DESCRIPTION INFORMATION RECORDING METHOD AND
INFORMATION REPRODUCTION METHOD TECHNICAL FIELD [0001]
The present invention relates to a recording method and a reproducing
method of error-correction-coded information. BACKGROUND ART
[0002] An example of data to be recorded on optical. discs such as CDs
and DVDs is data which is error-correction-coded using an error
correction code such as a Reed?88foRtdt &68k or the like (see, for
example, Patent Document No. 1) . For write once and rewritable discs,
address information recordedoby aswolble fermef-adrackisalso
error-correction-coded. For example, for wobble addresses (ADIP:
ADress In Pregroove) for DVD+RW discs, a shortened Reed-Solomon
code RS (13,8,6) is’ 958%566@] E&%%%BW%M%%DOH a write
once or 1 rewritable disc, information needs to be recorded at a correct
position. If information is recorded at an incorrect

TECHNICAL FIELD

[0001] The present invention relates to a recording method
and a reproducing method of error—-correctiocn~coded
information.

BACKGROUND ART

(00027 An example of data to be recorded on optical discs

such as CDhs and DVDs is data which 1s error-correction-coded

using an error correcticn cede such as a Reed-Sclomon code or

the like (see, for example, Patent Document No. 1). For

write once and rewritable discs, address information recorded

by a wobble form of a track is also error-correction-coded.

For example, for wobble addresses (ADIP: AbDress In Pregroove)

for DVD+RW discs, a shortensed Reed-Sclomon code RE (13,8,6)

is used.

(0003 For recording information on a write once or



position, information may not be correctly reproduced or information

already recorded may be erased, for example. In order to avoid this,

address information recorded by wobbling of the track needs to be

correctly detected. One method for realizing this is to improve the

correction capability of an error correction code (to increase the number

of parities added to the address information). Patent Document No. 1:
reyapdridse aid-Open Patert *Pablction N6 B2 125548 TRSCIOSURE O @

INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION [0004] A
coReedSalermon code used forna DYR+RWW disg is a-eedr anGalgis Riglb rrect

GF (24) and so has a maximum code length of 15. Therefore, without

being shortened, the number of parities can be increased by 2 symbols,

POgid & Reed-Soléthbr fddte RS 15 8%) catfhalé acdriection éapaility =@ ©*
improved by 1 symbol. 2 [0005] With reference to FIG. 1A,

1 rerremeariestionscoded, address dafermationwillbe-deseribed -Addrgssie. In

information 10 represented by eight symbols (A0, Alf A2, A3, A4, A5, A6,
order to avoid this, address information recorded by wobbling
of the frack needs fo be correctly detected. One method for
realizing this is to improve the correction capability of an
error correction code (to increase the number of parities
added to the address information).

Patent Document No. 1: Japanese Laid-Open Patent

Publication No. 8~125548

DISCLOSURE OF INVENTION

PROBLEMS TO BE SOQLVED BY THE INVENTION

[0004] A Reed-Solomon code used for a DVD+HRW disc 1s a
code on Galois Field GF (2% and so has a maximum code length
of 15. Therefore, without being shortened, the number of
parities can be increased by 2 symbols, and a Reed-S5clomon
code RS (15,8,8) can have a correction capability improved by

1 symbol.



A7) is error-correction-coded by a Reed-Solomon code RS (15,8,8) to

generate coded information 11 including added seven parity symbols (A3
through Al14). Here, the symbols of the coded information 11 will be
represented by Eo through E14. The coded information 11 is recorded on

an optical disc (information recording medium) using a known system, for
example, ADIP used for a DVD+RW disc. 0006] For reproducing the

[C4ddress inflimatioh®ag sRBWRA i EIG 4B, tH&mforhafion i reptodudey coded

from the optical disc to obtain reproduction coded information 12. The

ad@peeduction cogded infarmation 12-is gbtained by repraduging; theieadgdnat ion
information 11 recorded on the optical disc. This reproduction coded
information 12 is error-corrected to reproduce the address information 10.

10gy V&6 cBftection i tHiS exafipR: Brrdowithinthrde syfabol&are tsr Aer
corrected. [0007] When AUX (AUXiliary) in ADIP is used as a parity to 3

1, genekate a-ReedSolamen tode RS £13,6:8), the corkection: tapabilityefde rs
the error correction code can be improved without changing the code

Ien%th thereof. In this case, the . = | _ , ,
{15,5,8) to generate coded informaticn 11 including added

seven parity symbols (As through Aqg). Here, the symbols of
the coded information 11 will be represented by Ep through Eis.
The coded information 11 1is recorded on an optical disc
(information recording medium) using &a known system, £for
example, ADIP used for a DVD+RW disc.

[00086] For reproducing the address information, as shown
in FIG. 1B, the information 1is reproduced from the optical
disc to obtain reproduction coded informaticn 12. The
reproduction coded information 12 1is obtained by reproducing
the coded information 11 recorded on the optical disc. This
reproduction coded information 12 1is error-corrected to
reproduce  tThe address information 10, By the error
correction in this example, errors within three symbols are
cerrected.

T

[00077 When AUX (AUXiliary) in ADIP is used as a parity to



address information can be detected more correctly by only changing the
format of an error correction coding section. [0008] However, when a new
format disc in which the correction capability of the error correction code
is improved using the Reed-Solomon code RS (13,6,8) is reproduced by
a conventional recording/reproducing apparatus (an apparatus not
compatible to the new format but compatible to the DVD+RW (old

IepFmabs there e atigh peR&Bility it aRSncdrtect addiress E‘g%pr%ﬁéé’(‘ftion

because the format of the error correction section is different, although a

c 6006 Word, canrbe reproduced froma-webbledepredugtion-signabbecause cved
the modulation method is common. [0009] For example, for moving an
optical spot to a_ position close to an address A, the optical spot is usually

IWE (o YR8 Sch A oRRh 690 the MREFESs A in Thé faowiig ¢+ =€

procedure: "the current address is obtained and converted into a radius”

ader'thesopticabspotis moved by the 44ifference beiweentherebtainedoy oniy
radius and the radius of the address A" to "the post-movement address is

obtained aqﬁd cgnverted into a radius" to "the optical sgoot is confirmed to
changing the format of an error correction coding section.

[0008] However, when a new format disc 1in which the
correction capability of the error correction code is
improved using the Reed-Sclomon code RS (13,60,8) is
reproduced by a conventional recording/reproducing apparatus
(an apparatus not compatible to the new format but compatible
to the DVD+RW (old format)), there is a high possibility that
an incorrect address is reproduced because the format of the
error correction section is different, aithough a code word
can be reproduced from a wobble reproduction signal because
the medulation method is commor.

[0009] For example, for moving an optical spot to a
positicon close to an address A, the optical spect is usually
allowed to reach such a position c<lose fTe the address A in
the following procedure: "the current address is obtained and

converted inte a radius” to "the optical spot is moved by the



be in the vicinity of the address A and the procedure is finished". When
the optical spot cannot move to a position close to the address A by one
movement, substantially the same operation is repeated until the above
procedure is finished. [0010] For moving the optical spot from an address
B at around a radius of 50 mm to an address A at around a radius of 40

‘mm, the optical spot is usually allowed to reach a position close to the
dlécfcﬁé%@%%%%%ﬁ%%@%r@%ﬂr@?dth%aéﬁﬁéﬁt a0drese B iubtainedt the

and the optical spot is found to be at a position of the radius of 50 mm" to

addhe apticat spet is moeved fwvardiby LA mm, whichds ¢he; differeree ned  and
from the address A" to "the post-movement address is obtained and the
optical spot is confirmed to be in the vicinity of the address A". [001

CUIFHEVES it tRE Pré-midienient dddresd's igﬁﬁ&&ﬁéctr@yp&&aih%d%%f‘géiﬁaed te
around a radius of 25 mm, the 5 optical spot is moved outward by 15 mm.
beSinge the dise has:ai radiusrof enly 60dnm: $he apticalspatrgoes outsidrire is
the disc. In order to return the optical spot, it is necessary to move
finished"”. When the optical spot cannct move to a position
close to the address A by one movement, substantially the
same operation is repeated until the above procedure 1is
finished.
[00107 For moving the optical spot from an address B at
around a radius of 50 mm to an address A at around a radius
of 40 mm, the optical spet 1s usually allowed to reach a
position close to the address A by the Ifcllowing procedure:
"the current address B is obtained and the optical spot 1is
found to be at a position of the radius of 50 mm" to "the
optical spot 1is moved inward by 10 mm, which 1is the
difference from the address A" to "the post-movement address
is obtained and the optical spot 1s confirmed to ke 1n the
vicinity of the address A".

(0011} However, if the pre-movament address B is

incorrectly obtained as being around a radius of 25 mm, the



the optical spot to a certain area of the disc, perform focusing control or
tracking control, then obtain the current address of the optical spot again
and move the optical. spot. Even if the optical spot is successfully moved
to a position around a radius of 40 mm, if the address obtained as a post-
movement address is incorrect, the optical spot may be repeatedly
moved by the difference from the address A many times. [0012] The

OPpreS@ht iRventicre niESH light Bfthd abbve dBEcribed problem&nds 3n has &

object of providing a method for preventing an apparatus from obtaining
rzan ingogectaddress and causing g-malunctionwhen kEepraducing afhe disc.
optical disc not compatible to the apparatus. MEANS FOR SOLVING
THE PROBLEMS [0013] A recording method according to the present
IinGértioh ddinprisesthe 'stép ot performity first conversii of 2Ty to move

bit-inverting at least one symbol of a code word coded using an error

treorregtion-eade angdnctuding a pdurakityrof symbolsto generateisc, perform
conversion information; and recording the conversion information on a

first recording medium. The _ ,
focusing control or tracking control, then obtain the current

address of the optical spot again and move the optical spot.
Even if the optical spot 1s successfully moved to a positicn
around a radius of 40 mm, if the address obtained as a post-
movement address is incorrect, the optical spot may be
repeatedly moved by the difference from the address A many
times.

[0012] The present inventicn made in light of the above-
described problems has an object of providing a method for
preventing an apparatus from obtaining an incorrect address
and causing a malfunction when reproducing an optical disc not

compatible to the apparatus.

MEANS FOR SOLVING THE PROBLEMS

[(0013] A  recording method according to the present

invention comprises the steps c¢f performing first conversion



first conversion is set such that a distance between first information
obtained by performing inverse conversion to the first conversion on the
conversion information, and second information obtained by performing
inverse conversion to second conversion, which is different from the first
conversion, on the conversion information, is at least 1/2 of a minimum
free distance of the error correction code. [0014] According to an

o ferdbodirhBHE e fifst édnversiéht bitlifveftsTh alimBeér (fn i§ aRdnteger of oded
consecutive symbols. [0015] According to an embodiment, the first

usconyersion allows atleast-ene-non:hitinverted symholto.he presenta1icy of
among a prescribed m number (m is an integer) of bit-inverted symbols.
[0016] According to an embodiment, the second conversion bit-inverts

S &fAtdots EROPIRGUGH € (FAY ofSF Eodé word EiRglutiiiy syiBolCGrf igig the
1, 2, ... 14]. [0017] According to an embodiment, the first conversion

cdgenerates.conversion infopnation tobe recerdedan-thefirst regerding.  The

medium; and the second conversion generates

first conversion is set such that a distance between first
information obtained by performing inverse conversion to the
first conversion on the conversion information, and second
information obtained by performing inverse conversion to
second conversion, which 1s different from the first
conversion, on the conversion information, 1is at least 1/2 of
a minimum free distance of the error correction code.

[0014] According to an embodiment, the first conversion
bit-inverts m number {(m 1is an integer) of consecutive
symbols.

[0015] According to an embodiment, the first conversion
allows at least one non-bit-inverted symbol to be present
among a prescribed m number {(m is an integer) of bit-inverted
symbols.

[0016] According to an empodiment, the second conversion

bit-inverts symbols C{9) through C{14) of a code word



conversion information to be recorded on a second recording medium
having a different recording capacity from that of the first recording
medium. [0018] According to an embodiment, the first conversion does
not bit-invert the symbol C(14). [0019] According to an embodiment, the
information coded using the error correction code includes at least
address information; and the first conversion bit-inverts a symbol

SORCdTPtha YRS si &n ficarit bit ofthe addfess- inforhidtion. [0020] A

recording method according to the present invention comprises the steps

[ cof performing-ticst gonversion of bitiayeHingdn NHUMPEE (15 Mst NidASersion
an integer) of symbols at prescribed positions of a code word coded using
an error correction code and including symbol(i) [i. =0, 1, 2, .. n;nis

IhifegeHD genirAts Tonversior Siiffortatibh: atid reeGrAng the™ the rirst

conversion information on a first recordlng medium. The first conversion
rdssetisuch that @idistance betweendirstdpfgpnationebtaiedidn generates

performing inverse conversion to the first conversion on the
conversion information to be recorded on a second recording
medium having a different recording capacity from that of the
first recording medium.
[00G18] According to an embodiment, the first conversion
dees not bit-invert the symbol C{14).
[0019] According to an embodiment, the information coded
using the error correction code includes at least address
information; and the first conversion bit-inverts a symbol
including the least significant Dbit of the address
information.
F00207 A  recording method according fto tThe present
invention comprises the steps of performing first conversion
of bit-inverting m number (1 £ m < n; m 1is an integer) of
symbols at prescribed positions of a code word cocded using an

error correction c<ode and including symbeol (i} [1 = 0, 1,

2, P 1 ¥ n is an integer] to generate conversion



conversion information, and second information obtained by performing
inverse conversion to second conversion, which bit-inverts j number (1 <-
j < n;jis an integer) of consecutive symbols from the end of symbol C(i)
unlike the first conversion, on the conversion information, is at least 1/2
of a minimum free distance of the error correction code. [0021) An

~ information recording medium according to the present invention has
Indonvetdion inforfistion Fécorded dthéredn, GhidifRed by bit-ifVerifg ri on on &
number (1 <- m <n; mis an integer) of symbols of a code word including

£ 1Symbol €0} kT 195 1ndaqs N is anntegen) s[0022) Accerding tojan set  such
embodiment, a plurality of the symbols are bit-inverted; and the plurality
of bit-inverted symbols allow at least one non-bit-inverted symbol to be
Eh5rbsert aniorig & Hréscrib®H TR Frumbet of bit-inverfetymbdls, ahdaresd by
divided into k number (k is an integer of 2 or 9 greater) of symbol groups

pawiighare Mot adjiacent toeachrother. [0023]ricceording te-aRversion on the
embodiment, among the k number of symbol groups, between a first

symbol group and a second ) , , ,
conversion information, and second information obtained by

performing inverse conversion to second conversion, which
bit-inverts J number (1 < 3 < n; 3 1is an integer) of
consecutive symbols from the end of symbol C(i) unlike the
first conversion, on the conversion information, 1g at least
1/2 of a minimum free distance of the error correction code.
[0021] An information recording medium according to the
present invention has conversion information recocrded
thereon, obtained by bit-inverting m number {1 < m < n; m is
an 1nteger) of symbols of a code word including symbol C(i)
[1 =0, 1, 2, ... n; n is an integer).

(60227 According to an embodiment, a plurality of the
symbols are bit-inverted; and the plurality of bit-inverted
symbols allow at least one non-bit-inverted symbol to be
present among a prescribed m number of bit-inverted symboels,

and are divided into k numbker (k 1s an integer cf 2 orx



symbol group, there are p number (p is an integer of 2 or greater) of
symbols. [0024' According to an embodiment, one of the k number of
symbol groups includes symbol C(2). [0025] According to an embodiment,
one of the k number of symbol groups includes symbol C(3). [0026]
According to an embodiment, one of the k number of symbol groups
includes symbol C(12). [0027] According to an embodiment, the number
II5tahéE rdynibol gidtpSis 30rgieater aht oné 6fthé symbol giGiHss- Lo each
includes symbols C(2) and C(3). [0028] An information recording medium
oragceerding to the present invention includes information in which symbol
C(2) and symbol C(12) are bit-inverted, and symbol C(5) and symbol
are not bit-inverted. [00291 A reproducing method according to the

C(14
(G5 g1l 10°RVSHEONTS forteprodGEiRG HBfRAtion TS e fitst & pumoer of

information recording medium having address information recorded

syiheeeon by dhe apovesdescsibedrecarding methed, by gwhieh therrecordeg:cond
address information is reproduced by

symbol group, there are p number (p 1s an integer of 2 or

greater) of symbols.

{00247 According to an embodiment, one ©f the k number of

symbol groups includes symbol C(2).

(00257 According to an emboediment, cone of the k number of

symbol groups includes symbol C(3) .

[00Z6] According to an embodiment, one of the k numbsr of

symbol groups includes gymbol CT(12).

(002771 Bccording to an embodiment, the number of the

symbol groups its 3 or greater; and one of the symbol groups

includes symbols C{Z) and C({3}.

[G028] An information recording medium according To the

present invention includes information in which symbol C(2)

and symbol C({12) are bit-inverted, and symbol C(5) and symbol

C(14) are not bit-inverted.

(00291 A reprcducing method according to the present



collecting laser light on the first information medium, and reproduction is
performed from the information recording medium based on the address
information. [0030] According to an embodiment, where the number of
errors of coded information obtained by performing one of inverse
conversion to the first conversion and inverse conversion to the second
conversion on the conversion information reproduced from the first

LrrERBrding mediumiidtat feBiRE 2AHGHA thinihiuh fréd tdistancb G the effor T-rst

correction code, the other of the inverse conversion to the first

1 rgiMessionand the Hverse;Convessian to thewseegnd seRNMEESIoN ishformation
performed on the conversion information. EFFECTS OF THE INVENTION
[0031] Accarding to the present invention, even when an apparatus

T 5SHOTRTS reprodiittion from'&n BpHdAl dise 6t a WA format o doinpitibhe e, Py
to the apparatus, the apparatus can be prevented from obtaining an

wrinecorreet-address apddhus seausingsa malfunction iBRIEE DESERIBEIONG by

OF DRAWINGS [0032]

collecting laser light on the first information medium, and
reproduction 1s performed from the information recording
medium based on the address information.

[0030] hccording to an embodiment, where the number of
errors of coded information obtained by performing one of
inverse conversion to the first conversion and inverse
conversion to the seccend conversion on  the conversion
information reproduced from the first recording medium is at
least 1/2 of a minimum free distance of the error correction
code, the other of the inverse conversion to the first

conversion and the inverse conversion to the second

conversion is performed on the conversion information.

EFFECTS OF THE INVENTION

10031 According to the present invention, even when an

apparatus performs reproduction from an optical disc of a



FIG. 1A shows error-correction-coded address information. FIG. 1B
shows processing of reproducing address information. FIG. 2A shows
processing of generating conversion information from
error-correction-coded address information according to an embodiment
of the present invention. FIG. 2B shows processing of generating address
information from reproduction information according to an embodiment of
L akBpredett invEntivhi PIG. 2C shéfs aRGperatich by hichRarapparatusan be
which does not have a function of bit inversion processing reproduces
prepeaduction eppyersion informafionaccording fo- an-empadinent ofdhe  thus
present invention. 12 FIG. 3A shows processing of generating conversion
information from error-correction-coded address information according to
CagteémbBoginiént'ofthé présent invention. FIG. 3B shows processing of
generating address information from reproduction conversion information
according to an embodiment of the present invention.

BRIEF DESCRIPTION OF DRAWINGS

[0032]

FIG. 1A Shows error-correction-coded address
information.

FIG. 1B shows processing of reproducing  address
information.

=

FIG. 2B shows processing of generating conversion
information from error-correction—-coded address information
according to an embodiment of the present invention.

FIG. 2B shows processing of generating address
information from reproduction information according to an
embodiment of the present invention.

FIG. 2C shows an operation by which an apparatus which
does not have a function of bit dinversion processing

reproduces reproduction conversion information according to

an embodiment of the present invention.



FIG. 3C shows an operation by which an apparatus which does not have

a function of bit inversion processing reproduces reproduction conversion
information according to an embodiment of the present invention. FIG. 4A
shows processing of generating conversion information from
error-correction-coded address information according to an embodiment

of the present :i.nvention. FIG. 4B shows an operation by which an .
appalfi)ﬁls vifiich HoeEshot RAVES firction of bit inYersidr: protéssingversion

reproduces reproduction conversion information according to an

i rerpbodiment oftherpresent invention. & G SAshows preeessing ofnformation
generating conversion .information from error-correction-coded address
information according to an embodiment of the present invention. 73 FIG.

AHE EFoWS aTepPlductioRbiferAtior ot & Spparaiifs’ which f&'¢orfiBatible

to bit inversion processing of a second conversion mode but is not

compatible gBbit invession processing i@ firstgonvession madeng  address
according to an embodiment of the present invention. FIG. 6A shows

, frocessing of generating conversign , , , _
irnformation from reproduction conversicn information

according tc an embodiment of the present invention.

FIG. 3C shows an operation by which an apparatus which
doss not have a function of Dbit inversion processing
reproduces reproduction conversion informaticon according to
an embodiment of the present invention.

FIG. 4 shows processing of generating cconversion
information from error-correction-coded address information
according tc an embodiment of the present inventlion.

FIG. 4B shows an operation by which an apparatus which
does not have a function of Dbit inversion processing
reproduces reproduction conversion information according to
an embodiment of the present invention.

FIG. 5A shows ©processing of generating conversion
information from error-correction-coded address information

according to an embodiment of the present invention.



information from error-correction-coded address information according to
an embodiment of the present invention. FIG. 6B shows a reproduction
operation of an apparatus which is compatible to bit inversion processing
of the second conversion mode but is not compatible to bit inversion
processing of the first conversion mode according to an embodiment of
the present invention. FIG. 7A shows processing of generating conversion

informationHonT BRBE crechibhdded Hddre<E Fifd ﬁﬁorf) cEordifgRaTat s

an embodiment of the present invention. FIG. 7B shows a reproduction

whaprefation ofamapparatust whiehts cerpatitileto pit irvessiongprecessingecond
of the second conversion mode but is not compatible to bit inversion
processing of the first conversion mode accordln%t an 14 embodlment

OB ife prESentTiNEntioh: FIGEBA SHows proReESihg of gengrating: —version

conversion information from error-correction-coded address information
praceosding 4o anembodiment of theopresest inventionid1Ga8Bshowwsya to  an
reproduction operation of an apparatus which is compatible to bit

version processing of the second
emg dfmeﬁa o% tﬂ% present Inventilon.

FIG. 6A shows processing of generating conversion
information from error-correction-coded address information
according to an embodiment of the present invention.

FIG. 8B shows a reproduction operation of an apparatus
which is compatible to bit inversion processing of the second
conversion mode but 1s not compatible to bit inversion
processing of the first conversion mode according to an
embodiment of the present invention.

FIG. 7A shows processing of generating conversion
information from error-correction-coded address iInformatlion
according to an embodiment of the present invention,

FIG. 7B ghows a reproduction operation of an apparatus
which is compatible to bit inversion processing of the second
conversion mode but i1s not compatible to Dbit inversion

processing of the first conversion mode according to an



conversion mode but is not compatible to bit inversion processing of the
first conversion mode according to an embodiment of the present
invention. FIG. 9A shows processing of generating conversion
information from error-correction-coded address information according to
an embodiment of the present invention. FIG. 9B shows a reproduction

operation of an apparatus which is compatible to bit inversion processing
emgiferselond feonversish Hidde biitigHot €Bmpatible to bit inversion
processing of the first conversion mode according to an embodiment of

the presentgaventign.5IG. d0Ashows processing of geperating  conversion
conversion information from error-correction-coded address information
according to an embodiment of the present invention. 15 FIG. 10B shows

114 fdptBducion operatish of AR ApparAtis CWAICATE CorApAtisIE fo bip LoTmation

inversion processing of the second conversion mode but is not

accompatible te bt invarsion: pracessing-afdhe fitst canversionmods .
according to an embodiment of the present invention. FIG. 10C shows bit
locations in sg/mbols representing , ,
FIG. 8B shows a reproducticn operation of an apparatus

which is compatible tc bit inversion processing cf the second
conversion mode but 1is not compatible to bit inversion
processing of the first conversion mode according to an
embodiment of the present invention.

FIG. 8A shows processing of generating conversion
information from error-correction-coded address information
accerding to an embodiment of tThe present inventicn.

FIG. 9B shows a reproducticn operation of an apparatus
which is compatible to kit inversion processing of the second
conversion mode but 1s not compatible to bit inversion
processing of the first conversion mode according to an
embodiment of the present invention.

FIG. 10A shows processing of generating conversion
information from error-correction-coded address information

according to an embediment of the present invention.



address information according to an embodiment of the present invention.

FIG. 10D shows bit locations in symbols representing address information
according to an embodiment of the present invention. FIG. 10E shows an
operation of obtaining an incorrect layer number and an incorrect address
number according to an embodiment of the present invention. FIG. 10F

shows processing of generating conversion information from
errortddrrectiBB-coded addresshinfotiratibAlacedrdiAg 10an e@mbudimeaeratus
of the present invention. FIG. |IOG shows address numbers and address

wrinformatiop caccordingto@n empodiment of the B&G@@@E@/ﬁgtlg&- FIGS-cecong
11(a) and (b) each show a synchronization-shifted 16 reproduction area
according to an embodiment of the present invention. FIG. 12 shows a

CPrdeédurerof réprotiuciitrincofrect AddresE fdratation &ccordliny told@ysrsion
embodiment of the present invention. FIG. 13 shows a procedure of

pAeneLating,copversion:  first conversion mode according to an
embodiment of the present invention.

FIG. 10C shows bit locations 1in symbols representing
address information according to an embodiment of the present
invention.

FIG. 10D shows bit locations 1in symbols representing
address Iinformation according to an embodiment of the present
invention.

FIG. 10E shows an operation of obtaining an incorrect
layer number and an incorrect address number acceording to an
embodiment of the present invention.

FIG. 10F shows processing of generating conversion
information from error-correction-coded address information
according to an embodiment of the present invention.

FIG. 108G shows address numbers and address informafion
according tce an embodiment of the present invention.

FIGS5. 11{a) and (b) each show a synchronization-shifted

16



information according to an embodiment of the present invention. FIG. 14

shows a conversion information stream recorded on a recording medium

according to an embodiment of the present invention. FIG. 15 shows a

procedure of reproducing address information from conversion

information reproduced from a recording medium according to an

embodiment of the present invention. FIG. 16 is a partial enlarged view of
refhecciveision IERPMATSIPSTE&A shewAin PR AL FIGE1Pshowsa Present

procedure of reproducing address information from conversion

1 ninformation obtained by reproducing a reproduction area according to an
embodiment of 17 the present invention. FIG. 18 shows a procedure of
reproducma address information from conversion information obtained by

repréduting 4 syReRiohizationsSHitsd reptod Gction &8 AA%C atBordifg tor T &<

an embodiment of the present invention. FIG. 19 shows a procedure of
adgenerating, eenversionn according to an embodiment of the present

invention.

FIG. 13 shows a procedure of generating conversion
information according teo an emboediment of the present
invention.

FI1G. 14 shows a conversion information stream recorded
on a recording medium according to an embodiment of the
present invention.

FIG. 15 shows a vprocedure of reproducing address
information from conversion information reproduced from a
recording medium according to an embodiment of the present
invention.

FIG. 16 1is a partial enlarged vwview of the conversion
infeormation stream shcown in FIG. 14.

FIG. 17 shows a procedure of reproducing address
information from conversion information ocbtained by

reproducing a reproduction area according to an embodiment of

17



information according to an embodiment of the present invention. FIG. 20
shows a procedure of reproducing address information from conversion
information reproduced from a recording medium according to an
embodiment of the present invention. FIG. 21 shows a conversion
information stream recorded on a recording medium according to an
embodiment of the present invention. FIG. 22 shows a procedure of
reproduaiy-addréss tinfskmation from conversion information obtained by
reproducing a reproduction area according to an embodiment of the

presentinvarfionsklG,23 shows a.progedure of reproducing address 18 ress

information from conversion information obtained by reproducing a
synchronization-shifted reproduction area according to an embodiment of
1R PrésertinventibAnFT 60 24 Shdlda procedtid et gérieratingtained by
conversion information according to an embodiment of the present
rdBVentioNing a2 synchronization-shifted reproduction area 112
according to an embodiment of the present invention.

FIG. 189 shows a procedure of generating conversion
information .according to an embodiment of the present
invention.

FIG. 20 shows a procedure of reproducing address
information from conversion information reproduced from a
recording medium according to an embodiment of the present
invention.

FIG. 21 shows a conversion information stream recorded
onl a recording medium acceording to an embodiment of the
present invention.

FIG. 22 shows a procedure of reproducing address
information from conversion information obtained by
reproducing a reproduction area according to an sembodiment of

the present inventlion.

