=Gl Tl d e b o o TR e ebk (AT Spat to
Wh]ﬁ:-elr'l;:o eg%é%finéhgbyﬁmg\‘aﬂé L8 COUt Rl 1pathBbbi | §e@oding

ata sequence in which a 1- bit-advanced

and$hl fde @s caCeHEReUmak iker bf 1 ke {Flospaeent 0abd- aar k)

of Fig. 6. [0111] Accordingly, if a SAM val ue
Eud i dxensideranicenbetwast oting exgyuategdd'sk gsequendey for

a bit-advanced shift as opposing a decision path (dk
cowEmienree): t hat pgnah@or@@ﬁ%%@n%ﬁ%ﬁé’ﬂW@ﬁ@rtﬂgnaPs

denoted by SAM | ead and a SAM val ue in consideration
fopfov®count er-path (d' k sequence) for a bit-del ayed

shi ft. as opposing the decision path (dk sequence) is
Mafdhoted by SAN rag, then SAM | ead and SAMrag are

iven b th, 2 Math, 3 fol l ows: [Math.
'S aed xodpsc s e o o e

[0103]

Here, yk is a value equalized by the LMS-TVF 21, dk is
an estimated ocutput value of the decision path, and d'k is
an estimated output value of the counter-path.

[0104]

The counter-path originates from a location of a branch
in a-state transition. In terms of a recording waveform,
recording may be performed for a short period or & long
period. Because of this, as viewed in decoded data, bits
seem tc be shifted.

[0105]

For example, in Fig. 5, "REF" denotes an egualized
signal sequence (that is, a sequence with the yk value), and
"Pa" is a decision path for the equalized signal seguence RF

{(dk sequence). Further, in this case, "PbR" is & counter-



[Math. 3] SAAf rag=::(yi_--Z( Y k d k)2 [0112] And if
it is to be determned in which direction in the
advanced direction and the del ayed direction a signa
being - 34 - SOVP1134 recorded is being shifted, the
magni tudes of (Math. 2) and (Math. 3) may be
conpared. That is, the value of (SAM | ead) m nus

(SAM rag) may be determined. Then, if no bit shift
has occurred, the value of (SAMIead) m nus (SAMrag)
is 0. If it is not O, it_can be determ ned whet her

the shift is delayed or advanced dependi ng on whether 134

the value is positive or negative. Further, the

magni tude of this value_ al so represents shif1
batgBERCSIAG GAE| RE-PoW TICH SHY SRFETCE ABvachd or
Sedela d. [0113] In the present exanple, it is

: d that an eval uation value dSAMis given by

this calculation, namely, (SAMIlead) mnus (SAMrag).
[0 ] . .

0114] The eval uation val ue dSAM given by (SAN

| ead) 4t AUSMESAN Tadboddlatid ShicMakBe, 23 @i NESrence
(Math. 3), can be represented by (Math. 4) as
betfwddrows Eu-Matbandlistance between the equalized signal
sequence RF and the decision path Pa and a Euclidean
distance between the equalized signal seguence RF and the
counter-path PbR is a SAM value.
[0107]

Opposing the decision path which is an original state
transition the counter-path is a path that causes longer
mark recording (bit-advanced shift) or shorter mark
recording (bit-delayed shift).

[0108]

For example, in Fig. 53, the counter-path PbR opposing
the decision path Pa which is an original state transition
is a path in which a bit shift in the delayed directiocn
occurs.

