DESCRIPTION

INFORMATION RECORDING METHOD AND

INFORMATION REPRODUCTION METHCD

TECHNICAL FIELD

(00013 The present invention relates to a recording method

and a reproducing method of error-correction—coded

information.

BACKGROUND ART

(00021 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-Sclomon code or
the like (s=e, 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: ADress In Pregroove)
for DVD+RW discs, a shortened Reed-Sclomon code RS {13,8,6)
is used.

[O003] for recording information on a write once or



rewritable disc, information needs. Lo be recorded at &
correct position. If information is recorded at an incorrect
position, information may not be coxrectlyl 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 {tc increase the number of parities
added to the address information).

Patent  Document No. 1: dapanese Laid-Open Patent

Publication No. 8-12%548

DISCLOSURE OF IWVENTION

PROEBLEMS TO BE SOLVED BY THE INVENTION

{OGO4} A Reed-Solomon code used for a DVD+RW disc 1s a
code on Galois Field GF (2%) and so has a maximum code length
of 15, Therefore, without being shortsnsd, the number of
parities can be increased by 2 symbels, and a Reed-Solomon
code RS (15,8,8) can have a correction capability improved by

1 symbol.



100038} With reference 1to FIG, 1A, error-correction-coded
address information will ke described. Lddress information

10 represented by eight symbols (As;, A:, Az, Az, Ay, As, A

LsY  is error-correction-coded by a Resd-Solomcn code RS

{15,8,8} to generate coded information 11 including added
seven parity symbols (Rs through Ay . Here, the symbols of

the coded information 11 will be represented by Eg through Eia.
The coded information 11 is recorded on an optical disc
{information recording m@diumj using & known system, for
example, ADIP used for a DVD+RW disc.

10006] Far reproducing the address information, &as showﬁ
in FIG. 1B, the information 1is reproduced from the optical
disc tc obtain reproduction coded information 12, The
reproduction coded infermation 12 1is cbtained by reproducing
the coded information 11 recorded on the optical disc. This
reproduction coded information 12 1is error-corrected to
reproduce  the address information 10. By ths error
correction in this example, errors within thrée symbhols are

corrected.
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When AUX {AUXiliary) in ADIP Is used as a parity to



generate a Reed-Sclomen code RS (13,6,8), the correction
capability of the error :correction code can be improvad
without changing the code length therecf. 1In this case, the
addregss information can be detected more correctly by only
changing the format of an error correction coding section.
[10008] However, when a new format disc in which the
correction capability of the error correction code is
improved using the Reed-Sclomon code RS (13,6,8] is
‘reproduced by a conventional xecording/repraducing.apparatus
{an apparatus not compatible to the new format but compatible
to the DVD+RW (0ld format}), there is a high possibility that
an incorrect address is reprcduced because the format of the
errcr correction section is different, although a code word
can be reproduced from a wobble reproduction signal bkecause
the modulation method is common.

[0009) For example, for moving an optlcal spot to a
position close to an address A, the optical spot is usually
allowed to reach such a position close to the address A in
the following procedure: "the current address is obtained and

converted into a radius™ to "the optical spot is moved by the



difference between the obtained radius and the radius of the
address A" .to "the post-movement address is obtained and
converted into a radius™ to "the optical spot is confirmed to
be in the vicinity of the address A and the procedure 1is
finished"™. When the optical spot cannot move to a position
cilose o the address A by one movement, substantially the
same operation 1is repeated until the above procedure is
finished.

