-1 S07P1134 DESCRIPTION RECORDING/REPRODUCING
APPARATUS, EVALUATION VALUE OPERATION METHOD, AND
EVALUATION VALUE OPERATION APPARATUS Technical Field [0001]
The present invention is directed to a 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 operation apparatus and arr eValuation value operation method
which can be used for the recording/reproducing apparatus. [OOOﬂ%PHM
recording/reproducing apparatuses for optical recording media such as
optical disks, the illumination paisewithih igvel, etc., of laser beams are

xBelisiecio amimal sates as fecaring condiians under high tsoording,.

f-a recording medium IS per of recording

conditignsiiscperfeimest shaged-on amavaluation ngex.oftheguality; of

signals to be reproduced, where general evaluation values of
reproduction signal quality are mean and variance values of the statistic

of timing edge errors at zero-cross points or after 2
Technlicdl Field

[0001]

The present invention is directed to a
recording/reproducing apparatus in a system that performs
recording/reproduction using PRML decoding (Partial Response
Maximum Likelihood decoding (PRML: Partial Respcnse Maximum
Likelihood)), and further relates to an evaluation wvalue
operation apparatus and an evaluation value operation method
wiich can be used for the recording/reprcoducing apparatus.
(00023

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

[COD3]

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

of timing edge errors at zerc-cross points or after



S07P1134 binarization. [0004] Here, recently, a scheme called partial
response maximum likelihood decoding (PRML decoding) has been
widely adopted as a reproduction scheme for optical disks, in which a
more suitable evaluation index as an evaluation index of reproduction
signal quality is demanded for a signal reproducing system using PRML
decoding. [0005] In such a situation, for example, as described in
Japanese Patent No. 3674160, a technology in which a difference metric
in the maximum likelihood decoding Zprocessing is used as a reproduction
margin evaluation technique has been proposed, and a techniquefor & 134
maximum likelihood decoding system to evaluate a signal quality after
bire?coidiaﬁ\gﬂms been established. 0006] In Japanese Unexamined Patent
pllcatlon Publication No. 2004-335079, additionally, a technology in
an evaluation value calculated using a difference metric in the
maximum likelihgod, giecodlglﬂ%&d back andyised im recarding:
conditions is propose in the technology described in Japanese
nablhexamined: PatentdApplications PUblitatior: Nod 2004- 3350 78 dhowever - v

an evaluation value based on a difference metric is not an evaluation
adpgped s a reproduction scheme for optical disks, in which

(OR

a more suitable svaluation index as an evaluation index of
reproduction signal guality is demanded for a signal
reproducing system using PRML decoding.

[0005]

In such a situation, for example, as described in
Japansse Patent No. 3674160, a technclogy in which a
difference metric in the maximum likelihood decoding
processing is used as a reproduction margin evaluation
technigue has been proposed, and a technique for a maximum
likelihood deceding system to evaluate a signal guality
after recording has been established.

[0006]

In Japanese Unexamined Patent Application Publication
No. 2004-333079, additionally, & technolegy in which an
evaluation value calculated using a difference metric in 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. 2004-335079%, however, an evaluation value

baszsed on a difference metric 1s not an evaluation value



S07P1134 whose error matches a time axis, and is therefore
inconvenient in view of the adjustment of recording conditions for
appropriate mark edges because the error is not regarded as an edge
error of a recording mark. [0007] It is therefore an object of the present
invention to, in a recording/reproducing system that performs maximum
likelihood decoding processing, obtain an appropriate evaluation value as
a signal quality evaluation value that can be used for, for example, the
adjustment of recording conditions, etc:, and implement simple evaluation
value calculation. Disclosure of invention 0008] A recording/reproglueirigl 34
apparatus of the present invention includes a writing/reading unit that
whwetessand readsdhtormationre presented-hy a marksanda:space to and
from a recording medium, a PRML decoding unit that performs partial
1rYepbREe Thualizationr iﬁr@dﬁeé“s’ilﬁg afd R akirium fikeltfov décoding

rocessing an.a é%%ar d-from,fh d%g%‘;é%@g 'QSQ'&%% bé’h”e?eer por is

I
wrltlng/readlng uni taln eco an evaluation valu

noaperafjendanit. his: revaluation-valteaperatien siniticaiculates. a S|gnal
quality evaluation value corresponding to a difference between a
[ tHiffédence metric between a maximum likelihood path for an 4

It is therefore an oblject of the present inventiocn to,
in a regording/reproducing svystem that performs maximum
likelihood decoding processing, cobtain an appropriate
evaluation value as a signal quality evaluation value that
can be used for, for example, the adjustment of recording
conditions, etc., and implement simple evaluation value
calculation.

Disclosure of Invention
(0008l

A recording/reproducing apparatus of the present
invention includes a writing/reading unit that writes and
reads information represented by a mark and a space to and
from a recording medium, a PRML deccding unit that performs
partial response equalization processing and maximum
likeiihood decoding processing on a signal read from the
recording medium by the writing/reading unit to obtain
decoded data, and an evaluation value operation unit. This
evaluation value operation unit calculates a signal gquality
evaluation value corresponding to a difference between a

difference metric between a maximum likelihooc path for an



S07P1134 equalized signal that is fed to the maximum 'likelihood
decoding processing through 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 equalized signal and a path
in a bit-delayed shift direction. 0009] Furthermore, 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 likelihood4 decoding processing and an ideal
equalized signal value determined from a decoded signal obtained’ds at =4
result of the maximum likelihood decoding processing. [0010]
eqFykthermhore sthelevalaation vakée dperation’ it stéfes tHé taléildted
signal ualit%/ evaluation k\{alue ‘rg agisting;[:tniw%mnereac%onrdgng toa
deqgeolsa data pattehy dstodad in the haximum likelihood decoding
=qREOCESSING, {001 1] Fuuthermore, eontrelmeans for: perferming=adjystiment
of a recording signal for a writing operation in the writing/reading unit by
diusingithe evaluatich fdlerecolstained: bithessvahgation valedperation unit
_is further included. [0012J
likelihcod path for t

e?equalized signal and a path in a
bit-delayed shift direction.
[00021]

Furthermore, the evaluation value operation unit
calculates the signal guality evaluation value using an
equalization error value which is an error between an
equalized signal value fed to the maximum likelihood
decoding processing and an ideal eqgualized signal value
determined from a decoded signal obtained as a result of the
maximum likelihood decoding processing.

[0C10]

Furthermore, the evaluation value operation unit stores
the calculated signai quality evaluation value in a distinct
manner according to a decoded data pattern deccded in the
meximum likelihood decoding processing.

(00117

Furthernmore, control means for performing adjustment of
a recording signal for a writing operation in the
writing/reading unit by using the evaluation value obtained
by the evaluation value operation unit i1s further included.

[001Z3



S07P1134 An evaluation value operation method of the present invention
is an evaluation value operation method for calculating a signal quality
evaluation value when information represented by a mark and a space on
a recording medium is read, the signal quality evaluation value being an
index of a quality of the read signal, the method including, when partial
response equalization processing and maximum likelihood decoding
processing are performed on a signal read from the recording medium to
obtain decoded data, calculatinga signal quality evaluation value
corresponding to a difference between a difference metric betweei’dF1134
maximum likelihood path for an equalized signal that is fed to the
maximum dikelihood dezbding processay thrcughl theg partiakrespense
equalization processing and a path in a bit-advanced shift direction and a

ingitRidfAte hietit betResh “the maximtnPikeihbod batf f6Pthe qualized
cadignaland a path in abit;delayed shift directian. [00131 An.gvaluation

value operation apparatus of the present invention is an evaluation value
in@petationcapparatusstar - ealculatingra: signab qualityrevatuatiore valkieowhéng
information represented by a mark and a space on a recording medium is

nefgddl thé sigifl qualify vallatiof Vatue Bemfamandex of A gtiality of the'™
1 7£2d signal, the apparaus. inclyding a.calculatiopynit that calcplates,;on .
occasion of - 6
when partial response equalization processing and maximum
likelihood deceding processing are performed on a signal
read from the recording medium to cobtain decoded data,
calculating a signal guality evaluation value corresponding
to a difference between a difference metric between a
maximum ilikelihood path for an egqualized signal that is fed
to the maximur likelihood deccding processing through the
partizl response sgualization processing and a path in a
bit-advanced shift direction and z difference metric between
the maxinmnum likelihood path for the eguaiized signal and a
path in a bit-delayed shift direction.
[0013]

An evaluation value operation apparatus of the present
invention is an evaluaticn value operation apparatus for
calculating a signal quality evaluation wvalue when
information represented by a mark and a space on a recording
medium is read, the signal gquality evaluation value being an
index of a guality of the read signal, the apparatus

including a calculation unit that calculates, on occasicn of



S07P1134 performing partial response equalization processing and
maximum likelihood decoding processing on a signal read from the
recording medium to obtain decoded data, a signal quality evaluation
value corresponding to a difference between a difference metric between
a maximum likelihood path for an equalized signal -that is fed to the
maximum likelihood decoding processing through the partial response
equalization processing and a path in a bit-advanced shift direction and a
difference metric between the maxinfum likelihood path for the equalized
signal and a path in a bit-delayed shift direction. [00141 In the présefit: 124
invention described above, it is assumed that a value corresponding to a
pedifference betwaén & diffavence nestric betweenra maximamfilkeliiodd
path for an equalized signal that is fed to maximum likelihood decoding
"3 dRdsing Snd APath G A bitadvahaed Shitt dirstich and A différence” ™
+ nnetrc between the maximym jikelihpogd: pathfor the-equalized:-signal and
a path in a bit-delayed shift direction is a signal quality evaluation value.
quidD15l Thelegqudlizedwsignal is areprodoctiory signakthat IS ssubjeeted to
partial response equalization processing and that is to be_input to a

beﬁ%&ﬁﬂuﬁ1ﬂ&ﬁﬁﬁ%@%ﬁﬁxﬂﬁﬁF&ﬁn%ﬁ%Weeﬂ a maximum likelihood

path for an equalized signal that is fed to the maximun
likelihood decoding processing through 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.
[0014]

In the pressnt inventicn described above, 1t 1s assumed
that a value corresponding to a difference between a
differencse 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 directicon and
a difference metric betwsen the maximum likelihcod path for
the egualized signal and a path in & bit-delayed shift
direction is a signeal quality evaluation value,.
f0015;

The equalized signal 1s a reproducticn signal that is
subjected to partial response equalilzation processing and
that is to be input to a maximum likelihood decoder.