FIG. 23 shows a procedure of reproducing address
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FIG. 25 shows a procedure of reproducing address information from
conversion information reproduced from a recording medium according to
an embodiment of the present invention. FIG. 26 shows a conversion
information stream recorded on a recording medium according to an
embodiment of the present invention. FIG. 27 shows a procedure of
. reproducing address information from conversion information obtained bg/
I Eprdticiitga reprodiictionr aREEESEGing th e émbodirient of tha+ e
present invention. FIG. 28 shows a procedure of reproducing address
rdpfosmationdromsconversionyinformation,obtained by repdusinga ion  area
synchronization-shifted reproduction area 19 according to an embodiment
of the present invention. FIG. 29 is a block diagram showing an
aSfiforMation HeptodeEing apparatus dcddrdingto S émbodiment 8t the
present invention. FIG. 30 shows an operation when an optical disc is
processed wih cenversionswhichshewld-be pedormes®pating conversion

by

information according to an embodiment o©f the present
invention.

FIG. 25 shows a procedure of reproducing address
informaticen from conversion iIinformation reproduced from a
recording medium according to an embodiment of the present
invention.

FIG. 26 shows a conversion information stream recorded
on a recording medium according to an embodiment of the
present invention.

FIG. 27 chows a procedure o©f reproducing address
information from conversion information obtained by
reproducing a reproduction area according tce an embodiment of
The present invention.

FIG. 28 shows a yprocedure  of  reproducing address
infermation from conversion information chtained by

reproducing a synchronization-shifted reproduction aresa
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another optical disc of another format according to an embodiment of the
present invention. FIG. 31 shows conditions for preventing incorrect
reproduction according to an embodiment of the present invention. FIG.
32 shows conditions for preventing incorrect reproduction according to an
embodiment of the present invention. FIG. 33 is a block diagram showing

an information recording apparatus for recording address information
A HECOTRG 16 AnemBBdiHtertof thepre'sehit MYERTOH: FIBSSB34Ed) through
(c) show a production method of an optical disc according to an

embediment of thespresent, jnvention; 20-HG. 35:sbawsa wehbleifer:@fat ion
a groove according to an embodiment of the present invention. FIG. 36
shows a physical structure of an optical disc according to an embodiment

TGt IRE Presknt ifvatitionT EIG. SPAShOWS% 25 GB B attording'fo’an ©F  the
embodiment of the present invention.

pregent Invention.

FIG. 30 =shows an operation when an optical disc 1is
processed with conversion which should be performed on
another optical disc of another format according to an
embodiment ©f the present invention.

FIG. 31 shows conditions for preventing incorrect
reproduction according to an embodiment o©f the present
inventicn.

FIG. 32 shows conditions for preventing incorrect
reproduction according to an embodiment o©f the present
invention.

FIG. 33 is a block diagram shewing an information
recording apparatus for recording address information
according to an embodiment of the present invention.

FIGS. 34(a) through () show a production method of an
optical disc according te an embodiment of the present

invention.
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FIG. 37B shows an optical disc having a higher recording density than
that of the 25 GB BD according to an embodiment of the present
invention. FIG. 38 shows how a mark stream recorded on the track is
irradiated with a light beam according to an embodiment of the present
invention. FIG. 39 shows the relationship between the OTF and the

shortest recording mark regarding a BD having a recording capacity of
25GB Hecorfng to 4 efnbdditient ofthé presedt fentibnaFE4pind to an
shows an example in which the spatial frequency of the shortest mark

enf@d ) isdigherthanthe, Q Tk extoff: fregueneynand the amplitude of a 2T
reproduction signal is 0 according to an embodiment of the present
invention. 21 DESCRIPTION OF REFERENCE NUMERALS [0033] 10 .
addrésSinfotthatibi"£1 fodediiirbfiation 2 feproduction 8bdegP treal disc

information 20 bit inversion processing
according to an embodiment of the present invention.

FIG. 37A shows a 25 GB BD according to an embodiment of
the present invention.

FIG. 37B shows an optical disc having a higher recording
density than that of the Z5 GB BD according to an embodiment
of the present invention.

FIG. 38 shows how a mark stream recocrded on the track is
irradiated with a light beam according to an embodiment of
the present invention.

FIG. 32 shows the relationship between the CTF and the
shortest recording mark regarding a BD having a recording
capacity of 25GB according to an enbodiment of the present
invention.

FIG. 40 shows an example 1in which the spatial frequency
of the shortest mark (Z7T) i1s higher than the OTF cutoff
freguency and the amplitude of a 27T reproduction signal is O

according to an embodiment of the present invention.



21 conversion information 22 reproduction conversion information 23
error 30 bit inversion processing 33 conversion value 150 optical disc

151 optical pickup 152 information reproducing section 153 conversion
section 154 error correction section 155 address detection section 156
determination section 22 BEST MODE FOR CARRYING OUT THE
INVENTION [0034] Hereinafter, embodiments of the present invention will
be described with reference to the drawings. (EMBODIMENT 1) [0035] In
embodiments of the present invention, bit inversion is performed on m

pEHRRSTHoN O <gliRisRbrIessRef gymbols of a code word including
symbol: CI) I =0, I, Z, ... m, nis an integer] to generate conversion

[0C33]

10 address information

i1 coded information

12 reproduction coded information

20 bit inversion processing

21 conversion information

22 reproduction conversion information
23 error

30 bit inversion processing

33 conversion value

150 optical disc

151 optical pickup

152 information reproducing section

153 conversion section

154 error correction section

155 address detection section

156 determination section
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information. The generated conversion information is recorded on an
information recording medium. C(X) represents an x'th symbol. For
example, C(0) represents the zeroth symbol, and C(10) represents the
tenth symbol. [0036] For example, conversion processing of inverting all
the bits of a plurality of symbols of error-correction-coded address
mformatlon IS performed and conversmn mformatlon generated by the
' » ¢ ha O recording medium.
The information recordlng medium is, for example, an optical disc. [0037]
[ f%s PA shaws pracessing of generating,conversion 123 information fom. s on
error-correction-coded address information. Address information 10
represented by eight symbols (An, Al, A2, A3, A4, A5, A6, A7) is
W lekroritorrietionidoddd by Reete Solsifof @oé@@§€@8@§¥o generate
coded information 11 including added seven parity symbols (AB through
Al4). Here, the symbols of the coded information 11 will be represented
by Eo through E,4. Symbols Eo through E7 correspond to symbols Ao

qt?@rou h A7, and) symbols E8 through E14 correspond to symbols A8

[C035] In embodiments of the present invention, bit

inversion 1is performed on m number (1 £ m < n; m 1is an

integer) of symbols of a code word including symbol: C{i) [1

= 0, 1, 2, ... n; n is an integer] to generate conversion

information. The generated conversion information is

recorded on an information recording medium. Ci{x) represents

an x'th symbol. For example, C(0) represents the =zeroth

symbol, and C({10) represents the tenth symbol.

[oozel For example, conversion processing of inverting all

the bits of a plurality of symbols of error-correction-coded

address information is performed, and conversion information

generated by the conversion processing 1s recorded on an

information recording medium. The information recording

medium is, for example, an optical disc.

[0037] FIG. 2A shows processing of generating conversion
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"00381 Next, conversion of inverting all the bits of each of four symbols

(Eo, E1, E2, E3) of the coded information 11 (bit inversion processing 20)

is performed to generate conversion information 21. Here, symbol ex is a

symbol obtained by inverting all the bits of symbol Ex. The four symbols

(Eo, E1, E,, E3) are converted into symbols (so, el, e2, e3).[0039] The
~generated conversion information 21 is recorded on an optical. disc. The
1ndSHRRSibAinforrratioR 2A°EarT Bé Crscordat By & KnowA teEGling systdm L ton -

for example, ADIP used for DVD+RW discs. On the optical disc, pieces of
adeonvessian 24 -information @1 genecated from diffecent piecesofaddress,, »,,

information 10 are recorded sequentially. [0040[ Next, a method for

reproducing address information will be described. FIG. 2B shows
Azprotessifigr of Yenefiting address FfbrRatisFfrémthetepfodictioy & Reed-

information. [0041; For reproducing address information, as shown in
scfil&@B, nfermatien is reproduced-isom;an optical disedeobtaifiormation 11

reproduction conversion information 22. The reproduction conversion

. information 22 s obtained by .
including added seven parity symbols (Ag through A.) . Here,

the symbols of the coded information 11 will be represented
by Eys through Eiy. Symbols Ey through E; ceorrespond fo
symbols Ay through A,;, and symbols Ez through E;s correspond
to symbols Az through Aig.

00381 Next, conversicon ¢f inverting all the hits of each
of four symbols (Eg, Ei, E2, E3) of the cocded information 11
{bit inversion processing 20) 13 performed to generate
conversion information 21. Here, symbcl e; is a symbol
obtained by inverting all the bits of symbeol E:. The four

symbols (Ep, Ei, Ez, Es3) are converted into symbols {eq, &1, €2,

63).
[0039] The generated conversion information 21 1s recorded
on an optical disc. The conversion information 21 can be

reccrded by a known recording system, for example, ADIP used

for DVD+RW discs. On the optical disc, pieces of conversion
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reproducing the conversion information 21 recorded on the optical disc.
[0042; Bit inversion processing 30 which is inverse to the bit inversion
processing 20 is performed on the reproduction conversion information
22 reproduced from the optical disc to generate reproduction coded
information 12. The bit inversion processing 30 inverts all the bits of each

~ of four symbols (ea, el, e2, e3) of the reproduction conversion

Lihforfiatiof22 43 obtaingseai §ymbolS(Fe CB £ B2r £3). SoaTe ot theflsaddress
symbols of the obtained reproduction coded information 12 may be

i feprogucedrwifly ap incorrect value, but, 25-eriers within three symbols are
corrected by error correction processing. Thus, address information 10 is
reproduced. [0043] Next, an operation of reproducing the reproduction

[ (ébtersion Mfsfmatfor@2-femh drPptical Aise by diF apgaratds whickprmation

does not have a function of performing bit inversion processing 30 will be

widescriReds ElG 26 shows an copesgtionby,which an apparatuswhighnerat ing
does not have a function of performing bit inversion processing 30

reproduces the reproduction conversion information 22. As shown in
address information from the reproduction information.

F00471 3 For reproducing address information, ag gshown 1in
FIG. 2B, information 1s reproduced from an optical disc to
obtain reproduction conversion information 22. The
reproduction conversicn Informaticn 22 is cbtained Dby
reproducing the conversion information 21 recorded on the
optical disc.

00423 Bit inversion processing 30 which is inverse to the
bit inversion processing 20 is performed on the reproduction
conversion information 22 reproduced from the optical disc to
generate reproduction coded information 12, The Dbit

inversion processing 30 inverts all the bits of each of four

symbols (g¢, €1, ez, e3) of the reproduction conversion
information 22 to obtain four symbols (Eg, B, Ez, Es3). Scme

of the 15 symbols of the obtained reproducticon coded

information 12 may be reproduced with an incorrect value, but
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FIG. 2C, the information is reproduced from the optical disc to obtain the
reproduction conversion information 22. Four symbols (€0, el, e2, e3)
from the zeroth to third symbols of the reproduction conversion
information 22 show information obtained by inverting all the bits of the
symbols (Eo, E j, E2, E3). Due to this, the reproduction conversion
information 22 includes four symbol errors. The number of symbols which

© Igen Bertofrected by fife REBHSGlombh codeRS (£5.858) i§ thres grorrection
smaller. Therefore, the apparatus detects that the error correction of the

pAERoductign convgrsion infprmation 22,1, Impessinle apd candelarming.
that an error 23 has occurred on 26 the stage of error correction without
reproducing incorrect address information. Owing to this, even when the
[Hpparatus rEpFoduces inffhatidh fromiart Gticat dise 1ot Ebfmpatiblecduction
thereto, the apparatus can be prevented from obtaining an incorrect

c@ddress and thys-causing a malipction. J0044] In this, manper, the coded., o
information is converted into conversion information using a conversion

method by which a number of symbols exceeding the correction , -
AS2pabitit o the errdt Lofredtion codBearé not#eedveted fothgerforming bit

inversion processing 30 will be described. FIG. 2C showg an
operation by which an apparatus which does not have a
function of performing bit inversion processing 30 reproduces
the reproduction conversion information 22, As shown in
FIG. 2C, the information 1s reproduced from the optical disc
to cbtain the reproduction conversion information 22. Four
symbols (ey, e, es, e3) from the zeroth to third symbols of
the reproducticon conversion information 22 show information
obtained by inverting all the bits of the symbols (Es;, E;, Es,
Ez). Due to this, the reproduction conversion informaticn 22
includes four symbol errors. The number of symbols which can
he correctad by The Reed-Solomon code RS (15,8,8) is three or
smaller. Therefore, the apparatus detects that the error
correction of the reproduction conversion information 22 is

impossible and can determine that an error 23 has occurred on



original symbols, and the obtained conversion information is recorded on
an optical disc. Thus, an error can be detected by error correction
processing without incorrect address information being reproduced.
[0045] Next, with reference to FIG. 3A, an example in which different
symbols from those of the above example are bit-inverted will be

described. [0046] FIG. 3A shows processing of generating conversion
thffofrhafién fromeridticofieéfiGittoded dddresst inforftation tikethencorrect
processing shown in FIG. 2A, address information 10 represented by

acRigBtssymbals tAg through A iserrels 27-cosrectiorcoded 1o gereratgaratus
coded information 11. [0047] In the example shown in FIG. 3A, conversion

of inverting all the bits of each of six symbols (F9, E10, E,1, E12, E13, ,
LRI BIRE codedPirfration 11Bit iVerSBh processing 20)9s  compatible

performed to generate conversion information 21. The six symbols (E9,

rrileckd], BlZ: EA3 R4 are converied inje symbelsi(e9. e, GbhelZaing an
el3, el4) . The generated conversion information 21 is recorded on an

. optical disc. , ,
incorrect address and thus causing a malfunction.

[(0044)] In this manner, the coded information is converted
into conversion information using a conversion method by
which a number of symbols exceeding The correction capability
of tThe error correcticn code are not recovered to the
original symbols, and the obtained conversion information is
recorded on an optical disc. Thus, an error can be detected
by error correction processing without incorrect address
informaticn belng reprcduced.

[0045] Next, with reference to FIG. 3A, an example in
which different symbols from those of the above example are
bit-inverted will be described.

[0046] FIG. 3A shows processing of generating conversion
information from error-correcticn-coded address information.
Like the processing shown in FIG. 2A, address information 10

represented by esight symbols {&; through &4) 1s error-
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[0048] Next, a method for reproducing address information will be
described. FIG. 3B shows processing of generating address information
from the reproduction information. [0049] For reproducing address
information, as shown in FIG. 3B, information is reproduced from an
optical disc to obtain reproduction conversion information 22. The
reproduction conversion information 22 is obtained by reproducing the
CPohbersioR irfoihTatior2 £ Pécoraéd ofithe opticaP disc: 6056 rhe
processing of reproducing address information from the optical disc is
[ dasically the same,as the proaessing R8.described abowa with-teferenceon o+
to FIG. 2B. In this example, as a result of the information reproduction
~ from the optical disc, the reproduction conversion information 22 including
LT50E bitAiverdd sybols1edthrotigt 8<R) i€ bbtiired® kstefore &it  Eior Eiis
inversion processing 30 in this example which is inverse to the bit
Einvergion pracessing 26 invertsalkihe bits of eaeh ohthe six synbols (€% rsion
through el4) of the reproduction conversion information 22 to obtain
symbols (Ey thgoeu)gh Ei_g). As a result, rgprodgction coded information 12

précessing performe ¢ genarate conversion
information 21. The six symbols (Es, Eig, E11, Ei1z, Ei13, Eid)
are converted inte symbols (€3, €10, €11, €12, €12, 214 . The

generated conversion information 21 1is recorded on an optical

disc.
[0048] Next, a method for reproducing address informaticn
will be described. FIG. 3B shows processing of generating

address infcrmation from the reproduction information.

[0049] For reproducing address information, as shown in
FIG. 3B, informaticn 1s reproduced from an optical disc to
obtain repreduction conversion information  22. The
reproduction conversion information 22 is obtained Dby
reproducing the conversion information 21 recorded on the
optical disc.

[GO50] The processing of reproducing address information

from the optical disc is basically the same as tThe processing
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including symbols (E9 through E14) is obtained. Some of the 15 symbols

of the obtained reproduction coded information 12 may be reproduced

with an incorrect value, but errors within three symbols are corrected by

error correction processing. Thus, address information 10 is reproduced.

[0051] Next, an operation of reproducing the reproduction conversion

information 22 from an optical disc by an apparatus which does not have
deg flnetisH of PEMBrMiRbibit: invVersion processing 304Rill beldesklibéd example,

FIG. 3C shows an operation by which an apparatus which does not have

a @ functioniof performing:bitinversion.processing 30ueproduces 29 thesptical
reproduction conversion information 22. As shown in FIG. 3C, the

information is reproduced from the optical disc to obtain the reproduction
DiHrwersion infERMAT0H 22 °8ix SYMBOIS (€9 throtgh'eta)-dfthe 22 ncluding
reproduction conversion information 22 show information obtained by

silRverting all the Hitsof thesymbels (ES,threughEf). Due,to thiss thesprained.
reproduction conversion information 22 includes six symbol errors. The
number of symbols which can be corrected by the Reed-Solomon code

TW?%?f@%ﬁﬂi?ﬁﬁeé%ﬁ%ﬁﬁﬂ@?'ﬁﬁﬁ&ﬁﬁ&lng 30 in this example which

iz inverge to the kit inversion processing 20 inverts all the
bits of each of the six symbols {eg through ey) of the
reproduction conversicn information 22 to chtain symbols (Es
through Ei4). &3 a result, reproducticon coded information 12
including symbols (Es through E.s) 1s cbtained. Some of the
15 symbols of the obtained reproduction coded information 12
may be reproduced with an incerrect value, but errors within
three symbols are corrected by error correction processing.
Thus, address information 10 is reproduced.

[0G51] Next, an operation of reprcducing the reproduction
conversion information 22 from an optical disc by an
apparatus which does not have a function of performing bit
inversion processing 30 will be described. FIG. 3C shows an
operation by which an apparatus which does not have a

function of performing kit inversion processing 30 reproduces



the apparatus detects that the error correction of the reproduction
conversion information 22 is impossible and can determine that an error
23 has occurred on the stage of error correction without reproducing
incorrect address information. [0052] Next, with reference to FIG. 4A,
another example in which different symbols from those of the above
examples are bit-inverted will be described. [0053] FIG. 4A shows

Chgroceskifie o gerietatifg ChRvErsh ikformatidn flor 22 - As shown in
error-correction-coded address information. Like the processing shown in

F1ElIG. #A, addressiintormation 10 represenied: by €ight symbels (Athreugh disc
A7) is error- 30 correction-coded to generate coded information 11. [0054]
In the example shown in FIG. 4A, conversion of inverting all the bits of )
“Cealth ot nihe 'syMbbRAES B B E6CET B85 £Y EI) E11T0F tHé'cofied 51
information 11 (bit inversion processing 20) is performed to generate

s veghvession dpformation;21. Eheynine symbels (Ed: FAe &S EGE7, ESnErsion
Flo, E11) are converted into symbols (e3, e4, e5, €6, e7, €8, €9, elo, ell).

. The generated conversion information 21 is recorded on an optical disc.
information 22 chow information obtained by inverting all the

bits of the symbols (Es through Ei4). Due to this, the
reproduction conversion information 22 includes six symbol
arrors. The number of symbols which can be corrected by the
Reed-Solomon code RS (15,8,8) is three or smaller. Therefore,
the apparatus detects that the error correction of the
reproduction conversion information 22 1s impossible and can
determine that an error 23 has occurred on the stage of error
correction without reproducing incorrect address information.
(00521 Next, with reference to FIG. 4A, ancother example in
which different symboels from those of the above examples are
bit-inverted will be described.

[0053] FIG. 4R shows prccessing of gensrating conversion
information from error-correction-coded address information.
Like the processing shown in FIG. 2A, address information 10

represented by eight symbols {Ay through As) is error-



[0055] The processing of reproducing address information from an optical
disc is basically the same as the processing described above with
reference to FIG. 2B. In this example, as a result of the information
reproduction from the optical disc, reproduction conversion information 22
including nine bit-inverted symbols (e3 through el) is obtained.

Therefore, bit inversion processing 30 in this example which is inverse to
COhEBItinvBrsIsH BrockSsiAg T mverts af the bitd 6F 'eath St thd nine
symbols (e3 through ell) of the reproduction conversion information 22 to

[captain symhols (Egdhreugh F1d) AsaJesultrepreductin codediversion of
information 12 including 31 symbols (E3 through E11) is obtained. Some

~ of the 15 symbols of the obtained reproduction coded information 12 may

gETepritiuted withard incdriett GaIGE, bt Sifors withiiPhtée Spmbbls Fsr Ee
are corrected by error correction processing. Thus, address information

5,10 iggeprogyced: [0056f Next, ap operation-etieprodugingig ion 11 (bit
reproduction conversion information 22 from an optical disc by an

. apparatus which does not have a function of performing bit inversion

THtoEEssifg BOWilf BE descAfed. FIGPAB ShbliganC 9snerate conversion

information 21. The nine symbols (Ez, E;, Es, Eg, E7, Ez, Eg,
E1g, F11) are converted into symbols (3, €4, &5, €5, €7, €, €g,
€10, ©11) . The generated conversion information 21 is
recorded on an optical disc.

[0053] The processing of reproducing address information
from an optical disc is basically the same as the processing
described above with reference to FIG. 2B. In this example,
as a result of the informatiocn reproduction from the optical
disc, reproduction conversion information 22 including nine
bit-inverted symbols (e; through e;,} is obtained. Therefore,
bit inversion processing 30 in this example which is inverse
to the bit inversion processing 20 inverts all the bits of
each of the nine symbols (g3 tThrough ey} of the reproduction
conversion information 22 to chtain symbels (Es; Through Faip).

As a result, reproducticon coded information 12 including



operation by which an apparatus which does not have a function of
performing bit inversion processing 30 reproduces the reproduction
conversion information 22. As shown in FIG. 4B, the information is
reproduced from the optical disc to obtain the reproduction conversion
information 22. Nine symbols (e3 through el11) of the reproduction
conversion information 22 show information obtained by inverting all the
£ B Ofthé symbols (B3 through'E; 17 Daé &6 this, thetepfoduttion 1> symbols
conversion information 22 includes nine symbol errors. The number of

o Syrhals whichicanibe corrested.by the Regd-Solomon.cadeiRS (458.8)y be

is three or smaller. Therefore, 32 the apparatus detects that the error
correction of the reproduction conversion information 22 is impossible

T PRI Hetetriite that aft efbF 28Tha¥dbceGmeddh tHe stage of efrop” three
correction without reproducing incorrect address information. [0057] As

s Hgseribed above, according 1o, Embodiment 1, when, the.conversiony.  Thus,
information 21 recorded on an information recording medium after being

subjected to the bit-inversion ,processigﬂl%éo is reproduced by an
A Stus WINERdbes mot betforfPBitifversish processing 30, a number
of symbol

[0056e] Next, an operation cf reproducing the reproduction
conversion information 22 from an optical disc by an
apparatus which does not have a function of performing bit
inversion processing 30 will be described. FIG. 4B shows an
operation by which an apparatus which does not have a
function of performing bit inversion processing 30 reproduces
the reproduction conversicn information 22, As shown in
FIG. 4B, the information is reproduced from the optical disc
to obtain the reproduction conversion infcrmation 22. Nine
symbols (es through e1;1) of the reproduction conversion
information 22 show informaticn obtained by inverting all the
bits of the symbols {E: through E:i1). Due to this, the
reproduction conversion information 22 includes nine symbol
errors. The number of symbols which can be corrected by the

Reed~Solomon code RS (15,8,8) is three or smaller. Therefore,
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errors exceeding the number which can be corrected by a Reed- Solomon
code RS (15,8,8) are caused, so that a malfunction is prevented. In order
to cause a number of symbol errors exceeding the number which can be
corrected by a Reed-Solomon code RS (15,8,8) by reproduction
processing which does not perform bit-inversion processing 30, the
number of symbols which are bit-inverted by the bit inversion. processin
thep sHerdd Bé 'set to!fiil O Yreater (EMBODIMENT 2) foos8iHyion <t  the

Embodiment 1, an operation by which an apparatus 33 which does not

reiaves function of pedforming the bil-Hyersion pipCessing30.6aNAot and can
reproduce address information from the reproduction conversion

information 22 and determines that an error has occurred is described.
deieran Cappt atud capabR oPgerftinifg Bt iistsion proGessing dyt Srror
be used to reproduce information from an optical disc of a format not

ccconpatible tg;therapparatysy inthis embpdimente &method-fos preveting: i on .
the apparatus from obtaining an incorrect address and thus causing a

malfunction even in such a case will be described.
{0057] As described above, according to Embodiment 1, when

the conversion information 21 recorded on an information
recording mediuvm after being subjected to the bit-inversion
processing 20 1s reproduced by an apparatus which doces not
perform bit-inversion processing 30, a number of symbol
errors exceeding the number which can ke corrected by a Reed-
Solomon code RS (15,8,8) are caused, so that a malfunction is
prevented. In order to cause. a number of symbol errors
gxceeding the number which can be ccrrected by a Reed-Solomon
code RS {15,8,8) by reproduction processing which does not
perform bit-inversion processing 30, the number of symbols
which are bit-inverted by the bit inversion processing 20

should be set to four or greater.

(EMBODIMENT 2)

[0058] In Embodiment 1, an operation by which an apparatus
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[0059] A code word including symbol C(i) is processed with a first
conversion mode of bit-inverting m number of symbols to generate
conversion information. The generated conversion information is
recorded on an optical disc. The first conversion mode is set such that a
distance between first information obtained by performing inverse
conversion to the first conversion mode on the conversion information,
wherel se€6rd infoffatidi dbtairfed By péifofting fivers€ E6AVErSIBh toas bit
second conversion mode, which is different from the first conversion

1 rmede,jonthe.conversion iddgrmation,,is ate 34-least 1/2.0f a-minimuntfreg.« i on
distance of the error correction code. Hereinafter, this will be described

more specifically. [0060] It is assumed here that on an optical disc,
FrhversioR inforfiiion P1-sibjectetPio Bt mvérsion 1proeéssing By the?2  and
first conversion mode is recorded. It is also assumed that an apparatus to

dehewsadfos reproduging ipformation from this-eptical digeds compalibleteer an
the bit inversion processing of the second conversion mode but is not

compatible to the bit inversion processing of the first conversion mode. In
2RARCAsBSWhERTEpfbdacing fifofkaticy °1t inversion processing may

be used to reproduce information from an optical disc of a
format not compatible To the apparatus. In this embodiment,
a method for preventing the apparatus from obtaining an
incorrect address and thus causing a malfunction even in such
a case will be described.

[0059] A code word including symbel C{i) 1is processed with
a first conversion mode of bit-inverting m number of symbols
to generate conversion information. The generated conversion
information 1s recorded on an optical disc. The first
conversion mode 1s set such that a distance between first
information cbifained by performing inverse conversion to the
first conversicn mode on the convergsion informaticn, and
second information obtained by performing inverse conversion
to a second conversion mode, which 1s different from the

first conversion mode, on the conversion information, is at
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from the optical disc by this apparatus, it is necessary to set the
apparatus such that the apparatus cannot reproduce address information
and determines that an error has occurred. [0061] First, with reference to
FIG. 5A, processing of generating conversion information 21 subjected to
bit inversion processing by the first conversion mode will be described.
[0062] FIG. 5A shows processing of generating conversion information
1 ¥foth efror-coireétioh-cddetraddress fhfsfation. <35 [Like tive processingection
shown in FIG. 2A, address information 10 represented by eight symbols

cdAQ .thr%{gf'eAlQa@tE‘é Kor- QQQ%C%“IQO‘?@ @e@%ﬂ%@ﬁ%@%inﬁ%@%i?ﬂca 1ly.
11. [0063] in the example shown in FIG. 5A, conversion of inverting all
the bits of each of ten symbols (E5 through E14) of the coded information
LOA5@it inversion procedsifg2oilis perermed id geRbraté tonérsior L disc,
information 21. The ten symbols (E5 through E14) are converted into

cSymbels (85 throygh e14). The generated-conversion information 218 version

recorded on an optical disc.

processing by the first conversion mode is recorded. Tt is
also assumed that an apparatus to be used for reproducing
informaticn from this optical disc is compatible to the bit
inversion processing of the second conversion mode but is not
compatible to the bit inversion processing of the first
conversion mode. In this case, when reproducing information
from the ocoptical disc by this apparatus, it is necessary to
set the apparatus such that the apparatus cannct reproduce
address information and determines that an error has
occurred.

[0C61L]) First, with reference tTo FIG. BA, processing of
generating conversion information 21 subijected to bit
inversion processing by the Ifirst conversion mode will be
described.

[0062] FIG. BA cshows processing of generating conversion

information from error-correction-coded address information.



[0064] The processing of reproducing address information from an optical
disc is basically the same as the processing described above with
reference to FIG. 2B. In this example, as a result of the information
reproduction from the optical disc, reproduction conversion information 22
including ten bit-inverted symbols (e5 through el14) is obtained.

_ Therefore, bit inversion processing 30 in this example which is inverse to
Lithe bitiAversioniideassing 20tinveits allthe Hits of CHEHSf the ferimetion 10
symbols (e5 through e14) of the reproduction conversion information 22

r9:Qbtainsymbals (Ea thioughE14) ;36 Some of the 15 gymhols of the  crror-
obtained reproduction coded information 12 may be reproduced with an
incorrect value, but errors within three symbols are corrected by error

CodorFaction proeessing© THES. Sddtrés$ iffithatich Ei & repFroduked.