(00107 For moving the optical spot from an addresa B at
around a radius of 50 mm to an address A at around a radius
of 40 mm, the cptical spot is usually allowed to reach a
position close to the address A by the Ifollowing procedure:
"the current address B is obtained and the optical spot is
found to be at a position of the radius of 50 mm" to "the
optica gpot  1s moved inward by 10 mm, ~which is the
difference from the address A" to "the post-movement address
is obtained and the optical spot is cenfirmed to be in the
vicinity of the address A",

00117 However, if the pre-~movement address B is

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



optical spot is moved outward by 15 mm. Since the disc has a
radius of only 60 mm, the optical spot goes outside the disc.
In order to return the optical spot, it 1s necessary to move
the optical spot to a certain area of the disc, perfor@
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] Embodiments of the present invention provide 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] According to an aspect of the present invention,



there is provided an information recording medium, wherein
conversion information, obtained by inverting all bits of
each of m numbers (2<m<n; m is an integer) of symbols of an
errcr correction code word including symbol <C(i) [i=0, 1,
2, . . . n; n is an integer], is recorded by a wobble form of
a track, the errxor correcticn cbde word is obtained by coding
on address information of the information recording medium
with an error correction code which is a c¢yclic code, aﬁ
least one non-bit-inverted symbol is presented among m
numbers of bit-inverted symbols, a plurality of bit-inverted
symbols are divided into k number (k is an integer of 2 or
greater} of symbol groups which are not adjacent to each
other, at least one of the symbol C(0) and the symbol C{n) is
a non-bit-inverted symbol, and a number which is 2 times k is
larger than the number of symbols which can be corrected by
the error correction code.

[0013a] Disclosed herein is a recording method comprising

the steps of performing first conversion

6a



of bit-inverting at least one symbol of & code word coded
using an error correction code and including a plurality of
symbols to generate conversion information; and receording the
conversion information on a first recording medium. The
first conversion is set such that a distance between first
information obtained by performing inverse conversion te the
first conversion on the conversion information, and second
information obtained by performing inverse conversion to
second conversion, which i1s different from the first
conversion, on the conversion information, is at least 1/2 of
a minimum free distance of the srror correction code,

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

[o015s) Bceording 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
symbcls.

§O§16} According to an embodiment, the second conversion

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



including symbol C(i) [i = 0, 1, 2, ... 14].

[0017] According to an embodiment, 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 secénd recording
@edium having a different recording capacity from that of the
first xécordiﬁg medium.

[ocis] According to an embodiment, the £irst conversion
does not bit-invert the symbol C(1l4).

{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 bit of the address
information.

[0020] Disclosed herein is a recording method comprising
the steps of performing first conversion of bit-inverting m
number (1 £ m < n; m is 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; n is an integer]

to generate conversion



information; and recoxding the coaversion information on a
first recording medium. 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 inverse conversion to second conversion, which
bit-inverts J number (1 < j < n; J 1s 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 ofra minimum free distance of the error cbrrection code.

[cc21] Digclosed herein is an information recording medium
having conversion information recorded thereon, obtained by

bit-inverting m number (1 < m < n; m is an integer) of

symbols of a code word including symbol C(i) [1i = 0, 1,
2, ... n; nn is an integer).
[0022] 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 symbols,

and are divided into k number (k is an integer of 2 or



greater; of
other.
[0023]
symbol groups,
symbol group,

greater) of gymbols.
[0024] According to
symbol groups includes
[0025] According to
symbol groups includes
[0026] According to
symbol groups includes
[0027]
symbol groups is 3 or

includes symbols C(2)

[0028]

According to an embodiment,

there are p number

According to an embodiment,

an embodiment, one of

symbol C{2).

an embodiment, one of

gymbol C(3).
an embodiment, one of
symbol C{12).

the

greater;

and C(3).

including information in which symbol C(2)

are bit-inverted, and
bit-inverted.

[0029]

symbol C(5)

10

{p 1s an integer of 2

and symbol C(14)

symbol groups which are not adjacent to each

among the k number of

between a first symbol group and a second

or

the k number of

of

the k number

of

the k number

number of the

and one of the symbol groups

Disclosed herein is an information recording medium

and symbol C(12)

are not

Disclosed herein is a reproducing method



for reproducing information from the first information
recording medium having address information recorded thereon
by the above-described recording method, Dby which the
recorded address information is vreproduced by 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 iﬁformation 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 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

[0031] According to embodiments of the present invention,
even when an apparatus performs reproduction from an optical

disc of a

11



format not compatible to. the apparatus, the apparatus can be
prevented from obtaining an incorrect address and thus

causing a malfunction.