(0109

That is, as viewed in the decoded data, the decision
path Pa is bk (4T-space to 4T-mark) cof Fig. ¢ while the
counter-path PbR is a decoded data sequence in which a 1-
bit-delayed shift has occurred, like b’k (b5T-space to 3T-
mark) of Fig. 6. (Shaded portions ére images cof marks)

Further, in Fig. 5, when "PbL" is ccnsidered to be a



cl SAME (Yk-d"k)2 -E(Yk-ank)2 [0115] Further, as
explained in the structure of Fig. 2, if the
equalization error ek is considered, then yk - dk =
ek. Thus, (Math. 4) above can be represented by

(Math. 5) as folloms [Math. 5] - 35 - SO7P1134 &kW
= ¢ 2 Eek(d, - ,)+E(dk- dm ,)2Ck - ¢ (44 - k )-104
- (Pk? [0116] Here, the third termin (Math. 5)

is the Euclidean di stance neasure on data with a

1-bit shift in the advancegk direction, and the sixth
terﬁris t he Euclidean di stance nmeasure on data wethri 34
1-bit shift in the delayed direction, both of which

have th | ue. Ther ef
e it Y U R
and_c d
pacg) AT KA RSB ol A 3T %96%'“) F?%‘jgﬁé’eﬁ‘b‘*ﬁ‘re‘f%@h'

dlrgg@lgﬂtggg§rg"k d' k, and dk originally denonstrate a
response relatronshrp to the original bit data

[o18bnings b"k, b'k, and bk. |If an operation which neans
the response is represented by MKk) (where this
operati ba, i s genereal liy: aheorecbded okawt t HtIPRdecision
pol ynoni al's), then dk = M bk),

path Pa is bk (dT space 1o AT-mark) of Fig. 6 while the

counter-path PbL i1s a decoded data sequence in which a 1-

bit-advanced shift has occurred, like b"k (3T-space to 3T-

mark) of Fig. 6.

[0111]

Accordingly, if a SAM value in consideration of a
counter—-path {(d"k segquence) for a bit-advanced shift as
opposing a decision path {dk sequence) that is an original
state transition is dencted by SAM lead and a SEM value in
consideration of a counter-path (d'k sequence) for a bit-
delayed shift as opposing the decision path (dk sequence} 1is
denoted by SAM rag, then SAM lead and SAM rag are given by
{Math. 2) and (Math. 3) as follows:

[Math. 2]

SAJvf_Ieace?=Z(yJk -a". ) —Z(yk -d.)
k [

iMath. 3]
SAM PaC'“Z(yk d')"Z(.yk d)
[0112]
And if it is to be determined in which direction in the

advanced direction and the delayed direction a signal being



and therefore d"k - d" k = Mb"k - b'k). [0118]
| .

Kk
h

Here, if bflk - bk is a bit shift pattern Ek, then
the follow ng holds. [0119] bk = [0, O, O, O, O, 1,

1, 1, 1, x ...I - 36

- 34 -
507p1134

recorded is being shifted, the magnitudes of (Math. 2) and
(Math. 3) may be cocmpared. That is, the value of (SAM lead)
minus (SAM rag) may be determined. Then, if no bit shift
has occurred, the value of (SAM lead) minus (SAM rag) is O.
If it is not 0, it can be determined whether the shift is
delavyed or advanced dépending on whether the wvalue is
positive or negative. Further, the magnitude of this wvalue
alsc represents a shift amount indicating how much the shift
is advanced or delayed.

[0113]

In the present example, it is assumed that an
evaluation value dSAM is given by this calculation, namely,
(S2M lead) minus (SAM_rag).

[0114]

The evaluation wvalue dSAM, given by {SAM lead) minus
(SAM rag), that is, (Math. 2Z) minus (Math. 3}, can be
represented by (Math. 4) as follows:

[Math. 4]
MZZ(J& -d" ) _Z(yk_dlk )

[G115]
Further, as explained in the structure of Fig. 2, if
the equalization error ek is considered, then yk - dk = ek.