[0065] Next, a reproduction operation of an apparatus which is

L cgpanpatible to.the Bit inversig processing ofithe seconGgoNversionmoden  of
but is not compatible to the bit inversion processing of the first conversion

. mode will be _described. FIG. 5B shows a reproduction OFeration of such
1@¥§%&$%ﬁna%} the bits of each of ten symbols (E; through Eia)

of the ccded information 11 (bit inversion processing 20) is
performed to generate conversion infermation 21. The ten
symbols (Fs through FEy4) are converted into symbols (es
through e14). The generated conversiocn information 21 1is
recorded on an cptical disc.

[0064] The processing of reproducing address information
from an optical disc is basically the same as the processing
described above with reference to FIG. 2B. In this example,
as a result of the information reproduction from the optical
disc, reproduction conversion informaticn 22 including ten
bit-inverted symbols (&5 through e;s; 1s obtained. Therefore,
bit inversion processing 30 in this example which is inverse
to the bit inversion processing 20 inverts all the bits of
each of the ften symbols (es through ey} of the reproduction

conversion information 22 to obtain symbols (Es through Ei4).
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[0066] The second conversion mode inverts j number (1] <n;jis an
integer) of consecutive symbols from the end of symbol C(i). For
example, the second conversion mode bit- inverts symbols C(9) through
0(14) of a code word including symbols C(0) through (14). [0067] Here, it
is assumed that the bit inversion processing of the second conversion

mode is the bit inversion processing described above with reference to
SHGSOBA aAd 3B, n&mBRA tie (tocessing ePpérarting Bitivdrsionon  coded
between the symbols (Eg through E14) and the symbols (eg through eia)

i 3190681 As shown:ip RIGS. BB, infarmation,is repegduced from an optical, but
disc to obtain reproduction conversion information 22. The reproduction

conversmn information 22 is obtained by reproducel%the conversion .
ThfofMation 21 recOrded 6T bptidaluise 66691 Fthe dpfarattis correction

performs bit inversion processing 30 on the reproduction conversion

pripfesmatien 22 repreducedfrem sthergplicakdise t0 generate sepreduetion,
coded information 12a. The bit inversion processing 30 inverts all the bits

of each of SIX sxmbols (e9 through e14) of the reproduction
[G065] Nex reprodlictich operation of an apparatus

which is compatible to the bit inversion processing of the
second conversion mede but is not compatible To the bit
inversion processing of the first conversion mode will be
described. FIG. 5B shows a reproduction operation of such an
apparatus.

[0066] The second conversion mode inverts 3 number (1 £ 9
< n; 3 18 an integer) <of consecutive symbols from the end of
symbol C(i). For example, the second conversion mode bit-
inverts_symbols C{%) through C(14) of a code word including
symbols C(0) through (14).

[C067] Here, it is assumed that the bit inversion
processing of the sacond conversion mode is the bhit inversion
processing described above with reference to FIGS. 3A and 3B,

namely, the processing of performing bit inversion between

the sympbols (Ey through E;y) and the symbols (eg through e.s).
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conversion information 22 to obtain six symbols (Ey through E,9).

However, bit inversion processing is not performed on symbols (e5

through ee) included in the reproduction conversion information 22. As a

result, the obtained reproduction coded information 12a includes the

symbols (e5 through es) non-converted. Due to this, the reproduction

coded information 12a includes four symbol errors. The number of
LO8VifiBols wHieh BaR'Pe cdirectéd byRne Reba:Shiomon &6dé Re prbigsy from

is three or smaller. Therefore, the apparatus detects that the error
arCoffrctioniofthe 3& reprpdugtioncodeadiinformation d2ads #mpassible-ant: « ion

can determine that an error 23 has occurred on the stage of error

correction without reproducing incorrect address information. [0070] In ,
2Zthis mathef SVEWRER 3h apparatas tapabte b Petforihgithe Scotd-2 1 ned

bit inversion processing is used to reproduce information from an optical
pydisepf-a dermatqot reompatipde to the appesatds ctheddirgtibitiaversion on the

processing is performed such that four or more symbol errors are caused.

Owing to this, the apparatus can be prevented from obtaining an incorrect
OPiddréss and thus causing a

[0069] The apparatus performs bit inversion processing 30
on the reproduction conversion information 22 reproduced from
the optical disc to generate reproduction coded information
12a. The bit inversicn processing 30 inverts all the bits of
each of six symbols (e, through e:s) o©of the reproduction

conversion information 22 to obtain six svymboels (Es through

Eqia) . However, bilt inversicon processing 1s not performed on
symbols {es Through a4) included in the reproduction
conversion information 22. As a result, the obtained

reproduction coded information 12a includes the symbols (ep

through e3) non-converted. Dus to this, The reprcduction

coded information 12a includes four symbol errors. The

number of symbols which can be corrected by the Reed-Solomon

code RS (15,8,8) 18 three or smaller. Therefore, the

apparatus detects that the error correction of the



malfunction. 0071] Next, with reference to FIG. 6A, an operation with a
format in which different symbols from those of the above example are
bit-inverted by the first conversion mode will be described. [0072] FIG. 6A
shows processing of generating conversion information from
error-correction-coded address information. Address information 10
represented by eight symbols (AO through A7) is error-correction-coded

I YpijetetateCodéd rmafibA T2 3990073 PRext TonVersisn bf irvertifig  can
all the bits of each of six symbols (E7 through E12) of the coded

ddntormatiendds (bikinversion ppacessing20)is perHonned te.geRe@ie of error
conversion information 21. The six symbols (E7 through E12) are

converted into symbols (e7 through e12) The generated conversion .
CqRformation 21isheEdrdearan optital dise OO 74] PRE! pfotessingtsmat-on -

reproducing address information from an optical disc is basically the
[ (game as the progessing.described abave,with refarense 40 FiGs2B.4Pable of

this example, as a result of the information reproduction from the optical

performing the second bit inversiocn processing is used to
reproduce information from an optical disc of a format not
compatible to the apparatus, the first bit inversion
processing is performed such that four or more symbol errors
are caused. Owing to this, the apparatus can be prevented
from obtaining an incorrect address and thus causing a
malfunction.

00711 Next, with reference to FIG. 6A, an cperaticon with
a format in which different symbols from those of the above
example are bit-inverted by the first conversiocn mode will be
described.

(00721 FIG. 6A =shows processing of generating conversion
information from error-correction~coded address information.
Address information 10 represented by eight symbols (&g
through A5) is error-correction-coded to generate coded

information 11.
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disc, reproduction conversion information 22 including six bit-inverted
symbols (e7 through ell) is obtained. Therefore, bit inversion processing
30 in this example which is inverse to the bit inversion processing 20
inverts all the bits of each of the six symbols (e7 through e12) of the
reproduction conversion information 22 to obtain symbols (E7 through
E12). As aresult, reproduction coded information 12 including symbols

[0S through &% ¥ is ShtaiRas $othesf the 15Synibols bt tHe' Gbtined ©F £ach

reproduction coded information 12 may be reproduced with an incorrect

o fvadlie; but,erensswithin threeAQ;symiols are cerrected by @rron.correetionn 11
processing. Thus, address information 10 is reproduced. 10075] Next, a
reproduction operation of an apparatus which is compatible F%O the bit

0

(bihVersiSh frotessingiof 6 SSecohd cohverstoh mdde butie ot -©  generate

compatible to the bit inversion processing of the first conversion mode will
cdegr Slesered. FG-6Btshawsza repraductien epesation DE such aihrough Eq»)
apparatus. [0076] Here, it is assumed that the bit inversion processing of

the second conversion mode is £he bit inversion
are converted 1into symbols {ey through ei2). The generated

conversion information 21 is recorded on an optical disc.

[0074] The processing of reproducing address Iinformation
from an optical disc is basically the same as the processing
described above with reference to FIG. 2B. In this example,
as a result of the information reproduction from the optical
disc, reproduction conversion information 22 including six
bit-inverted symbols (e; through es:;) is obtained. Therefore,
bit inversion processing 30 in this example which is inverse
to the bit inversion processing 20 inverts all the bits of
each of the six symbols {e; through eiz) of the reproduction
conversion information 22 to obtain symbols (E; through Eig).
As a result, reproduction coded information 12 including
symbols (E; through Ep4) 1s obtained. Some of the 15 symbols
of the obtained reproduction c¢oded information 12 may be

reproduced with an incorrect value, but errors within three
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processing described above with reference to FIGS. 3A and 3B, namely,
the processing of performing bit inversion between the symbols (E5
through E14) and the symbols (e9 through e14). [0077] As shown in FIG.
6B, information is reproduced from an optical disc to obtain reproduction
conversion information 22. The reproduction conversion information 22 is
obtained by reproducing the conversion information 21 recorded on the

S Y9pticaP disé {0078 Phe apparatus perforAts HifinvesiorPsiocessing 30  Thus,
on the reproduction conversion information 22 reproduced from 41 the

acpticghdisg £0 generale raproductien, coded information 12a. The bit
inversion processing 30 inverts all the bits of each of six symbols (e9

through e,, E13 through E14) of the reproduction conversion information
L)' to] obtairl'§i% 'symisbls (Y HrOUgh 822, eP§ Hitbugh e19y . ThHe apparatus
symbols (E13 through E14) do not need to be bit-inverted but have been

wrbitbinveded. ke sympbels (&7 threughias) ineluded;inthe, reproducton of the
conversion information 22 are not bit-inverted. As a result, the obtained

reproduction coded mformatlon 12a includes symbols (e7 through e6, e13 ‘
sqﬁﬁﬁﬂﬂ]gf&yeﬁaéqgthgo e but is not compatibkble "to the bit

inversion processing of the first conversion mode will be
described. FIG. 6B shows a reproduction operation c¢f such an
apparatus.

[0076] Here, it is  assumed that the Dbit inversion
processing of the second conversion mode is the bit inversion
processing described above with reference to FIGS. 3A and 3B,
namely, the processing of performing bit inversion between
the symbols (Es through Ejy) and the symbols (ey through =14).
{00777 As shown in FIG. 6B, information is reproduced from
an optical disc to obtain reproduction conversion information
22, The reproduction conversion information 22 1is cbtained
by reprocducing the ceonversion information 21 recorded on the
optical disc.

[0078] The apparatus performs bit inversion processing 30

on the reproduction conversion information 22 reproduced from
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the reproduction coded information 12a includes four symbol errors. The
number of symbols which can be corrected by the Reed-Solomon code
RS (15,8,8) is three or smaller. Therefore, the apparatus detects that the
error correction of the reproduction coded information 12a is impossible
and can determine that an error 23 has occurred on the stage of error

correction without reproducing incorrect address information. [0079] ‘
thgnlike i Embodimenttl where bathcof 1Re fifst iconversiciPifode Bpitkaation
second conversion mode are capable of performing bit inversion, it is not

1 Afficientdo.set the, AZ-aumhe (_Bfo%%%@ﬁéo Be bitzinyerted fo bedayger; r5 of
than the number of symbols which can be corrected by the
Reed-Solomon code RS (_5,8,8). The positions to be bit-inverted by the ‘_
S48t conversion HBdE isSset fit considerafiorfof the positioiis @ bels) of the

bit-inverted by the second conversion mode. Namely, the first conversion

rdpedelis-satsuchdnata distance, betwean: first ipformation ebtained by svmbols
performing inverse conversion to the first conversion mode on the
conversion information, and second information obtained by performin

(Baverad ebaberSion totthe déebRdEdnverdion mdde whidkPists  (Eis gﬁhmuqh

Ei5) do not need to be bit-inverted but have been bit-
inverted. The symbols {e; through eg} included in the
reproduction conversion informaticon 22 are not bit-inverted.
As a result, the obtained reprcoduction coded information 12a
includes symbols (e; through eg, e13 through e14). Due to this,
the reproducticn ccded information 12a includes four symbol
errcrs. The number of symbols which can be corrected by the
Reed-Solomon code RS (15,8,8) is three or smaller. Therefore,
the apparatus detects that the errcor correction of the
reproduction coded information 12a is impossible and can
determine that an error 23 has cccurred on the stage of error
correction without reproducing incorrect address information.
10079] Unlike 1in Embodiment 1, where both of the first
conversion mode and the second conversion moede are capable of

performing bit inversion, it is not sufficient to set the



different from the first conversion mode, on the conversion information, is

at least 1/2 of a minimum free distance of the error correction code.

[0080[ In this specification, when conversion information which is

generated by the first conversion mode and recorded on an optical disc is

reproduced by inverse conversion by a reproducing apparatus for

performing the second conversion mode, the number of symbol errors
nEReBEdiRG theYAmaber 6fosyrRbols- WhichvEantse corfecksdl Byathger than the

Reed-Solomon code RS (1.5,8,8) is caused, so that a malfunction is

nRfevented. 43.Meedlesgs.to.say. substantially the sameeffect of ceeq-so10mon
preventing the malfunction is provided even when conversion information

which is generated by the second conversion mode and recorded on an
cpticaldist s réproduced Bifinvérse bversibh by Fegrodacingted by the
apparatus for performing the first conversion mode. (EMBODIMENT 3)

£ {0081] In Embodiments Land 2, bit inwersion processingiigeperfarmed o the
m number of consecutive symbols. In this embodiment, two or more

separate symbol groups are bit- ,
positions to be bilit-inverted by the second conversion mode.

Namely, the first conversicn mode is set such that a distance
between first informaticn obtained by performing inverse
conversion to the first conversion mode on the conversion
information, and second infeormation obtained by performing
inverse conversion to the second conversion mode, which i1s
different from the first conversion mode, on the conversion
information, is at least 1/2 cf a minimum free distance of
the error correction code.

[0080] In this specification, when conversion information
which is generated by the first conversion mode and recorded
on an optical disc 1s reproduced by inverse conversion by a
reproducing apparatus for performing the second conversion
mode, the number of symbol errors exceeding the number of
symboels which can be corrected by the Reed-Solomon code RS

(15,8,8}) 1s caused, so that a malfunction is prevented.
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inverted (namely, there is at least one symbol which is not to be
bit-inverted among m number of symbols to be bit- inverted). [0082] A
plurality of symbols to be bit-inverted are divided into k number (k is an
integer of 2 or greater) of symbol groups which are not adjacent to each
other. Between the two symbol groups, there is(are) p number (p is an
integer of ;. or greater) of symbol(s). One of the symbol %oups includes

Negidegstonkof 3yihbof B2 CY3Pand CHY. 327%0083)'FfsE, with preventing

reference to FIG. 7A, processing of generating conversion information 21
traubjected; to-bit Javersiopprocessing:by the first.conversion moedeswillienat s on

described. Address information 10 represented by eight symbols (AO

through A7) is error-correction-coded to generate coded information 11.
w6684 NeXE BERVErsionof ihvéitiAGg S tHe bits BRE&T Tof TP Symbofs Erorded

through E6, E9 through E14) of the coded information 11 (bit inversion

orPregessing: 2Q)1is pedfermed to- generate gomversion ifaemationy2l-csthey by a
symbols to be bit- inverted are divided into two blocks of the symbols (E2

reproducing apparatus for performing the first conversion

mode.

(EMBODIMENT 3)

100817 In Embodiments 1 and 2, bit inversion processing is
performed on m number of consecutive symbols. In this
embodiment, two or more separate symbol groups are bit-
inverted (namely, there is at least one symbol which is not
o be Dblt-inverted among m number of symbols to be bit-
inverted) .

(00821 A plurality of symbols to be bit-inverted are
divided into k number {k i1s an integer of 2 or greater) of
symbol groups which are not adjacent to each other. Between
the two symbol groups, there is(are) p number (p is an
integer of 1 or greater) of symbol{s). One of the symbol

groups includes at least one of symbols C{2), C(3) and C(l2}.
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through E6) and the symbols (E9 through E14). [0085] The 11 symbols
(E2 through E6, E9 through E14) are converted into symbols (e2 through
€6, e9 through el14). The generated conversion information 21 is
recorded on an optical disc. [0086] The processing of reproducing
address information from an optical disc is performed by bit inversion
processing 30 which is inverse to the bit inversion processing 20 as
| (festlibed abbye with féfefenée f¢FRD.ZB. Eonversion 8P 45 vefirgeals  of
the bits of each of the 11 symbols (e2 through €6, €9 through e14) of the

gepredugtion conyersionsipformatign, 22;isperformed tosQ!H%@c’%YéHbC"%o bit
(E2 through E6, E9 through E1.4). As a result, reproduction coded

. information 12 including symbols (Eo through E14) is obtained. Errors )
LTitHif LthfeeSyRisols abél cottectedy etro? torfetiBhpiécessigiernyd,t+ oo
address information 10 is reproduced. [0087] Next, a reproduction

deaperationiof an apparatys whighjis-compatible tp thebitinversian by  eight
processing of the second conversion mode but is not compatible to the bit

inversion processing of the first conversion mode will be
symbols (Ap; through A,) is error-correction-coded to generate

coded information 11.

[008B4] Next, conversion of inverting all the bits of each
of 11 symbols (F, through E¢, FEs through E;j.) of the coded
information 11 (bit inversion processing 20) is performed to
generate conversion information 21. The symbols to be bit-
inverted are divided into twe blocks o©of the symbols (E;
through Es) and the symbcels (Eg through Ei4) .

(00857 The 11 symbols (E:; through Es, ke through E.) are
converted into symbols (e, through es, eq through e . The
generated conversion information 21 is recorded on an cptical
disc.

[0086] The processing of reproducing address information
froh an optical disc is performed by bit inversicn processing
30 which 1s inverse To the bit inversion processing 20 as

described above with reference Lo FIG. 2B. Conversion of
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described. FIG. 7B shows a reproduction operation of such an apparatus.
[0088] Here, it is assumed that the bit inversion processing of the second
conversion mode is the bit inversion processing described above with
reference to FIGS. 3A and 3B, namely, the processing of performing bit
inversion between the symbols (E9 through E,4) and the symbols (e9
through e,4). [0089] As shown in FIG. 7B, information is reproduced from

1 Bpticdl diselto GbtaiR ¥éproditictichEorifersioi® infdrnfaflbnC 48 228 THehrough

reproduction conversion information 22 is obtained by reproducing the

e Conversioninfermation 2% regarded.on.the- eptical disc, 10090} Then format ion
apparatus performs bit inversion processing 30 on the reproduction
conversion information 22 reproduced from the optical disc to generate

22repfoduittion EBEEd inforRtaition™ 15y e Bit inversiol prstessing 3o through

inverts all the bits of each of six symbols (€9 through e;4) of the

£, feproduction conversiominformation22:to-abtain sbosymbols{(ESthraugh, 12
E14). However, bit inversion processing is not performed on symbols (e2

_ through e6) included in the reproduction _ ‘ R
including 'symbols (E; through E;4) 1is obtained. LErrore within

three symbols are corrected by error correcticn processing.
Thus, address information 10 is reproduced.

(00871 Next, a reproduction operatlion of an apparatus
which 1is compatible to the bit inversion processing of the
second conversion mode but is not compatible to the bit
inversion processing of the first conversicn mode will be
described. FIG. 7B shows a reproducticn operaticn of such an
apparatus.

(0088 ] Here, it is assumed that the bit Inversion
processing of the second conversion mode is the bit inversion
processing described above with reference to FIGS. 3A and 3B,
namely, the processing of performing bit inversion between
the symbols (Eg through E:s) and the symbols (es through ei4).
(0089] As shown in FIG. 7B, information is reproduced from

an optical disc to cobtalin reproduction conversion information
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conversion information 22. As a result, the obtained reproduction coded
information 12a includes the symbols (e2 through e6). Due to this, the
reproduction coded information 12a includes five symbol errors. The
number of symbols which can be corrected by the Reed-Solomon code
RS (15,8,8) is three or smaller. Therefore, the apparatus detects that the
error correction of the reproduction coded information 12a is impossible
2Z3nd ﬁh%e‘f@r‘%ﬁ@%ﬁ&t%er?&*@?ﬁéé%%c&%%ﬁlatﬁé%rﬁag%zof efropPtained
correction without reproducing incorrect 47 address information. [0091]
nyNexdpwitheferencento RIG: 84 aneperation-with ;a format inewbiehed on the
different symbols from those of the above example are bit-inverted by the
first conversion mode will be described. [0092] FIG. 8A shows processing
orbfigeheratiig conversion information from error-correction-coded address
information. Address information 10 represented by eight symbols (AO
| (theough A7 isceregsieortection-seded to, genarateicodeds infernationetking 30
[0093] Next, conversion of inverting all the bits of each

on the reproduction cenversion information 22 reproduced from
the optical disc to generate reproduction coded Information
12a. The bit inversion processing 30 inverts all the bits of

each of six symbols (es through e.4) of the reproduction

conversion information 22 to obtain six symbols {(Es through

Eiq) . However, bit Inversion processing is not performed on
symbols (ez; through eg) included in the reproduction
conversion information 22, As a result, the obtained

reproduction coded information 12a includes the symbols {e:
through eg). Due to this, the reproduction coded information
12a includes five symbol errors. The number of symbols which
can Dbe corrected by the Reed-Sclomon code RS (15,8,8) is
three or smaller. Therefore, the apparatus detects that the
error correction of the reproduction coded information 12a is
impossible and can determine that an error 23 has occurred on

the stage of error correction without reproducing incorrect
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of eight symbols (E2 through E9, E9 through E13) of the coded
information 11 (bit inversion processing 20) is performed to generate
conversion information 21. The symbols to be bit- inverted are divided into
two blocks of the symbols (E2 through E9) and the symbols (E9 through
E13) [0094] The eight symbols (E2 through F4, E9 through 113) are
converted into symbols (e2 through e4, e9 through e113) The generated
2 Ebhversidn ifortmatic 21 is recorded on an optical disc. 48 [0095] The
processing of reproducing address information from an optical disc is

[(R%@f_med e Rt iUVQESﬁ"P&n 9@@@%_&@9&%@6@ igerse Ip thebib 5 on wich
inversion processing 20 as described above with reference to FIG. 2B.
Conversion of inverting all the bits of each of the eight symbols (e2

2 thiotigh el e throtigh e13f 6fthe regrotfieton deierdibn Shfofrhatidie above
22 is performed to obtain symbols (E2 through E4, E9 through E13). As a

/884l depradugtion ceded infgrmatian, 1 Zrinclyding syrabals {EOfhraughi 11 pe
E14) is obtained. Errors within three symbols are corrected by error

correction processing. Thus, address information 10 is reproduced.
described.

[009Z2] FIG. BA shows processing of generating conversion
information from error-correction-coded address information.
Address information 10 represented by elght symbols (Ag
through  As) is error-correction-coded to generate coded
infermaticn 11.

(00837 Next, conversion of inverting all the bits of each
of eight symbols (E; through E4, Es through Ei:) of the coded
information 11 (bit inversion processing 20) is performed to
generate conversion information 21. The symbols to be bit-
inverted are divided into two blocks of the symbols (E;
through Ei) and the symbols (Es through Ei3).

[0094] The eight symbols (E; through Es, Es through E;3)
are converted into symbols (e; through ey, es through e3).
The generated conversion Iinformation 231 i1s recorded on an

optical disc.
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[0096] Next, a reproduction operation of an apparatus which is
compatible to the bit inversion processing of the second conversion mode
but is not compatible to the bit inversion processing of the first conversion
mode will be described. FIG. 8B shows a reproduction operation of such
an apparatus. [0097] Here, it is assumed that the bit inversion processing
of the second conversion mode is the bit inversion processing described
[ C4bbve with féférenEe 6 £FG3934 And- SBT A9 arhsly, tHE Prstesdingofmat Lon
performing bit inversion between the symbols (E9 through E,4) and the

£ :3%mkols o9 through £14).; [00:-28] As-ghown in BIG. 8BJafetmationis cessing
reproduced from an optical disc to obtain reproduction conversion
information 22. The reproduction conversion information 22 is obtained

3Gy reprodudifig tHevEdriversich infofmation 217 18eorded onthecasticdly 20 as
disc. [0099] The apparatus performs bit inversion processing 30 on the

adeproductionseprnersian: infornation. 224epreduced fropw the opfiealdisG on of
to generate reproduction coded information 12a. The bit inversion

~ processing 30 inverts all the bits of _
inverting  all the bits of each of the eight symbols (e;

through e, €¢ through 2.3} of the reproduction ccocnversion
information 22 1s performed Lo obtain symbols (E:; through Ea,
B¢ through Fi3). As a result, reproduction coded information
12 including symbcls (E; through Ei:) 1s obtained. Errors
within three symbols are corrected by error correction
processing. Thus, address information 10 1s reproduced.
[00926] Next, a reproduction operaticon of an apparatus
which is compatible to the bit inversion processing of the
second conversion mode but is not compatible to the bit
inversion processing of the first conversion mode will be
described. FIG. 8B shows a reproduction operation of such an
apparatus.

(00971 Here, it is assumed that the bit inversion
processing of the second conversion mode is the bif inversion

processing described above with reference to FIGS. 3R and 3B,
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each of six symbols (e9 through e13, E14) of the reproduction conversion
information 22 to obtain six symbols (E9 through E13, el4) . The symbol
(E14) does not need to be bit-inverted but has been bit-inverted. The
symbols (e2 through e4) included in the reproduction conversion
information 22 are not bit-inverted. As a result, the obtained reproduction
coded information 12a includes symbols (e2 through e4, e,e) . Due to
nagst the réb?odﬁéﬁﬁr?é@détﬂlnfbﬁynétﬁﬁfféé“ﬁ%%d our Sy Ribot frofs tween
The number of symbols which can be 50 corrected by the Reed-Solomon

+ Heode RS {13,8(8), is-three gr smaller Therefore; the apparatysdetectsn e, )
that the error correction of the reproduction coded information 12a is
impossible and can determine that an error 23 has occurred on the stage

[t ¢tror corfettionWithout réprduéhg |H&?Félé‘f‘aaiﬂ]o%‘sslﬁlf5r?r?artﬁ)%med from

[0100] Next, an example in which the symbols to be bit- inverted are

ardiviged #3to three-or-more symhol-greups wilt berdesgoribeds One aftie rmation
symbol groups includes symbols C(2) and C(3). In this example, the

symbols are divided into three symbol groups. 4 ,
The reproduction conversicn information 22 is obtained

by reproducing the conversion information 21 recorded on the
optical disc.

[00G%] The apparatus performs bit inversion processing 30
on the reproduction conversion information 22 reproduced from
the optical disc to generate reproduction coded information
12a. The bit inversion processing 30 inverts all the bits of
cach of six symbols (es through ei;3, Eijx) of the reproduction
conversion information 22 to obtain six symbols (Es through
Ei3, ©14) - The symbol (E:,) does not need to be bit-inverted
but has been bit-inverted. The symbols (e: through es)
included in the reproduction conversion informaticn 22 are
not bit-inverted. As a result, the cbtained reproduction
coded information 1l2a includes symbols (ez through e, ews).
Due to this, the reproduction coded information 1l2a includes

four symbol errors. The number of symbols which can be
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[0101] First, with reference to FIG. 9A, processing of generating

conversion information 21 subjected to bit inversion processing by the

first conversion mode will be described. Address information 10

represented by eight symbols (A0 through Afl is error-correction-coded to

generate coded information 11. [07.02] Next, conversion of inverting all

the bits of each of nine symbols (E1 through E3, E6 through Ee, EL
CHRFGtGHEEL3) Yof the coded nforhration 199BR m%rs@@pr%c%ésﬁgszﬁ)% ee or

51 performed to generate conversion information 21. The symbols to be

sriitrinyerted are divided-into three blocks,ofthe symmbels-(E1 through E3), error
the symbols (E6 through E8) and the symbols (Ell through E13) [0103]

The nine symbols (E1 through E3, E6 through E8, E11 through E13) are ,
Corverted intosymbois (eﬁﬁﬁ’cﬁ@‘ﬁ%@ =) tkﬁ@ﬁ&ﬁ e8! %i@liﬁlﬁ)%b%f‘elﬂjza 13

The generated conversion information 21 is recorded on an optical disc.

104e4 the:-pracgssing ofdeprogueing-address,informations frogxan epliedked on
disc is performed by bit inversion processing 30 which is inverse to the bit

inversion processing 20 as
the stage of error correction without reproducing incorrect

address information.

[0100] Next, an example 1in which the symbols to be bit-
inverted are divided intoc three or more symbol groups will be
described. Cne of the symbol groups inciudes symbols C(2)
and C(3}). In this example, the symbcls are divided into
three symbcl groups.

[0101] First, with reference to FIG. %A, processing of
generating conversion information 21 subjected to bit
inversion processing by the first conversicn mode will be
described. Address information 10 represented by eight
symbols (Aq through 24) 1s error-correction-coded to generate
coded informaticn 11.