BRIEF DESCRIPTION OF DRAWINGS

100327
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 errcr-correction-coded address information
according to an embodiment of the present invention.

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

FIG. 2C shows an operation by which an apparatus which
doces not  have a function of bit inversion rocessing
reproduces reproduction conversion information according to

et

an embodiment of the present invention.



FIG. 3& shows processing of generating conversion
information from error-correction-coded address information
according to an embodiment of the present invention.

FIG. 3B shows processing of generating address
information from 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 conversicn
information from error-correctilion-coded address information
according to an embodiment of the present invention.

FIG. 4B 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 tThe present invention.

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

according to an embodiment of the present invention.



FIG. 5B shows a reproduction operation of an apparatus
which is compatikle to bit inversicn processing of a second
conversion mode but is not compatible to Dbit inversiocn
processing of & first conversion mode accorcing to an
embodiment of the present invention.

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

FIG., 6B shows a reproduction opsration of an apparatus
which is compatible to kit inversicn processing of the sscond
conversion mode. but iz not compatible to bit inversion
procegsing o©f the first conversion mode according to an
embodiﬁent of the present invention.

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

FIG. 7B shows a reproduction operation of an apparatus
which ig compatible to bit inversion processing of the second
conversion mode but is not compatibkle to bit inversion

processing of the first conversion mode according to an

14



embodiment of the present invention.
FIG. 8A shows processing of generating conversion
information from error~correction-coded address information

according to an embodiment of the present invention.

g

?

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

FIG. 8A shows processing of generating conversion
information from error-correction-coded address information
according to an enmbodiment of the present invention.

FIG. 9B shows a reproduction operation of an apparatus
which is compatible to bit inversion processing of the second
conversion mode but is not compatible to kit inversion
processing of the first conversion mnode accor&ing te an
empodiment c¢f the present invention.

FIG. léA shows processing éf generating conversicn
information from error-corresction-coded address information

according to an embodiment of the present invention.



FIG. 10B shows a reproduction operation of an apparatus
which is compatible to bit inversion processing of the second
conversion mode but is nect compatible to bit inversion
processing of the first conversion mode according To an
ambodiment of the present invention.

FIG. 10C shows bit locations in symbols repxesenting
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 cbtalning an incorrect
layer number and an incorrect address number according Lo an
embediment of the present invention.

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

FIG. 10G shoﬁs address numbers and address informaticn

according to an embodiment of the present invention.

FIGS. 11(a) and {(b) =ach show a synchronization-shifted

6



reproduction area according to an embodiment of the present
invention.

FIG. 12 shows & procedure of reproducing incorrect
address information according to an embodiment of the present'
invention.

FIG, 13 shows a procedure of generating conversion
information according o 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. 185 shows a procedure of reproducing address
information from conversion information reproduced from a
recording medium according te an embodiment of the present
inventicn.

FIG. 16 is a partial enlarged view of the conversion

information stream shown in FIG. 14,

ey

1G. 17 shows a procedure of reproducing address
information from conversion information obtained by

reproducing a reproduction area according to an embodiment of

17



the present invention.

FIG. 18 shows a procedure of reproducing address
information from conversion informaticn obtained by
reproducing a synchronization-shifted reproduction area 112
according to an embodiment of the present invention.

FIG. 19 shows a procedure of generating conversion
information .according to an  embediment of the present
invention.

FIG. 20 shows a procedure of reproducing address
information from conversion informaticn 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 accordin te an embodiment of the
present invention.

FIG. 22 shows a procedure of reproducling address
information From Conversion information ohtained by
reproducing a reproduction area according to an embodiment of

the present invention.

FIG. 23 shows a procedure of reproducing address



information from conversion information obtained by
reproducing & synchronization-shifted reproduction area
according to an embodiment of the present invention.

FIG. 24 shcows a procedure of generating conversion
information according to an embodiment of the present
invention,

PIG. 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 convaersion information obrtained by
reproducing a reproduction area according toe an embodiment of
the present ilnvention.