[0016]



S07P1134 The difference metric is a difference between a Euclidean
distance between an equalized signal and a maximum likelihood path
(most likelihood state transition path: decision path) detected for the
equalized signal, and a Euclidean distance between the equalized signal
and a counter-path (second most likelihood path) It is also called a SAM
value. [0017] And in the present invention, as counter-paths as referred
to herein, a path in a bit-advanced shift direction and a path in a
bit-delayed shift direction, in which a’1-bit shift occurs when compared
with a maximum likelihood path (decision path) decided as a decéded’ 1134
data sequence, is considered. [0018] And it is assumed that, asa -
difféfence imétrics acdifferenee betweed Bl Eaclidesn distarice bétween the
equalized signal and the maximum 'likelih odepgth,,and a Euglidean .
EuGistaea betwedh tiie 8qUATTaY SiYnalaRd 156 “couriter-path Considared if-
11 the bit-advanced shift direetiqn iisa-first difference metric; Itis fiyther
assumed that a difference between a Euclidean distance between the
deequakzedsignal and¢he aaaxinmunt likekhwed pattand @n&uclideana
distance between the equalized signal and the coun,ter-pzfth c%nsidered in

Euﬁﬁ?ﬁ?ﬂ%ﬁ?&&@ﬁﬁ%ﬁﬁﬁﬁ%ﬁg% the equalized signal and a

counter-path {(second most likelihood path). It is also
called a SAM wvalue.
[0017]

And in the present invention, as counter-paths as
referred to herein, a path in a bit-advanced shift direction
and a path in a bit-delayed shift direction, in which a 1-
bit shift occurs when compared with a meximum likelihood
path (decision path) decided as a deccded data seguence, is
consldered.

[0018]

And it is assumed that, as a difference metric, a
difference betwsen a Euclidean distance between the
egualized signal and the maximum likelihood path, and a
Eucliidean distance between the egualized signal and the
counter-path considered in the bit-advanced shift direction
is a first difference metric. It is further assumed that a
difference between z Tuclidean distance between the
egualized 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



S07101134 is a second difference metric. In the present invention, it is
assumed that a difference between the first and second difference
metrics is a signal quality evaluation value. [0019] The signal quality
evaluation value calculated by the present invention is a difference
between two difference metrics that can be calculated for an equalized
signal. This signal quality evaluation value is a value quantitatively
representing a bit shift direction and a shift amount. Thus, a signal quality
evaluation value suitable for use in,%or example, the adjustment of '
recording conditions, etc., is obtained. [0020] In practice, moreover; such4
a signal quality evaluation value can be calculated using an equalization
iserrosvalued WHIitH 3¢ anarrorcbetiveen an equalized signal vafse fddio 1°©

. _the maximum likeliho ,dg(%ecodin rocessing and an ideal equalized |
lSs@ﬁﬁvWﬁfﬁeﬁ@&%rﬁ]iﬁ%d r%?‘ﬂnegcf’i%e(rz)%%éﬁeseﬁnagﬂ obtained a%ngl résult of the

o maxinpm. likelihood.decoding ; grocessing, and anather advantageds that
this can be implemented with a simple apparatus structure. [0021]

[ 08tcring a signal quality evaluation value in a distinct manner according to
a decoded data_pattern decoded in the maximum Iilépilihood dec%dyin%he

prodeaiitg Wotid Besuitabl§ Tor'g'e - o7 vaine calilated

present invention is a difference between two difference
metrics that can be calcuiated for an egualized signal.
This signal guality evaluation value is & value
guantitatively representing a bit shift direction and a
shift amount. Thus, & signal quality evaluation value
suitable for use in, for example, the adiustment of
recording conditions, etc., is obtailned.

[0020]

In practice, mereover, such a signal guality evaluation
value can be calculated using an egualization error value
which 1s an error betwsen an egualized signal value fed to
the maximum likelihood decoding processing and an ideal
equalized signal value determined from a decoded signal
obtained as a result of the maximum likelihood decoding
processing, and another advantage 1s that this can be
implemented with a simple apparatus structure.

(00217

Storing a signal guality evaluation value in a distinct

manner accerding to a decoded data patitern decoded in the

maximum likelihood decoding processing would be suitable for



S07P1134 the evaluation, adjustment, or the like of recording conditions
for each recording pattern. Brief Description of Drawings 0022] [Fig. 11
Fig. 1 is a block diagram of a main part of a recording/reproducing
apparatus of an embodiment of the present invention. [Fig. 2] Fig. 2 is a
block diagram of a PRML decoder and an evaluation value operation unit
of the embodiment. [Fig. 31 Fig. 3 is a block diagram of a structure of a
dSAM calculation unit of the embodiment. [Fig. 41 Fig. 4 is a diagram
explaining state transitions in Viterb? decoding. [Fig. 5] Fig. 5 is a diagram
explaining a decision path and a counter-path. [Fig. 6] Fig. 6 is a diagrarh’*
explaining a bit shift. [Fig. 71 Fig. 7 is a diagram explaining a pattern
thgrauping forithier evaliatsnvalue eperation unitofther eRtbstifént. Best
Mode for C ryjng Out the Invention [0923£An embodiment of the present
“Ofvention will e eXplainéd hereinafter. [0024] In this embodiment, by
srWay of example; a.case iphichgs10

(00221

[Fig. 1] Fig. I is a block diagram cf a main part of a
recording/reproducing apparatus of an embodiment of the
pregent invention..

[Fig. 21 Fig. 2 is a block diagram of a PRML decoder
and an evaluatiorn value operaticn unit of the embodiment.

[Fig. 3] Fig. 3 is & block diagram of a structure of a
dSAM calculation unit of the embodiment.

[Fig. 4] Fig. 4 is a diagram explaining state
transitions in Viterbi decoding.

[Fig. 5] Fig. 3 is a diagram explaining decisicn path

o

and a counter-path.

[
[

ig. 61 Fig. 6 is a diagram explaining a kit shift.

o e}

rry

ig. 73 Fig. 7 is a diagram explaining a pattern

1

grouping for the evaluation value operation unit of the
embodiment.
Best Mode for Carrving Out the Inventicn
(00233

aAn embodiment of the present invention will be
axplalined hereinafter.
[0024]

In this embodiment, by way of example, a case 1in which



507P1134 in a PRML (Partial-Response Maximum-Likelihood) scheme in
which recording/reproduction is performed using a partial- response
scheme and in which maximum likelihood decoding such as Viterbi
decoding is performed, a partial response characteristic of PR(1, x, X, 1)
is selected and a Run Length Limited code such as an RLL(1, 7) code is
used with a minimum run length limited to 1 will be explained. 0025]
Incidentally, x in PR(l, x, X, 1) is selected so as to conform to optical
characteristics, etc., such as "2" or "3". -n the following section, for
example, the case of PR(l, 2, 2, 1) will be considered. [0026] First tha* 134
PRLM decoding scheme will be briefly discussed. [0027] The PRML
indecd@iy schente islaRkehene of Hetebting oL pattialh pesporisesetfuerice
that minimizes a yclide(%n distance of a Lefproduqtign signal, and Ls,a -
Y tehnblogy TmpfEmERtet By combininghs process calied partial fesponse
rQ0d Aprogess called maximum dikelihood detection. 0028] Incidentally, a
partial response sequence is obtained by performing a weighted addition

sudéfired By cetargetisesponse 0n aobit Sequence anroptical:disk system,
chzggﬁké%istic of PR{1, %, %, 1) is selected and a Run
Length Limited code such as an RLL{1l, 7) code is used with a
minimum run length limited to 1 will be explained.
[0CG251

Incidentally, % in PR(1l, =, =, 1) 1s selected so as to
conform to optical characteristics, etc., such as "2" or "23".
In the fellowing secticon, for example, the case cf PR(1, Z,
2, 1) will be considered.
[G0Z2&]

First, the PRLM decoding scheme will be briefly
discussed.
100273

The PRML decoding scheme i1z a scheme of detecting a
partial response sequence that minimizes a EBuclidean
distance of & reproduction signel, and is a technology
implementaed by combining a process called partial response
and a process called maximum likelihood detection.
[0028]