[0102] Next, conversion of inverting all the bits of each
of ninre symbols (B through E;, Es through Eg, Ejp through Fis)

of the coded information 11 ({(bit inversion processing 20; is
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described above with reference to FIG. 2B. Conversion of inverting all the

bits of each of the nine symbols (el through e3, e6 through €8, ell

through e13) of the reproduction conversion information 22 is performed

to obtain symbols (E1 through E3, E6 through ES8, E" through E13) . As a

result, reproduction coded information 12 including symbols (Eo through

E14) is obtained. Errors within three symbols are corrected by error
pecofectivf processiiy athusS addfess fformieltio el istepfdducedn 82 ymbo i s

[0105] Next, a reproduction operation of an apparatus which is

+ Lompatible-to;the bitinversion pragessiag of the: secandconversiopgnade e
but is not compatible to the bit inversion processing of the first conversion
mode will be described. FIG. 9B shows a reproduction operation of such

S YA apparbtus. {0106 Here: it is BREUNFditat the'bit inversioA proeessing e

of the second conversion mode is the bit inversion processing described

sy@oavedwitirrefereneg §o, F1GS. 3A and 3B, namely, the processing of
performing bit inversion between the symbols (E9 through E14) and the
s%/mbols (e9 through el14).

[0I03] The nine symbols (E1 through Es, Es through Es, Eix

through Ei3) are converted into symbols (e1 through es, e
through e, €11 tThrough ei3). The generated conversion
information 21 is recorded on an optical disc.

[0104] The processing of reproducing address information
from an optical disc is performed by kit inversion processing
30 which is inverse to the bit inversion processing 20 as
described above with reference to FIG. 2B. Conversion of
inverting all the bits of each of the nine symbols (e
through 23, e¢ through ey, e;; through e;3) of the reproduction
conversion information 22 1s performed to obtain symbols (B
through Ei, E¢ through Eg, Ei: through E;). As a result,
reproduction coded informaticn 12 including symbols (Eg
through E.4;) 1is obtained. Errors within three symbols are
corraected by error correction processing. Thus, address

information 10 is reproduced.



[0107] As shown in FIG. 9B, information is reproduced from an optical

disc to obtain reproduction conversion information 22. The reproduction

conversion information 22 is obtained by reproducing the conversion

information 21 recorded on the optical disc. [0108] The apparatus

performs bit inversion processing 30 on the reproduction conversion

information 22 reproduced from the optical disc to generate reproduction
[Oddtield infortifafion 12a. The BidRGErsidh pfoessihg B0 invértsal thakhisratus

of 53 each of six symbols (E9 through Elo, ell through €13, E14) of the

whreprodugtion.eenversien information 22to obtain-six-symhols 83 thigudty the
elo, E11 through E13, e14) . The symbols (E9 through Ell, E14) do not
need to be bit-inverted but have been bit-inverted. The symbols %el .
SefRPotgh €376 Thrbtgh 88) fhcldded ih thet@prodifdtibn chiversion  the ©it
information 22 are not bit-inverted. As a result, the obtained reproduction

in€eded: information12a incluges symbofs (e; threughe3.e6dhreuglk elg: 11 be
el4) Due to this, the reproduction coded information 12a includes nine

symbol errors. The number of symbols which can be corrected by the
deﬁ@@&@ﬁﬁmnoﬁ%%de%&;Shows a reproduction operatior of such an

apparatus.

[0106)] Here, it 1s assumed that the bit inversion
processing of the second conversion mode is the bit inversion
procegsing described above with reference to FIGS. 3A and 3B,
namely, the processing of performing bit inversion between
the symbols (Es through Ei4) and the symbols (ey through eis).
[01071 As shown in FIG. 9B, information is reproduced from
an optical disc to obtain reproduction conversion information
22. The reproduction conversion information 22 is cbtained
by reproducing the conversion information 21 recorded on the
optical disc.

[0108] The apparatus performs bit inversion processing 30
on the reproduction conversion information 22 reproduced from
the optical disc to generate reproduction coded information

12a. The bit inversion processing 30 inverts all the bits of



(15,8,8) is three or smaller. Therefore, the apparatus detects that the

error correction of the reproduction coded information 12a is impossible

and can determine that an error 23 has occurred on the stage of error

correction without reproducing incorrect address information. [0109] Next,

with reference to FIG. 10A, an operation with a format in which different

symbols from those of the above examples are bit-inverted by the first
Sadhveérsiohimode WP be déBeribéd sy 1@®]>FI®110}5\%%\%\%hpr8ee»ss@g@) of

of generating conversion information from error-correction-coded address

rHaformation. Address informatian 40 represented by €ightsymBoIS,AQ in  six
through A7) is error-correction-coded to generate coded information 11.

[0111] Next, conversion of inverting all the bits of each of seven symbols
SYEROES thisugh EY €11 through:F EA6MHE doded fritdrmatioheL EiBio1s (Es

inversion processing 20) is performed to generate conversion information

trededde Sympois ;1o be bit-invertadiare.divided into threerbleek.0ftheave been
symbols (E2), the symbols (E6 through E7) and the symbols (E11

bit-inverted. The symbols (g1 Through es, es through eg)
included in the reproducticon conversion information 22 are
not bit-inverted. As a result, the obtained reproduction
coded information 12a includes symbols (e through e;, eg
through €15, e14). Due to this, the reproduction coded
information 1l2a includes nine symbol errors. The number of
symbols which can be corrected by the Reed-Solomon code RS
{15,8,8) 1is three or smaller. Therefore, the apparatus
detects that the error correction of the reproduction coded
information 12a is impossible and can determine that an error
23 has ogcurred on the stage of error correction without
reproducing incorrect address information.

[0109] Next, with reference to FIG. 10A&, an operation with
a format in which different symbols from those of the above
examples are bit-inverted by the first conversion mode will

be described.



through E14) [0112] The seven symbols (E2, E6 through E7, E_1 through

E14) are converted into symbols (e2, e6 through e7, e,, through el4).

The generated conversion information 21 is recorded on an optical disc.

[0113] The processing of reproducing address information from an optical

disc is performed by bit inversion processing 30 which is inverse to the bit

inversion processing 20 as described above with reference to FIG. 2B. 7
L9edfVersiondfe55 %&%rﬁﬁ’ﬁl?th@%&eﬁf%ﬁ of thedsaven sy misol§ (@ e T s ion

e6 through e7, ell through e14) of the reproduction conversion

irinformation22ds perfermed-to-obtain-symbols 4E2-EG thiewgh EfEldation.
through F14). As a result, reproduction coded information 12 including

symbols (Ec through E14) is obtained. Errors within three symbols are
AdHrfetted by strottotdttion YprotRBSRgE FhES! add¥esSitormatiot6 s (2o

reproduced. [0114] Next, a reproduction operation of an apparatus which

+Hg copHatible to the bikinversien precessing-af dae csecond cgaversiali: coded
mode but is not compatible to the bit inversion processing of the first

~ conversion made will be
information 11.

01117 Next, conversicn of inverting all the bits of each
of seven symbols (E;, FEs Through E,, E:1 tThrough E::) of tThe
coded information 11 {(bit inversion processing 20) is
performed to generate conversion information 21. The symbols
to be bit-inverted are divided into three blocks of the
symbols {Ez}, the symbols (Es through E;} and the symbols (Ei
through FEiq).

(013127 The seven symbols (E;, Eg through E;, E:1 through
Fi14) are converted into symbols (ez, es through e;, €11 through
@14 . The generated conversion informaticon 21 1s recorded on
an optical disc.

[0113] The processing of reproducing address information
from an optical disc is performed by bit inversicn processing
30 which 1is inverse to the bit inversion processing 20 as

described above with reference toc FIG. 2B. Conversion of
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described. FIG. 10B shows a reproduction operation of such an
apparatus. [011.5] Here, it is assumed that the bit inversion processing of
the second conversion mode is the bit inversion processing described
above with reference to FIGS. 3A and 3B, namely, the processing of
performing bit inversion between the symbols (E9 through E14) and the
~ symbols (e9 through e14) L01161 As shown in FIG. 10B, information is
1W%%F&ddt%daﬁ%mtgrﬁoﬁi%’élsdi@cftoed’&ainQgprBBﬁcti%ﬁVé%‘ﬁvér%W%?PJS% (82, ee

information 22. The reproduction conversion information 22 is obtained by

tHepreguciag, the conversion infasmations21 regorded endhe optical 8is¢version
[0117-1 The apparatus performs bit inversion processing 30 on the
reproduction conversion information 22 reproduced from the optical disc

Lo Yatetaterepfoduttish Eoded tormation” 125, THEBR ifversion B¢ Chrough

processing 30 inverts all the bits of each of six symbols (Ey through Elo,

el through ler 4) gf.ther reproductios canversion: nformatign-22te-ebtain coded
six symbols (e9 through elo, E]y through E14) . The symbols (E9 through

. E10) do not need to be bit-inverted but have been bit-inverted. . ,
information 12 including symbols {(Ep; through Ei4) is cbtained.

Errors within three symbols are corrected by error correction
processing.  Thus, address information 10 is reproduced.
[0114] Next, a reproduction operation of an apparatus
which 1s compatible to the bit inversion processing cof the
second conversion mode but 1is noct compatible to the bit
inversion processing of the first conversion mode will be
described. FIG. 10B shows a reproduction operation of sguch
an apparatus.

(03115] Here, it  is assumed that the bit inversion
processing of the second conversion mode is the bit inversion
processing described agbove with reference to FIGS. 3A and 3B,
namely, the processing of performing kit inversion betweén
the symbols (Eq through Ei) and the symbols (eg through eig).
f0116] As shown in FIG. 10B, information is reproduced

from an optical disc to obtain reproduction conversion
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The symbols (e2, e6 through e7) included in the reproduction conversion
information 22 are not bit-inverted. As a result, the obtained reproduction
coded information 12a includes symbols (e2, e6 through e7, €9 through
elo) Due to this, the reproduction coded information 12a includes five
symbol errors. The number of symbols which can be corrected by the
. Reed-Solomon code RS (15,8,8) is three or smaller. Therefore, the ,
Indshatatus detéds that te erfdr CoTraTHon of the feprSdittion toded> = -0 22
information 12a is impossible and can 57 determine that an error 23 has

; soceusted en theistage of eren cofrectionawithoutrepeoducing incerieet ion 21
address information. [0118] Next, a format X representing a layer number
and address information with four symbols (Ao, A1, A2, A3) will be

T SeSEriBed “8uch BddRissSAformation can be recorded on an information
recording medium as, for example, an AUN (Address Unit Number)

[ cadoress. AmAYN:address issinserted inte user: datavandsiscrecerdedersing 30
the information recording medium together with the user data. [0119] FIG.
10C shows bit locations of symbols A3 thr address

h A3 of th
“Tinforinafioh byhe 1oriat X S bits 6 g mat-on 27 Lebroduced from

the optical disc to generate reproduction coded information
12a. The bit inversion processing 30 inverts all the bits cof
each of gix symbols (Es through FBiy, €11 through eq) of the
reproduction conversion information 22 to obtain six symbols
(ee through ei5, E;; through E::). The symbols (Eg; through Eig)
do not need to be bit-inverted but have been bit-inverted.
The symbols {e;, e¢ through e;) included in the reproducticn
conversion information 22 are not bit-inverted. As a result,
the obtained reproducticn coded information 12a includes
symbols (ez, 8¢ Through e, ey through eiq) . Due to this, the
reproduction coded information 12a includes five symbol
errors. The number of symbols which can be corrected by the
Reed-Solomon code RS (15,8,8) 1s three or smaller. Thereforse,
the apparatus detects that the error correction of the

reproduction coded information 12a 1is impossikble and can
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through b3 represent an address number, and 3 bits of b26 through b24
represent a layer number. [0120] The address information includes five
symbols of AO through A4, and the symbols A3 through A3 include a
layer number 141 and an address number 142 with the bit locations
shown in FIG. 10C. At A4, additional information is stored. In this
example, it is assumed that the additional information is "0". Coded
AT RatiGn S genératéd by %d%i%gh?&roﬁﬁiffﬁtﬂw% to'tRe BbRIFEssST erroxr

information, and forms an 58 error correction code. The parities may be

caddegdhna kpnowno methed of farming, an.-exor correction eede. Heres Bnation.
Reed- Solomon code RS (9,5,5) is used as an example. The error

~_correction code can correct up to two symbol errors. The generated

{(obidd inforfiation istredditidd on %an pHEQ TSt 0121 NEXY, HfoftHAPES and
which is different from the format X, will be described. FIG. 10D shows bit

adecationsiof reymhelsAo threuglr A3:of sheraddressAnformation bythe will be
format Y. 25 bits of b24 through bo represent an address number, and 3
bits of b27 through b25 represent a layer number. The recordingocggacity

d%ﬁ%ﬁﬁﬂﬁ%ahﬁﬁ?ﬁﬂNm Hﬁ;ﬁwﬁggormatlon can be re ed “on an

information recording medium as, for example, an AUN (Address
Unit Number) address. An AUN address is inserted into user
data and 1s recorded on the information recording medium
together with the user data.

0119} FIG. 10C shows bit locationg of symbols Ap through
A; of the address information by the format X. 24 bits of bas
through by represent an address number, and 3 bits of bz
through by represent a layer number.

[0120] The address information includes five symbols of Ag
through A, and the symbols Ay through A; include a layer
numper 141 and an address number 142 with the bit locations
shown in FIG. 10C, At A:, additional information i1s stored.
In this example, it is assumed that the additional
information is "0". Coded infeormation is generated by adding

four parity svmbols to the address information, and forms an
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Y is applied is larger than the recording capacity of an optical disc to

which the format X is applied. [0122] The procedure of generating the
conversion information by the format Y is substantially the same as that

by the format X. The symbols AO through A3 include a layer number 141

and an address number 142 with the bit locations shown in FIG. 10D.

[01.23] Next, an operation by which an apparatus which is compatible to

& Ithe ot but R ot Compatiblettot e 59 fofmat ¥ r@ﬁro?ﬂ%@@ by a known

information from an optical disc of the format Y will be described. [0124]

methe format X angd the formath-are diffeyent-fremogach-ether only: in:the bitreed-
locations of the layer number 141 and the address number 142 as shown
in FIG. 10C and FIG. 10D, and are the same in the method of addin

SRR ahf e Retholt of recortingifofmation n th& BBRdA disc. Tne error
Therefore, the operation of performing error correction to generate

cafri-eortaction-gedeskinfosnatien is the same as;dhesoperationstordhe . The
optical disc of the format X. [0125] For reproducing address information

from the error- ‘ ' , , i
generated coded information 1s recorded on an optical disc.

101217 Next, a format Y, which 1s different from the
format X, will be described. FIG. 10D shows pbit locations of
symbols Ay through A; of the address information by the
format Y. 25 bits of bzg through by represent an address
number, and 3 bits of by through s represent a layver number,
The recording capacity of an optical disc to which the format
Y is applied is larger than the recording capacity of an
optical disc to which the format X is applied.

[0122] The procedure of generating the conversion
information by the format Y is substantially the same as that
by the format X. The symbois Ay through A; include & laver
number 141 and an address number 142 with the bhit locations
shown in FIG. 10D.

[(0123] Next, an operatiocn by which an apparatus which is

compatible to the format ¥ but 1s not compatible to the

59



correction-coded information, the layer number and the address number
are obtained in accordance with the bit locations shown in FIG. 10C.
However, the error-correction- coded information includes the layer
number and the address number with the bit locations shown in FIG. 10D,
and thus incorrect layer number and address number are obtained.
[0126] For example, when information including layer number 0 and
Eodress ndmb&r 54t with te Ttmaty s sHowi i Blie. JOE [§H5¢ ©f the
reproduced based on the format X, the layer 60 number is 1 and the
£ caddress NWMper is:234h.cthuss dncorrect layer number and address
number are obtained. In order to avoid such incorrect information from
being obtained, the bit_inversion processing according to the present
[%hoéntion is” USefdl®[0127] FIG 1OF sHows A proteduré BFgé%e%ﬁnge“t from
conversion information when the format Y is used. Five symbols (AO
caibrouginA4) areiefrorrcotrestion-coded by the Reed-SolemonveedeRrer 141
(15,8,8) to generate coded information 11 including added four parity

oIS (45 1rouol 49) (018 Next sonversion oUipveigg all hepits

and are the same in the method o©of adding parities and the
method of zrecording information on  the optical disc.
Therefore, the operation of performing error correction to
generate error-correction-coded information 1s the same as
the operation for the optical disc of the format X.

[0125] For reproducing address information from the error-
correction-ceded information, the layer number and the

address number are obtained in accordance with the bit

|

ocations shown in FIG. 10C. However, the error-correction-
coded information includes the layer number and the address
number with the bit Iocations shown in FIG. 10D, and thus
incorrect layer number and address number are cbtained.

1012671 For example, when information inciuding lavyer
number 0 and address number 1224h with the format Y as shown

in FIG. 10E 1s reproduced based on the format X, the layer
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of four symbols (A2, A3, A7, A3) of the coded information 11 (bit inversion
processing 20) is performed to generate conversion information 21. The
four symbols (A2, A3, A7, A8) are converted into symbols (a2, a3, a7,
a3). The generated conversion information 21 is recorded on an optical
disc. [0129] When the conversion information 21 is reproduced, the
reproduction information includes the symbols (a2, a3, a~, a8). Therefore,
NURRER thesrepradtittibh ts peraipred By RS Apgatatis Which AbES not A&Rs rect
a function of performing bit 61 inversion processing, an error occurs as
1 deseribeghabeoves iy thismanner thecoded information s gonverted iteer o
conversion information using a conversion method by which a number of
symbols exceeding the correction capability of the error correction code
av&ré%o‘i%@oxﬂé&&&%& fie-originar §mbols, %ﬁﬂ”ﬁh@%bfﬁné}&%éﬁr@é’r@mnﬁe bit
information is recorded on an optical disc. Thus, an error can be detected
1 TRy oL CoRactiondy ocessing-withawjncoyectiaddigss dafermationent ion  is
being reproduced. FIG. 10F shows an example in which bit inversion
processing is performed on two blocks. Even where bit inversion
US5ibeessing is performed on one block or three

[0127) FIG. 10F shows a procedure of generating conversion
information when the format Y 1s used. Five symbols (Ag
through A;) are errcor-correction-coded by the Reed-Solomon
code RS (15,8,8) to generate coded information 11 including
added four parity symbols (A; through As).

[0128] Next, conversion of inverting all the bits of each

of four symbols (Az, Az, A+, Ag) of the coded information 11

(bit inversion processing 20) 1is performed to generate
conversion information 21. The four symbols (A, Az, A, Ag)
are converted into symbols (a2, as, a7, ag) . The generated

conversion information 21 is recorded on an optical disc.

[0129] When the conversion information 21 is reproduced,
the reproduction information includes The symbols (a:, as, ai,
ag) . Therefore, when the reproduction is performed by an

apparatus which doces not have a function of performing bit
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or more blocks, as long as the conversion method of causing a number of
errors exceeding the number which can be corrected is used, error
detection can be realized by the error correction processing. [0130] In the
case where the quality of a reproduction signal is very good, the
probability at which the reproduction coded information includes an error

_ is decreased. An operation by which an apparatus not compatible to the

LIFHEE EorverBibnTREde Féprodlicé irfférnrationTrom An-Gtical ®2°dise ofe - In
the first conversion mode without performing error correction in such a

rrease Wil bedescribed: [013]} Addressmumbears are gererallyassigned so : nt o
as to monotonously increase or monotonously decrease in a scanning

direction. Here, it is assumed that the address numbers are assigned so
COASRNMbRBLohDESy TRGrea8e BGthA the firsPaifd Seeond'86AErsior Which &
modes. [0132] As shown in FIG. 10G, it is assumed that address

nuMpBbers19d amthesfornat¥ @re @ssigaed (o-layer NUMbeERAS: 11ty of the
0100000h, 0100001h, 0100007h in the scanning direction. In the address

information 192 on the optical disc, symbols o
error correction code are not recovered to the original

symbols, and the obtalned conversion information is recorded
on an optical disc. Thus, an error can be detected by error
correction processing without incorrect address information
belng reproduced. FIG. 10F shows an example in which bit
inversion processing is performed on two blocks. Even where
bit inversion processing is performed on one block or three
or mere blocks, as long as the conversion method of causing a
number of errors exceeding the number which can be corrected
is used, error detection can be realirzed by the error
correction processing.

(01303 In the case where the guality of a reproduction
signal is very good, the probability at which the
reproduction coded information includes an error ls decreased.
An operation by which an apparatus not compatible to the

first conversion mode reproduces information from an optical
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corresponding to the address numbers are 0010FFFFh, OO10FFFEh,
OO10FFF8h. When these are reproduced by an apparatus not
compatible to the first conversion mode without performing error
correction, reproduced address information 193 includes address
numbers 10FFFFh, IOFFFEh, 10FFF8h, which do not monotonously

increase in the scanning direction. Owing to this, an error can be detected
digd thiis inkBrrect §ata FECOTAING Ot re frodfctivh dan e prevérteaing error
[0133] In the case of a general optical disc, for 63 reproducing data

cdeearded af address:A0%23400N, fhe opHeal sspat is fitst moved to a
position before address 00123400h. Then, the track is scanned to check

. the address, and the timing for obtaining the data is determined with the
(Prémise thafadd@sseR e ebhtintiblis AT U atidreds ©9323400R° a5 to
follows addresses 001233FEh and 001233FFh. Accordingly, when

ndn-eorfiniious aderesses are repraduced. fhe position o5 timing at Whicthning
recording/reproduction is to be started cannot be determined. Therefore,

data cannot be recorded or reproduced. [0134] In this manner, in order to
dﬁﬁ@§§ﬁﬁﬂcow§ﬁre' it 1s assumed that the address numbers are

assigned so as to monotoncusly increase both in the first and
seccond conversion modes.

[0132] As shown in FIG. 106G, it 1s assumed that address
numbers 191 on the format Y are assigned to layer number 0 as
0100C00Ch, 0100001h, -, D100007h in the scanning directicon.
In the address information 192 on the optical disc, symbols
corresponding to the address numbers are CC1CFERFhR,
CO10FFFER, ---+, O001C0FFT8Ah. When these are reproduced by an
apparatus not compatible to the first conversicon mode without
performing error correction, reproduced address information
193 includes address numbers 10FFEFh, 10FFFEhL, -, 10FFE8h,
which do not monctonously increase in the scanning direction.
Owing to this, an errocr can be detected and thus 1ncorrect

data recording or reproduction can be prevented.

10133] In the c¢ase of a general optical disc, for
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recording or reproduction from being performed by an information
reproducing apparatus which is not compatible to the first conversion
mode, a symbol including at least the least significant bit of the address
number should be bit- inverted. (EMBODIMENT 4) [0135] In the above
embodiment, the first conversion mode, by which the number of errors
caused when the bit inversion 64 processing of the second conversion
raheae s pedorfiidekis oo sEgreatet, is deserited” Owing W'this, @pe optical
apparatus compatible to the bit inversion processing of the second
sg&?@@@ioﬁﬂf@ge but,pet qampatible-to.the bit H!é/%%@” Rrgcessingyefithesoon .
first conversion mode can be prevented from obtaining an incorrect
address and thus causing a malfunction. [0136] Hereinafter, further
Trffects Pr6vided by diviting the’symboR tbé bit-inveftedfintd fvg or and  the
more blocks will be described. First, problems which may possibly occur
+whers the.symhals 19 be bit-inverted.aredneluded-in arly opedloak, wilb rem: se

be described. [0137] A Reed-Solomon code is a cyclic code, and therefore
that addresses are continuous and thus address (00123400h
follows addresses 001233FEh and 001233FFh. Accordingly, when

non-continucus addresses are reproduced, the position or

timing at which recording/reproduction 1s to be started

cannot be determined. Therefore, data cannot be recorded or
reproduced.
[0134) In this manner, in order to prevent incorrect

recording or reproduction from being periormed by an
information reproducing apparatus which is not compatible to
the first conversion mode, a symbol including at least the
least significant bit of the address number should be bit-

inverted.

(EMBODIMENT 4)
[0135] In the above embodiment, the first conversion mode,

by which the number of errcors caused when the bit inversion
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has a problem of making a correction incorrectly even when a

synchronization shift occurs, as described below. For example, for a

DVD+RW disc, address information A(AO, Al, ..., A6, A7), B (BO, B1, ...

B6, B7), C (Co, C1, ..., C6, C7) are coded by a Reed-Solomon code RS

(13,8,6) to generate coded information (AO, A], , All, Alt), (BO, B1, ,

Bl,, B12) , (CO, Cl, ..., C11, C12)- 1t is assumed that when reproduction
prgCFerforfitedfforn’an Bpficd] HisemaAng saeh B6dEd nformtation®sd +s four

recorded thereon as shown in FIG. 11(a), a synchronization shift occurs

ordn %EE'@P}N_“QQ ar&é—s]&oi%é@PrOdU%Qiﬁé shewndipsRIG. 12, (Blpparatus
B11, B12, Co) is obtained as reproduction information 101. Because 0
the nature of a cyclic code, where (Bo, B1, ..., B11, B12) is a code word,
cqoPas B . .£O B132B121 D) obtdiRéd by tychéaResTfting a©f the secona
non-shortened code word (0, 0, Bo, ..., B,1, B12) is also a non-shortened

cdiodewards, Theseforep(Bl, #oBll: 812,09} is1 also-a codgavord Namelye r s ion
when one or more symbol errors of the reproduction information 101 are
corrected, one symbol error Co is corrected to Bo and (B1, ..., B11,

PEPEE D) 1€ Drtdinb8asd E6ire SN RSB O CBPSBqlBRcE Snéorfented from

obtaining an incorrect address and thus causing a malifunction.
[0136] Hereinafter, further effects provided by dividing
the symbols to be bit-inverted into two or more blocks will
be described. First, problems wnich may possibly occur where
the symbols to be bit-inverted are included in only one block
will be described.

[0137] A Reed-Sclomon code 1s a c¢cyelic code, and therefore
has a problem of making a correction incorrectly even when a
synchronization shift occurs, as described below. For
example, for a DVD+RW disc, address information A(Ag, A,

Re, B7), B{Bg, Bi, ..., Bs, By, CiCqy Ciy ... , Cs Cy) are
coded by a Reed-Solomon code RS (13,8,6) to generate coded
information (Rg, Ay, ..., Ax, A}, (B, B, .y By, Biz), (Co,
Cop o vwwy Crar T It is assumed that when reproduction is

performed from an optical disc having such coded information



address information (B1, B2, ..., B2, B3) is reproduced, and it cannot be
detected by the error correction processing that this address information
is incorrect. [0138] There is also the following problem. When the
Reed-Solomon code (15,8,8) is used, consecutive address information
1,1,1,1,1,1,1,3) are coded into coded information 1,1,1,1,1,1,1, 1, Po,
P1, P2, P3,P4,P5,P6),(1,1,1,1,1,2,Q0,41,122 66,Qs,Q4,Qs
recQpdlAlEIeen, 453 F3L, 2, F3LE4, &5 (Pd). 1tds a¥sinedthats tLon
when reproduction is performed from an optical disc having such coded
srinfarmatien recorded theregn-asishewnninFle. 11(B), a synehronization;. s
shift occurs and a reproduction area 105 is reproduced. (1,1,1,1,1, 1,
2,QO,Q,Q2,%3§Q4, 5,Q6, 1) is obtained as reproduction information.
shBEEaude'of the-nathfe of &eyclic code, Where PLzr, 1,901, 9, obtained as
2,03,01,02,Q3,04,Q5,Q6) is a code word, (1,1,1, 1, 1, 1,
redQ0:Q2:Q2,03.Q4086i d)is alsp a code word Nammely; :ievemwhefe of a
reproduction information is error- corrected in order to detect an error, the

error is not_detected and incorrect address information (1,1,1,1,1,1,2,Q0)
cyclic code, where (Bs, By, & a code wobrd, (0,

-y Bii, Biz) 1
Bo, By, ..., Bii, Bis, 0} obtained by cyclically shifting a
non-shortened code word (0, 0, Bg, ., By, Bix) is also a
non~shortened code word. Therefore, (B, ., By, Biz, 0) is

also a code word. Namely, when one or morez symboel errcrs of

the reproduction information 101 are corrected, one symbol

error Cp 1s corrected to By and (By, ..., By, Bz, 0) i1s
obhtained as a correcticon result. In ccnseguence, incorrect
address information (B;, B:, ..., Bs, Bgl is reproduced, and

it cannot be detected by the error correction processing that

this address information is incorrect.