FIG. 28 shows a procedure of reproducing address
information from conversion information obtained by

reproducing a synchronization-shifted reproduction area



according to an embodiment of the present invention.

FIG. 22 4is a Block diagram showing an ihformation
reproducing apparatus according to an embodiment of the
'pr@sent invention.

FIG. 30 shows an operaticon when an optical disc is
processed with conversion which should be performed on
another optical disc of sanother format according to an

embodiment of the present invention.

I"jg

IG. 31 shows conditions for preventing Incorrect
reproduction according to an embodiment of the present
inventicn.

FiG. 32 shows conditions for preventing incorrect
reproduction accerding to an embodiment of the present
invention,

FIG. 33 is a block diagram showing an information
recording apparatus for recording address information

ccording to an embodiment of the present invention.

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

invention.

20



FIG. 35 shows a wobble form of a groove accoxding to an
embodiment of the present invention.

FIG. 36 shows a physical structure of an optical disc
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 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
capaclity of 25GB acceording to an embodiment of the present
invention.

FIG. 40 shows an example in which the spatial frequency
of the shortest mark (27) is higher than the OTF cutcfi
frequéncy and the amplitude of a 27 reproduction sigral is 0

according to an embodiment of the present invention.
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DESCRIPTION OF REFERENCE NUMERALS

[0G33]

10 address information

i1 coded information

iz reproduction coded information
20 bit inversion processing

21 conversion information

22 reproduction conversion information
23 error

30 pit inversion processing

33 conversion value

150 optical disc

151 optical pickup

182 information reproducing section
153 conversion section

154 error correétiom section

155 address detectilon section

158 determinaticn section



BEST MODE FOR CARRYING OUT THE INVENTiON

10034 Hereinafter, embodiments of the preszent invention

will be described with referencs to the drawings.

(EMBODIMENT 1)

[G0357 In embodiments of the present inventlon, bit
inversion is performed on m number (I £ m < n; m is an
integer) of symbols of a code word including symbol: C{i) [i
= 0, 1, 2, ... n; n is an integer] to generate conversion
information. The generated conversion information is
recorded on an information recording medium. C(x) represants
an x'th symbol. For example, C{0) represents the =zeroth
symbol, and C{10} represents the tenth symbol.

{0636]. For example, conversion processing of inverting'all
the bits of a plurality of symbols of error—-correcticon-coded
address information is performed, and conversion information
generated by the conversion processing is recorded on an
informétiOH recording medium. The information recording
medium is, for example, an optical disc.

[B037] FIG. 2B shows processing of generating conversion



information from error-correction—coded address information.
Address information 10 represented by esight symbols (Ay, A,
As, B3, R4, Bz, Rg, Aq) 1s error-correctlon-coded by a Reed-
Solomon code RS (153,8,8) to generate coded information 11
including added seven parity symbols (Ay through Ay . Herea,
the symbols of the coded information 11 will be represented
by Es through Ei4. Symbols Eg through E; correspond to
symbols &y through A;, and symbols Ey through E; correspond
to symbols Ag through Ais.

(00381 Next, conversion of inverting all the bits cf each
of four symbols (Eg, E:, Ez, E3) of the coded information 11
(bit inversion processing 20) is performed to generate
conversion information Z21. Here, symbol e, 1s a symbol
obtained by inverting all the bits of symbol Eyx. The four

symbols (Eq, Bi, Ez, Es) are converted intc symbols {eg, &3, e,

es) .
00391 The gensrated conversion information 21 is recorded
on an optical disc. The conversion information 21 can be

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

for DVD+RW discs. Cn the optical disc, pieces of conversion

24



informaticn 21 generated from different pieces of address
information 10 are recorded seguentially.

(00461 Next, a method for reproducing address information
will be described. FIG. 2B shows processing of generalting
address information from the reproduction infermation.

(0041} For reproducing address information, as shown in
FIG. 2B, information 1s reproduced from an optical disc to
obtain reproduction conversion information 22, Tha
reproduction conversion information 22 is obtained by
reproducing the conversion information 21 recorded on the
optical disc.