Incidentally, a partial response sequence is cobtained
by performing a welghted addition defined by a target

response on a bit seguence. In an cptical disk system, PR(1



S07P1134 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 adding the results is
returned as a partial response value. [0029] Partial response is a process
of returning an output longer than bit in response to a 1-bit input, wherein
a process of obtaining a reproduction signal as a signal obtained by
multiplying an input of consecutive 4-bit information bits by, in sequence,
1, 2, 2, and 1 and adding the results is represented as PR(1, 2, 2, 1)
described above. [0030] In addition; maximum likelihood detection is a
method including defining a distance called a Euclidean distance 50/F1134
between two signals, examining a distance between an actual signal and
2. a%signal prediciéd froms af assumed bitssetiehtel ahd'deteeting febited
sequence that provides the closest distance therebetween. Incidentally,
oY s EETLIGEA Gioe Is & Gidtinde SEMRed o6 & SLIAHGE oBtned
aaBYnadding, oxer.all imespeints,the sauares gt differences i anaplitude. .
between two signals at the same time point. In addition, the bit sequence
t Othétt provides the closest distance between them is searched for using
Viterbi detection described below.£003ll In partial-response maximum

nkeﬁ%ﬁﬁfaémﬁﬁﬁﬁqQﬁ? ig8 a process of returning an cutput

longer than 1 bit in response to a 1-bit input, wherein a
process of obtaining a reproduction signal as a signal
cbtained by multiplying an input of consecutive 4-bit
information bits by, in seguence, 1, 2, 2, and 1 and adding
the results is represented as PR(1, 2, 2, 1} described above.
[6030]

In addition, maximum likelihood detection i1s a method
including defining a distance called a Euclidean distance
between two signals, examining a distance between an actual
signal and a signal predicted from an assumed bit seguence,
and detecting a bit seguence that provides the closest
distance therebetween. Incidentally, here, the Euclidean
distance is a distance defined as & distance obktained by
adding, over all time points, the sguares of differences in
amplitude between two signals at the same time point. In
addition, the bit seguence that provides the closest
distance betweaen them is searched for using Viterbi
detection described below.

(0031}

In partial-response maximum likelihood detecticn



S07P1134 combining those methods, a signal obtained from bit
information on a recording medium is adjusted using a filter called an
equalizer 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 sequence 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 sequéfce that provides a minimum
Euclidean distance. 0033] Viterbi detection is implemented using &Viterbt ¢
detector formed of a plurality of states formed of consecutive bits of a
copregetermirietsiengtt asdeunit ands branchesrepresdrited Byitransitions
therebetween, and is configured to efficiently detect a desired bit

InEgaliEnce Froft ambRg AllDosSiBlebitSedierices  0b34] YRdiradat T = o*

<= SiCuit, fwo.tegisters-aresprepared-foe. each-state, namely, adegister called
a path metric register, which stores a Euclidean distance (path metric)

rebptween arpadiad respdnse. seguenca andacsighalug to: thé:state sand and
register called a path memory register, which stores a flow of a bit

regagieiie (path EMbIFY i 10 he sfaid 1 13 5Ponee oF an assumed

bit seguence is examined, and a bit sequence that provides
the closest distance therebetwesn ils detected.
00321

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

[0033]

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

[0034)]

In an actual cilrcuit, two registers are prepared for
each state, namely, a register called a path metric register,
which stores a Fuclidean 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.



S07P1134 Further, 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 corresponding bit. 0035]
Fig. 4 shows state transitions (state transitions) in the case of PR(l, x, X,
1). [0036] Letting a data bit string be bk e {0, 1}, a PR output 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. [0037] in Fig. 4, STOOD to ST111 show
states, and Cxxxx represents outptits. f0038] The outputs Cxxxx
represent outputs obtained at the state transitions. 0039] Startlngc’mp 134
consideration from, for example, the state of the state ST0OO, if input bk =
FLDTifEh tHe State OF thhe 2Sater sm@mﬁnémfauﬁé@’farwéﬁ@dﬂtﬁu?é@@@é

is obtameq Further, if input 1.in the state of the state 5T000,, then a.
S frAnSition to State’ Sﬁ‘ﬁﬁi%%lccurs An ou%gc?t 060t is tame%nat%a e

nelrapstion framitheistate-51000 tedhe state $TH04. si&nal for the
corresponding bit,
[0035]

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

[0036]

Letting a date bit string be bk € {G, 1}, & PR cutput
dk in this system has state transitions as in Fig. 4, and dk
is cutput at a transition from each state Lo a next state.
[0037]

In Fig. 4, $T000 to 8T111 show states, and Cxxxx
represents outputs.

[0Gs81
The outputs Cxxxx represent outputs obtained at the

state transitions

Starting consideration frecm, for example, the state of
the state STC00, 1f input bk = 0, then the state of the
state 87000 is maintained, and an output CO000 is obtained.
Further, if input bk = 1 in the state of the state 5TC0O,
then a transiticn to state 3STOCL occurs. An output CO00L is
obtained at a transition from the state 3TO0C to the state

3TO0L.



S07P1134 00401 Further, starting consideration from the state STOOI,
the input bk can definitely be bk = 1 due to the run length limitation. If
input bk = 1, a transition to the state STO11 occurs. An output 00011 is
obtained at a transition from the state STOO01 to the state STO11. [0041]
Those state transitions and output values are as follows. (0042] C1111:
ST111 -4 ST111 C1110: ST111 -> ST110, CO111: STO11 ST111 CO110:
STO011 -* ST110 C1100: ST110 ST100, CO011: STOO1 -* STO11 C1001:
ST100 -* STO01 01000: ST100 --> $¥000, 00001: STO0O -> STO01
C0000: STO00 -> STO0O Viterbi detection allows association of vafiots bit 4
sequences so as to be brought into one-to-one relationship by one of
[Opaths passing through the states described above. In addition, a
Euclidean distance between a partial response_sequence as_passing. .
hrOLGE G5 PG aniart SEt AT STl 18 obiihed by ol
+nadding theprevioushsdeseribed, hrangh metricg.ia the inteestate 1ength
transitions forming the paths described above, that is, branches. 15
limitation. If input bk = 1, a transition to the state

ST01ll occurs. An output C0011 is obtained at a transition
from the state ST001 tc the state S5TOLIL.
(00417

Those state transitions and output values are as

follows.
FoC42]
Cll1ll: 8Tiil STL11

C1l110: 371l sT110, C0111: 8TO11 — STILIL
COLI0: 3TOLL
C1100: 3T110 S$Ti00, CO011i: STOO1 — STOLL

C1001: sT1CO STO01

Llol Ll
<

C1000: 37100 STOQOC,

@]
o
[
-
*..A

STO00 — 3T001L
C0000: 8TO00 - STOOO

Viterbi detection allows assoclation of various bit
sequences s$o ags to be brought into one-to-one relationship
by one of paths passing through the states described above.
In addition, a BEuclidean distance between a partial response
seguence as passing through those paths and an actual signal
is obtained by sequentially adding the previously-described
branch metrics in the inter-state transitions forming the

paths described above, that is, branches.



507P1134 [0043] Furthermore, the selection of paths that minimize the
Euclidean distance described above can be implemented by sequentially
selecting paths having a smaller path metric while comparing the
magnitudes of path metrics of two branches or less that reach in each
state. Information on this selection is transferred to the path memory
register so that information 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*dpdated, to a bit sequence that
minimizes the Euclidean distance, a result of which is output. By d8ing- >4
S0, a bit sequence that generates a partial response sequence whose
[OE#glidean distance is the closest to the reproduction signal can be

efficiently found. [00441 As |s already known such bit detection usmt%
PRNIL BHiBYS & SANFjittsr as an Thdex of the it defactibn pefformance.

£u[0045] 10 bit detectionhased g PRML. If a Euclidean distance hetween

a partial response sequence obtained from a correct bit sequence and a
serpprodueticry sigriatcthatis, mepath hestiic fora Toakkt bitseguenes risc
whig]g Ilggggpaanv?ngu%%%e?nnagfﬁ%@cdeegegl\:/fe%%a parrr\g%lrr? gg Onse Sequence )
branches or less that reach in each state. Information on
this selection is transferred te the path memory register so
that information 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 a bit seguence that minimizes the FEuclidean distance, a
result of which is output. By doing so, a bit seguence that
generates a partial response sequence whose Euclidean
distance is the closest to the reproduction signal can be
efficiently found.

[0044]

As is already known, such bilt detection using PRML
employs a SEM jitter as an index of the bit detection
performance.

[0045]

in bit detection based on PRML, 1f a Buclidean distance
between a partial response sequence obtained from a correct
bit sequence and a reproduction signal, that is, & path

metric for a correct bit sequence, 1s smaller than a

Euclidean distance between a partial response seguence



S07P1134 obtained from an erroneous bit sequence and the reproduction
signal, that is, a path metric 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 decided based or
the magnitude of how far a difference between the former path metric and
the latter path metric, that is, a difference metric, is away from 0. In other
words, it can be estimated that the probability of occurrence of an error is
higher for a smaller difference metricz [60471 In addition, the most
significant sequence among erroneous bit sequences, which occufigs e 4
majority of errors, is a bit sequence that gives another partial response
obseduence that providesthe @losest Euctidean cdistaricelwith respectustal on
_partial respotns,e se uenc& obtagned fr?rr}aé:orrecg sgggggce.iThise dence
Sl?@&&énc@% obtiined When, Tor é:i“acmpfé, imPRML ﬂavmg a?arbe? b !
cokespopseof RRUe 2 2,1) 1anly.a. -biterroris.contained, 0048} n bit,
detection based on PRML, therefore, it can be considered that the
rperforance of bit detection based on PRML depends on a magnitude of
a difference between a - 17
0040]

Accordingly, the performance of PRML bit detection is
decided based on the magnitude of how far a difference
betwsen the former path metric and the latter path metric,
that is, a difference metric, is away from 0. In other
words, 1t can be estimated that the probability of
occurrence of an error 1s higher for a smaller difference
metric,

(00473

In addition, the most significant sequence among
erroneocus bit seguences, which occcupies the majority of
errors, 1s a bit sequence that gives another partial
response sequence that provides the cleosest Euclidean
distance with respect to a partial response seguence
obtained from a correct seguence. This sequence 1s obtained
when, for example, in PRML having a target response of PRI,
2, 2, 1), only a 1-bit error is contained.