[0138] There 1is also the Zfcllowing problem. When the
Reed~Solomon c¢ode  (15,85,8) 1s used, consecutive address
information (1,1,1,%2,3,3,%,%y,(3,3,2,2,1,1,1,2y,
(1,1,1,1,1,1,1,3) are coded into coded information

"

(1rlr1rir1rlr 1; l.r PO: LDlr ?Zr PBr P4f PSr PG) r (1,],1,1,1, lr lrerOrerQZ

66



is reproduced. [0139] In an embodiment of the present invention, a mode
of dividing the symbols to be bit-inverted into two blocks is adopted.
Owing to this, even when a synchronization shift as described above
occurs, an error can be detected without incorrect address information
being reproduced. This will be described below in detail. [0140] FIG. 13
shows a procedure of generating conversion 67 information according to
: BEnbodiméht 4 of the present ‘invention: [0141) AddFesstinforatation 10 of © 15
A(AO, Al, A2, A3, A4, A5, A6, A7) shown in FIG. 13 is
a LITAlecorrecton-gaded by the, Reed-sglomon code 945,880 an optical
generate coded information 11 including added seven parity symbols.
Conversion of inverting all the bits of each of symbols A2, A3, A4, A9,
AIR10, DA AR, AR of tHETOded TfoRAaticH 1 T thifiRvEFsicH précessiy Shown
20) is performed to generate conversion information 21. Here, ax
ifepresentsa g@nbol obtaineshby, inverting all the bits:af Ax. Theurs and  a
conversion information 21 generated in this manner is recorded on an
optical disc. The

reproduction area 105 is reproduced.
(lf1/1I1#1/1}'2!QDlQ11Q2fQ3rQ4!Q5!Q6!1—) is cbtained as
reproduction information. Because of the nature of a cyclic

code, where (1,1,1,1,1,1,1,2,00,01,Q2,03,04,05,06) 1s a code
word, (1,13,3,1,1,1,2,C0,01,02,93,04,05,0s,1) 18 also a code
word. Namely, even when reproduction information is error-
corrected in order to detect an error, the error 1s not
detected and incorrect address information (1,1,%4,1,1,1,%2,Q)
is reproduced.

[G139] In an embodiment of the present inventiocon, a mode
of dividing the symbols to be bit-inverted into two blocks is
adopted. Owing tc this, even when a synchronization shift as
described above occurs, an error can be detected without
inceorrect address information being reproduced. This will be
described below in detail.

[0140] FIG. 13 shows a procedure of generating conversion
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conversion information may be recorded using a known system, for
example, ADIP used for a DVD+RW disc. As shown in FIG. 14, pieces of
conversion information 21 generated from different pieces of address
information 10 are recorded on the optical disc sequentially. FIG. 14
shows a stream of such pieces of conversion information recorded on the
~ optical disc. [0142] Next, a method for reproducing address information
l“ég?WﬂP‘Eé dBscribedEIG 5 shidivs #PROCettfa 6f reprodiiéing taddregsresent
information from the conversion information reproduced from the optical
i dis¢.{0143] Reproduction conversion information 15 is processed with
inverse conversion (bit inversion processing 30) to the conversion of
enerating conversion information 21 from the coded information 11, to
gehierate rerOttDN EBAEATATG LR 16 HerE e fverds: A7 Bes s,
conversion (bit inversion processing 30) is to invert all the bits of each of
2.SYmbols R2;R3, R4, RO RioaR11; R12,R13-ofthexepraductioBded by the
conversion information 15. As a result of error correction performed on

the reproduction coded information 16, errors within three , ,
Reed-Solomon code RS (15,8,8) to generate coded information

11 including added seven parity symbols. Conversion of
inverting all the bits of each of symbols Az, Az, A4 Bs, A,

Bi:, Ays, ADyz of the coded information 11 (bit inversion

processing 20) is performed Lo generate conversion
information 21. Here, a, represents a symbol obtained by
inverting all the bits of A.. The conversion information 21

generated in this manner is recorded on an coptical disc. The
conversion information may be recorded using a known system,
for example, ADIP used for a DVD+RW disc. As shown in
FIG, 14, pieces of conversion information 21 generated from
different pleces of address information 10 are recorded on
the optical disc sequentially. FIG. 14 shows a stream of
such pleces of conversion information recorded on the optical
disc.

(0142} Next, a method for reproducing address information
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symbols are corrected. Thus, address information 17 is reproduced.
[0144] FIG. 16 shows a partial enlarged view of a stream of the pieces of
conversion information shown in FIG. 14. FIG. 16 shows a correct
reproduction area 111 and a synchronization-shifted reproduction area
112. FIG. 17 shows a procedure of reproducing address information from
the conversion information obtained by reproducing the 69 reproduction
W information area PEL -FIGE 18 shbWssd protedure! 6ffEpiéducing adgreaducing
information from the conversion information obtained by reproducing the
acRYReRronizations shiftedreproduction area d12. [0145LReferANg 19 KIS nation
17, reproduction conversion information 22 obtained by reproducing the
reproduction area 111 is (Bo, B1, b2, b3, b4, B5, B5, B7, B8, b9, bio, b13,
I PO H13C BEF PBY-PEfGITAG Iivetsé Conversion (bit inversion
processing 30) on this, reproduction coded information 12 (Bo, B1 B2 B3,
(B4 B85, B6 B B3:B3: B0, 2L1L,:B12 B 3, Bidisnaktainedi Ihes processed
reproduction coded information 12 includes no error. Therefore, the error

correction processing is o , :
with ilnverse conversion {(kbit inversion processing 30} to the

conversion of generating conversion infeoermation 21 from the
coded information 11, to generate reproduction coded
information 16. Hers, the inverse conversion (bit inversion
processing 30) 1s to invert all the bits of each of symbols
Rzy Ris, Rz, Re, Rig, Ri1, Riz, Riz of the reproduction conversion
information 15. As a reszult of error correction performed on

the reproduction coded information 16, errors within three

symbolg are corrected. Thus, address information 17 is
reproduced.
[0144] FIG. 16 shows a partial enlarged view of a stream

cf the pieces of conversion information shown in FPIG. 14.
FIG. 16 shows a correct reproducticon area 111 and a
synchronization-shifted reproduction area 112. FIG. 17 shows
a procedure of reproducing address information from the

conversion information obtained by reproducing the

69



normally finished, and address information 10 is correctly reproduced.

[0146] Referring to FIG. 18, reproduction conversion information 25

obtained by reproducing the synchronization- shifted reproduction area

112 is (B2, b2, b3, b4, B5, B6, B7, B8, b9, b,0, bz,, b12, b13, B14, Co) .

By performing inverse conversion (bit inversion processing 30) on this,
reproduction coded information 26 (B,, b2, B3, B4, b5, B6, B7, 70 B8, b9,

r I Bt BR, B13 p1atco) i 5BtaiAdd. [01@7%%@:%@@@1@0% dodegedure
information 26 is a code word error-correction-coded by the

oReedssolomen gade R$1£15,8.8).:and 80 bas acyclicpature.Namelyy version
(B1, B2, B3, B4, B5, B6, B7, B9, B9, B10, B11, B12, B13, B14, BO) is

also a code word of the Reed-Solomon code RS (15,8,8). By comparing
iQﬁi%fﬁéélhgflth@Féb%d\féﬁonktbdeaﬁﬁf%?ﬁﬂ‘éﬁdﬁl96 Pf]ikefouﬁ&iﬂfﬁﬁ frergation-
are five symbol errors. The number of symbols which can be corrected by

sihe Reed-Sglompn-cade RS-E5,8,8) is three or smaller. Therefore, it is
detected that the errors of the reproduction coded information 26 cannot

be corrected and a determination that an error 27 has occurred :
101457 Referring to FI 17, reproduction conversion

information 22 obtained by reproducing the reproduction area
111 is {Bo, Bi, bz, bi, bs, Bs, Bs, B+, Bs, be, bio, bi1, Diz, biz,
Big). By performing inverse conversion (bit inversion
processing 30) on this, reproduction coded information 12 (Bg,
B1, Bz, Bs, Ba, Bs, Bes, Bs, Bs, Bs, Bio, Bi, Biz, Biz, Big) is
obtained. The reproduction coded information 12 includes no
error. Therefore, the errcr correction processing is
normally finished, and address information 10 1is correctly
reproduced.

[0146] Referring tTo FIG. 18, reproduction conversion
information 25 obtained by reproducing the synchronization-
shifted reproduction area 112 is (By;, bz, bz, bai, Bs, Bg, By,
Bg, be, by, b1, bz, b1z, Bwy, Co). By performing inverse
conversion (bit inversion processing 30 on this,

reproduction coded informaticon 26 (B., bz, Bi, Bs, b, Bs, By,
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can be made on the stage of error correction without incorrect address
information being reproduced. [0148] In this manner, when a
synchronization shift of one symbol occurs, the coded information is
converted into conversion information using a conversion method by
which a number of symbols exceeding the correction capability of the
error correction code are not recovered to the original symbols, and the

Bepbtained conversiok inforfiatioR is recorded® 7350raR ®ptical disc. Owing
to this, even if a synchronization shift of one symbol occurs while the

[ caddress inferration is-heing reprodysgdan erros sanbedetetted:by & code
error correction processing without incorrect address information being
reproduced. [0149] In this embodiment, the number of symbols which are

WGt re€oVREd 16 TRE BfiGINArSyiBtls, When B ¥ynchfGiization®BPBne code RS

symbol occurs, is determined based on the number of blocks of bits to be

(inverted. In HlG. 23, twasblacks,ef: bits A2-threugh A4:andAS5 thiough,A13,, B,,
are to be inverted. Accordingly, the number of symbols which are not

recovered to the original symbols is at least the number of borders
Bs, Bg, By, Bs, By, Bia, Bii, Biz, Bisz, Big, Be) 1s also a code

word of the Reed-Solomon code RS {15,8,8). By comparing this
against the reproduction coded information 26, it is found
that there are five symbol errors. The number of symbols
which can be corrected by the Reed-Solomon code RS (15,8,8)
is three or smaller. Therefore, it 1is detected that the
errors of the reproduction coded information 26 cannot be
corracted and a determination that an error 27 has occcurred
can be made on the stage of error correction without
incorrect address information being reproduced.

(0148] In this manner, when a synchronization shift of one
gsymbol occurs, the coded information 1is converted into
conversion information using a conversion method by which a
number of symbols exceeding the correction capability of the
error correction code are not recovered to the original

symbols, and the obtained conversion information 1is recorded



between the blocks to be bit-inverted and other blocks, namely, at least
twice of the number of the blocks to be bit- inverted, which is four or
greater. [0150] Here, regarding a conversion method for generating
conversion information from the coded information, it is preferable that a
symbol to be bit-inverted and a symbol not to be bit-inverted of the

reproduction conversion information 15 are located alternately twice or
Omafe. F2H0151] FHE SymbotsiRE thioughlR e GF1RE rddroduétidr-hronization
conversion information are continuous. Therefore, even where the

sHeprodyetion,eonversian infermation,jincludes-two blgeks: 4@ benrormation is
bit-inverted, there may be the following case: the symbols Rte and Ro are
to be bit-inverted, and so the symbols to be bit-inverted are continuous,

Ledd'g restROFANER there 38 onf o bloRto beBit-inverea 8¢ notY  &rror

inverting at least one of the symbols R14 and RD, the symbols to be bit-

cdpverted ean be divided into two-ergmoreiblocksrwith ceraings {0162 ABmation
an example, a conversion method by which B2 and B12 are bit-inverted

and B5 and B14 are not bit-inverted will
being reproduced.

[0149] In this embodiment, the number of symbols which are
not recovered to the original symbols, when a synchronization
of one symbol occurs, is determined based on the number of
blocks of bits to be inverted. In FIG. 13, two blocks of
bits A, through A, and Ay through 2A;3 are to be inverted.
Accordingly, the number of symbols which are not recovered to
the original symbols is at least the number of Dborders
between the blocks to be bit-inverted and other blocks,
namely, at least twice of the number of the blocks to be bit-
inverted, which is four or greater.

[0150] Here, regarding a conversion method for generating
conversion information from the coded information, it is
preferable that a symbol to be bit-inverted and a symbol not
to be bit-inverted of the reproduction conversion information

15 are located alternately twice Or more.
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be described, with reference to FIG. 17. [0153] Where B2 is bit-inverted

and B5 is not bit-inverted, there is at least one border between B2 and B5

with certainty (in FIG. 17, the border is between B4 and B5) . Where B5 is

not bit-inverted and B12 is bit-inverted, there is at least one border

between B5 and B12 with certainty (in FIG. 17, the border is between Bg

and B9). Where B12 is bit-inverted and B19 is not bit-inverted, there is at
[4éadtione botder betéen 573 B12 &hd Bid witcertdifty (i FIGE e p@uction

border is between B13 and B14) . Where B14 is not bit-inverted and B2 is

cchitydnvertad, there.is at least gne borderibetween Bl&and. B2 Mth cyven where
certainty. Accordingly, when information is reproduced, there are at least

four borders and so four or more symbol_errors occur. When an error
EhrreBRGIPESEE Which @i’ e6fréet three YRt hudiber 6 8forsye blocks

used, one symbol shift can be detected as an error. [0154] In this

tcembodiment,the conyersionys performed By inveding &ll the bits. case: the
Alternatively, only specific bits may be inverted. More generally,

excluswe OR operation of information and a prescribed value may
R&ﬁe&%sﬂ%? Ry are to be bit-inverted, and so the symbols

£o be bit-inverted are continuous, as a result of which there
is only one block to be bit-inverted. By not inverting at
least one of the symbols Riy and Ry, the symbols to be bit-
inverted can be divided i1intc twce or more blocks with
certainty.

[0152] As an example, a conversion method by which B; and
B, are bit-inverted and Bs and Bj;s are not bit-inverted will
be described, with reference to FIG. 17.

[0153] Where B; 1s bit-inverted and By is not bit-inverted,
there is at least one border between B; and Bs with certainty
{in ¥1IG. 17, the border is between B; and Bs). Where Bg is
not bit-inverted and By 1s bit-inverted, there 1s at least
one border between Bs and B with certainty (in FIG. 17, the
border is between By and Bs). Where Biy; 1l bit-inverted and

Bis 15 not bit-inverted, there 1is at lsast one border between



conversion. For example, inversion of all the bits can be realized by
performing exclusive-OR operation of information and a prescribed value
by which all the bits are "1". (EMBODIMENT 5) [0155] FIG. 19 shows a
procedure of generating conversion information according to Embodiment
5 of the present invention. FIG. 19 shows address information 10, coded
74 information 31, conversion information 32 and a conversion value 33.
Bif0 E56] The: atldiess fiif6rmaton’ 10 of ATAG,-A, L A2, ABcARO B ApLATPCLweern
shown in FIG. 19 is error-correction-coded by the Reed-Solomon code
5,RS,(18.8:8) fo gengraiedhe,cpded information 3kincluding addedseven 13«
parity symbols. [0157] Each of symbols A5, A6 and A7 of the coded
_ information 31 is processed with conversion of performing exclusive-OR .
Lioferatich withRE chivérsiortdallie 33 ZoCZCeZ2 R g6idtatelthend Bz with
conversion information 32. Here, Axn represents an exclusive-OR of A,
ceanthZR+[0158] Theconyersion infoymation 32 gengrated.n this manwesis.ced,
recorded on an optical disc. The conversion

there are at least four borders and so four or meore symbol
errors occur. When an error correction code which can

correct three or smaller number of errors is used, one symbol

shift can be detected as an error.

101547 In this embodiment, the conversion is performed by
inverting all the bits. Alternatively, only specific bits
may ke inverted. More generally, exclusive-0R operation of

information and a prescribed value may be performed as the
conversion. For example, inversion of all the bits can be
realized by performing exclusive-OR operation of information

and a prescribed value by which all the bits are "17.

(EMBODIMENT 5)
01551 FIG. 19 shows a procedure of generating conversion
information according to Embodiment 5 o©f the present

invention. FiG. 19 shows address information 10, coded
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information may be recorded using a known system, for example, ADIP
used for a DVD+RW disc. [0159] Next, a method for reproducing address
information will be described. FIG. 20 shows a procedure of reproducing
address information from the conversion information reproduced from the
optical disc. FIG. 20 shows reproduction conversion information 35,
reproduction coded information 36 75 and address information 37. [0160]
LrfRe Feprotliictidh coMFEtERRTRfIMatio 35 " proceSedadith invefsa version
conversion to the conversion of generating conversion information 32
vafQyn thg coded information 31, to generate the reproduction coded
information 36. Here, the inverse conversion is to process each of
[qsgmbols R5, R6 and R7 of the reproduction conversion information 35
[

P exclusivBSOR Gpefation Wit fie boRVers®n valug 39 (z6t1z1 2z2) R:r As

Here, 10, Z1 and Z2 are of different values. As a result of error correction
asperformed, on the;repreduction cogleddnfermation-36 erersiMithindBreeny the

symbols are corrected. Thus, address information 37 is reproduced.
Reed-Solomon code RS (15,8,8) to generate the coded
information 31 including added seven parity symbols.
[0157)] Fach of symbols As, Ag and A; of the coded
information 31 1is processed with conversion of performing
exclusive-0R operation with the conversion value 33 (Zy, Z:,
Zz) to generate the conversion information 32. Here, A"
represents an exclusive-0R of A, and 74,
[0158)] The conversion information 32 generated in this
manner 1is recorded on an optical disc. The conversion
informaticon may be recorded using a known system, for example,
ADIP used for & DVD+RW disc.
101591 Next, a method for reproducing address information
will be described. FIG. 20 shows a procedure of reproducing
address information from the conversion information
reproduced from the optical disc. FIG. 20 shows reproduction

conversion information 35, reproduction coded information 36
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[0161] FIG. 21 shows a stream of pieces of the conversion information
recorded on the optical disc. FIG. 21 shows a correct reproduction area
121 and a synchronization-shifted reproduction area 122. FIG. 22 shows
a procedure of reproducing address information from the conversion
information obtained by reproducing the reproduction information area
121. FIG. 22 shows reproduction conversion 76 information 40,
arygprotiiictionh codediffoFmatiod 44, address information 42 and the
conversion value 33. [0162] The reproduction conversion information 40
rphiained byreproducing ghe reprpductionarea 121 is ﬁ%@yo@%a@%’_oﬁﬁl 35 is
B4, B50, 361, BY, B8, B9, B10, B11, B12, B13, B14) . By performing
inverse conversion on this, the reproduction coded information 41 (BO,
PIPERZ BB, B4, B B6IB?ZIBE, BSB10 BHOB1Z B13: 314) ioobtaiiern  of
The reproduction coded information 41 includes no error. Therefore, the
qBTEQrc0frection: precassing.is narmallyfinished, angthe addigss the  coded
information 42 is correctly reproduced. [0163] FIG. 23 shows a procedure

. of reproducing address information from the conversion information
lqﬁﬁéméa%ﬁp, 31, to generate the reproduction coded

information 36. Here, the inverse conversion is to process
each of symbols Rs, Rs and Ry of the reproduction conversion
information 35 with exclusive-0OR operation with  the
conversiocn value 33 (Zy, Z1, Z2). Here, Zq, 21 and Z, are of
different values. As a result of error correction performed

on the reproducticon coded information 36, errcrs within three

symbols are corrected. Thus, address information 37 is
reproduced.

[01l61] FIG. 21 shows a stream of pieces of the conversion
information recorded on the optical disc. FIG. 21 shows a

correct reproduction area 121 and a synchronization-shifted

reproduction area 122. FIG. 22 shows a procedure of
reproducing address infeormation from the conversion
information obtained by reproducing the reprcduction
information area 121. FIG. 22 shows reproduction conversion
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reproducing the synchronization shifted reproduction information area

122. FIG. 23 shows reproduction conversion information 45, reproduction

coded information 46, the conversion value 33, and an error 47. [0164]

The reproduction conversion information 45 obtained by reproducing the

synchronization-shifted reproduction area 122 is ( B, B2, Bar 34, B B61,
~ BY, B8, B9, B10O, B11, B12, B13, 77 B14, CO). By performing inverse
irdohwvaisionvn Hls, tHE ReprduEton cotedtifformation 6 81 B2 183, acress

B50, (B61)o (B72) 1, Bee, B9, Blo, B11, B12, B13, B14, Co) is obtained.
11636514 Thereppoductioncoded irformation 41 is:a code word

error-correction-coded by the Reed-Solomon code RS (15,8,8), and so

has a cyclic nature. Namely, (B1, B2, B3, B4, B5, B6, 87, B8, B9, B10, ,
[BfY IB12, BI'S BFE BO)is alst'a COaESHGHd Of thé RegdSoigmat cstie- 2 +ned

RS (15,8,8). By comparing this against the reproduction coded
byinfespation 46,1 isfeund dhatihere are fiversymbod errees. The, numbperof &5,

symbols which can be corrected by the Reed-Solomon code RS (15,8,8)

is three or smaller. Therefore, it is detected that the errors of the ,
Biregreduction cbded informvitiorr 48 cdihot Be2r S13r Biw . By performing

inverse conversion on this, the reproduction coded
infeormation 41 (By, By, B2, Bi, Ba, Bs, Be, By, Bs, Bs, Bio, B,
Biz, Biz, Bii) 1is obtained. The reproduction coded information
431 includes no error. Therafore, the error correction
processing is normally finished, and the address information
42 is correctly reproduced.

[0163] FIG, 23 shows a procedure of reproducing address

information from the conversion 1information obtained by

reproducing the synchronization-snhifted reproduction
information area 122. FIG. 23 shows reprcduction conversion
information 485, reproduction coded information 46, the

conversion valiue 33, and an error 47.
[0164] The reproduction conversion informaticn 45 obtained
by reproducing the synchreonization-~shifted reproduction area

122 is {Bi, B., Bs, Bg, B:", Bg', B.?, Bs, Bs, Bi, B, Bia, Bis,

i
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corrected and a determination that the error 47 has occurred can be

made on the stage of error correction without the incorrect address

information 47 being reproduced. [0166] In this manner, when a

synchronization shift of one symbol occurs, the coded information is

converted into conversion information using a conversion method by

which a number of symbols exceeding the correction capability of the 78
BrerroreorrectioR Codeeare st iregovereirtvifie oHgival ' SyfiBolsyandthes, the

obtained conversion information is recorded on an optical disc. Owing to

rdBis, guen if & syncheenizatian, shiftiof onggsymiol agccurgwhilg thes o - (g 10,
address information is being reproduced, an error can be detected by

error correction processing without incorrect address information being

(Heproduéed. [B167F 1n-Efbedifient 5:20, 21 and 22 afe ebdifférsiit -
values. All the values do not need to be different. For example,

[ substantially the same-eHects are provisled as longras Zoh ZandiZl, # code
Z2, evenif Zo = Z2. (EMBODIMENT 6) [0168] FIG. 24 shows a procedure

of generating conversion i
WOr error-correction-coded by the Reed-Solomon code RS

(15,8,8), and so has a cyclic nature. VNamely, {(Bi, Bz, B3, By,
Bs, Ber By, Ba, Bs, Bro, Bi1, Bizy, Biiz, Bia, Bg) is also a code
word of the Reed-Sclomon code RS (15,8,8). By comparing this
againgt the reproduction cocded information 46, it is found
that there are five symbol errors. The numbker of symbols
which can be corrected by the Reed-Solomon code RS (15,8,8)
is three or smaller. Therefore, it i1s detected that the
errors of tThe reproduction coded information 46 cannot be
corrected and a determination that the error 47 has occurred
can be made on the stage of error correction without the
incorrect address infcrmaticon 47 being reproduced.

[0166] In this manner, when a synchronization shift of one
symbol occurs, the coded informaticn 1s converted into
conversion information using a conversion method by which a

nunber cof symbols exceeding the correction capability of the
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information according to Embodiment 6 of the present invention. FIG. 24
shows address information 10, coded information 61 and conversion
information 62. [0169] The address information 60 of A(Ao, Al, A2, A3, A4,
A5, A6, A7) shown in FIG. 24 is error-correction-coded by the
Reed-Solomon code RS (15,8,8) to generate the coded 79 information 61

including added seven parity symbols. The coded information 61 is L
SIdiBEesset With corVersiBRdf Exchariting the posifisRs of e syrfbol®ABILRaL
and A,o to generate the conversion information 62. The conversion

syRfgsmation 62 generatediin this manar s regorded-enanapticak dise:ccorded
The conversion information may be recorded using a known system, for

example, ADIP used for a DVD+RW disc. [0170] Next, a method for
OlreprodiieintFaddress fnforfitic Wift be'tescribdd FIEE 25 shawdigontzation

procedure of reproducing address information from the conversion

sHafermation, kepredueed fremthe optical disct kIG. 25:ishows eproductionon is
conversion information 65, reproduction coded information 66 and

address information 67. [0171] The reproduction conversion information
begggnyg reproduced, ~an " error can be detected by error

correction processing without incorrect address information
being reproduced.

[0167] In Embodiment 5, 75, %1 and Z; are of different
values. All the wvalues do not need to be different. For
example, substantially the same effects are provided as long

as Zg # 21 and 7y, # Z,, even if Zy; = Z;.

{EMBCODIMENT &)

10168] FIG. 24 shows a procedure of generating cenversion
information according te Embodiment & of the present
invention. FIG. 24 shows address information 10, coded
information 61 and conversion information 62.

[0169] The address information 60 of A({RAy, A1, Az, Az, Ay,
As, Ag, A7) shown in FIG. 24 1is error-correction-coded by the

.

Reed-Solomon code RS {(15,8,%) to generate the coded
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processed with inverse conversion to the conversion of generating

conversion information 62 from the coded information 61, to generate the

reproduction coded information 66. Here, the inverse conversion is to

exchange the positions of symbols R8 and RIO. As a result of error

correction performed on the reproduction coded information 66, 80 errors

within three symbols are corrected. Thus, address information 67 is
1rvbpradiicedn[0$12] FIG 26l shews ddtdarnt oF plecesisfithe convdrsibh-  The

information recorded on the optical disc. FIG. 26 shows a correct
cdJgprpdugtion area 131 ang # synchronizationsshifted reproduction.giea o, or

132. FIG. 27 shows a procedure of reproducing address information from

the conversion information obtained by reproducing the reproduction
S3RfRaLiBA afés 182 SEIG.2F shows réprodiidtiohtcdhversidn’ infdrmaiipherate
70, reproduction coded information 71 and address information 72. [0173]

+ hEhe-rapraeduction comversian {nfarmgation 70 abtained: -by:repraducing.the: on 62
reproduction area 131 is (Bo, B1, B2, B3, B4, Bs, B6, B7, Blo, B9, B9,

B11, B12, B13, B14) . By performing
generated in this manner is recorded on an optical disc. The

conversion information may be recorded using a known system,
for example, ADIP used for a DVD+RW disc.

0170 Next, a methced for reproducing address information
will be described. FIG. 25 shows a procedure of reproducing
address information from the conversion information
reproduced from the optical disc. FIG. 25 shows reproduction
conversion information 65, reproducticn coded information 66
and address information 67.

[G171] The reproduction conversion information 65 is
processed with inverse conversion to the conversion of

generating  conversion informaticen 62  from the coded

information 61, to generate the reproduction coded
information 66. Here, the inverse conversion 1ls tTo exchangs
the positions of symbols Rz and Rig. As a result of errocr

correction performed on the reproduction coded information 66,
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inverse conversion on this, the reproduction coded information 71 (BO,
B1, B2, B3, B4, B5, B6, B7, Be, B9, Blo, B11, B12, B13, B14) is obtained.
The reproduction coded information 71 includes no error. Therefore, the
error correction processing is normally finished, and the address
information 72 is correctly reproduced. 81 [0174] FIG. 28 shows a
procedure of reproducing address information from the conversion
e GKfoffation-6Btainééd by<reprotireity the SynehroniZation-shiftédius, address
reproduction information area 132. FIG. 28 shows reproduction

i rOQIMEESIoR Jinfoymation 75, reprodyction coded information 76 and an
error 77. [0175] The reproduction conversion information 75 obtained by

rggrqducing the synchronization-shifted reproduction area 132 is (B1, B2,
{183 B4, B5,'B6, B2 B1Y BY BB, BLISBT2 H13 BI12SsCOY. Bye conversion
performing inverse conversion on this, the reproduction coded information

1B 1B2),83,846B3.86,487, tB10, 814, B8, BY B2, B1%1B144g0)ds cws o

obtained. [0176] The reproduction coded information 71 is a code word

error-correction-coded by the Reed-Solomon code RS
correct reproducticn area 131 and a synchronization-shifted

reproduction area 132. FIG. 27 shows a procedure of
reproducing address information from the conversion
information cbtained by reproducing the reproduction
information area 131. FIG. 27 shows reproduction conversion
informaticn 70, reproduction coded information 71 and address
information 72.

[0173] The reproduction conversion information 70 cobtained
by reproducing the reproducticon area 131 is (By, Biy, Bz, Bs,
Bs, Bs, Bs, Bq, Big, Ba, Bs, B, Biz, Bis, B, By performing
inverse conversion orn this, the reproduction codead
information 71 (Bg, Bi, Bz, Bs, Bi, Bs, Bg, By, Bg, Bs, Big, Biy,
Biz, Biz, Bis) 13 obtained. The reproduction coded information
71 includes no error. Therefore, the error correciticn

processing is normally finished, and the address intformation

72 is correctly reproduced.