[004&2] Bi

}.—1
ot

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 c¢oded informaticon 12. The bit
inversion processing 30 inverts all the bits ¢f each of four
symbols  {eq, ey, ez, e3) of the reproduction conversion
information 22 to obtain fcur symbcls (Eq, Ei, Ez, Es}. Some

of the 15 symbols of the obtained repreoducticon coded

information 12 may be reproduced with an incorrect value, but

25



errors within three symbols are corrected by error correction
processing. Thus, address information 106 is reproduced.

[0043] Next, an operation of reproducing the reproducticn
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. 2C shows an
operation by which an apparatus which does not have a
funcﬁiom of performing.bit inversion processing 30 reproduces
the reproducticon conversion information 22. As :Shown in
FIG. 2C, the information is reproduced from the optical disc
to cobtain the reproducticn conversion information 22. Four
symbols (e, e, ez, €3 from the zeroth to third symbols of
the reproducticn conversion information 22 show information
obtained by inverting all the bits of the symbols (Eg, B, #g,
E+) . Due to this, the reproduction conversion information 22
includes four symbol errors. The number of symbols which can
be corrected by the Reed-Solcmon code R3S (15,8,8) 1is three or
smaller. Therefore, the apparatus detects that the error
correction cf the reproduction conversion information 22 is

impossible and can determine that an error 23 has cccurred on



the stage of error correction without reproducing incorrect
address information. Owing to this, even when the apparatus
reproduces informaticon from an optical disc not compatible
thereto, the apparatus c¢an be prevented from obtaining an
incorrect address and thus causing a malfunction. .

100447 In this manner, the coded information 1s converted
into conversion information using a conversion method by
which a number of Symbols_eiceeding the correction capabllity
of the errcr correction c¢ode are not recovered to the
original symbeols, and the obtained conversion infeormation is
recorded on an optlcal disc. Thﬁs, an error can be detected
by error correction processing without incorrect address
information being reproduced.

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

[G04¢] FIG. 3A shows processing of gensrating conversion
information from errcr-correction-coded address information.
Like the processing shown in FIG. 2A, address information 10

represented by eight symbkols (Ay through A;) is error-



correction-coded to generate coded information 11.
[6047] In the example shown in FIG. 33, conversion of
inverting all the bits of each of six symbols ({(Eg, Eig, E:

g

iz, FEi3, Ezd of the coded information 11 (bit inversion

processing 20) is performed toe generate conversion
information 21. The six symbols {Es, BEio, Eii, Eiz, Eiz, Eie)
are converted Iinto symbols (e, @i, €11, 212, €13, ©14). The

generated conversion information 21 is recorded on an eoptical

disc.
r0048] Next, a method for reproducing address information
will be described. FIG. 3B shows processing of generating

address information from the reproduction informaticn.

[004%] For reproducing address information, as shown in
FiG. 38, information is reproduced from an optical disc to
obtain reproduction conversion information 22. The
reproduction conversion information 22 is  obtained Dby
reproducing the conversion information 21 recorded on the
optical disc.

[0050] The processing of reproducing address information

from the optical disc is basically the same as the processing

28



described above with reference to FIG. ZB. In this example,

|

2s a result of the information reproduction from the optical

F

disc, the reproducticn conversion information 22 incliluding
six bit-inverted symbols {e¢ through e;4) 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 six symbols ({es throuch ey of the
reproduction conversicon information 22 to obtain symbols (Eg
through E:;q). As & result, reproductlion coded information 12
including symbols (E; through E;e) is cbiained. Some of the
15 symbols cf the obtained reproduction coded information 12
may be reproduced with an incorrect values, but errors within
three symbols are corrected by error correction processing.
Thus, address information 10 1s reproduce

(0051} Next, an operation of 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. 3C shows an
gperation by which an appesratus which dees net have a

function of performing bit inversion processing 30 reproduces
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the reproduction conversicn information 22. As shown in
FIG. 3C, the information is reproduced from the optical disc
to obtain the reproduction conversion Iinformaticn 22. Six
symbols ({es through ey of the reproduction conversion
information 22 show information obtained by inverting all the
bits of the symbols (FEg through Ei4). Due to this, the
reproduction c¢onversicn information 22 includes six symbol
errors. The number of symbols which can be corrected by the
Reed~Sclomon code RS (15,8,8) is three or smaller. Therefore,
the apparatus detects fThat the error correctiocn 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 incoerrect address information.
100521 Nent, with reference Lo FIG. 4B, another example in
which different symbols from those o0f the above examples are
bit-inverted will be described.