Thus, {(Math. 4} above can be represented by (Math. 5} as
follows:

[Math. 5]



SO7P1134 bflk = b'k = {0, {0, 0, 0, 0, O,

- 35 —
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-

dSAM =3 e, 423 e (d, —d", Y+ 3 Ad, —d". V' -2 e, ~23 ed, ~d,) -y (d, 4\, )
[0116]

Here, the third term in {Math. 5) is the Euclidean
distance measure on data with a I-bit shift in the advanced
direction, and the sixth term is the Euclidean distance
measure on data with a 1-bit shift in the delayed direction,
poth of which have the same value. Therefore, the eguation
(Math. 5} can be represented only by the second and fifth
terms, and can further be modified as given by (Math. &).
[Math. 6]

dSAM =-2) e, (d",~d', )
k

01177

Hare, the outputs d"k, d'k, and dk originally
demonsirate a response relationship to the original bit data
strings b"k, b'k, and bk. If an operation which means the
response is represented by M(k) (where this cperation is
generally a convolution with PR polynomials), then

dk = M{bk},
and therefore

d"k - d'k = M(b"k - b'k).
01187

Here, if b"k - b'k is a bit shift pattern Ek, then the
following helds.
[0119]

bk = {0G, 0, O, C, O, 1, 1, 1, 1, = ...}



0O, 0,1, 0, 1, 0, 1, 1, 1, 1, 1, 1, x x

- 23§ -
S07P1134
b"k = {0, 0, 0, O, 1, 1, 1, 1, 1, x }
b'k = {0, 0, 0, 0, 0, 0, 1, 1, 1, x }
Ex = {0, 0, 0, 0, 1, 1, ¢, O, O, % ...}

If bk is "1" at time k, then Ek given by b"k - b'k is "1"
only at time k-1 and time k.
[0120]

From the foregoing, (Math. 6).abo§e is represented by a
sum of products of the output responses of Ek and the
equivalent error ek. However, since Ek is "1" only at time
k-1 and time k, M(Ek]) is dispiayed by simple polynomials.
(01217

I1f, starting from time k-1, time k-1 — time k - time
k+1 — time k+2 is considered, then as in the state
transition diagram gi%en in Fig. 4, the outputs of M{Ek]
are:

c0001 — C0011 — C011C — C1100 -» C1000,
and CO000 is obtained otherwise. CO000C is egual to O
without a response, and (Math. 6) is finally represented by:

[Math. 7]

dSAM =-2(C0001-¢, , +C0011-¢, +CO110-e,,, +C1100-¢,,, +C1000-¢, ;)

=
[01z22]

The above equation is obtained.
[0123]

Incidentally, (Math. 7) represents the case of a space-

to-mark transition and the peolarity of (Math. 7) is reversed



.1 ...1 Elk = {0, 0, O, O, 1, 1, O, O, O, x ...

- 37 -
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in the case of a mark-to-space transition.
(01241

Eventually, the evaluation value dS5AM can be considered
as with (Math. 7).7 That is, for (Math. 7}, it is understood
that the evaluation value dSAM can be determined by
performing an operation of C0001, C00:l, C0110, C1100, and
C1000 with respect to the egualization errors (ek-1, ek,
ek+l, ek+2, ek+3) using the ratic of the identification
reference values as a coefficient, wherein C0000 = (0, that
is, the dSAM calculation unit 31 of the structure shown in
Fig. 3 can determine this evaluation value dSAM.

[0125]

In the present embodiment, therefore, an evaluation
value dSEM as a difference betwesn SEM values (difference
metrics) is calculated. 2And, in particular, the evaluation
value dSAM can be determined with a simple structure using
an egualization errcr ek;

[G126]

The evaluation value dSAM quantitatively represents a
direction of a bit shift and =z shift amount, and is thus
very suitable for the evaluation of the recording quality.
In particular, it is suitable as an index for write strategy
adjustment.