(15,8,8), and so has a cyclic nature. Namely, (B1, B2, B3, B9, B5, B8, B7,
B8, B9, B10, B11, B12, B13, B14, BO) is also a code word of the
Reed-Solomon code RS (15,8,8). By comparing this against the
reproduction coded information 76, it is found that there are five symbol
errors. The number of symbols which can be corrected by the
Reed-Solomon code RS (15,8,8) 82 is three or smaller. Therefore, it is
[ Wetegted thatithe egorsobihe repreductian coded informationrdicannatidress
be corrected and a determination that the error 77 has occurred can be
inr%ac}% gp :.Ege stafgreoof error cor(r:ection without the %'ncorretct addresst ned b
information 77 beinéﬂrepr%ﬁuceéﬁﬁﬁﬂll?ﬂhislﬁar?r]fénr?lw gf g CPtArnes By
synchronization shift of one symbol occurs, the coded information is
ragonwertedinto conversion infermation Usingiaeerversioadnethoddpyroduction
which a number of symbols exceeding the correction capability of the

. error_correction code'il not rgi%vergg to the original %y(!nbgls and the .
1n{ﬁnmaalon area . ﬁi. . . (Fhows ?yg. H§ iQB conversion
obtained conversion information 1s recorded “on an ptcal disc. Owing to
this, even if a synchronization shift of one symbol occurs while the
i ratidressinformdtion isc deinglreproduced;caieerror cam beadetected®y and an
error
error 77.
[0175] The reproduction conversion information 75 obtained
by reproducing the synchronization-shifted reproduction area
132 is (Blr BZr BB: Btlr B5r Bf:'r BT; BlOr BQr B8r Bllr Ber B13: Blfir
Coi - By performing inverse conversion on this, the
reproduction coded information 76 (By, B., Ba, B, Bs, Bs, By,
Bio, Bii, Be, Bs, Biz, Biz, Bia, Co) is obtained.
[0176] The reproduction coded information 71 1is a code
word error-correcticon-coded by the Reed-Solomon code RS
{15,8,8), and so has a cyclic nature. Namely, (By, Bz, Bs, By,
Bs, Bs, B7, Bs, Ba, Bio, Bii, Bz, Biz, Bisy, Byl 1s also a code
word of the Reed-Solomen code RS (15,83,8). By comparing this
against the reproduction coded information 76, 1t is found

that there are five symbol errors. The number of symbols

which can be corrected by the Resd-Solomon code RS (15,8,8)
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correction processing without incorrect address information being

reproduced. [0178] The conversion processing in Embodiment 6 is

applicable where the symbols Ae and A-10 are of different values. [0179]

In Embodiments 1 through 6 described above, the 83 Reed-Solomon

code RS (15,8,8) is used as the error correction code. The present

invention is not limited to this. For example, a Reed-Solomon code RS
1415;8,734s usablemSubstantially tke- sameceffects arespravddedbydisinga: the

cyclic code other than the Reed-Solomon code RS (15,8 8) or an error

o correctlon c obtalned %g’shortenln %u%p a. %_9“9: code. gc? annot  be
rErmgodlments throuaﬁ% escn%ed above, symbo Colinclud fie"

reproduction conversion information obtained in a synchronization-shifted
ctateds of adifferentivaluefiom syorbol Bo: However; addrég® has occurred
information. is generally assigned monotonously increasing or

Camlongéongg§¥ decregglgg values, and therefore two ¢ ?égcgtz'ﬁvew;thout he
addresses’ often havé the same value at the most S|gn| cant bit N

Accordingly, even B, = Cx is acceptable, and it is more
incorrect address information 77 being reproduced.

{01L77] In this manner, when a synchronization shift of one
symbol ogcurs, the coded information is converted into
conversion information using a conversion method by which a
number of symbols exceeding the correction capablility of the
error correction code are not recovered to the original
symbols, and the obtained conversion information is recorded
on an coptical disc. Owing to this, even if a synchronization
shift of cne symbol occurs while the address information is
being reproduced, an errcr can be detected by error
correction processing without incorrect address information
being reproduced.

[0178)] The conversion processing 1in  Embodiment 6  is
applicable where the symbols Ay and Lip are of different
values.

[G179] In Embodiments 1 through € described above, the
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preferable to use a conversion method by which a number of symbols
exceeding the correction capability of the error correction code is(are)
detected as an error(s). [0181] In Embodiments 4 through 6 described
above, it is more preferable that the number of errors, caused in the
reproduction coded information when a synchronization shift 84 of one
symbol is caused, is equal to or smaller than the minimum free distance
Reafdhé elroncorrection €6de LEhé reasar isithativhere the mumber gbborrection
errors caused in the reproduction coded information is equal to or larger
than the, .minimum free distance,of the error correction.code, there ma
U8 oot Tt ThG Tepradliciion coded Toresation bacemes e cals
word itself of the error correction code and thus the error cannot be
exgetedted althoughathis-docurs rarely ©{0182] REmMbadiments 1 thisughtgsable.
described above, a format in which the address information is located at
s glathvely,danifcaptbits lndhe epded Infoymalion, s, deserifed LR ROL cyci:c
absolutely necessary that the address information Is located at relatively

significant bits in the coded information. It is sufficient that the coded
code other than the Reed-Solomon code RS (15,8,8) or an error

For

correction code cbtained by shortening such a cyclic code.
[0180] In Embodiments 4 through 6 described above, symbol
Cyp  included in the reproduction conversion information
obtained in a synchronization-shifted state is of a different
value from symbol Bg. However, address information is
generally assigned monotoncously increasing or menotonously
decreasing values, and therefore two consecutive addresses
often have the same wvalue at the most significant bit.
Accordingly, even B, = C, 1s acceptable, and it is more
preferable to use a conversion methed by wnich a number of
symbols exceeding the c¢orrection capablility of the error
correction code is{are) detected as an errcris).

[0181] In Embodiments 4 through 6 described above, it is
more preferable that the number of errors, caused 1in the

reproduction coded information when a synchronization shift

84



information includes the address information, and it is acceptable that
some conversion is needed to obtain the address information from the
coded information. [0183] The above-described problem regarding the
shift of the cycle can be solved by dividing the symbols to be bit- inverted
into two or more blocks. Therefore, in Embodiments 85 1 through 3, itis
not necessary that the number of errors which are made when an

o fapparatusymatcompatible te the, bit: mvergioalpracessing efthé fiest than the
conversion mode performs inverse conversion is at least 1/2 of the

ml@&nﬁrggm ee d%lan e. 1844%\Ie%glless to say, where theC numberodf
errorsis at feast 172 6f the minimum free distance and the symbofs {0 e
bit-inverted are divided into two or more blocks, the problem caused

raglsemaniapparattis reproducesan opticakdiscof a formatnoteompadtibien  the
thereto and the problem regarding the shift of the cycle can both be
solve MBODI%E&IT Qf[81851EFIG 29is a blo§[kg ram. showm ﬁnan

3:eﬁ]‘%rmatlorjlOlr%p(r:g ucing appg%?uslgff}o jé\%cé;“)rcclilng to Embodifernt 7 o

—3

he

the
minimum free distance of the errcr correction code, thers may
be a case where the reprcduction coded information becomes
the code word i1tself of the error correction code and thus
the error cannot be detected although this occurs rarely.
(0182] In Embodiments 1 through 6 described above, a
format in which the address information 1is located at
relatively significant bits in the c¢oded information 1is
described. It is not absolutely necessary that the address
information is located at relatively significant bits in the
coded information. It i1s sufficient that the coded
information 1ncludes the address information, and it is
acceptable that some conversion 1is needed to obtain the
address infcrmaticn from the coded information.

(0183} The above-described problem regarding the shift of
The cycle <an be sclved by dividing the symbols to be bit-

inverted into two or more blocks. Therefore, in Embodiments



present invention. The information reproducing apparatus 200 includes
an optical. pickup 151, an information reproducing section 152, a
conversion section 153, an error correction section 154, an address
detection section 155, and a determination section 156. The information
reproducing 86 apparatus reproduces address information by collecting
laser light to the information recording medium, and reproduces user
1 dataouthe like from the information:recording:mediumh pasediopthe f errors
reproduced address information. [0186] When an optical disc 150 is
ounted on the info%mation reegroducin aspparatus 200, the

HebrrinatioR” SEctibhT56 deterine! type ot the'Upticaldisc 150 &ff °**

outputs the determination result to the conversion section 153. The
iroptical pickyprtok irradiate s the apticat disetl 5@ owitke aslight beame performs
generates a reproduction signal from the light reflected by the optical disc

. 150, and outputs the reproduction signal to tf}te' formation reproducin
“acfion 169 The informaton réproduding sectn 163 repriucs L7
conversion information 21 recorded on the optical disc 150 based on the

direpeadeetion signal, and outputs reproduction

[0184] Needless to say, where the number of errors is at
least 1/2 of the minimum free distance and the symbols to be
bit-inverted are divided into two or more blocks, the problem
caused when an apparatus reproduces an optical disc of a
format not compatible thereto and the problem regarding the

shift of the c¢ycle can both be solved.

(EMBODIMENT 7)

[0185] FIG. 29 1is a bicck diagram showing an information
reproducing apparatus 200 acccording to Embodiment 7 of the
present inventicon. The infeormation reproducing apparatus 200
includes an coptical pickup 151, an information reproducing
section 152, a conversion section 183, an error correction
section 154, an address detection section 155, and &

determination section 156. The infermation reproducing

36



conversion information 22 to the conversion section 153. [0187] The
conversion section 153 performs bit inversion 30 for reproduction (inverse
conversion to the bit inversion processing 20). The conversion section
153 performs conversion on the reproduction conversion information 22
by a 87 conversion method (bit inversion 30) in accordance with the type
of the optical disc 150 determined by the determination section 156,

apgenerales repmdiction eoded infermation-kn{F iz 2B)yand outptts the laser
reproduction coded information 12 to the error correction section 154.
.The error correction section 154 correctscgrrors inclgded in the

L y@prodiiction! Codéd tohfation 1210 gererad coitectibhcodt ~eProtuces

information, and outputs the correction-coded information to the address
u stetectionzsestion: #85. Tine-address detectionteection kb5 reprodudes; medium
address information 10 from the correction-coded information. [0188]

Heg, it is aﬁsumed th%t address cgﬂ‘ormatlorqér']s recorded on the optical
y

badﬁ%c 180 by'the Methdd Showrin® E1G “8A. Oerfﬁ%rﬂmgar%ibn reproducing

section 152 reproduces the reproduction conversion information 22 from
[(thes] When an optical disc 150 13 mounted on the

information reproducing apparatus 200, the determination
section 156 determines the type of the optical disc 150 and
outputs the determination result to the conversicn section
153. The optical pickup 151 irradiates the optical disc 150
with a 1ight beam, generates a reproduction signal from the
light reflected by the optica: disc 150, and outputs the
reproduction signal to the information reproducing section
152. The information reproducing section 152 reproduces
conversion information 21 recorded on the optical disc 150
based on the reproduction signal, and outputs reproduction
conversion information 22 to the conversion section 153,

[0187] The conversion section 153 performs bit inversion
30 for reproduction {(inverse conversion to the bit inversion
processing 20). The conversion section 153 performs

conversion on the reproduction conversion information 22 by a
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reproduction signal and outputs the reproduction conversion information
22 to the conversion section 153. The conversion section 153 performs
bit inversion 30 on the reproduction conversion information 22 in

accordance with the determination result from the determination section
156. The 88 conversion section 153 performs conversion of inverting all
the bits of each of eight symbols (e2 through e3, €9 through e13) of the

cdepradiction eenyersiondnformatien 22 4o oldtain symbels{Edthraugh £4 the
E9 through E13). Thus, reproduction conversion information 12 including

symbols (EO through E14) is obtained, The generated reproduction coded
“YRforiation 12 R outsut 10 the efrdP coffedtion SEction 154 Fhe shor 1At fon

correction section 154 corrects errors included in the reproduction coded
sdaformationsk, to generate egrreetion-ccoded informatiaacsand oatputs then 12
correction-coded information to the address detection section 155. The

address detection section 155 reproduces the address information 10
(555in B borrSekor TRt ok oA O BI MR A SRLE gt i tLon 12

reproduction is performed from an optical disc 150' (not shown), on which
tcaddress €onyertetbrrection section 154. The error correction

gection 154 corrects errors included in tThe reproduction
coded information 12 to generate correcticn-coded information,
and outputs the correction-coded information to the address
detection section 155. The address detection section 155
reproduces address informaticn 10 from the correction-coded
information.

10188) Here, it 1s assumed that address information is
reccrded onr the optical disc 150 by the method shown in
FiG, 8A. The information reprcducing section 152 reproduces
the reproduction conversion information 22 from  the
reproduction signal and outputs the reprecduction conversion
information 22 to the conversion section 153. The conversion
section 153 performs bit inversion 30 on the reproduction
conversion information 22 in accordance with the

determination result from the determination section 156. The

88



by a different conversion method from the method used for the optical
disc 150 is recorded, will be described. The optical disc 150 and the
optical disc 150' may be different from each other in the recording
capacity. [01.90] Here, it is assumed that the address information is 89
recorded on the optical disc 150' by the procedure of generating the
conversion information shown in FIG. 3A. [0191] The determination

ccsBatipn 156 determines theatype ofdhe opticalh diseslo, and outputstheng a1l
determination result to the conversion section 153. The information
reproducing_section 152 reproduces reproduction conversion information

they QEKS. 3B) 1ot therepfodifttions ¥inat Snd' atputs e Pefrodution M rouah
conversion information 22 to the conversion section 153. The conversion

e SECUON 153 perfgrms:hit dnversien30-01 thereprotiuetion LOAVEIBIoNo obtain
information in accordance with the determination result from the
determination section 156. The conversion section 153 performs

S YOBHvETsion of inverting allthe bits of 25CH BT sik symbols (8 thrbGgh 8145+ on

of the reproduction conversion information 22 to obtain symbols (E9
cdhteughibt)iTlidSmation 12 including symbols (E; through Eis)

is obtained. The generated reproduction coded information 12
is output to the error correction section 154. The error
correction section 154 corrects errors included in the
reproduction coded information 12 to generate correction-
coded information, and outputs the correction-coded
information to the address detection section 155. The
address detection section 155 reproduces the  address
information 10 from the correction-coded information.

(0189} Next, a case where reproduction is performed from
an optical disc 150' (not shown), on which address converted
by a different conversion method from the method used for the
optical disc 150 is recorded, will be described. The optical
disc 150 and the optical disc 150' may be different from each
other in the recording capacity.

10190] Here, 1t is assumed that the address information is
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reproduction coded information 12 including symbols (Eo through E14) is
obtained. [0192] The generated reproduction coded information 12 is
output to the error correction section 154. The error correction section
154 corrects errors included in the 90 reproduction coded information 12
to generate correction- coded information, and outputs the
correction-coded information to the address detection section 155. The
rcaddress detectionrsectiopdbbrepreduces adstiess mformation (fiemdhgre of
correction-coded information. [0193] In this manner, the conversion
method used by the conversion section 153 is changed in accordance
ISR tHe e’ BRhE SpiitaP iR, S8 iRsh AfePmation feproduding 32
apparatus capable of performing reproduction from a plurality of optical
[ (disas, on which addressdnformatian gemverted bysdifferent epnversionhe type
methods from one another are recorded, can be realized. [0194] In the
case where the conyersign methods for the optical discs are merel)l/
oldifférent - theositicis driRe @Hb%%%%t%@eﬁ&&%@l“at on result
above-mentioned apparatus can
to the conversion section 153. The information reproducing

section 152 reproduces reproduction conversion Information 22
{FIG. 3B) from the reproducticon signal and outputs the
reproduction c¢onversion information 22 to the conversion
section 153. The conversion section 153 perfcrms bit
inversion 30 on the reproduction conversion information in
accordance with the determination result from the
determination section 156. The conversion section 153

performs conversion of inverting all the bits of each of six

symbols {eg through eiq) of the reproduction conversion
information 22 to obtain symbols ({Es through Ei). Thus,
reproduction coded information 12 including symbols  (Ej

through Hy4) is obtained.

[0192] The generated reproduction coded information 12 is

output to the error correction section 154. The error

correction section 15%4 corrects errors inciuded 1n the

90



be structured with the increase of the circuit scale being suppressed to a
very low level. 1'01951, The determination section 156 may determine the
type of the optical disc 150 using the difference in a physical property
such as the reflectance of the optical disc 91 150 or the like, using
information recorded in a burst cutting area or the like, or using other
known methods. [0196] The determination section 156 may determine the

rype 9f: the epticaldise 150 pased-an the nymber of symbals rcorreeted oy i on~
the error correction section 154. This may be performed by comparing the

number of symbols corrected by the error correction section 154 and the )
CHififlber SftiAEERie WrrectiGh'Ts impoEsibié WhenthE detériingtion-on-coded
section 156 outputs the determination result on the optical disc 150 to

11he cenversion section 453 sagainstthepuraheriefisymbols icoirected by  The
the error correction section 154 and the number of times the correction is

impossible when the determination _section 156 outputs the determination
2Gd&HiE Bn Hie Bplida"diSE 15670 the Cornvétsioh Sethior 163 fite opticaimat1on
disc with a smaller value of either the number of symbols or the
from the correction-coded information.

[0193] In this manner, the conversion method used by the
conversion section 183 is changed in accordance with the type
of the optical disc, so that an information reproducing
apparatus capable of performing reproduction from a plurality
cf optical discs, on which address information converted by
different conversion methods from one another are recorded,
can be realized.

[0194] In the case where the conversion methods for the
cptical discs are merely different in the positions of the
symbols to be bit-inverted, the above-mentioned apparatus can
be structured with the increase of the circuit scale being
suppressed to a very low level.

10185} The determinaticon section 156 may determine the
type of the optical disc 150 wusing the difference in a

physical property such as the reflectance of the optical disc
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number of times may be set as the determination result; the number of
times the correction is impossible may be prioritized; or the number of
times the correction is impossible may be converted into the number of
symbol errors exceeding the correction capability of the error correction
92 code, in which case the determination is made based on the total of
the results. [0197] Where the type of the optical disc has not been

15tetennined, codediinformationmay be firgh ganerated by -performing Qne purst
of the inverse conversion to the first conversion mode and the inverse
conversion to the second. conversion mode on the reproduction

CLonvBsiGH fiffoftiatidit reprotluced froft e Gptitar diseCTheR e s -
correction is performed on the generated coded information. When the

[ quumher of errars isat deast 142 obthe minimus frexs@istance ofdhe effidfe the
correction code, the other inverse conversion is performed on the

conversion information. Thus, address_ information can be generated.
Y{BT98] The ConvBIsin sectibh“155° the arisi tofrectiolt sagticiriss, thgymeols

address detection section 155 and the
corrected by the error correcticn section 154. This may be

performed by comparing the number of symbols corrected by the
error correction section 154 and the number of times the
correction is impossible when the determination section 156
cutputs the determination result on the optical disc 150 to
the conversion section 153, against the number of symbols
corrected by the error correction section 154 and the number
of times the correction 1s impossible when the determination
section 156 outputs the determination result on the optical
disc 150' tc the conversion secticen 153. The optical disc
with a smalier value of either the number of symbols or the
number of times may be set as the determination result; the
number of times the correction 1is Impossible may be
prioritized; or the number of times the correction i1s
impossible may be converted into the number of symbol errors

exceeding the correction capability of the error correction
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determination section 156 are typically realized as an LSI, which is an
integrated circuit. [0199] An apparatus which does not have a function of
performing bit inversion described in Embodiment 1 has a structure
obtained as a result of excluding the conversion 93 section 153 and the
determination section 156 from the apparatus 200 shown in FIG. 29. In
this case, bit inversion processing is not performed, and so information is

cRutput ; fromythe informationgepraducing segHan 452 10 the @0hased on the
correction section 154. (EMBODIMENT 8) [0200] Now, an operation made

when incorrect conversion is performed on the optical disc 150 or the
CPticaPdisE 1507 il betescribed. FIG. 30 shows an operation made
when conversion which should be performed on the optical disc 150 is

rcpesformed epnthesoptigal disgk50% f020LLIt is@ssumed thatdepiaduction been
conversion information 22 reproduced from the optical disc 150' includes
no error. The conversion which should be performed on the optical disc

Aoty (bitifiversioit 36fis petforridorthe T2y o€ Firstgenerated by

performing one of the inverse conversion to the first
conversion mode and the inverse conversion to the second
conversion mode on the reproduction conversion information
reproduced from the optical disc. Then, error correction is
performaed on the generated coded information. When the
number of errors is at least 1/2 of the minimum free distance
of the error correction code, the other inverse conversion is
performed on the conversion information. Thus, address
information can be generated.

r0198] The conversion section 153, the error correction
section 154, the address detection section 155 and the
determination section 156 are typically realized as an LSI,
which is an integrated circuilt.

[0169] An apparatus which does not have a function of
performing bit inversion described in Embodiment 1 has a

structure obtained as a result of excluding the conversion
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reproduction conversion information 22 by the conversion section 153 to
generate reproduction coded information 12a. As compared with the code
word (EO through E_4), the reproduction coded information 12a includes
four symbol 94 errors (e2, e3, at,, e14) . The number of errors which can
be corrected by the error correction code is three or smaller. Therefore,
the error correction section 154 detects that the reproduction coded

sdpformationsl¥a ignet cofrectable .and anarrer 23 is-dategtedy wighoytthe  ne
address information 10 being reproduced. [0202] An operation made
when conversion which should be performed on the optical disc 150' is
arpeHorined diPthesBpical tisch 150 iskRibstahfiallythe safii€as fheg- inversion
operation described above with reference to FIG. 8B. [0203] It is

pAnsimed-thatrepraductign copyegsion infermation ﬁ?—f@ﬁﬁ%@;‘&%@ from output
the optical disc 150 includes no error. The conversion which should be

performed on the optical disc 150" is performed on the reproduction
L r@Bhversivn JRforiation 22 by iRe converkibn S&ctiorPI530genératehe error
reproduction coded information 12a. As compared with the

correction section 154.

(EMBODIMENT 8}

[C200] Now, an operation made when incorrect conversion is
performed on the optical disc 150 or the optical disc 150
will be described. FIG. 30 shows an operation made when
conversion which should be performed on the optical disc 150
is performed on the optical disc 150°'.

[0201] Tt is assumed that reproduction conversion
information 22 reproduced from the optical disc 150' includes
no error. The conversion which should ke performed on the
optical disc 150 (bit inversion 30) 1s performed on the
reprcecducticn conversion infeormation 22 by the conversion
section 153 to generate reproduction coded informaticn 12a.
As compared with the code word {(Eg¢ through FEi4), the

reproduction coded information 12a includes four symbol
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code word (EO through E14), the reproduction coded information 12a
includes four symbol errors (e2, €3, e4, el4). The number of errors which
can be corrected by the error correction code is three or smaller.
Therefore, the error correction section 95 154 detects that the
reproduction coded information 12a is not correctable, and an error 23 is
detected without the address information 10 being reproduced. [0204] A

e /EPLOAuEtion OQE‘?raté%r,‘ ot.an appatalus, descrbed, in Embadiment3., can pe

which is compatible to the bit inversion processing of the second

conversion mode but not compatible to the bit inversion processing of the
CofpsECOTRRrsion iote Si5subszmtiaffthecsanieds abevet [0205]) Nowsmaller.

general conditions, under which incorrect address information is

rHYE¥ented fram being reproduced even, when COECHGHNVAISION 1SNt o+ the
selected for the optical disc 150 or. 1501, will be described in detail with

reference to FIG. 31 and FIG. 32. [0206] FIG. 31 shows conditions for
r %?é@é’mﬁgl?épr%@@@ﬁoﬁﬂ%ﬁ?ﬁ#f?ﬁ%ti’e&?di@é Gt 33shovis deltifessind an
information 220, coded information 221, conversion

error 23 1s detected without the address information 10 being
reproduced.

rcz2o2z1 An operation made when conversion which should be
performed on the optical disc 150' is performed on the
optical disc 150 is substantially the same as the operation
described above with reference to FiG. 8B.

{02037 It is assumed that reproduction conversion
information 22 reproduced from the optical disc 150 includes
ne error. The conversion which should be performed on the
optical disc 150" is performed on the reproduction conversion
information 22 by the conversion section 153 to generate
reproduction coded information 12a. As compared with the
code word (E; through E.4), the reproduction coded information
12a includes four symbol errors (e, e;, €., ©14). The number
of errors which can be corrected by the error correction code

is three or smaller. Therefore, the error correction section
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information 222, and reproduction coded information 223. FIG. 32 shows
conditions for preventing reproduction from a second optical disc. FIG. 32
shows address information 225, coded information 226, conversion
information 227, and 96 reproduction coded information 228. [0207] The
address information 220 is error-correction- coded by an error correction
code E to generate the coded information 221. The conversion

1sipfognation @%%@Wﬁﬁwe&r Qring copversign M on the-goded,, 155 4

information 221 is recorded on the first optical disc. [0208] The address
information 225 is error-correction- coded by an error correction code F to

nogenerate tlvd ebded infoidhation 226.The 28nversiofishiformation@rnout the
obtained by performing conversion N on the coded information 226 is

adiecosledan the.sesond qefisal dise. 10208) in,arder (o prevent the firs

optical disc from being reproduced as a result of being mistaken as the
second information, the distance between the reproduction coded

[ GikformationfR23sbtaihed By peferaiing iiverse cofverBiph N T ipthedescribead
conversion N on the conversion information 222 and the

in Embodiment 3, which is compatible to the bit inversion
processing of the second conversion mode but not compatible
to the bit inversion processing of the first conversion mode
tg substantially the same as above.

[G205] Now, general conditicns, under which incorrect
address information is prevented from being reproduced even
when correct conversion is not selected for the optical disc
150 or 150', will be described in detaill with refersnce to
FIG. 31 and FIG. 32.

[0206] FIG. 31 shows conditions for preventing
reproduction from a £first optical disc. ¥IG. 31 shows
address informaticon 220, coded dinformation 221, conversion
information 222, and reproduction coded information 223.
FIG. 32 shows conditions for preventing reprcducticon from a
sacond optical disc. FIG. 32 shows address information 225,

coded information 226, conversion information 227, and
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coded information 221 should exceed the correction capability of the error
correction code E. [0210; In order to prevent the second optical disc from
being reproduced as a result of being mistaken as the first 97 information,
the distance between the reproduction coded information 228 obtained by
performing inverse conversion M' to the conversion M on the conversion
information 227 and the coded information 226 should exceed the
correction capability. of the.error carrectipn.code F. [0211] In

“Embo %:elnotg YCé)n%e§, th%fli)é:éncﬁ Jé?onm(%%c')de RS (15,8,8) is used as
the error correction code. The present invention is not limited to this.

[ Blibstantialljithe sahie eeffectsrare previded by2@$ingicther error-correction-
correction codes. For example, a Reed-Solomon code RS (15,9,7) is

cdisable,[0212] '%F%b:od%%'}t&?g%%865@@"%&*’%8'“(?@%%9985%%0 coded
use the Same error correction code for the two optical discs. For example,
Reed-Solomon codes having different code lengths may be used as long

1irasostichtRead-28dlemohlcodes are defined by fhiersane genddorbtained by

polynomial expression. In this case also, the same error correction

performing conversion M on the coded information 221 1is
recorded on the first optical disc.

[C208] The address information 228% is errcr~correction-
ceded by an error correction code F to generate the coded
information 226. The conversion information 227 obtained by
performing conversicn N on the coded information 226 1is
recorded on the second optical disc.

10209] In order to prevent the first opitical disc from
being reproduced as a result of being mistaken as the second
information, <the distance between the reproduction coded
information 223 cbtained by performing inverse conversion N!
to the conversion N on the conversion information 222 and the
coded information 221 should exceed the correction capability
0of the error correction code E,

[0210] In order to prevent the second optical disc from

being reproduced as a result of being mistaken as the first

97



section 154 is usable, and increase of the circuit scale can be
suppressed. [0213] In Embodiments 7 and 8, all the bits of prescribed
symbols are inverted as a conversion method. Any other 98 conversion
method which allows inverse conversion is usable to provide substantially
the same effects. [0214] In Embodiments 1 through 8, address information
may be recorded by a different method from user data by wobbling of the
i -fragk arthe like, of maybe recarded.on the tack by, the samesmethod ascqqeq
user data. [0215] FIG. 33 is a block diagram showing an information
recording apparatus 300 for recording address information. The
irifforvationre@dBlingapparatis Bo0necordsconversiore iffermativregsion M'
obtained by bit inversion as an AUN (Address Unit Number) address. The
r AYNAaddress isinsertgd into-user data and recorded on the,opticabdisg g the
together with the user data. [0216] The information recording apparatus

300 includes a recording section 251, a coding section 252, an inversion
costtion 2537 Bdorverda® seétion 254 divPa niddulationr ection capadility

of the error correction code F.

[0221] In Embodiments 7 and 8, the Reed-Sclomon code RS
{15,8,8) 1is used as the error correction code. The present
invention is not limited to this. Substantially the same

effects are provided by using other error correction codes.
For example, a Reed-Solomon code RS (15,9,7) is usable.

[G212] In Embodiments 7 and 8, it is not absolutely
necessary to use the same error ccrrection code for the two
optical discs. For example, Reed-Scliomon codes having
different code lengths may be used as long as such Reed-
Solomen codes are defined by the same generator polynoemial
expression. In this case also, the sgame error correction
section 154 is usable, and increase of the circuit scale can
be suppressed.