[00531 FIG. 4A shows processing of generating conversion
information from error-correction-coded address information.
Like the processing shown in FIG. 2A, address informaticon 10

represented by eilght symbols {Ry through Ay} is error-



correction-coded to generate coded information 1l.

[0054] In the example shown in FIG. 4A, conversion of
inverting all the bits of each of nins symbols (Es;, Es Es, Eg,
E-, Eg, Es, Eig, FEip} of the coded information 11 (bit
inversion processing 20) is performed to generate conversion
information 21, The nine symbols {Ez, Ei, Es, EHs, E;, Es, B¢,
Bis, EBEi1) are converted into symbols {es, =4, €5, &5, €7, &g, Su,
815, ©11). The gsnerated conversion infermation 21 1is
recorded on an optical disc.

[0055] The processing of reproducing address information
from an optical disc ig 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

pit-inverted symbols (e; through e:,

yols obtained. Thersfore,
bit inversion processing 30 in this example which is inverse
to the bit inversion processing 20 inverts all the kits of
zach of the nine symbols {e3; through e;;) of the reproduction
conversicen information 22 to obtain symbols (E; through E).

As a result, reprocduction coded information 12 including



symbols (E; through By} 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 erﬁor correction processing. Thus,
address information 10 is reproduced.

10056) Next, an operation of reproducing the reproduction
conversion information 22 from an . cptical 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 conversion informstion 22, As shown in
FIG. 4B, the information i1s reproduced from the optical disc
to obtain the reproduction conversion information 22. Nine
gymbols (es  through ei1) of the reproduction conversion
information 22 show information obtained by inverting all the
bits of the szsymbels (Es through Eii). Due to thisg, ths
reproduction conversion information 22 includes nine symbol
errors. The number of symbols which can be corrected by the

Read-Sclomon code RS (15,8,8) is three or smaller. Therefore,
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the apparatus detects that the error correction of the
reproduction conversion information 22 is impossible and can
determine that an error 23 has cccurred on the stage of exror.
correction without reproducing incorrect address information.
R E As described zsbove, according to Embodiment 1, when
the conversion information 21 recorded on an information
recording medium after being subjected to the bit-inversion
processing 20 is reproduced by an apparatus which does not
perform bit-inversion processing 30, a number of symbol
errors exceeding the number which can be corrected by a Reed-
Sclomon code RS {1%,8,8) are caused, s0O that'a malfunction is
prevented. In order o causa. a number of symbol errors
excesding 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 Dbit-inverted by the bit inversion processing 20

should be set to four or greater.

m
<
<
o
@
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3

cmbodiment 1, an operation by which an apparatus
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which does not have a functiornn of performing the bit
inversion processing 30 cannot reproduce address information
from the reproduction conversion  information 22 and
determines that an error has occurred is described. Even an
apparatus capable of performing bit 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 gnd thug causing a malfunction even in such
a case will be described.

{00591 A code word including symbol C(i) is processed with
a first conversion mode of pit-inverting m numbear 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 convergion information, and
second information obtained by performing inverse conversion
to a second conversion mods, which is different from the

first conversion mode, on the conversicon information, is at
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least 1/2 of a minimum free distance of the error cecrrection
code. Hereinafter, this will be described more specifically.
(6060 It. is assumed hers that on an optical disc,
conversion information 21 subjected to  bit  inversion
processing by the first conversion mode is recorded. Tt is
alsc assumed that an apparatus to be used for reprocducing
information from this optical disc is compatible to the bit
inversién processing of the second conversion mode but is not
compatible to the bit inversion processing of the first
conversion mode. In this case, when repzoducing information
frem the optical disc by this apparatus, it is necessary to
get the apparatus such that the apparatus cannct reproduce
address information and determines that an errocr has
ocourred.