[0048]
In bit detection based on PRML, therefore, 1t can be

considered that the perfcrmance of bit detection based on

PRML depends on a magnitude of a difference betwesn a



S07P1134 Euclidean distance between a partial response sequence
obtained from a correct bit sequence and a reproduction signal and a
Euclidean distance between a partial response sequence of a bit
sequence containing only a 1-bit error and the reproduction signal, that is,
a SAM value (= difference metric). 10049] And in the
recording/reproducing apparatus of the present embodiment, a
reproduction signal read from the recording medium is decoded
(binarized) using the PRML decodiag scheme, wherein, in particular, a
difference between two difference metrics, rather than the above-3C7F1134
described SAM value (difference metric) itself, is used as an index for
Euevaldating @reproduction: sighal gquakityttirereof: 0056k Fig:clishows a
structure of a main part of the recording/reproducing apparatus of the
CP&mbotiment 0d51] ArtGptical disic T Seiifig Hs a Tedoraiig iiedhim
s 1having;information recorded therson isotated by.a spindle MotoL 2.«
uring recording/reproduction. 0052] An optical head 3 (optical pickup)
serathates laserzbéamsseatput fron daser diddes ontosthe optical disk &:framd
an 18

the reproduction signal, that is, a SAM value (= difference
metric).
100497

And in the recording/reproducing apparatus of the

present embodiment, a reproduction signal read from the

recording medium is decoded (binarized) using the PRML

=

deccoding scheme, wherein, 1n particular, a difference

e/

betwesen two difference metrics, rather than the above-
described SAM value (difference metric} itself, is used as
an index for evaluating a reproduction signal guality
therect.

(00503

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 ls rotated by a spindle motor 2
during recording/reproduction.

(00527
An optical head 3 {optical pickup! radiates laser beams

output from laser dicdes onto the optical disk 1 from an



S07P1134 objective lens using a predetermined optical system. It further
directs reflected light from the optical disk 1 to a photodetector through
the predetermined optical system to obtain an electric signal
corresponding to the amount of reflected light. It further performs
operation processing on light-amount signals detected at the plurality of
photodetectors to generate a reproduction signal sA (reproduction RF
signal) of the recorded information and various servo error signals for
tracking, focusing, etc. [0053] DuriAg recording, a recording signal DL is
fed to the optical head 3 from a recording signal generation unit o5 OTRé L34
recording signal DL is a signal for driving the laser diodes in the optical
obhead 37 andethe lasérdiotds ares afveA 6 @niiPightn aocdrddnce With

the recording signal DL, [00541 . During recording, recording data to b
furddsided J"o”?}%%s%g orpﬁ(%ﬁfﬁgﬁgl %lﬁjrb%eé"tgaﬂtlo %%o%?n"glsrao“ce(glsﬁ%g §u§? ¢

phascdarexample; R, 7) meodulation byra recordingidata eneeder 8o
and a resulting encoded signal DR is fed to the recording signal

cbgenerationait 9 The yécording sigrat rgereration uritg geherdates the
recordir&zﬁnal DL servin &s a laser rivingg gi}gnal in.accordance Wi;[lhg

reﬁ&;gﬁ? %ﬁhal%ﬁ.ﬁ er perform eratlon processil

on light-amount sigrnals detected at the plurality of
photodetectors to generate a reproduction signal si
(reproduction RF signal) of the recorded information and
various serve error signals for tracking, focusing, =stc.
[0053]

During recording, a recording signal DL is fed to the
optical head 3 from a recording signal generation unit 2.
The receording signal DL is a signal for driving the laser
diodes in the optical head 3, and the laser diocdes are
driven to emit light in accordance with the recording signal
OL.

[0054]

During recording, recording 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 8, and a resulting enceded signal DR is fed to the
recording signal generation unit 2. The recording signal
generation unit ¢ generates the recording signal DL serving
as a laser driving signal in accordance with the encoeded

signal DR,



S07P1134 0055] Incidentally, so-called write strategy settings such as
pulse level, pulse width, and pulse edge timing as laser driving signals
are specified as recording conditions from a controller 10. That is, the
recording signal generation unit 9 has a function for setting an intensity at
which laser beams are emitted, and a function for setting an illumination
time/timing, and can adjust the recording signal DL as a laser driving
signal to adjust recording conditions for the optical disk 1. [0056] During
reproduction, the reproduction signal®sA read by the optical head 3 is fed
to a reproduction clock generation/sampling 4. The reproduction Sloék 134
generation/sampling 4 generates a reproduction clock CK synchronous
[OWAthlthe reproduction signal all using a PLL circuit, and further performs

sampling of the.reproduction. signal sA to qutput a sampled.signal (digital
repro%t%%ﬁ%ijgggl) DS Sfﬁé%%qg&ul&%nsc gglf“ %%issl%s%& fo%r = °

puPrecessing in @ PRMLdecoder device:5 sa represuction siata sdeceder 6,
and an evaluation value operation unit 7. 0057] The sampled signal DS is

drfediothe PRMLS deE6dER5 Cand spartial rsporse syualization processifg 2

c082¥§?¥£9?&9¢”%H@P°§§§”9£§F§§¥¥¥§¥£g signal generation
unit 9 has a function for setting an intensity at which
laser bheams are emitted, and a function for setting an
illumination time/timing, and can adjust the recording
signal DL as a laser driving signal to adiust recording
conditions for the optical disk I.

[0056]

During reproduction, the reproduction signal sA read by
the cptical head 3 iz fed to a reproduction clock
generation/sampling 4. The reproduction clock
generaticn/sampling 4 generates a reproducticn clock CK
synchronous with the reproduction signal sA 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 value operation unlt 7.

[G0G57]

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

partial response egualization processing or Viterbi decoding

processing is performed.



20 SO07P1134 [0058] Decoded data (binary data string) obtained by the
decoding processing in the PRML decoder 5 is fed to the reproduction
data decoder 6, and is subjected to processing such as demodulation
processing corresponding to RLL(1, 7) modulation or the like, error
correction processing, and deinterleaving to thereby obtain demodulated
reproduction data. [0059] The evaluation value operation unit 7, the
details of which will be described below, receives an input equalization
error obtained in the processing proeess in the PRML decoder 5, and
calculates an evaluation value as a difference between two differéiicer1134
metrics using an equalization error value. This evaluation value

[ Ocarzgsponds to a difference between two difference metrics (SAM), and
will be described below as an evaluation value "dSAM". [00601 The

conttBfieritd seifes a8 ardontroliirt Sfthe Fecdrdinyireproducihg s

a<RPRIBLS [0, cantoLpdldduald s, Featlied onerafions i this example
include evaluation of “the reproduction signal quality using the evaluation

revaluau (dSAM) obtainedysthe evaluation yakie-operadiondinip?oaneks ing
performance of recording condition setting processing (write strategy

SUSELtIAG) HFRcCOTdaRce Wil 478SGl Y terresponding to RLL(1, 1)

modulation cr the like, error correction precessing, and
deinterleaving to thereby obtain demodulated reproduction
data.
[0059]

Tre evaluation value operation unit 7, the details of
which will be described below, receives an input
egqualization error obtained in the processing process in the
PRML decoder 5, and calculates an evaluation value as a
difference beatween two difference metrics using an
equalization erroxr value. This evaluation value corresponds
to a difference between twe difference metrics (SAM), and
will be described below as an evaluation value "dSAM".
[0060]

The controller 10 serves as a control unit of the
recording/reproducing apparatus to contreol individual units.
Featured operations in this example include evaluation of
the reproduction signal guallty using the evaluation value
{dSaM) cbtained by the evaluaticn value operation unit 7,
and performance of recording condifion setting processing

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



- 21 507P1134 evaluation. [0061] Fig. 2 shows a structure of the PRML
decoder 5 and the evaluation value operation unit 7. 0062] The PRML
decoder 5 is provided with an equalizer for partial response equalization
processing. In this example, the equalizer is implemented by a
least-square (LMS) adaptive transversal filter (hereinafter, an LMS-TVF)
21. (0063] An equalized signal yk that is equalized in the LMS-TVF 21 s
fed to a Viterbi decoder 22 and a delay circuit 23. 0064] The Viterbi
decoder 22 performs the maximum likelthood decoding processing
described above to obtain decoded data DT. That is, the Vterbi dé¢oderl 34
22 performs metric computation using the values existing in the outputs
ev€DOA0ita:C1111 described above as reference values, and performs
_maximum likelihood decoding. [0065] In this example, since an adaptive
LOQﬁflélizer (LMS-TVF 21) is used, a structure including the delay circuit 23,

an gxpected.valye calcylation ynit 24; and.an.grror authypetic sunit, 45,8,
provided. [0066]

evaluation value c¢peration unit 7.

[0062]

The PRML decoder 5 is provided with an egualizer for
partial response equalizaticn processing. In this example,
the equalizer i1s implemented by a least-square (IM3I)
adaptive transversal filter (hereinafter, an LMS-TVE) 21.
[0063]

An equalized signal vk that is equalized in the LMS-TVE
21 1is fed to z Viterbi decoder 22 and a delay circuit 23.
[0064]

The Viterbi decoder 27 performs the maximum likelihcod
decoding processing described above to obtain deccded data
DT. That 1s, ths Viterbl decoder 22 performs metric
computation using the values existing in the outputs C000C
to Cl111 described above as reference values, and performs
maximum iikelihood decoding.