02137 In Embodiments 7 and 8, all the bits of prescribed

symbols are inverted as a conversion method. Any other
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section 255. [0217] To the coding section 252, address information is
input. The coding section 252 performs error correction coding on the
address information to generate coded 99 information, and outputs the
coded information to the inversion section 253. The inversion section 253
inverts prescribed symbols of the coded information to generate
conversion information, and outputs the conversion information to the
Qmodulation s%cétj%]o%%m[lolzclé] 3;; fhe conversion section 254, user data

CaQnversi . WS rse nverdion 1% usable
IS mpu%. %e conversion section éﬁ performs scram%ﬂng or error

correction coding on the user data to generate recording data, and
L coutputs the recdrding détaté the modudation=selttioh 255. [0219] The
modulation section 255 modulates the conversion information and the

485ording data, c@@%@%ﬁ&% ”%hrﬁﬂlnzéiﬂﬁi]%ﬂ mark of fhe like E@%ﬂ‘%@né‘%ion may

generate a rec stream. Then, modulation section

outputs the recording bit stream to the recording section 251. The
beecordingsattion 2510utpeatsdaderight tolthé opticals disc#Beinby wobbling

accordance with the recording bit stream and thus
of the track or the like, or may be recorded on the track by
the same method as user data.
rozis) FIG. 33 is a block diagram showing an information
recording apparatus 300 for reccrding address information.
The information recording apparatus 300 records conversion
information 21 obtained by kit inversion as an AUN (Address
Unit Number) address. The AUN address is inserted into user
data and recorded on the optical disc together with the user
data.
[G216] The information recording apparatus 300 includes a
recording section 251, a coding secticn 252, an inversion
section 253, a conversion section 254, and a medulation
section 255,
10217] Te the coding section 252, address information is

input. The coding section 252 performs error correction

coding on the address information to gensrate coded
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forms marks and spaces on the track of the optical disc 250. [0220] The
scrambling performed by the conversion section 254 may use the entirety
or a part of the address information as a seed. 100 [0221] The error
correction coding performed by the conversion section 254 may also be
performed on the conversion information together with the user data.
[0222] Other information may be added to the conversion information.

1rQIEr ipes of eré‘%@"”&&‘ég%gdi”%ﬁ%@y %%cf’eeéif_ormﬁﬂc?ﬂ#é%”&ﬂy- to the
[0223 Wheré the disc 250 is a reproduction-only disc, pits are formed on

the disc 250. [0224] Now, a method for recording conversion information
irpeottained byitinverg®a on af bpticandise as@wobble iaddres83 inverts
(ADIP) will be described. [0225] FIG. 34 shows a production method of an

pf&%@?kﬁ%ﬁ?1@@ﬁﬂ¥iB“”BF“OEHEGWEEHQ&he£E¥8§H§%€&§O Lo generate

(information recording medium) includes a mastering process of forming
a stamper (press form) used for molding a substrate and a replication
corsedEssiormoldiny thesibstrate  and outputs the CONVersion

informaticn to the medulaticn section 255.

10218] To the conversion section 254, user data is input.
The conversion section 254 performs scrampling or error
correction coding on the user data to generate recording data,
and outputs the recording data to the modulation section 255.
[0219] "he modulation section 255 modulates the conversion
information and the recording data, and adds a
synchronization mark or the like thereto, to generate a
recording bit stream. Then, the modulation section 255
outputs the recording bit stream to the reccrding section 251.
The recording section 251 outputs laser light to the optical
disc 250 in accordance with the recording kit stream and thus
forms marks and spaces on the track of the optical disc 250.
(02207 The scrambling performed by the conversion section
254 may use the entirety or a part of the address information

as a geed.
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using the stamper. [0226] FIG. 34(a) shows a glass master disc 171
having a resist 172 formed thereon. A liquid photoresist is formed as a
layer on the glass master disc 171 by spin-coating, and 101 exposed and
developed. Thus, the resist 172 having concave portions 173 is obtained.
[0227] In the case of a stamper for producing a ROM information
recording medium, the concave portions 173 correspond to pits. In the

[ £A58/0f a stamper for producing g wiite, gnce or rewritable information , - .
recording medium, the” concave portions 173 corre ond 10 grooves. In
the case of a stamper for producing an information recording medium

cchavdng both pitseabd groov@S4therconcavelportionse17eorfespord toon  the
both of the pits and the grooves. in an information recording medium, at

Jpastane.of nifsand, graoves are formed.  Instead. of concave prtions
“ 173%, con\c/)ex porﬁti%())ns 1 3Oma%%£$£%qedwgﬁv&r?§}% sql%f(lganga%%ngement
of convex portions and concave portions, concentric or spiral tracks are
[ F8rded on theinformationrecording mediunt [0228% Refepringte FiGnversion

34(b) , the glass master disc 171

information. Cther types of error correction coding may be
performed additiconally.

(02237 Where the disc 250 is a reproduction-only disc,
pits are formed on the disc 250.

[0224] Now, a method for recording conversicon information
21 obtained by bit inversion on an optical disc as a wobble
address (ADIP}) will be described.

[GZ225] F1G. 34 shows a preduction methoed of an optical
disc 150. The production methed of the optical disc 150
{(information recording medium) includes a mastering process
of forming a stamper (press form) wused for melding a
substrate and a replication process of moiding the substrate
using the stamper.

[0226] FIG. 34(a) shows a glass master disc 171 having a2
resist 172 formed thereon. A liguid photoresist is formed as

a layer on the glass master disc 171 by spin-coating, and
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having the resist 172 formed thereon is plated with Ni or other metal to
form a metal plating layer 175. The metal plating layer 175 is peeled off
from the glass master disc 171 and is used as a stamper. The stamper
has pits and/or 102 grooves 173 transferred thereon. [0229] FIG. 35
shows a wobble form 180 of a groove 173. The wobble form 180 includes
a first form 181 and a second form 182, which are both sawtooth-like. The
f%rst fo(rjm a18& '31%% gﬁntle Cr:{s?es %d steegglaéls,rwgﬁrsetas{ s%cond form

©*182° has Steep Tises and gentle falls, For example, one of the first form - ©

181 and the second form 182 represents "I" and the other represents "0".
oBy farming e groove 1y 3lkaling the first form 181 and the second form
182 in combination, address information (conversion information 21) is

orded ot he gptica .i 150. [0230 eferring to F (chdhe,  som
[dpgltgs aﬂld/or %%ooﬁéﬂégo%he%%am%er%gééé%eé tran%gcrre tg%%%r%él%gij .
plastic material by injection molding or the like, and thus a substrate 161

irHavimgptheopits ardforgrooves 178 formed thiereorrisiobtathedportions 173

correspond to pits. In the case of a stamper for producing a
write once or rewritable information recording medium, the
concave porticons 173 correspond to groeves. In the case of a
stamper for producing an information recording medium having
both pits and grooves, the concave portions 173 correspond to
both of the pits and the grooves. In an information
recording medium, at least one of pits and grooves are formed.
Instead of concave portions 173, convex portions 173 may be
formed. Owing to such an arrangement of convex portions and
concave portions, concentric or spiral tracks are formed on
the information reccrding medium.

[0228] Referring to FIG. 34(k), the glass master disc 171
having the resist 172 formed thereon 1s plated with Ni or
other metal to form a metal plating layver 175. The metal
plating laver 175 is peeled off from the glass master disc

171 and 1s used as a stamper. The stamper has pits and/or
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[0231] On the substrate 161 obtained in this manner, a recording layer,
an intermediate layer, a cover layer and the like are formed. Thus, the
optical disc 150 is obtained. [0232] In Embodiments 1 through 8, address
information is 103 described as a target of bit inversion. The present
invention is applicable to information other than address information, or a
combination of a plurality of types of information. For example, the

]porg%eerét irf[\g%ntigp i,ﬁs%p@igg |%E§) %ggwbinaﬂon of address information
9Tand’ additionalinformation other than address information. [02331 In

Embodiments 1 through 8, the number of errors which can be corrected
{IR2an error Edftectitih codemayberOpland thecemorid®@rectionecodeanay: 173.
be used as an error detection code. (EMBODIMENT 9) [02341

miiereafier, as anexgple of.a case towhich e present pyenionis oo cong
applicable, opfical discs of different formats, for examiple, of different
recording densities will be described. For example, there are an optical

fdisc 3féR firstirecordimyedensity: oba formeaticotrespondigito drirst form 181
has gentle rises and steep falls, whereas the second form 182
has steep rises and gentle falls. For example, one ©If the
first form 181 and the second form 182 represents "1" and the
other represents "0V, By forming the groove 173 having the
first form 181l and the second form 182 1in combination,
address information [(conversion information 21) is recorded
on the optical disc 150.

[0230] Next, referring to FILG. 34(c), the pits and/or
grocves 173 of the stamper 175 are transferred tc a melted
plastic material by injection molding or the like, and thus a
substrate 161 having the pits and/or grooves 173 formed
thereon is cobtained.

(G231 ] On the substrate 161 obtained in this manner, a
recording layer, an intermediate layer, a cover layer and the
like are feormed. Thus, the optical disc 150 1s cbtained.

[0232] In Embodiments 1 through 8, address information is
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apparatus, and an optical disc of a second recording density of a format
not corresponding to the apparatus. According to the present invention,
different formats are not necessarily 104 different recording densities.
[0235] An example of the optical disc having a first recording density is a
Blu-ray disc (BD) having a recording capacity per layer of 25 GB (or 27
GB). The Blu-ray disc is available as a reproduction-only BD-ROM disc, a

write.once BD-R disc, a rewritable-BD-RE disc or the.like. The mai
degr?t;:c% Gég)?ns.t%ﬁts and %ﬁ§§§§I fopngatgbojfghe% l?-re;ry%é?are disigoseg }:nesent
"Blu-ray Disc Reader" published by Ohmsha, Ltd. or the white papers put
irorethielweb sSite of thel Bltekaye Associatidn thttpt/Awww bitheaydisbeompcdress
[0236] Now, main parameters of a BD will be described. For the BD, laser

el having a wayelength of 402 nm (whete the tolerablg efror rapgeLisn. . o

nm, 400 to 410 nm) and an objective lens havingan NA of 0.85 (where
the tolerable error range is 0.01 nm, 0.84 to 0.86) are used. [0237] The

1 ntfackepitchrof-the BD ¥5°0.32 g atid-6ne ort o repordidg fayersigrention  is
provided. One or two recording

applicable to a combination of address Information and
additional information other than address information.

[0233] In Embediments 1 through 8, the number of errors
which can be corrected by an error correction code may be O,
and the error correction code may be used as an error

detection code.

{(EMBODIMENT 9)
[02343 Herelinafter, as an exampls of a case to which the
present inventicn 1is applicable, optical discs of different
formats, for example, of different recording densities will
be described. For example, there are an optical disc o©of a
irst recording density of a format corresponding to an
apparatus, and an optical disc of a second recording density
of a format not corresponding to the apparatus. According to

the present invention, different formats are not necessarily
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layers are provided on one side on which the laser light is incident. In the
BD, the distance from the surface of a protection layer to the recording
surface is 75 m to 100 m. 105 [0238] As the modulation system for a
recording signal, 17PP modulation is used. The shortest mark length to
be recorded (2T mark) is 0.149 m (channel bit length T: 74.50 nm).
[0239] The recording capacity is 25 GB (or 27 GB) (more precisely,

.29:.025 GB (or, 27,020 GB) where one layer is provided on one side, or
dlé%%ﬁ%r 4 GB) (more g%ec%eﬁ “B0.050 GB (or 54.040 GB) where two
layers are provided on one side. [0240] The channel clock frequency is
0662 MHz (chamnet bitrrate: 66.0009Vbits/s) at thelBDostaAdald FEte YBDix),first

264 MHz (channel bit rate: 264.000 Mbits/s) at the 4x rate (BD4x), 396

reSME'EAEQ%”Q%Q&f%E? %gtSQO%MP—'?éSQ %E@CGX{@%)% @Q@f% te, ancording

28 MHZz (channel bit rate: 528.000 Mbits/s) at the 8x rate (BD3x). [0241]

The standard linear velocity (reference linear velocity, Ix) is 4.917 m/sec.
cafheclinearsfelocity s@ Pxodx, 25> GB (or 27 GB). The Blu-ray disc is

available as a reproduction-only BD-ROM disc, a write once
BD-R disc, a rewritable BD-RE disc or the like. The main
optical constants and physical formats of the Blu-ray disc
are disclosed in "Blu-ray Disc Reader" published by Ohmshea,
Ltd. or the white papers put on the web site of the Blu-ray
Association (http://www.blu-raydisc.com/).

10230] Now, main parameters of a BD will be described.
For the BD, laser light having a wavelength of 405 nm (where
the tolerable error range is 5 nm, 400 to 410 nm) and an
obiective lens having an NA of 0.85 (where the tolerable
error range is #0.C1 nm, 0.84 to 0.86) are used.

102371 The track pitch of the BD is 0.32 pm, and one or
twe recording layers are provided. One or twoe recording
layers are provided on one side on which the laser light is

incident. In the BD, the distance from the surface of a

protection layer to the recording surface is 75 pum to 100 um.
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6x and 8x is respectively 9.834 m/sec., 19.668 m/sec., 29.502 m/sec.,
and 39.336 m/sec. A linear velocity higher than the reference liner
velocity is generally a positive 106 integral multiple of the reference liner
velocity, but is not limited to an integral multiple and may be a positive
real number multiple of the reference liner velocity. A linear velocity lower
than the reference liner velocity, such as 0.5 times (0.5x), may also be

ined. [0242] Now, as an optical dis¢ having a.second recordi : ;

Cely, an Solcan fisL o & Nherresoing denary” Tan e g enat,
first recording density (for example, an optical disc of the BD format which

11as arlarheryecomingscapaeity: per fayer thénr25 GB (or27!GB)gwilkbe to be
considered. [0243] As seen from the recent increase of size of data to be

rdggorded, which is, caused by, for example, hioh defigition bioadeast, oo, g,
record?ng mediums aré always desired to’have a larger capacity and a
higher density. One method for increasing the recording density of a BD
74whieh s a recording capacity per layer of 25 GB is, for example, to

decrease the track pitch. However, this significantly
[0239] The recording capacity is 25 GB (or 27 GB) (more

precisely, 25.025 GB (or 27.020 GB) where one layer 1s
provided on one side, or 50 GB {(or 54 GB) (more precisely,
50.050 GB (or 54.040 GB) where two layers are provided on one
side.

[G240] The channel clock frequency 1is 66 MHz ({(channel bit
rate: 66,000 Mbits/s) at the BD standard rate (BDIx), 264 MHz
(channel bit rate: 264.000 Mbits/s) at the 4x rate (BD4x),
396 MHz (channel bit rate: 3%6.000 Mbits/z) at the 6x rate
(BDEx) rate, and 528 MHz (channel bit rate: 528,000 Mbits/s)
at the 8x rate (BDEx).

(02417 The standard linear wvelocity (reference linear
velocity, 1x) is 4.917 m/sec. The linear wvelocity at 2x, 4x,
6x and 8x is respectively 9.834 m/sec., 19.668 n/sec.,
29.502 m/sec., and 39.336 m/sec. A linear velocity higher

than the reference liner velocity 1is generally a positive
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changes the structure of the current optical discs, and so requires she
optical structure of optical disc apparatuses to be significantly changed.
From the viewpoint of 107 compatibility with the current format, this
method raises the cost of the optical head, is not highly feasible, and
increases the influence of crosstalk from an adjacent track. [0244] Hence,
as an example of an optical disc having a second recording density, an
s Gpigaldise naving,an improved recording density as gompared o 18,28 . ¢
B B0 with o ¢ ange in the wavelength, nhumerical apé“r ure, frac pitch
or the like (having a shorter channel bit length) will be considered. [0245]
1 iFG:E 86 showsa physiealstiucturé of ahcoptical disy 1 having thessecond real
recording density. On the discus- shaped optical disc 1, a great number of

2 d con rical i piral, for e I each .

m%%%?z, @&gggﬂ%m er g%?%ny%é%%%é%eg for%gggAi%Els%c%be 'Iate% Lineax
data is recorded on each track 2 in units of blocks 3 each having a

vepkedeterminedesizé hrasdéscribedaterr[0246 1 Mhe optitakdisy 1 avihg as 0.5

the second recording density has an expanded recording capacity per
timEQ“%%Q%x>, may also be defined.

[0242] Now, as an optical disc having a second recording
density, an cptical disc having a higher recording density
than that of the first recording density (for example, an
optical disc of the BD format which has a larger recording
capacity per layer than 25 GB (oxr 27 GB)} will be considered.
[0243] Asg seen from the recent increase of size of data to
be recorded, which is caused by, for example, high definition
broadgcast, recording mediums are alwavs desired to have a
larger capacity and a higher density. One method for
increasing the recording density of a BD which has a
recording capaclity per layer of 25 GBR i1s, for example, to
decrease the track pitch. However, this significantly
changes the structure of the current optical discs, and so
requires the optical structure of optical disc apparatuses to

be significantly changed. From the viewpoint of
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recording layer as compared with an optical disc having the first recording
density (for example, a 25 GB BD). The recording capacity is expanded
by raising the recording 108 linear density, for example, by decreasing
the length of a recording mark recorded on the optical disc. Here, the
expression "raising the recording linear density” means to decrease the
channel bit length. The "channel bit length" refers to a length

co%pé@éﬁ(?ﬂgiﬂg ogyele T of ”J;%&eé%@@‘:?o%%‘%ff’r{ EE‘%@H&%S&E‘%IQSS the

optical disc 1 may include a plurality of layers. In the following, only one
information recording layer will be described for the convenience of

casxplarsationt Evenowheresthe widthvof thestrackds the samey amiengable, and

plurality of layers provided in the optical disc, the recording linear density

1 JAQY be varied.on,a layersby:layer basishy.ehanging the mark length op a, .

layer-by-layer basis according to a certain manner. [0247] The track 2 is
divided into blocks by a data recording unit of 64 kB (kilobytes), and the

L bidks are Beduentiafy assignedivclcadefessvalkies I Eaéh blogk ishaving a
divided into sub blocks each having a prescribed length.

second recording density, an optical disc having an improved
recording density as compared to the 25 GB BD with no change

in the wavelength, numerical aperture, track pitch or the

like (having a shorter channel bit length) will be ceonsidered.
[0245] FIG. 36 shows a physical structure of an optical

disc 1 having the second recording density. Cn the discus-~

shaped optical disc 1, a great number of tracks 2 are formed
concentrically or in a spiral, for example. 1In each track 2,

a great number cof tiny sectors are formed. As described
iater, data is recorded on each track 2 in units of blocks 3

each having a predetermined size, as described later.

[0246] The optical disc 1 having the second recording
density has an expanded recording capacity per infecrmation
recording layer as compared with an optical disc having the

first recording density (for example, a 25 GB BD). The

recording capacity 1s expanded by ralsing the recording
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Three sub blocks form one block. The sub blocks are assigned sub block
numbers of 0 through 2 from the first sub block. [0248] Now, the
recording density wii be described with 109 reference to FIG. 37A, FIG.
37B, FIG. 38 and FIG. 39. FIG. 37A shows a 25 GB BE, which is an
example of an optical disc having the first recording density. For the ED,
the wavelength of laser light 323 is 405 nm and the numerical aperture

11(N4Y) of an objective lens 34015 085, Like insa DVD, n.the. BN alsg £

lrecording ataetlpsyrecordedeas mgrks 3%? and §21 fg’rmegt; by a physrilcg;ﬁ:}1 o e
change on the track 2 of the optical disc. A mark having the shortest

rdengihidrongakdse rmarks istefeitedtbas thiel"shorestiinaik”. In there, the

figure, the mark 321 is the shortest mark (2T). [0249] In the case of the
x5 BBRythe physicallength 0&%‘&%?6%%“ Atk 321 10 149 . ThIS. s o

corresponds to about 1/2.7 of that of a DVD. Even if the resolving power
of the laser light is raised by changing the wavelength parameter (405

defi pard thEINA parihéeter (0185) b tHE bptical SyStent; "thephysiealt 1ength”
length of the shortest mark is close to the limit of the optical resolving

ré%&%%’%%1§mﬂgwgék corresponding to cycle T of the reference
clock for recording a mark. The optical disc 1 may include a
plurality of layers. In the follcwing, only one information
recording layer will be described for the convenience of
explanation. Even where the width of the track is the same
among a plurality of lavers provided in the optical disc, the
recording linear density may be varied on a layer-by-layer
basis by changing the mark length on a layer-by-layer basis
according to a certain manner.

(0247 The track 2 1is divided into blocks by a data
recording wunit of €4 kB (kilobytes), and the Dblocks are
saquentially assigned block address wvalues. Each block is
divided 1into sub blocks each having a prescribed length.
Three sub blocks form one block. The sub blocks are assigned

sub block numbers of 0 through 2 from the first sub block.

[0248] Now, the recording density will be described with
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which a light beam can identify a recording mark. [0250] FIG. 38 shows
how a mark stream recorded on the track is irradiated with a light beam.
In the BD, an optical 110 spot 330 has a diameter of about 0.39 m
because of the above-mentioned parameters of the optical system. When
the recording linear density is raised without changing the structure of
the optical system, the recording mark becomes small with respect to the

rdiameterof the optisal:spai-330, apd-thersjare the resoldBg POWET fof 1. 39,

reproduction is” declined. [0251] For example, FIG. 37B shows an

example of an optical disc having the second recording density, which is
Flkighéritan ke fecording denBity ofthec?s GB BD. Eaethis! distfalse, thetical

wavelength of the laser light 323 is 405 nm and the numerical aperture

4iNA) oftheobjegtive lens 340,13 0,83.1A magk shqriest ameng theyparks,  the
325 and 324, namely, the mark 325, has a physical length of 0.1115 m.

As compared with the BD shown in FIG. 37A, in the disc in FIG. 37B, the
wadigreter ot thelspetisthe same'at dBSut ‘039" Mbuttherreortiiiy marke < cal
is smaller and the inter-mark

aperture (NA) of an objective lens 340 is 0.85. Like in a
DVD, in the BD also, the recording data is recorded as marks
320 and 321 formed by a physical change on the track 2 ¢f the
optical disc. A mark having the shortest length among these
marks is referred to as the "shortest mark". In the figure,
the mark 321 is the shortest mark (2T).

[0249] In the case of the 25 GB BD, the physical length of
the shortest mark 321 is 0.149 um. This corresponds te about
1/2.7 of that of a DVD. Even if the resclving power of the
laser light is raised by changing the wavelength parameter
{405 nm) and the NA parameter (0.85) of the optical system,
the physical length of the shortest mark i1s close to the
limit of the optical resolving power, i.e., the limit at
which a light beam can identify a recording mark.

[0250] FIG. 38 shows how a mark stream recordsed on the

track is irradiated with a 1light beam. In the BD, an optical
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gap is narrower. Therefore, the resolving power for reproduction is
declined. [0252] An amplitude of a reproduction signal obtained by 111
reproducing a recording mark using a light beam decreases as the
recording mark is shortened, and becomes almost zero at the limit of the
optical resolving power. The inverse of the cycle of the recording mark is
called "spatial frequency”, and the relationship between the spatial

frequ he_ signal amplifude js call TE (Qptical Transfer. .

Spéﬁtnc?gn aﬁ[rnfggt si&na%%ﬁ%%é deggreaagg%ﬁnogsf [?r?egﬁy aké%tﬁggé%%tia £ the
frequency increases. The critical frequency for reproduction at which the

absigRalEplitade Becomed 2eryis cafled "GTPRUicHE L [0288FFIG. 39When the
shows the relationship between the OTF and the shortest recording mark

rdegarding the 25 GB BD, The spatial, frequency; of the shortestrecording, e
mark of the BD is about 80% with respect to the OTF cutoff, which is

close to the OTF cutoff. It is also seen that the amplitude of the
S YEpfdduetior Sighaicof tie- shidrtest ifdrRlis verl Smaf &t rabolt 1096 6f thecomes
maximum detectable amplitude. For the BD,

small with respect to the diameter of the optical spct 330,
and therefore the resolving power for repreduction 1is
declined.

[0251] For example, FIG. 37B shows an example of an
optical disc having the second recording density, which is
higher than the recording density of the 25 GB BD. For this
disc also, the wavelength of the laser light 323 is 405 nm
and the numerical aperture (NA) of the objective lens 340 is
0.85. A mark shortest among the marks 325 and 324, namely,
the mark 325, has a physical Iength of 0.1115 um. As

compared with tThe BD shown 1in FIG. 37A, in the disc in

1

IG. 37B, the diameter of the spot i1s the same at about

6.39 pm but the recording mark is smaller and the inter-mark
gap 1s narrower. Therafore, the resolving power for

reproduction is declined.

(02527 An amplitude of a reproduction signal obtained by



the recording capacity at which the spatial frequency of the shortest

recording mark is the OTF cutoff, i.e., the recording capacity at which the

reproduction amplitude of the 112 shortest mark is almost zero, is about

31 GB. When the frequency of the reproduction signal of the shortest

mark is around, or exceeds, the OFF cutoff frequency, the resolving

power of the laser light is close to the limit or may exceed the limit. In

u n.area, the amplitude of the reproduction signal decreases and the

R Aoy Gt rates, (0o With e o Ha i A Fes a5

which is assumed for the high density optical disc having the second
tirecordingrdenmsityrshowniin RG> 8787 thk frequéney oftiesshoitestmarkero at

of the reproduction signal is in the vicinity of the OTF cutoff (including a
vf@sgaredhe diegugpey js.qaual fg of lover an e QTE Ul IS, che

not significantly lower than the OTF cutoff) or equal to or higher than the

OTF cutoff. [0255] As the recording capacity, the following can be
cyonsideredirethe ease dhete thefiequéncyds irethe "viginity ot ther@Ipency™,

cutoff, the recording capacity may be,

and the relaticnship between the spatial frequency and the
signal amplitude is called OTF {Optical Transfer Function).
The signal amplitude decreases almost linearly as the spatial

frequency increases. The critical freguency for reproduction

at which the signal amplitude becomes zero is called "OTF

cutoff"™.
[0253] FIG. 39 shows the relationship between the OTF and
the shortest recording mark regarding the 25 GB BD. The

spatial fregquency of the shortest recording mark of the BD is
about 80% with respect to the OTF cutoff, which 1s ¢lose to
the OTE cuteff. It is also seen that the amplitude of the
reproduction signal of the shortest mark is very small at
about 10% of the maximum detectable amplitude. For the BD,
the recording capacity at which the spatial fregquency of the
shortest recording mark 1s the OTF cutoff, l.e., the

recording capacity at which the reproduction amplitude of the
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for example, about 29 GB (e.g., 29 GB 0.5 GB or 29 GB 1 GB, etc.),
equal to or larger than 29 GB, about 30 GB (e.g., 30 GB 0.5 GB or 30
GB 1 GB, etc.), equal to or larger 113 than 30 GB, about 31 GB (e.g., 31
GB 0.5GBor 31 GB 1GB, etc.), equal to or larger than 31 GB, about 32
GB (e.g., 32 GB 0.5GB or 32 GB 1 GB, etc.), or equal to or larger than
32 GB. In the case where the frequency is equal to or higher than the

h Ecu off th recordi C|ty 2 be, ore %mgle 3aib 32 GB,, .
R CX e§ GB ?75 50:1%2 B% 1 G@Bgetc) Lequa?to or larger than 32 G%Z? ©

about 33 GB (e.g., 33GB 0.5GB or 33 GB 1 GB, etc.), equal to or
f Jargeenthan @8 GBeabout33:3 GB (e1gs 83:3:GB-0.5:6GB d'83:3GB Tark is
GB, etc.), equal to or larger than 33.3 GB, about 34 GB (e.g., 34 GB 0.5

ar%ﬁr% 340(%'3 & GB. gIc.), equaldp-or Iarger thap, 34, G @}POU%%% CBso1ving
(e.9.,35GB 0.5GB0or35s GB 1 GB, etc.), or equal to or larger than 35

GB. [0256] FIG. 40 shows an example in which the spatial frequency of
pare shoftestyharke(@TY isthigher thandhe OTR: euidiEfréduecy@hdihe exceed
amplitude of a 2T reproduction signal is 0. The spatial frequency of the

tﬁ@o”§§HD@W*2T’In such an area, the amplitude <o¢f the
reproduction signal decreases and the S/N  ratio is
drastically deteriorated.

[0254] With the recording density wnich is assumed for the
high density optical disc having the second recording density
shown in FIG. 37B, the freguency of the shortest mark of the
reproduction signal is in the wvicinity of the OTF cutcff
(including a case where the frequency 1is equal to or lower
than the OTF cutoff, but is not significantly lower than the
OTF cutocff) or equal to or higher than the OTF cutoff.

[0255] As the recording capacity, the following can be
considered. in the c¢ase where the freguency is in the
vicinity of the OTF cutoff, the recording capacity may be,
for example, about 29 GB (e.g., 2% GB £ 0.5 GB or 29 GE =

1 GB, etc.}, equal to or larger than 28 GB, about 30 GB (e.g

-

30 GB + 0.5 GBR or 20 GB £ 1 GB, efc.), equal to or larger
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is 1.12 times of the OTF cutoff frequency. [02571 The relationship among
the wavelength, the numerical aperture, and the length of a mark/space in
the 114 high recording the second recording density is as follows. [0258]
Where the three parameters, i.e., the laser light wavelength ? (405 nm 5
nm, i.e., 400 through 410 nm), the NA (0.85 0.01, i.e., 0.84 through
0.86), and the length P of the shortest mark + the shortest space (in the

cre@sedf i modulation, P =2 T4 2T = 4]) argused, whenthe referenge. | ¢p
ecreases 1o ;%ﬁ)ﬂ I'P < 2c/2NA,(teh§rOTF cutoff frequenc?‘lés exceeded.