[0127]

Further, as explained in the structure of Fig. Z, the



If bk is "1" at tinme k, then Ek given by b"k - b'k
only at tinme k-1 and tinme k. [01201 Fr.om t he
foregoing, (Math. 6) above is represented by a sum of
products of the output responses of Elk and the

equi val ent error ek. However, since Elk is "1" only
at tinme k-1 and tinme k, MEK) is displayed by sinple
pol ynom al s. [0121] If, starting fromtinme k-1,
time k-1 - time k -* time k+1 - time k+2 is
considered, then as in thesgtate transition diagram
given in Fig. 4, the outputs of MEk) are: 0000lgga*p1134
00011 -* 00110 -* 01100 -4 01000, and 00000 is

obt ai.ned ot her 00000 | 0] t_hout
=varésponter i P e .lﬁla%@l b @

acc_'[pw%iﬁg Z%z éj_l éo%)eOQO %3t%[ é)f }]g}gllwh 511 +1%O]a11%o ekbrul

The above equati on

fof %h%b%@5559t1&9l2§]the sebﬂﬂﬂﬁ @%nE@hb¥dlﬁ@mﬁJhdﬂglons

represents the case of a spaceto-nark transition and
[o1tzee polarity of ‘(Math. 7) is reversed

Furthermore, it is possible to determine the evaluation
value dSAM using a simple structure, which would lead to the
advantage of simple hardware implementation.

[0129]

While an embodiment has been explained, a variety of
modifications of the present invention are conceivable.
0130}

The evaluation value ocoperation unit 7 is configured to
save evaluation values dSAM by classifying them according to
the lengths of marks and spaces before and after edges.
Alternatively, as a further extension of the detection of
the states before and after patterns, the classification
according to the mark lengﬁhs and space lengths of edges two
edges before and after the current edge may be provided.
[0131]

Further, while the foregoing examples have been
described on the assumption of PR(1l, x, %, 1}, the present
invention can be applied to any other partial response
equalization scheme such as, for example, PR(1, 2, 1).
[0132]

That is, the evaluation value dSAM given by (Math. 7)
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transition. [0124] Eventual |y, the eval uation

val ue dSAM can be considered as with (Math. 7). That

is, for (Math. 7), it is understood that the

eval uati on val ue dSAM can be determ ned by perform ng

an operation of 00001, 00011, 00110, 01100, and 01000

with respect to the equalization errors.(ek-1, ek,

ek+1l, ek+2, ek+3) using the ratio of the

identification reference vajues as a coefficient,

wherein 00000 = 0, that is, the dSAM calculatlon865@£134

31 of the structure shown in Fig. 3 can determ ne

this evaluatjon value dSAM [0125
aboﬁ?eéén@e%ﬁﬁﬂﬁﬂ%ﬁﬂﬂCCQWﬁ%qgfEPethSn é@%ﬁ?ﬁﬁ?wﬁP\ﬁ%Hﬁ?' as

SAM as_a dlffere e b t Al f
desﬁE{L PEsTETE ot CHARd. Shnd! Dn Parti i &, ¥har o
.evalyalion value d3aMcanghe debekm n@dkww cﬁatsdll@qehe
“structurée using a equa |zat|on error ek 26]

whﬂéhem yalb&laéﬂl %é&@!l@d&%&'@ﬂqli%%bbbéélfd@ﬁ@f:ﬁﬂfﬁ%ﬁ@ﬁs a
direction of a bit shift and a shift anmpunt, and is

sighBUsSiMesy stbiatd e, frorrdike &Veabuabeoslyﬂfemhe The
recording quality. In particular, it is suitable as
evadnakhdexvibue WiGAN stveat gy @Bjtbst Arentbof912y|therefore
Further, as explained in the structure of Fig. 2, the
a sum3gL- pggﬂuq@g4az identification responses obtained by
the arbitrary partial response system in response to the 2T
signal and the egualization error ek. By applying such an
evaluation value dSAM in various partial response
egqualization schemes, the advantages of the present
invention can be achieved.
[0133]

Further, the evaluation value operatibn unit 7 that
generates the evaluation value d5AM is designed to be
incorporated in the recording/reproducing apparatus.
Alternatively, it may be constructed as a device external to
the recording/reproducing apparatus and may be an
independent evaluation apparatus used for the
recording/reproducing apparatus.