[0065)

In this example, since an adaptive equalizer (LMS-TVF
21) 18 used, & structure including the delay circuit 23, an
expected value calculation unit 24, and an error arithmetic
unit 25 is provided.

[0066]



- 22 S07P1134 The LMS-TVF 21 is configured to update a filter
coefficient from a difference between an output expected value obtained
from a decoding result of the subsequent Viterbi decoder 22 and an
equalized result, and to further equalize a signal to be input thereto.
[0067] To this end, the expected value calculation unit 24 calculates an
original, expected equalized signal value based on the decoded data
obtained by the Viterbi decoder 22. That is, an ideal value dk as the
equalized signal value output from ##e tMS-TVF 21 is calculated from the
decoding result. Incidentally, this idea’ value may also be determittetFby 34
convolution with a PR coefficient, or may be determined by calculating an
outpltesigHa-ffom & state tranditionrThe latteridameres suitable for
supporting an_ arbitrar ualization target value of the

th
CORMSTVESL - 55%@0%65(?%%2%&%Fe%ﬁgg] The dey circiit 23 15~

vaPrvided in qederdo absorb an. gxtra procgssing time, in the,Viterhir
decoder 22 and the expected value calculation unit 24. That is, a timing at

Viwhich thécegualizetlsignel yiandthe coeespending ideat valugdk drex
fed to the error arithmetic unit 25 is a IJ]usted [0069] The error arithmetic

® At 285 ubtracts e fdedt Vafigbut theret
[0067]

To this end, the expected value calculation unit 24
calculates an original, expected equalized signal value
based con the decodsd data obtained by the Viterkbl decoder Z2Z.
That is, an idesal value dk as the eguallzed signal value
output from the LMS-TVF 21 is calculated from the decoding
result. Incidentally, this ideal value may also be
determined by convolution with a PR coefficient, or may be
determined by calculaiting an output signal from a state
transiticen. The latter iz more suitable for supporting an
arbiltrary change in the equalization target value of the
LMS-TVFE 21, as described hereinafter
[0068)

The delay circuit 23 is provided in crder 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 equalized signal vk and the corresponding ideal
vaiuve dk are fed to the error arithmetic unit 25 1is adjusted.
[0069]

The error arithmetic unit 25 subitracts the ideal wvalue



- 23 S07P1134 dk from the equalized signal yk, and outputs the result as
an equalization error ek. [0070] The LMS-TVF 21 is configured to update
a filter coefficient on the basis of the equalization error ek. [0071]
Incidentally, the equalization target value of the LMS- TVF 21 generally
employs identification reference values (00000 to 01111) in the Viterbi
decoding. In some cases, 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-edtlization target value of the
LMS-TVF 21 is provided. In this case, identification reference val&és a3 4
can be changed are 00001, 01000 (both of which are assumed to have
dkthiersamelvalug); :anid:001 £0.5 {007 2] Noterthat 002 Lt and @1 Y EG catisé s
the value of 00001 to be changed to a symmetric value as viewed from
20§ $66 aref €001 E Siffilatly; C1001 causes C0110 to be changed to have
Q@—ﬁé/fnmetrlc value as viewed from C1100 and 00011. [00731 The
evaluation value operation unit 7 is configured to have a dSAM

calcutatiananit3l, alleadingpatiernmatchinguit 82 aa fralling: pattern

matching unit 33, and a dSAM storage unit 34.
coefficient on the basis of theé agqualizaticn error ek.

00713

Incidentally, the equalization target value of the LM3-
TVF 21 generally employs identification reference values
(CO009 to Cl111l) in the Viterbi decoding., In some cases,
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 equalization target value of the
LMS-TVFE 21 is provided. In this case, identification
reference values that can be changed are C0001, C10GO ({(both
of which are assumed to have the same value), and CO110.
(00721

Note that ©0111 and CLl1i10 cause the value of COG0O0L to
be changed to a symmetric value as viewed from Cl1100 and
C0011. Similarly, CLCOLl causes C0110 to be changed to have
a symmetric value as viewed from C1100 and CO011,
00731

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 unlt 33, and a dSAM

storage unit 34.



-24 S07P1134 007 4 1 The dSAM calculation unit 31 calculates an
evaluation value dSAM from the value of the equalization error ek
described above. The dSAM calculation unit 31 is configured to have, as
in Fig. 3, one-clock-timing delay circuits 41a to 41d, coefficient multipliers
42ato 42e, and an adder 43. [0075] The coefficient multipliers 42a to 42e
have coefficient values which are set to 01000, 01100, 00110, 00011,
and 00001, respectively. [0076] And adding, at the adder 43, the output
values of the coefficient multipliers 22ato 42e yields an evaluation value
dSAM. [0077] As described above, the evaluation value dSAM is @Y7 FPi134
difference between two difference metrics. That is, if it is assumed that a
[ Cdifference between a Euclidean distance between an equalized signal
and a maximum likelihood path and a Euclidean distance between the

equalized-sighat ahd'a *CoutitertPath considered o 68 if & Bit&dvariced”
vaShift dirggtion is.afirst difference-metric and that a difference between a

Euclidean distance between an equalized signal and a maximum
delikelihioed pathvend alfEackdgan distancezbetweem the equatized signal red
and a counter-path considered to be in ,
to have, as in Fig. 3, cne-clock-timing delay circuits 4la
to 41d, coefficient multipliers 4Za to 4Ze, and an adder 43.
[0075]

The coefficient multipliers 42a to 42e have coefficient
values which are set to C1000, C110¢, C0110, C0O0l1l, and
C0001, respectively.

[0076]

And adding, at the adder 43, the output values of the
coefficient multipliers 42a to 4Z2e yields an evaluation
value d3AM,

[Q077]

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



- 25 S07P1134 a bit-delayed shift direction is a second difference metric,
a difference between the first and second difference metrics is equal to
the evaluation value dSAM, which corresponds to the value obtained by
the dSAM calculation unit 31 of the structure of Fig. 3. The reason of this
will be explained in detail below. [0078] Incidentally, as described above,
if C0001, C1000, and C0110 are changed as equalization target values of
the FMS- TVF 21, the coefficients of the coefficient multipliers 42a and
42e as well as the coefficient muttiplier 22c are also changed accordin I%/.
[0079] The evaluation value dSAM calculated by the dSAM caLI(:lJSIQtT(l)DIE“34
unit 31 is fed to the leading pattern matching unit 32 and the trailing

& PpatefthrateRing unit 331 f0D80} OThé feddifg pattens nidte Ry Gnit 82T 1<

2 fieniifies . paliern of 2 leading edge (spacesto-mark lansilon. aterny s of
e d6E6ded data in the Viterbi decoder 2, and stores the evaluation

1 sValyedSAM inthe-dSAM:stosage anit:34iitkar, distinetmannet ageorging o
to each pattern. [0081] The trailing pattern matching unit 33 identifies a

thpattefnief altradlingeédge (raka6Xpaee transitigren unit 31 of the

structure of Fig. 3. The reascon of this will be explained

in detail beslow.

(00783

Incidentally, as described above, 1f C0001, C1000, and
C0110 are changed as egqualization target values of the LMS-
TVF 21, the coefficients of the coefficient multipliers 4za
and 42e as well as the coefficient multiplier 42c are also
changed accordingly.

00793

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

[00B0O]

The leading pattern matching unit 32 identifies a
pattern of a leading edge (space-to-mark transition pattern)
of the decoded 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



- 26 SO07P1134 pattern) of the decoded 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. 0082] This allows the dSAM
storage unit 34 to classify evaluation values dSAM by pattern and store
them. [0083] 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 denotes a space of 3T, 4s denotes a space
of 4T, and overSs denotes a space6f 5T or more. T is a channel clock
period. [0085] Further, 2m denotes a mark of 2T, 3m denotes a natkof 34
3T, 4m denotes a mark of 4T, and over5m denotes a mark of 5T or more
pa(5E T 8TY L AHtk foreexainplelatsy hrméans dlleading- edgedsattern ofand

- Ltansitionfrom 2 space of XT,to 2 ma of YT, For exgmple. 2s3misa, -,
pattérn of a leading edge with'a” transition from a Space 0 a mark of

in31. Fudher-5sphAvisa-patiertof adeading.dge with &-transition from a
space of 5T or more to a mark of 5T or more. 0086] As in part (a) of Fig.
[0%8283m, 2s4m, 2s5m, 3s2m, 3s3m, ... 5s5m are separately identified as
pau%gyéogllows the dSAM storage unit 34 to classify
evaluation values dSAM by pattern and store them.
[0083]
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 47, and overbds
denotes a space of 3T or more. T is a channel clecck period.
[0085]

Further, 2m denotes a mark of 27T, 3m denotes a mark of
37, 4m denotes a mark of 47, and overSm denctes a mark of 3T
or more (57 to 8T). And, for example, Xs¥Ym means a leading-
edge pattern of a transition from a space of X7 to a mark of
¥YT. TFor example, 2s3m is a pattern of a leading edge with a
transition from a space of 2T to a mark of 37. Further,
5sbm is & pattern of a leading edge with a transition from a
space of 5T or more to a mark of 53T or more.