[0259] The reference T corresponding to the OTF cutoff frequency when
etifA)= 0.851aAd k =405 AmlisTTe405/42x 0.85)/M4% 585581Am. 62681 Ad<- 9.,

described above, an optical disc having the second recording density as

3considered abpye may-be provided ag an.optical disc. ok farmatnot, 1,rqer
corresponding to the apparatus. For such an optical disc, there is a
problem of the S/N ratio deterioration caused by the reproduction

tramplitddé®f thelshortest maseorhe fike Hhcadditipalncy is equal to or

higher than the OTF cutoff, the recording capacity may be,
for example, about 32 GB (e.g., 32 GB £ 0.5 GB or 32 GB *
1 GB, etc.), egual to or larger than 32 GB, about 33 GB (e.49.,
33 GB + 0.5 GB or 33 GB + 1 GB, etc.), egqual to or larger
than 33 GB, about 33.3 GB (e.g., 33.3 GB + 0.5 GB or 33.3 GB
+ 1 GB, etc.), egual to or larger than 33.3 GB, zbout 34 GB
le.g., 34 GB + 0.5 GB or 34 GB +* 1 GB, etc.}), equal to or
larger than 34 GB, about 35 GB (e.g., 35 GB + C.5 GB or 35 GB
+ 1 GB, etc.), or squal to or larger than 35 GB.

{02567 FIG. 40 shows an example 1in which the spatial
frequency of the shortest mark (2T) is higher than the OTF
cutoff frequency and the amplitude of a 27 reproduction
signal is 0. The spatial freqguency of the shortest mark, 27,
iz 1.12 times of the OTF cutoff freguency.

(02577 The relaticnship AMONg the wavelength, the

numerical aperture, and the length of a mark/space in the



the case where the recording capacity per layer of the optical disc having
the second recording density is, for example, 33 GB, addresses for the
part after 25 GB (addresses 115 corresponding to 25 GB to 33 GB) which
are not handled by the format corresponding to the apparatus are
provided to the disc. Due to these problems, the apparatus used for an
optical disc of a format not compatible thereto may malfunction. The
present invention can prevent such a malfunction. (02611 As described
b V=5 Y68rding BtToe Abeboriig 16 e brasdminveriorr CorhRness™
the steps of performing first conversion of bit-inverting at least one
[ GyAtbol of aitodes woktkcodedusingzamaerorearyection codeland 1aser light
including a plurality of symbols to generate conversion information; and

recarding the_conversion information on a first recarding medium.. The
e CTbrardn 1 Lg Sl Tt Tt betwiim SIS ety ) the

obtained by performing inverse conversion to the first conversion on the
NzZonversiontinfarmation, and secand informatipn obtained by.perforaingngth P

inverse conversion to second conversion, which is different
of the shortest mark + the shortest space (in the case of 17
modulaticn, P = 2T + 2T = 4T) are used, when the reference T
decreases to fulfill P < A/2NA, the OTF cutcff freguency is
exceeded.
10259] The reference T corresponding to the OTF cutoff
frequency when NA = 0.85% and A = 405 nm is:

T = 405/(2 x 0.85}/4 = 59.558 nm.

[0260] As described above, an optical disc having the
second recording density as considered above may be provided
as an optical disc of a format not corresponding to the
apparatus. For such an optical disc, there is a problem of
the S$S/N ratio deterioration caused by the reproduction
amplitude of the shortest mark or the like. In addition, in
the case where the recording capacity per layer of the

optical disc having the second recording density 1is, for

example, 33 GB, addresses for the part after 25 GB (addresses
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from the first conversion, on the conversion information, is at least 1/2 of
a minimum free distance of the error correction code. 116 [0262]
According to an embodiment, the first conversion bit-inverts m number (m
is an integer) of consecutive symbols. [0263] According to an
embodiment, the first conversion allows at least one non-bit-inverted
symbol to be present among a prescribed m number (m is an integer) of
. hit- ted. bals., [0264] Accarding;to an embodiment, th .
e Snverts symbols C0) (esuigh C(14) o a code ward T oY e
including symbol C(i) [i =0, 1, 2, ... 14]. [0265] According to an
f cambodirnent; v first cotivetsSiort- lgeneratesconversipnanformmatiotete bec the
recorded on the first recording medium; and the second conversion
4 1generates, conyersion information o.he recpided on.a.seqond recarding o an
medium having a different recording capacity from that of the first

recording medium. [0266] According to an embodiment, the first
otdonversiorfiisc  of  a  format not  compatible thereto may

malfunction. The present invention can prevent such a
malfuncticn.
to2el] As described above, a recording method according tc

the present invention comprises the steps of performing first
conversion of bit-inverting at Least one symbol of a code
word ccded using an error correction code and including a
plurality of symbols to generate conversion information; and
recording the conversion informaticon on a first recording
medium. The first conversion 1s set such that a distance
between first information obtained by performing inverse
conversion to the first conversion on the conversion
information, and second infeormaticon obtained by performing
inverse conversion to second conversion, which is different
from the first conversion, on the conversion information, is

at least 1/2 of a minimum free distance of the error

correction code.
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does not bit-invert the symbol C(14). [0267] According to an embodiment,
the information coded using the error correction code includes at 'Least
address 117 information; and the first conversion bit-inverts a symbol
including the least significant bit of the address information. [0268] A
recording method according to the present invention comprises the steps
of performing first conversion of bit-inverting m number (1 <_m<n; mis

2 ipfegen) of. symiols atpreseribed posfions of a code wpyd coded using . .,
' V& ‘error correction code and inclué;‘ing sym%oﬂi Ti=0,1, 2..7 R nis an

integer] to generate conversion information; and recording the conversion
biinformatioh=on a firstrecerdingmedism. The fiisticonveisiom is setguchcutive
that a distance between first information obtained by performing inverse

Sy%lobnc\)/%sion to the first conversion on the conversion information, and
second information obtained by performing inverse conversion to second

conversion, which bit-inverts j number (1 5j < n; j is an integer) of
[ Ceomsecutiversymbdisfrontthe @nd efsymbol() unlikethéirst conversion

allows at least one non-bilt-inverted symbol to be present
among a prescribed m number (m i1is an integer) of bit-~inverted
symbols.

[0264d] According to an embodiment, the second conversion
bit-inverts symbols C{9) thrcugh C{l4) of a code word
including symbel C(i) [1 = 0, 1, 2, ... 14].

[0265] According to an embodiment, the first conversion
generates conversicn information to be recorded on the first
recording medium; and the second conversion generates
conversion information to be recorded on a second recording
medium having a different recording capacity from that of the
first recording medium.

[0266] According to an embodiment, the first conversion
dosgs not bit-invert the symbol C{14).

[0267] According to an embodiment, the infeormation coded

using the error correction code includes at least address
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first conversion, on the conversion information, is at least 1/2 of a
minimum free distance of the error correction code. 0269] An information
recording medium according to the 118 present invention has conversion
information recorded thereon, obtained by bit-inverting m number (1 5 m
<n; mis an integer) of symbols of a code word including symbol C(i) [i =
0, 1, 2, ... n; nis an integer). [0270] According to an embodiment, a

uality ot the symbols are bitinverted; and the plurglity of bitinverted )
symbols allow a [east one non-bit- nverteéisymgol to bé present among
prescribed m number of bit-inverted symbols, and are divided into k
imumberngk is amintegerot2 or gigater)iofsymboligrbupsahichtare notiddress
adjacent to each other. [0271] According to an embodiment, among the k
in%’g%%rﬁfoﬁymbol groups, between a first symbol group and a second
symbol group, there are p number (p is an integer of 2 or greater) of
symbols. [0272] According to an embodiment, one of the k number of
[ (¥mfdol grodips ineladeslsymbok€()oc  accerding  to the present

invention comprises the steps of performing first conversion
of bit-inverting m number (1 € m < n; m is an Iinteger) of
symbols at prescribed positions of a code word coded using an
error correction code and including symbol (i) [ = 0, 1,
2, . n; n is an integer] to generate conversion
information; and recording the conversion information on a
first recording medium. The first conversion is set such
that a distance Dbetwesen first information obtained by
performing inverse conversion Lo the first conversion on the
conversion information, and second information cobtained by
performing inverse conversion to second conversion, which
bit-inverts 3 number (1 < 3 < n; 3 1is an integer) of
consecutive symbols from the end of symbol C{i) unlike the
first conversion, on the conversion information, is at least
1/2 of & minimum free distance of the error correction code.

[02¢69] An information recording medium according to the
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[0273] According to an embodiment, one of the k number of symbol
groups includes symbol C(3). [0274] According to an embodiment, one of
the k number of 119 symbol groups includes symbol C(12). [0275]
According to an embodiment, the number of the symbol groups is 3 or
greater; and one of the symbol groups includes symbols C(2) and C(3).
[0276] An information recording medium according to the present

inventjon includes information in which symbaol C(2). and symbol C(lZ} are . .q
it merted. ahd Symbol C{5) and symbel C(LA) aré not bitinverted. ~ -0 74ed

[0277] A reproducing method according to the present invention is for
t repeadycing infdrmationyfram the fikst rinformatiom red¢erding mediim< n; m is
having address information recorded by the above-described recording

anm?lﬁp'ngQ%Whécﬁ @i%qegfgddrecsgdigfowgggo%%fe&%eg_ bol C(i)
collecting Tlaser light'on the first information medium, and reproduction is
performed from the information recording medium based on the address

[linforfation. [0278]} Accarding to am eftbogliment; where the number of

[0270] According to an embodiment, & plurality of the
aymbols are bit-inverted; and the plurality of bit-inverted
symboleg allow at least one non—-bit-inverted symbol to be
present among a prescribed m number of bit-inverted symbols,
and are divided into k number (k 1s an integer of 2 or
greater) of symbol groups which are not adiacent to each
other.

[02711 According to an embodiment, among the k number of
symbol groups, between a first symbol group and a second
symbel group, there are p number (p is an integer of 2 or
greater) of symbols.

ro2721 According to an embodiment, one of fthe k number of
symbol groups includes symbol C(2) .

[0273] According toe an embodiment, one of the k number of
symbol groups includes symbol C(3) .

02743 According to an embodiment, one of the k number of
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errors of coded information obtained by performing one of inverse
conversion to the first conversion and inverse conversion to the second
conversion on the conversion 120 information reproduced from the first
recording medium is at least 1/2 of a minimum free distance of the error
correction code, the other of the inverse conversion to the first
conversion and the inverse conversion to the second conversion is

s m%rfofmed on the, corlvuecrlseign infogmiltigfq%[%?.gl An information recording

me%odgé:cocﬁéinér}foc an~ embodiment € present invention comprises

the steps of performing error correction coding on recording information
{ Owite & cyclié.code Orap ertar correctionccatienabtainedtbye shovtening thet Lhe
cyclic code to generate coded information; performing prescribed

rsion on the coded informatiQn to generate conversion in tion;

Sygﬁgdg ffecgrngr?lg %h((:l c%or?ger%?ongl?n%%ﬁ%gﬁonaéqr? a %zgor%ifg%rﬁgdiég@%go groups
prescribed conversion is such that a distance between first shift

irinforration vobtainmedbyZshifting the Tonversion information by one symbol

in a cyclic manner and performing inverse conversion to the prescribed

[(P?F]E\J”?rSion’qudﬁgfgggigpq[oigfogg%%%ggtsinﬁgdium according to the

present invention includes information in which symbol C(2)
and symbol C{l2) are bit-inverted, and symbol C{3) and symbol
C({14) are not bit-inverted.

[(G277] A reproducing method according to the present
invention 18 for reproducing information from tThe first
information recording medium having address information
reccrded by the above-~described reccrding method, by which
the recorded address information is reproduced by collecting
laser light on the first information medium, and reproducticn
is performed from the information recording medium based on
the address information.

[0278] According to an embediment, where the number of
errcrs of coded information obtained by performing one of
inverse conversion to the first conversion and inverse

conversion to the second conversion on  the conversion



by shifting the information by one symbol in a cyclic manner in the same
direction as the first shift information, is at least 1/2 of a minimum free
distance of the error correction 121 code. [0280] According to an
embodiment, conversion is performed by which the distance between the
first shift information and the second shift information is smaller than the
minimum free distance of the error correction code. [0281] According to
8] o%rrgggggplergéthreo%gsgcipe &QN rgiofipresrfqrrpgcec))(glélfxilve-%Rd' am is at
operation of a préjscrl ed symbcﬁ of the’in ormatilon and a pre%crl e
value. 0282] According to an embodiment, the prescribed conversion
LeggerformsexclusivexORioperatioreef prescrbed: symbols:ofdhe informatisetion
and a prescribed value determined for each of the symbols. [0283]
cdgeording to %’%ﬁ@bo‘%@e”&%@e Aregerhed chgé{?sﬁ%’l gxchanges .. ¢;y st
arrangement orders of prescribed symbols of the m?ormatlon. 0284
According to an embodiment, the recording information includes at least
cddeessiimformation. the inverse conversion to the second

i

conversion is performed on the conversion information.

[02791 An information recording methed according to an
embodiment of the present invention comprises the steps of
performing error correction coding on recording information
with a cyclic code cor an errcr correction code obtained by
shortening the c¢yclic code to generate coded information;
performing prescribed conversion on the coded information to
generate conversion information; and recording the conversion
information on a recording medium. The prescribed conversion
is such that a distance between first shift information
obtained by shifting the conversion information by one symbol
in a cyclic manner and performing inverse conversion to the
prescribed conversion, and second shift informatlon cbtained
by shifting the information by one symbol in a cyclic manner
in the same directicon as the first shift information, 1s at

least 1/2 of a minimum free distance of the error correction
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[0285] An embodiment of the present invention provides an information
recording apparatus comprising coding means for performing error
correction coding on recording information 122 with a cyclic code or an
error correction code obtained by shortening the cyclic code to generate
coded information; conversion means for performing prescribed
conversion on the coded information to generate conversion information;
aopd recording means for recording the conversion information on a

COregording medium. The prescribed conversion is such that a distance
between first shift information obtained by shifting the conversion

[ infdbrhation by anedsymbaldn arcyelie maimen tgnd-perferminginversecr formed
conversion to the prescribed conversion, and second shift information

bfb&?{ﬁ‘%% by,shifting ttgﬁﬁgf%gé‘ﬁ%&?yt%g symbgl '%ﬁf%/t‘i“g fririation and
he same diréction as the first shiftinformation, is at least 1/2 of a
minimum free distance of the error correction code. [0286] An
trembediment ehthetpreséntringéntion providesldre informatidin secordingum free
medium, on which conversion information is recorded, the conversion
a{fermation being.obtained by, performing erygycorrection coding on
recording information
(0Z281] According to an embodiment, the prescribed
conversion performs exclusive-OR operation of a prescribed
symbel of the information and a prescribed value.
[0282] According to an embodiment, the prescribed
conversion performs exclusive-OR c¢peration of prescribed
symbols of the information and a prescribed value determined
for each of the symbols.
10283] According Lo an embodiment, the prescribed
conversion exchanges arrangement orders of prescribed symbols
of the information.
[0284] According to an embodiment, the recording
information includes at least address information.
[(0285] An embodiment of the present invention provides an

information recording apparatus comprising coding means for

performing error correction coding on recording information
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with a cyclic code or an error correction code obtained by shortening the
cyclic code to generate coded information and then performing prescribed
conversion on the coded 123 information. The prescribed conversion is
such that a distance between first shift information obtained by shifting
the conversion information by one symbol in a cyclic manner and
performing inverse conversion to the prescribed conversion, and second

shift information obtained by shifting  the information by one symbql in a

NI % (1 SAme o 26 e Tt e, Eoat g b
1/2 of a minimum free distance of the error correction code. [02871 An

s rembediment ofithe preséntinvention providesam sihformatizroreprotacingt 1on 7
apparatus comprising reproducing means for reproducing, from a

Jggerding medium, information. frggae% the Iecording. medium after [ .y

eling error- correction-coded and convert ; conversion means for

performing inverse conversion on the information to generate conversion
cdnfermatiohoemnalk correction raeans for performing error comdctionadn-they  and

conversion information; extraction means for extracting recording
ré%@@@?ﬂ%nﬂggﬁg“%or recording the conversion information on a
raecording medium. The prescribed conversion is such that a
distance between first shift information obtained by shifting
the conversion information by one symbol in a cyclic manner
and performing inverse conversion  to the prescribed
conversion, and second shift information obtained by shifting
the information by one symbol in a cyclic manner in the same
direction as the first shift information, is at least 1/2 of
a minimum free distance of the error correction code.
i028¢] An embodiment of the present invention provides an
information recording medium, on which conversicn information
is recorded, the conversion information being obtained by
performing error correction coding on recoerding information
with a cyclic code or an error correction code obtained by

shortening the cyclic code to generate coded information and

then performing prescribed conversion on the coded



conversion information which is corrected by the error correction means;
and determination means for determining the type of the recording
medium. The conversion means performs 124 the inverse conversion in
accordance with the type of the recording medium determined by the
determination means. [0288] According to an embodiment, the
determination means outputs different determination results sequentially
i tE Cgrru% K opélgrsion means, aned seﬁle%tg & d%t&[lr‘pi@n]gticl)g nresglé based,on
"the number of errors corrected By the errof Correction means. [ 28
According to an embodiment, the determination means outputs different
dideterminatiorn esultssegeientialiytto the foamvatrsion médnss, apd sefects Bf ting
determination result based on the number of times the error correction

t‘r{‘%e%”%)%ae@ﬂS'Plakj?naf“cﬁ%%‘?{f%reﬁi “o&%zggbﬁﬁ%%rd%‘g 980y c1ic manner

embodiment, the determination means outputs different determination

results sequentially to the conversion means, and selects a determination
arrdsultiasédoni the numberof @rrors@ovrectedcby the erroridotrectionescribed

means and the number of times the error correction means cannot make

cﬁﬁvgy§ﬁ§ﬁe%%@'second shift information cbtained by shifting

that a

the information by one symbol in a c¢yclic manner in the same
direction as the first shift information, is at least 1/2 of
a minimum free distance of the error ccrrecticn code.

02871 An embodiment of the present 1nvention provides an
information reproducing apparatus comprising reproduclng
means for reproducing, from a recording medium, information
recorded on the recording medium after Dbeing error-
correction-coded and converted; conversion neans for
performing inverse conversion on the information to generate
conversion information; error correciicn means for performing
error correction on the conversion information; extraction
means for extracting recording information from  the
conversion information which 1s corrected by the errox
correction means; and determination means for determining the

Cype of tI < i ium. conversior sans rm
Lyp f the recording medium The conversion means performs
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[0291] An embodiment of the present invention provides an integrated
circuit comprising conversion means for performing, on information
recorded on a recording medium after being 125 error-correction-coded
and converted, inverse conversion to generate conversion information;
error correction means for performing error correction on the conversion
information; extraction means for extracting recording information from
e sanversion information which is comected by the epior coredtion, o 1
means; and determination means for (fetermlnlng the type of th
recording medium. The conversion means performs the inverse
regorwaisign ireddcorddrce withrthe type ohthedrtordingmedinmureans .
determined by the determination means. INDUSTRIAL APPLICABILITY

1492921 The present invenpon is, egpeciglly useful in the technological field . . - 5
of an optical disc for recording error- correction-coded information. 126
CLAIMS 1. A recording method, comprising the steps of: performing first

oqﬁpm@ﬁgmﬁéﬁ@pwménﬁgﬁﬁnaﬁnation resulits sequentially to the
conversion means, and selects & determination result based on
the number of errors corrected by the error correction means.
[0289] According to an embodiment, the determination means
outputs different determination results sequentially to the
conversion means, and selects a determination result based on
the number of times the error correction means cannot make an
error correction.

10290] According to an embodiment, the determinaticon means
outputs different determination results sequentially to the
conversion means, and selects a determination resulf based on
the number of errors corrected by the error ceorrection means
and the number of times the error correction means cannot
make an error correction.

(02911 An embodiment of the present invention provides an
integrated circuilt comprising conversion means for performing

on information recorded on a recording medium after being



one symbol of a code word coded using an error correction code and
including a plurality of symbols to generate conversion information; and
recording the conversion information on a first recording medium; wherein
the first conversion is set such that a distance between first information
obtained by performing inverse conversion to the first conversion on the
conversion information, and second information obtained by performing
o iye1Se conversion o.second copversion, which is different fromthe fist ., .
donversion, on the conversion information, is éit’lea‘“s"t 172 6f a minimum ~ °*
free distance of the error correction code. 2. The recording method of
gegl@ime Lewherneiretheifirst dorversionibitinvertsrmmuntber €ptiscan means for
integer) of consecutive symbols. 127 3. The recording method of claim 1,
ogISIE e st qonversion sllaws, atleast.ane oML I eed SYERPH: son;
e present among a prescribed m number (m is an integer) of bit-
inverted symbols.
extraction means for extracting recording information Ifrom

the conversion infermaticn which is corrected by the error
correction means; and determination means for determining the
type of the recording medium. The conversion means performs
the inverse conversion 1in accordance with the type of the

recording medium determined by the determination means.

INDUSTRIAL APPLICABILITY

[0292] The present invention is especially useful in the

technological field of an optical disc for recording error-

correction—-coded informaticn.
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4. The recording method of one of claims 1 to 3, wherein the second
conversion bit-inverts symbols C(9) through C(14) of a code word
including symbol C(i) [i =0, 1, 2, ... 14]. 5. The recording method of one of
claims 1 to 4, wherein: the first conversion generates conversion
information to be recorded on the first recording medium; and the second
conversion generates conversion information to be recorded on a second
recording medium having a differer&%ﬁfﬁ@ing capacity from that of the
first recording medium. 6. The recording method of claim 4 or 5, wherein
the 128 first conversion does not bit-invert the symbol C(14). 7. The
recordingimetlood df.one otclaims 1¢or8; rwvherein: tthe inforpatiort coded
using the error correction code includes at least address information; and

the first conversion bit-inyerts a symbol including the, least sigpificant it , . .
of thé address information. 8. A ?ec@ojcrafh%nmethod, éomgﬁ\sring”tfk]e Ste%s reast
of:

one symbol of a code word codéd using an error correction
code and including a plurality of symbols to generate
convaersion information; and

recording the conversion information on a first
recording madium;

wherein the first conversion is set such that a distance
between first informaticn obtained by performing Iinverse
conversion to the first conversion on the conversion
information, and second information obtained by performing
inverse conversion to second conversion, which is different
from the first conversion, on the conversion information, is
at least 1/2 of a minimum free distance of the erreor

correction code.

2. The recording method of <laim 1, wherein the first
conversion bit-inverts m number (m 1s an integer) of

consecutive symbols.
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performing first conversion of bit-inverting m number (1 m <n; mis an
integer) of symbols at prescribed positions of a code word coded using an
error correction code and including symbol(_i)[i=0, 1, 2, ... n; nis an
integer] to generate conversion information; and recording the conversion
information on a first recording medium; wherein the first conversion is
set such that a distance between first information obtained by performing
inverse conversion to the first conversion on the conversion 129
information, and second information obtained by performing inverse
conversion to second conversion, which bit-inverts j number (1 <_j<n; |
is aninte@éry of-eansetitive symibbald from thézend df symbekE€(hurilike first
the first conversion, on the conversion information, is at least 1/2 of a

minimum free ﬂstance %f tﬁje error correction %odﬁe. 9. An info matiog
conversicn a OW S ﬁ] £45L one.nPn— L —lqgerue sympel to be
recording medium on which conversion information, obtained by

bit-inverting m number (1 <_m < n; m is an integer) of symbols of a code
pweordnincladingsymboteG (i) fil==0] Iy 2;unnem is{an integer),lisregendedof bit-

inverted symbols.

4. The recording method of one of claims 1 to 3, wherein
the second conversion bit-inverts symbols C(9) through C(14)

of a code word including symbol C{(i}y [1 = 0, 1, 2, ... 147.

5. The recording method of one of claims 1 to 4,
wherein:

the first conversion generates conversion information to
be rvecerxded on the first recording medium; and

the second conversion generates conversion information
te ke recorded on a second recording medium having a
different recording capacity from that of the first recording

medium.

6. The recording method of claim 4 or 5, wherein the
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10. The information recording medium of claim 9, wherein: a plurality of
the symbols are bit-inverted; and the plurality of bit-inverted symbols allow
at least one non-bit-inverted symbol to be present among a prescribed m
number of bit-inverted symbols, and are divided into k number (k is an
integer of 2 or greater) of symbol groups which are not adjacent to each
other. 130 11. The information recording medium of claim 10, wherein
~among the k number of symbol groups, between a first symbhol gr and
e R rit! Godl hers hred huribBY g 1S A INEEUEF bf 2 of b -
greater) of symbols. 1.2. The information recording medium of claim 10 or
11, wherein one of the k number of symbol groups includes symbol C(2).
13. The information recording medium of one of claims 10 to 12, wherein

one o{the%hrg%umber of gy.mbol %ro S 'nclgges sr}/mboIFC(:B 14. The
o]

. e L necordl Orie o to 3,
information recordi

9] eirhic 1 £ jaims 1
ng fméditin Jf chaim 0,°Wwhereéin one of the K hitimber
of symbol groups includes symbol
wherein:
the information coded using the error correction code
inciudes at least address information; and

the first conversiocn bit-inverts a symbol including the

least significant bit of the address information.

8. A recording method, comprising the steps of:

performing firet conversion of bif-inverting m number (1
<m < n; mis an integer) of symbols at prescribed positions
of a code word coded using an error correctlon code and
including symbol (i) [i = O, i, 2, ... n; n is an integer} to
generate ccnversion information; and

recording the conversion information on a first
recording medium;

wherein the first conversion 1s set such that a distance
between first information obtained by performing inverse

conversion to the first conversion on The conversion
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C(12). 15. The information recording medium of claim 10, wherein: 131
the number of the symbol groups is 3 or greater; and one of the symbol
groups includes symbols C(2) and C(3). 16. An information recording
medium, on which symbol C(2) and symbol C(12) are bit-inverted, and
symbol C(5) and symbol C(14) are not bit-inverted. 17. A reproducing
method for reproducing information from the first recording medium
.~ having address information recorded by the recording method of claim 1, .
LIGSARRTCR 16 recbitled AddHes oD 1€ FepfGeetby cBheckiig o~ "d
laser light on the first recording medium, and reproduction is performed
ifdrom the first recosding medigadasedomtheraddress information: A8averts j
The reproducing method of claim 17, wherein where the number of errors
of coded information obtained by performing one of inverse conversion to
YRR iFst édnversion and inverse Cohversicitiothe Sy otiversidii of Y018
the conversion information reproduced from the first recording
from the end of symbol C{i) unlike the first conversion, on

the conversion information, is at least 1/2 of a minimum free

distance of the error correction code.

9. An information recording medium on which conversion
information, obtained by bit-inverting m number {1l < m < n; m

is an integer) of symbols of a code word including symbol

Ciiy (=0, 1, 2, ... n; n is an integer), is recorded.
10. The information recording medium of claim 9,
wherein:

a plurality of the symbols are bit-inverted; and

the plurality of bit-inverted symbols allow at least one

non-bit-inverted symbol to be present among a prescribed m

number of bit-inverted symbols, and are divided into k number

{(k is an integer of 2 or greater) of symbol groups which are

not adjacent tc each other.



132 medium is at least 1/2 of a minimum free distance of the error
correction code, the other of the inverse conversion to the first conversion
and the inverse conversion to the second conversion is performed on the
conversion information. 133

i1. The information recording medium of claim 10,
wherein among the k number of symbol groups, between a first
symbol group and z second symbol group, there are p number (p

ig an integer of Z or greater) of symbols.

12. The information recording medium of claim 10 or 11,

wherein cne o¢f the k number of symbol groups includes symbol

Ci2).

13. The information recording medium of one of claims 10

to 12, wherein one of the k number of symbol groups includes

symbol C{3).

14. The information recording medium of claim 10,

wherein one of the k number of symbol groups includes symbol

c{12).

1%. The information recording medium of claim 10,

wherein:
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the number of the symbol groups is 3 or greater; and

one of the symbcl groups 1ncludes symbcls C(Z) and C{3).

16. An dinformation reccrding medium, on which symbol
C{Z2) and symbkol C{l2) are bit-inverted, and symbol C{5) and

symbol C{1l4) are not bit-inverted.

17. A reproducing method for reproducing information
from the first recording medium having address information
recorded by the recording method of claim 1, by which the
recorded address information 1s reproduced by collecting
laser light on the first recording medium, and reproduction

is performed from the £first recording medium based on the

address information.

18. The reproducing method of c¢laim 17, wherein where
the number o0f errors of coded information obtained by
performing one of inverse conversion to the first conversion
and inverse conversion to the second conversion on  the

conversion information reproduced from the first recording
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medium i1s at least 1/2 of a minimum free distance of the

error correction code, the other of the inverse conversion to

the first conversion and the inverse conversion to the second

conversion is performed on the conversicn information.
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