[0134]

Further, the present invention can also be applied as a

recording/reproducing apparatus, an evaluation value

operation apparatus, and an evaluation value operation

method in a system for a recording medium other than an



eval uation value dSAMis stored in a distinct manner
according to each decoded data pattern, which is al so
useful for the evaluation of the setting of recording
- conditions. [0128] Furthernore, it is possible
to determ ne the eval uation value dSAM using a sinple
- structure, which would | ead to the advantage of
si npl e hardware inplenentation. [0129] Wil e an
enbodi nent has been expl ained, a variety of
modi fications of the presgpt_invention are
concei vabl e. [0130] The eval uation value gp7p1134
operation unit 7 is configured to save eval uation
val ues, dSAM by cl assifying them according to the
optieayt®sSHf narks and spaces before and after edges.
Alternatively, as a further extension of the
detection of the states before and after patterns,
the classification according to the mark | engths and
space | engths of edges two edges before and after the
current edge may be provided. [0131] Furt her,
whil e the foregoi ng exanpl es have been descri bed on
the assunption of PR(1, x, x, 1), the present
I nvention can be applied to any other parti al
response equalization scheme such as, for exanple,
PR(1, 2, 1). [0132] That is, the evaluation val ue
dSAM gi ven by (Math. 7) - 39 - SO7P1134 above is
determ ned according to the situation in which, as
descri bed above, a pattern of O, O, 0, O, 1, 1, 0, O,
0,



xas a bit shift pattern Ek (= b"k - b'k) is obtained,

whi ch may be an identification response pattern of a

2T signal in an arbitrary partial response system

The eval uati on val ue dSAM gi ven by- (Math. 7) above is

therefore a sum of products of identification

responses obtained by the arbitrary partial response

systemin response to the 2T signal. and the

equal i zation error ek. By applying such an eval uation

value dSAMin various partial response equalization

schenes, the advantages of 4the present invention %%n '

be achi eved. [0133] Further, the eval uati om P1134

val ue operation unit 7 that generates the eval uation :

val ue dSAM i s designed t@LbaMsncorporated in the

recordi ng/ reproduci ng apparatus. Alternatively, it

Iy Abee condi maictaad-caisicd nde @ppe rekner g racd- ernéed by

recordi ng/ reproduci ng apparatus and nay be an
conprgepertent eval uati on apparatus used for the

recordi.ng/reproduci ng apparatus...[0134 :
FuﬁiH@FFlPﬁégﬁ?g§%%tg?%€é€h? nca Saﬁgé 2*%bpl i ed as

. recor di ng/ reproduci p t | uat i

s oSSR A0S B9, PREEE s R KR40 v

= QBRAP MR U0 T Spitaa optical diske -l

SO%P%#@ﬁldecoding unit‘that performs partial response
equalization‘processing.and maximum likelihood decoding
processing on a reproduction signal read from the recording
medium by the writing/reading unit to obtain decoded data;
and |

an evaluation value operation unit that calculates a

signal-quality evaluation value corresponding to a
difference between a difference metricrbetween a maximum
likelihood path for an egualized signal that is fed to the
maximum likelihood decoding processing thrpugh the partial
response equalization processing and a path in a bit-
advanced shift direction and a difference metric”between the
maximum likelihood path for the egualized signal and a path
in a bit-delayed shift direction.