[0086]
As in part (a) of Fig. 7, 2Zs3m, 2s4m, ZZsbm, 3szm,

3s3m, ... 5s5m are separately ldentifiled as patterns of



- 27 307P1134 leading edges. [0087] The leading pattern matching unit
32 causes an evaluation value dSAM calculated at the occurrence of, for
example, 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 evaluation
value dSAM2s3m. [0088] Further, an evaluation value dSAM calculated
at the occurrence of the pattern of 2s4m is stored in the dSAM storage
unit 34 as an evaluation value dSAM2s4m. [0089] That is, when the
leading-edge patterns of part (a) of 2Fig= 7 have occurred as decoded,
data, evaluation values dSAM are stored in a distinct manner accefdifg- -4
to them. Incidentally, an evaluation value dSAM obtained in the case of a
iepdttern thatds assumed not to require evaluation value measurement,
such as the pattern of 2s2m, is not stored. [0090] Part (b) of Fig. 7 shows
[O8R ’e]xample of grouping of patterns of trailing edges. For example, XmYs

means a, patiern of a trailing edge with.a transition fram.a mark of XTto a
space of YT. For example, 2m3s is a pattern of a trailing edge with a

evtransition:from ‘azmatk mf 23=toca spaece oftSTHeurtver, 5mbsis @ pattéerr

of a trailing edge with a . ,
example, 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 evaluation wvalue dSAMZs3m.
[0088]

Further, an evaluation value dSAM calculated at the
occurrence of the pattern of 2Zs4m is stored In the dSAM
storage unit 34 as an evaluation value dSAMZsdm.

[0089]

That is, when the Zéadinq—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 cobtained in the case
of a pattern that is assumed not to reguire evaluation valus
measurement, such as the pattern of ZsZm, is not stored.
(00201

Part (b)) of Fig. 7 shows an example of grouping of
patterns of trailing edges. For example, XAmYs means a
pattern of a trailing edge with a transition from a mark of
XT to a space of YT. For example, 2Zm3s is a pattern of a
trailing edge with a transition from a mark of 2T to a space

of 3T. Further, 5mbs iz 2 pattern of a trailing edge with a



- 28 SO7P"_134 transition from a mark of ST or more to a space of 5T or
more. [0091] As in part (h) of Fig. 7, 2m3s, 2m4s, 2m5s, 3m2s, 3m3s, ...
5mb5s are separately identified as patterns of trailing edges. [0092] The
trailing pattern matching unit 33 causes an evaluation value dSAM
calculated at the occurrence of, for example, the pattern of 2m3s as a
decoded data patternrin the Viterbi decoder 22 to be stored in the dSAM
storage unit 34 as an evaluation value dSAM2m3s. [0093] Further, an
evaluation value dSAM calculated attthe occurrence of the pattern of
2m4s is stored in the dSAM storage unit 34 as an evaluation valug®7F1134
dSAM2m4s. [0094] That is, when the trailing-edge patterns of part (b) of

t r fFigs i have Oeeurredrsscdecdded data, revadudtiorevalies e SAMO are r
stored in a distinct manner according to them. Incidentally, an evaluation

"CYalue dSAM obtained in the case of a pattern that is assumed not to

[ cFefuire evaluation value measurement, such as the pattern of 2m2s, is

not stored. [0095] The grouping of patterns as in Fig. 7 is an example. If
As in part (b} of Fig. 7, 2m3s, Zmés, Zm5s, 3mis,

3m3s, ... 5mbs are separately identified as patterns of
trailing edges.
[00921

The trailing pattern matching unit 33 causes an
evaluation value dSAM calculated at the occurrence of, for
example, the pattern of 2Zm3s as a decoded data pattermr in
the Viterbl decoder 22 to be stored in the dSAM storage unit
34 as an evaluation value dSAMZm3s,

[0093]

Further, an evaluation value dSAM calculated at the
cccurrence of the pattern of 2Zméds is stored in the dSAM
storage unit 34 as an evaluation value d3SAMZm4s.

[0094]

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 distingt manner according to them.
Incidentally, an evaluation value dSAM obtained in the case
of a pattern that is assumed nct to reguire evaluation value
measurement, such as the pattern of Zmids, is not stored,
[0095]

The grouping of patterns as in Fig. 7 1s an example. If



- 29 SO7P1134 the dSAM storage unit 34 has a sufficient capacity, for
example, instead of collectively designating 5T to 8T as a set of 5T or
more, 5T to 8T may be separately grouped into patterns and stored.
[0096] In addition, even for evaluation values dSAM with the same
pattern, when each of them is obtained, the evaluation values dSAM may
be additionally stored, or an added value may be stored. [0097] For
example, an evaluation value dSAM may be stored each time the pattern
of 2s3m occurs, so that a plurality of %evaluation values dSAM2s3m can
be saved. Alternatively, in the case of the pattern of 2s3m, evaluation?1134
values may be accumulatively added so that an added value can be
theaviethds sa single evaluativh valued SAN253neNoteahat preferafly,
when an added value is stored, the value of the number of additions (that

eXi%wm@_nuM"bsem%g%ﬁn%%ég%ﬂﬁ@l5aﬁsﬁq5€f§%‘?§o”§to?é“d 0098, An the
s <fecording/repradycing apparatus of the present, emhodiment, the ;¢

evaluation value operation unit 7 calculates evaluation values dSAM in
pathesnannendescrbed above, and groups them into, for example, patterns

before storing them as evaluation values dSAM2s3m, ... ASAM5m5s.
[0086]

Iin addition, even for evaluation values dSAM with the
same pattern, when each of them Is obtained, the evaluation
values dSAM may be additionally stored, or an added value
may be stored.

100971

For example, an evaluation value dSAM may be stored
each time the pattern of 2s3m occurs, so that a plurality of
evaluation values dSAMZs3m can be saved. Alternatively, 1in
the ease of the pattern of 2s3m, evaluatilon values may be
accumulatively added so that an added value can be saved as
a single evaluation value dSAM2s3m. Note that preferably,
when an added value is stored, the wvalue 0f the number cf
additions {(that is, the number of occcurrences of this
pattern) is alsc stored.
f0028]

In the recording/reproducing apparatus of the present
embodiment, the evaluaticn value operation unit 7 calculates
evaluation values dSAM in the manner described above, and
groups them into, for example, patterns before stering them

as evaluatlion values dSAMZs3m, ... dSAMbBHmSs.



- 30 SO07P1134 [0099] The controller 10, when performing, for example,
write strategy adjustment as recording conditions, or the like, performs
recording by variously changing the recording conditions and checks
evaluation values dSAM obtained by reproducing them to identify
optimum recording conditions. The adjustment of optimum recording
conditions can be achieved. [0100] The following explanation will be
given with respect to the evaluation value dSAM used for such
adjustment of recording conditiors f@rite strategy adjustment) or the like.
[0101] As described earlier, particularly, in an optical disk S07P1134
recording/reproducing apparatus including a PRML reproducing system,
{ 0& BAM value exists as an index for evaluating the signal quality (that is,
here, the quality of a write signal in accordance with recording conditions

as awit€ Strafeyh) = The evallahoR Yl FHSAM, 49 fefEiidlto5n tie * te
sthresent example, is an evaluation.index serving.as.an extended SAM

value and is'defined as an index indicating in which direction of an
peadvancedrer-delayed bityshift:a reprogductiem avaveform isshifted and

indicating a shift amount. [0102] As is already known, a SAM value refers
colyy Hiffstengecd checks evaluation values dSAM obtained by
reproducing them to identify optimum recording conditions.

The adiustment of optimum recording cendliicons can be

achieved.

The feollowing explanation will be given with respect to
the evaluation value dSAM used for such adjustment of
recording conditions {(write strategy adjustment} or the like.
[01011]

As described earlier, particularly, in an optical disk
recording/reproducing apparatus including a PRML reproducing
system, a SAM value exists as an index for evaluating the
gsignal quality (that is, here, the guality of a write signal
in accordance with recording conditions as a write strategy).
The evaluation value dSAM, as referred to in the present
example, is an evaluation index serving as an extended 3AM
value and is defined as an index indicating in which
direction of an advanced or delayed bit shift a reproduction
waveform is shifted and indicating a shift amount.

[0102]

As is already known, a SAM value refers tc a difference



- 31 SO07P1134 between a Euclidean d=istance between a reproduction
signal subjected to equalization processing (equalized signal) which is
obtained by metric computation in Viterbi decoding and a decision path
(maximum likelihood path) and a Euclidean distance between the
equalized signal and a counter-path, and can be represented by (Math. 1)
as follows: [Math. 1] SAM vy, -d',)-J(y, -d,)' k [0103] Here, yk is a value
equalized by the LMS-TVF 21, dk is an estimated output value of the
decision path, and d'k is an estimated cutput value of the counter-path.
[0104] The counter-path originates from a location of a branch inS& state 34
transition. In terms of a recording waveform, recording may be performed
beforaeshert peridddraa lahgs period. Betaase of thispasviewed in decoded
data, bits seem to be shifted. [0105] For example, in Fig. 5, "RF" denotes

>&n %aaaﬁz&e Sighar setierive @ﬁ&ﬁ%sé%&auéﬁ%%fﬁﬁ% §k G4ftre), and
wh 18, 18 2 decision.path, for the equalized signal sequerce RE. (dkecoging

sequence) Further, inthis case, "PbR" is a counter
and & decision path (maximum likelihood path) and a

Euclidean distance between the egualized signal and a
counter-path, and can be represented by (Math. 1) as
follows:

[Math. 1]

SAM ZZ( Yy _d!k)z “Z( Y —_dk)z
k [

[G103]

Here, vk is a value egualized by the LMS-TVF 21, dk is
an estimated cutput 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 c¢f a branch
in a state transition. In terms of a recording waveform,
recording may be performed for a short pericd cor a long
pericd. Because of this, as viewed in decoded data, bits
seem tTo be shifted.

(01457

For example, in Fig. 5, "RF" denctes an equalized
signal sequence (that 1s, a sequence with the vk vaiue), and
"Pa" is a decision path for the egualized signzl segquence RE

{dk sequence). Further, in this case, "PbR" 1s a counter-



- 32 S07Pi134 path opposing the equalized signal sequence RF (d'k
sequence). [0106] As with (Math. 1) above, in this case, a difference
between a Euclidean distance between the equalized signal sequence
RE and the decision path Pa and a Euclidean distance between the
equalized signal sequence 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-@élayed shift). [0108] For example, in
Fig. 5, the counter-path PbR opposing the decision oath Pa whicl¥ 7§ﬁi34
original state transition is a path in which a bit shift in the delayed

pa tirectiorn sdceurs o109} sTHatds, ad viewed ittt décaded data, the
deC|5|on path Pa is bk (4T-space to 4T-mark) of Fig. 6 while the

> d5GRMET-path PHR is a decoded data sequence in which a 1- bit-delayed

ro8Rift;has occurred, like b’k (5T-space to 3T- mark) of Fig. 6. (Shaded

portions are images of marks) Further, in Fig. 5, when "PbL" is considered
to bk with (Math. 1) above, in this case, a differsnce

between a Euclidean distance between the equalized signal
sequence RF and the decision path Pa and a Euclidean
distance between the egualized signal seguence RF and the
counter-path PbR is a SAM value.

[0107]

Cpposing 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. 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 delayed 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 seqguence in which a 1-
bit-delaved shift has occurred, like b'k (5T-space to 3T-
mark) of Fig. 6. (Shaded portions are images of marks)

Further, in Fig. 5, when "PbL" is considered tc be a



- 33 S07P1134 counter-path, the counter-path PbL opposing the
decision path Pa is a path in which a bit shift in the advanced direction
occurs. [0110] 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 PbL is a
decoded data sequence in which a i- bit-advanced shift has occurred, like
b"k (3T-space to 5T- mark) of Fig. 6. [0111] Accordingly, if a SAM value in
consideration of a counter-path (d"k sequence) for a bit-advanced shift as
opposing a decision path (dk sequehte) that is an original state transition
is denoted by SAM lead and a SAM value in consideration of a S07F1134
counter-path (d'k sequence) for a bit- delayed shift as opposing the
cogdetisionpath (dksequence)ds rdéroted by SAM yag, Hen SAM-Yeéad and
SAM rag are given by (Math, 2) a d as fal ows; Math %
PaEAM Flehd <E MK 1H06)2 ¢ thdﬁ‘) [%ﬁat 31 SA ragv\?‘Wk

a1 KIZE(YK -dkl-2 kk [0112]
{0110]

That is, as viewed in the decoded data, the decision
path Pa is bk (4T-space to 4T-mark) of Fig. & while the
counter-path PblL 1s a decoded data sequence in which a 1-
bit~advanced shift has occurred, like b"k (3T-space tc 5T-
mark) of Fig. 6.

[0111]

Accordingly, if a SAM value in consideration of a
counter-path (d"k seqguence) for a bit-advanced shift as
cpposing a decision path (dk seguence) that is an original
state transition is denoted by SAM lead and a SBM value in

consideration of a counter-path (d'k seguence} 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. 27 and (Math. 3) as follows:
[Math. 2]
SAM lead = (y,~d", ) -2 (¥, —4,)*
k [

IMath. 3]
SAM _rag =35 (y,~d',\V =2 (¥, —d,)’
& k
(01127
And 1if it is to bz determined in which direction in the

advanced direction and the delayed directicn a signal being



And if it is to be determined in which direction in the advanced direction
and the delayed direction a signal being - 34 S07P1134 recorded is
being shifted, the magnitudes of (Math. 2) and (Math. 3) may be
compared. 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 0. Ifitis not O, it can be determined whether the shift
is delayed or advanced depending on whether the value is positive or
negative. Further, the magnitude-ofthis-value also represents a shift
amount indicating how much the shift is advanced or delayed. [0133] Fiil 34
the present example, it is assumed that an evaluation value dSAM is
regivedssy this calcuation, Hasvelyt (SAM dedd)mirruso(SAMarag). [0114hd
The evaluation value dSAM, given by (SAM lead) minus (SAM rag), that
MR ivatn. Syirtls (WA 35 “can B8 representéd B (Vath 1) 38 felfots
1 IMath, 41 ASAM=Z(yk:dikas 7,(vk:h)2 ok k JOL15] Rurther, s explained

in the structure of Fig. 2, if the equalization error ek is considered, then yk
hasdkevelkred, the value of (SAM lead) minus (SAM rag) is 0.
If it i3 not 0, 1t can be determined whether the shift iz
delaved or advanced depending on whether the value is
positive or negative. Further, the magnitude of this wvalue
alsc represents a shift amount indicating how much the shift
is advanced or delavyed.
[0113]

In the present example, it 1s assumed that an
evaluation value d8AM is given by this calculation, namely,
(SAM lead) minus (SAM rag).

[0114]

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

[Math. 4]
dSAM mg(yk ~d" )’ ~;§(yk ~d Y
(0115

Further, as explained in the structure of Fig. 2, if
the équalization error ek is considered, then vk - dk = ek.
Thus, (Math. 4) above can be represented by (Math. 5} as
follows:

[Math. 5]



Thus, (Math. 4) above can be represented by (Math. 5) as follows: [Math.
5] - 35 c}>~ /I Wk- SO7P1134 dSAM=Zek2+21ek(d,-d"k )+dk _d~~k ~
2-1:e'2-2 ekdk~-1:(d,, -VK)2 [01161 Here, the third term in (Math. 5) is the
Euclidean distance measure on data with a 1-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, both of which have the same
value. Therefore, the equation (Math. 5) can be represented only by the
second and fifth terms, and can furtiser-be modified as given by (Math. 6).
[Math 61 dS4M =-21 ek(d"k-d'k [0117] Here, the outputs d"k, d'k,Sand dk>4

G285 Betae B ) s Berron wefen Toedntand Tocpofs 1

re_presented by M(k) (where this operation is generally a convolution with
OpR olynomials), then dk = M(bk), and therefore d"k - d'k = M(b"k - b'k).

[0118] Here, if.b'k ;0K is a.bit shift paftern Bk, thenthe ruciidesn
distance measure on data with a 1~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,
both of which have the same value. Therefore, the eguation
(Math. 3) can be represented only by the second and fifth
terms, and can further be modified as given by (Math. 6).
[Math. &}

dSAM = =23 e (d" ~d'.)
k
(0117
Here, the outputs d"k, d'k, and dk originally
demonstrate a response relationship to the criginal bit data
strings b"k, b'k, and bk. If an operation which means the
response is represented by M(k) (where this opsration is

generally & convolution with PR polynomials), then

and therefore
d"k - d'k = M(k"k - b'k),
01181
Bere, 1if b"k - b'k 1s & bit shift pattern £k, then the
following holds.
[pile!

bk = {0, 0, 0, 0, O, 1, 1, 1, 1, % ...}



following holds. [0119; bk={0,0,0,0,0,1,1,1,1,x...-36 S07P1134
b"k ={0,0,0,0,1,1,1,1,1,x...} bk=(0,0,0,0,0,0,1,1,1,x ..} Ek=
{0,0,0,0,1,1,0,0,0,x...}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)
above 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 displayed by simple polynomials. [0121] If, starting from
time k-1, time k-1 -* time k -+ time R#1=> time k+2 is considered, then as
in the state transition diagram given in Fig. 4, the outputs of M(Ek§O§r%l.33‘4
00001 -* 00011 -* 00110 -* 01100 -i 01000, and 00000 is obtained
othérwise. 00000 is Equéal-to’0 withdut a resporise; and (Math. 6) is finally
represented E)y: EiMa&h. g%d%Al\/b: -2(0Q00 ekxi +00011- ek +C0110
ek+t +C1100° k2 +01000 “ek+3 ) [01221'Thé above equation is
obtained. (o, 0, 0, ¢, 1, 1, 0, ©, 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} above 1s represented by a
sum of products of the output responses of Bk and the
equivalent error ek. However, since Ek is "1" only at time
k-2 and time k, M{Ek) is displayed by simple peclynomials.
(01211

1f, starting from time k-1, time k-1 — time k — time
kt+1l — time k+2 i1s considered, then as in the state
transition diagram given in Fig. 4, the outputs of M(EK)
are:

Co0G1 —» CO01L — COLli0 — CL100 — 1000,
and C0000 is obtained otherwise. CO0000 is egual to O
without a response, and (Math. 6) is finally represented by:
Math. 7]

dASAM = -2(C0001 e, +C0011-¢, +C0110-¢,,, +C1100-¢, , + (1000 ¢,,.)
foi1z2]
The above equation is obtained.
01231
Incidentally, (Math. 7) represents the case of a space-

to-mark transition and the polarity of (Math. 7} is reversed



[0123] Incidentally, (Math. 7) represents the case of a space- to-mark
transition and the polarity of (Math. 7) is reversed - 37 S07n1134 in the
case of a mark-to-space transition. [01241 Eventually, the evaluation
value dSAM can be considered as with (Math. 7) . That is, for (Math. 7), it
is understood that the evaluation value dSAM can be determined by
performing an operation of 00001, 00011, (20110, 01100, and 01000 with
respect to the equalization errors (ek-1, ek, ek+'_, ek+2, ek+3) using the
ratio of the identification reference vdlues as a coefficient, wherein 00000
=0, that is, the dSAM calculation unit 31 of the structure shown i Fig3 >4
can determine this evaluation value dSAM. [0125] In the present

irembodiment, dherefore lart evatbaton tvaloe dSAN-as a difference

. .between SAM values (difference metrics) is calculated. And, in particular,

Otife'evaluation value dSAM can be determined with a simple structure

using, an-equalizationergor.ek. {0126] The,evaluation yalue-dSAM : dered
quantitatively represents a direction of a bit shift and a shift amount, and

asisdthus veéltsuitable fof the evaluafion ofifhe recording: qualityriaerstood

particular, it is suitable as an index for write strategy _
that the evaluation valiue dSAM can be defermined by

performing an operation of C0001, CO01l, COL11G, C1i00, and
C1l000 with respect to the egualization errors (ek-1, ek,
ek+l, ek+Z, ek+3) using the ratio of the identification
reference values as a coefficient, wherein CG000 = 0, that
is, the dSAM calculation unit 31 of the structure shown in
Fig. 2 can determine this evaluation valus dSAM.