‘2. The recording/reproducing apparatus according to Claim
1, characterized in that the evaluation value operation unit
calculates the signal quality evaluation value using an
equalization error value which is an error between an

equalized signal value fed to the maximum likelihocod



CLAIMB 1. A recording/reproduci ng appar at us
characterized by conprising: a witing/reading unit
that wites and reads information represented by a
mark and a space to and froma recordi ng nmedi un

a PRML decoding unit that perforns partial response
equal i zati on processi ng and nmaxi mum | i kel i hood
decodi ng processing on a reproduction signal read
fromthe recording nmediumby the witing/reading unit
to obtain decoded data and;, . an eval uation val ue
operation unit that calculates a signal quality gg7p1134
eval uation val ue corresponding to a difference
between a difference netric between a nmaxi nu

de¢eddgly MFOESpaLMIf oPd ot ctfifft A GHA Sf-ﬁaif‘[ni PSR o

to the xi mum |i kel,i hood decodi.ng _pr.ocessi o)
deY?EWHE??&&Pmr%s%%ﬁ%%e%qﬂ%ﬁ?ggfg%ﬁgﬁ¥%%égsgngg%%g{SHQQhe

ath i-n.a-.bjit-ad ' Ld ion and a

ma%%?ﬁ%f@ﬁgéghé_?i%gggggﬁ Fp%%%g%ﬁgﬁﬁun1like!ihood pat h

§ or ot be, &qialiinzed csirgaak 18pdagppai fud i ddindekayedain

shift direction. 2. The recording/reproducing
1, appaFaliss iaeqof di PPat otkd abwa Iyatchar aefleri zpdrani¢hainit

the eval uation val ue operation unit calculates the
stStemalhaualictiyaegdl nagnah wad et wsived vatlieguakizat iome

error value which is an error between an equalized
distimetl mealnge fedordintetaaxi Aerrtak &lgtRosgttergdecoded
- SOrpP1134 decoding.ﬁéocessinﬁ+and an ideal equalized
instlymaresignge LdEe et RPABIIFFOMTHAS dRCYTEF 1Si%gnal

obt aj ned as result of the maxinmumlikeliho -

foc BbF np prshasd iy =ty e ety bl a8 g Speim

appar at.us .accor di | ; racieli,zed-ha that
Loy a%%%Eﬁgﬁﬁ§h£ga?%§EgﬁgLg%ﬁ%%lﬁ%$$ stores thg

L edi;sisgnahcaual bt yeeuakuali ol ued B @riting

pe%?s?ﬁ%@% ngnﬁer aCcordingeto a ﬁ%co ed data pattern
opdesoded im thilewiraxiAgm-bbkehyhand: decadiimgy the

processi ng. 4. The recording/reproduci ng apparatus
evataeot dhmgrdi@meChaitaibedchar abeeevzidatyorf (raliyer operation

conprising control nmeans for perform ng adjustnent of
unatrecording signal for a witing operation in the

writing/reading unit by using the eéglu tion valu

Dbt 4PnEU= YA 1R SV WhalqRHF Ao TEpBP G FOR U TuLecing @
5. An _eval uation val.ue operation nethod for
SN R I i e R
by'Qfﬁégﬁﬂﬁ&ﬁaf%%%%%e%Eeg Qgc%rﬁﬁhé ARG & SRAGE O &ne
recording mediumis read, the signal quality
sig}égguﬁéﬁ“ﬁy alug heiing aa1Rdex:al & quadd:t %ol ielity

St gnal’, characterized by conpri sing:
of the read signal, characterized by comprising:
when partial response equalization processing and
maximum likelihood deceding processing are performed on a
signal read from the recording medium to obtain decoded data,
Vcalculating a signal quality evaluation value

corresponding to a difference between a difference metric

between a maximum likelihood path for an equalized signal



when partial response equalization processing. and
maxi mum | i kel i hood decodi ng processi ng are perforned
on a signal read fromthe recording mediumto obtain
decoded dat a, calculating a signal quality
eval uati on val ue corresponding to a difference
between a difference netric between a maxi num

i kelihood path for an equalized signal - 43 -
SO7P1134 that is fed to the maxi num |i kel i hood
decodi ng processing throughzthe partial response
equal i zati on processing and a path in a bit-advangefi134
shift direction and a difference netric between the