[C1Z25]

In the pressnt embodiment, therefores, an evaluation
value dSAM as a difference between SAM values (difference
metrics) is calculated. And, in particular, the evaluation
value dSAM can be determined with a simple structure using
an equalization error &k,

[012¢]

The evaluation vaiue dSAM guantitatively represents a
direction of a bit shift and a shift amcunt, and 1s 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. 2, the



adjustment. [0127] Further, as explained in the structure of Fig. 2, the - 38
S07P1134 evaluation value dSAM is stored in a distinct manner
according to each decoded data pattern, which is also useful for the
evaluation of the setting of recording conditions. [0128] 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 preset#t invention are conceivable. [01301
The evaluation value operation unit 7 is configured to save evaluatioff =134
values dSAM by classifying them according to the lengths of marks, and
evepaeds before aml dfiétledges tAlematively, assa furthie@xtension of the
detection of the stgtes bef re andtafter %%tterns, the. clglssificaﬂion .
ACHEESTHiNY (6°the ark TEGHRE and shace lengths 6f édges twd “edges =+
£obefare and-afterthe-currentedge.may-he provided {0131 ] fther; while
the foregoing examples have been described on the assumption of PR(1,
[0X,2%,]1), the present invention can be applied to any other partial response

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 operation unit 7 1s configured to
save evaluation values d3aM by classifyving them according to
the lengths of marks and spaces before and after edges.
Llternatively, as a further extension of the detection of
the states before and after patterns, the classification
according to the mark lengths and space lengths of edges two

edges before and after the current edge may be provided.

Further, while the foregoing examplies have been
described on the assumption of PR{1, x, 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)



equalization scheme such as, for example, PR(l, 2, 1). [0132] That is, the
evaluation value dSAM given by (Math. 7) - 39 S07P1134 above is
determined according to the situation in which, as described above, a
pattern of 0, 0,0, 0, 1,1, 0, 0, 0, X ... as a bit shift pattern Ek (= b"k - b'k) is
obtained, which may be an identification response pattern of a 2T signal

in an arbitrary partial response system. The evaluation value dSAM given
by (Math. 7) above is therefore a sum of products of identification
responses obtained by the arbitrary partial response system in response

to the 2T signal and the equalization error ek. By applying such ano /F1134
evaluation value dSAM in various partial response equalization schemes,

abfieadvantabesiofiRe preseittinventionCah Fe achieved. {0133)1 Firthae
detahgei\e ale'sggggi%é’g',“eaobegﬁ;a&?{‘n“%i%765‘% geperges the evaluation yalue
gned to be incorporated’in the recording/reproducing
x appamaius. Alternatively 4t may-be censtrueted as B devicesexternaktod,
the recording/reproducing apparatus and may be an independent
whegaluBEEn Epparattdused for ke O cordingireproduding apparatusT
5114361 sEurtner, the present Inventign ¢an also be applied as 3,
evaluation value dSA&AM given by (Math. 7) above is therefore
a sum of products of ldentification responses cbtained by
the arbitrary partial response system in respcnse to the 2T
signal and the equalization error k. By applying such an
evaluaticn value dS&M in various partial response
equalization schemes, the advantages of the present
invention can be achieved.
[0133]

Further, the svaluation value operatidn unit 7 that
generates the evaluation value dSAM 1s designed to be
incorporated in the recording/reproducing apparatus.
Alternatively, 1t 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, fthe present invention can also be applied as a

recording/reproducing apparatus, an evaluation value

operation apparatus, and an evaluation valus operation

method in a system for a recording medium other than an



recording/reproducing apparatus, an evaluation value operation
apparatus, and an evaluation value operation method. in a system for a
recording medium other than an - 40 S07P1134 optical disk. - 41
S07P1134 CLAIMS 1. A recording/reproducing apparatus characterized
by comprising: a writing/reading unit that writes and reads information
represented by a mark and a space to and from a recording medium; a
PRML decoding unit that performs partial response equalization
processing and maximum likelihcodtéecoding processing on a
reproduction signal read from the recording medium by the S07p1134
writing/reading unit to obtain decoded data; and an evaluation value

cpoperatiohlghit that calculates a signal quality evaluation value
corresponding to a difference between a difference metric between a
maximum likelihood path for an equalized signal that is fed to the
maximum likelihood decoding processing through 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 equalized
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 likelihood - 42 S07P1134 decoding processing and an ideal
equalized signal value determined from a decoded signal obtained as a
result of the maximum likelihood decoding processing. 3. The
recording/reproducing apparatus-actbrding to Claim 1, characterized in
that the evaluation value operation unit stores the calculated signafP 7F1134
quality evaluation value in a distinct manner according to a decoded data
pattern decoded in the maximun¥4ikélifood decoding processing. 4. The
recording/reproducing apparatus according to Clafgn chajacgerizgd b
Furthier Comprising ébﬁﬁSPﬁ]%%ﬁ%gfo?pﬁgﬁgrﬁﬁﬁg Adjustment of & recording
Coﬁ'@pggg%q writing operation in the writing/reading unit by using the
evaluation value obtained by the evaluation value operation unit. 5. An
evaluatiohnvalge opedation methodHet:calculatingza: sigraldguality
._evaluation value when information represented by a mark and a space on
in3 6R6rding nddiafrisTead, the Sighal gudiity Bvakiation valde Being i
. ei@&e&&qg@ Quality,.of the read signal, characterized by comprising:

a PRML decoding unit that performs partizsl response
egualization processing and maximum likelihood decoding
processing on a reproducticn signal read from the recording
medium by the writing/reading unit to obtain decoded data;
and

an evaluation value cperation unit that calculates a
signal quality evaluation value corresponding to a
difference between a difference metric between a maximum
likelihood path feor an equalized signal that is fed to the
maximum likelihood decoding processing through the partial
response equalization processing and a path in a bit-
advanced shift direction ang & difference metric hetween the
maximum likelihood path for the equalized 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 quallty eveluation value using an
equalization error value which 1s an error between an

egualized signal value fed to the maximum likelihood



when partial response equalization processing and maximum 'likelihood
decoding processing are performed on a signal read from the recording
medium to obtain decoded data, calculating a signal quality evaluation
value corresponding to a difference between a difference metric between
a maximum likelihood path for an equalized signal - 43 S07P1134 that is
fed to the maximum likelihood decoding processing through the partial
response equalization processing and a path in a bit-advanced shift
direction and a difference metric-hetween the maximum likelihood path
for the equalized signal and a path in a bit-delayed shift direction.) /& * 34
evaluation value operation apparatus for calculating a signal quality
degvalimtion vahses when infolnsationisepresentdd byh matk ahdva spéce on

a recording medium is read, the sign ality, ey Iuation value being.an
e T O R TRy f B ROt sigh Ehar e SRS rat the

aracterized by comprising: a

naGalgulatiomunit that calculates, gnnccasian of; performing partial
response equalization processing and maximum likel-hood decoding

procéssmgmacslg:mlzreadcﬁmmlm regordingunedione tolobtaino Claim
decoded data, a signal I|ty evaluation value correspondln to a

1/ diffePERGE Potiren d diffdtentd indtid Betwesh avﬁwa&ﬁnﬁﬁ]eﬁl?éﬁﬁw%’&dumt
stea@stI@Q equalized. signalithat is fec.to;the maxipum: likelihood. ;,

decoding processing through the partial response equalization processing
diand acpathdinrebitadvanded shift a decoded data pattern decoded
in the maximum likelihcod decoding processing.

4, The recording/reproducing apparatus according to Claim
1, characterized by further comprising contreol means for
performing adjustment cf a recording signal for a writing
operation in the writing/reading unit by using the
evaluation value obtained by the evaluation value operation
unit.

5. An evaluation value operation method feor calculating a
signal guality evaluation value when information represented
by a mark and a space on a recording medium is read, the
signal guality evaluation value being an index of a guality
of the read signal, characterized by comprising:

when partial response sgualization processing and
maximum ikelihood decoding processing are performed on a
signal read from the recording medium to obtaln decoded data,

calcoculating a signal guality evaluation value
corresponding te a difference between a difference metric

between a maximum likelihood path for an equalized signal



direction and a difference metric between the maximum likelihood path
for the equalized signal and a path in a bit-delayed shift direction.
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that is fed to the maximum likelihood decoding processing
through 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.

6. Bn evaluation value operation apparatus for calculating
a2 signal guality evaluation value when information
represented by a mark and a space on & recording medium is
read, the signal quality evaluation value being an index of
a quality of the read signal, characterized by comprising:

a calculation unit that calculates, on occasion of
performing partial response egualization processing and
maximum likelihood decoding processing on a signal read from
the recording medium to obtaln decoded data, & signal
quality evaluation value corresponding to a difference
between a difference metric between a maximum likelihood
path for an equalized signal that is fed to the maximum
likelinood decoding processing through the partial response
egualization processing and a path in a bit-advanced shift

direction and a difference metric betwesen tLhe maximum

—

ikelihood path for the equalized signal and a path in a

bit-delayed shift direction.