maxi mum | i kel i hood path r the equalized signal and
cnar St AoEnca Be-BErogE SHIH RTacRroATTe TGN
eval.uat.i on_val ue qperatijon g f ti
chrotghy gF 835?%?; 553 a%%%&%gvaiJ%&%%ghgﬁﬁgg%%%#?éﬁﬂga
pa{heg_qqe%eg&%gag¥aﬁcg8r knapd & spacePRnd he@ordthce
S nmediumis read, the signal quality eval uation val ue :
metB8iNgcahebRdeX0fagifual 11We0fnddie gegad e gtiad ,equalized
characterized by conprising:. - a calculation unit
sidhat a@al eubatisinon btecasémyed gerfftodairagtpart i al
response equalization processing and maxi mum .
6l.i kgt i nooldiadeicodiveg Usr opessichghoAPRe B4 gialioreadl Fr ot 1ng
the recording nediumto obtain decoded data, a signa
a il guetalyariveAushl OB Cot i SPATHilAg Egagon
di fference between a gifference metric b

tween a. :
exfpaTIR PRoF FBod PAENST BPan Bunli TRl oel gt ot Hacs
is fed to the maxinum Li kel ho di rocessi :
reqi Gugh SACAPCrAT P oS onee el S oA gy dees g
; . It < ce . i /RC bl ORAPEL @ing:
= QHA3PAN chE, 2Bl SEUKANC Ot 2l Lle d RO, DD oRDE path
for, the-gauakbzednst gnakt and cuipalds,i Bnaobids el ayed
shift direction. - 44 - SO7/P1134 ABSTRACT In a
perReelidighgarenrodueispgnsystgnat has t por froromesBRM and
decodi ng, a suitable evaluation value for setting a’
max gy diikg ldbodict iderodancher ot as Hed W teh S398pApread from
structure. It is assunmed that a val ue corresponding
the reeadictifner @v6d WettRe €RTA1Hi FREPERT atet ifc SbEPAten a
maxi mum |_i kel i hood _path for an gqualizeddi%%nar t hat

qu3 1 3 F YR YReiou M Ke SR OB EP GBS 0T ny” gt ScedSTRY - and
: a path i hi t - advan L i '
betd"l'%) neraer%%Lefafrer:'i%fﬁ_ternlCce _%tt\%ggnﬁgﬁggﬁ%x% ﬁgugrﬁ&ﬁ | Ee!@?ﬁgé hcﬁ)%ct1 h
' pa fgrﬁggﬂgme% d12ed Signal1and.a pathed ned thict ndek ayed
shift direction is a signal quality eval uation val ue
li@rﬂqd:d"rdé?ﬁfdir@%r%c_ﬂa@@'ingu@hkbugﬁvﬂ@qiaiz(tﬁa\laerEponse
dSAM i s cal cul ated using an equalization error val ue
ek Whitthr ratearsiong keiweepaah éguallbzedidvisgral shift
value fed to the maxi mum |ikelihood decoding
diprocessiang andiidfifdmeas ogualiczbdtseghalhey glagamum
~deternmined froma decoded signal obtained as a result
likgliteodred tfurias Kéld F60a LdEE8dFhg Bt RS S Fgth 1N 2

bit-delayed shift direction.
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ABSTRACT |
In a recording/reproducing syétem,that perforrms PRML
decoding, a suitable evaluation value for setting a
recordiﬂg condition can be obtained with a simple structure.
Tt is assumed that a value corresponding to a difference
petween a difference metric between a maximum likelihood
path for an equalized signal that is fed to maximum
likelihood decoding processing and a path in a bit-advanced
shift direction and a difference metric between the maximum
likelihood path for the egualized signal and a path in a
bit-delayed shift direction is a signal guality evaluation
value dSAM. Further, the signal gquality evaluation value
dsSaM is calculated using an equalization error value ek
which is an error between an equalized signal value fed to
the maximum likelihood decoding processing and an ideal
egualized signal value determined from a decoded slgnal
cbtained as a result of the maximum likelihood deéoding

processing.