[(0Ge1] First, with reference to FIG. B&, processing of
generating conversion information 21 subjected to bit
inversion processing by the first conversion moede will be
described.

[0Cs2] FIG. 5A shows processing of generating conversion

information from error-correction-coded address information.



Like the processing shown in FIG. 2A, address information 10
represented by eight symbols (Ag through Ay} 1s error-
correction-coded to generate coded information 1l.

[0663] In the example shown in FIG. BA, conversion of
inverting all the bits of each of ten symbols (Es through Ejg)
of the coded information 11 (kit inversion processing 20) is
performed to generate conversion information 21. The tTen
symbols (Es through E,,) are converted into symbols (es
through ej). The generated conversion information 21 is
recordgd on an optical disc.

[GCo4] 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 sxample,
2s 2 result of the information reproduction from the ophtical
disc, reproduction conversion information 22 including ten
bit-inverted symbols {es through ejqs) is cobtained. Therefore,
bit inversicn processing 30 in this example which is inverse
to the bit inversion processing 20 inverts all the bits of
each of the ten symbels (es through e1q) of the reproducticn

conversion informaticon 22 to obtain symbols (Es through i) .
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Some of the 15 symbols of the obtained reproducticn coded
information 12 may be reproduced wiﬁh an incorrect wvalue, but
errors within three symbols are corrected by error correction
processing. Thus, address information 10 is reproduced.

1008657 Next, a reproduction operation of an apparatus
which 1s compatible to the bit inversion processing of the
second c<onversion mode but is not compatible toe the kit
inversion processing of the first conversion mode :ﬁill-be
described. FIG. BB shows a reproduction operation of such an

apparatus.

{00667 The second conversion mode inverts 3§ number (1 €3
< n; 3 is an integer) of consscubive symbols from the snd of
sympol C{iy. For example, the second conversion mode bit=
inverts symbols C(92) through C(14) of a code word incliuding
symbols C{0) through (14}.

iC0867)] Here, it is  assumed that the bit inversion

processing of the second conversion mode is the bit inve

s
[43]
J4-
]
]

processing described above with reference to FIGS. 3A and 3B,
namely, the processing of performing bit Iinversion between

the symbols {E; through Eiy) and the symbols (eg through i) .
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fonea] As shown in FIG. BB, information ls reproduced from
an optical disc to obtain reproduction conversion information
22, The reproduction conversion information 22 is obtalined
by reprecducing the conversion informaticn 21 recorded on the
optical disc.

[00e9] The apparatus performs bit inversion processing 30
on the reproduction conversion information 22 reproduced from
the oﬁtical disc to generate reproduction coged information
12a. The kit inversion processing 30 inverts all the bits of
each of six symbols (ey through ey of the reproduction

conversion information 22 to obtain siz symbols (Es through

Eqal. However, bit inversion processing is not performed on
symbols  {es through egl included in the reproduction
conversicon information 22. As a result, the obtained

reproduction coded information 12a includes the symbols (es
through eg) non~converted. Due to this, the reproduction
coded information 12a. inciudes 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 c¢oded information 12a is impossible and can
determine that an error 23 has occurred on the stage of error
correction without reproducing incorrect address information.
100703 In this manner, even when an apparatus capable of
performing the second bit dinversion processing is used 1o
reproduce information from an optical disc of a format not
compatible to the apparatus, the first bit inversion
processing is performed such that four cr more symbol errors
are causad. Owing to this, the apparatus can be prevented
from obtaining an incorrect address and thus causing a
malfunction.

[0071] Next, with reference to FIG. 6AR, an operation with
z format in which different symbols from those of the above

example are bit-inverted by the first conversion mode will be

FQ072]

2!

i

G. BA shows processgsing of generating conversion
information from error-correction-coded address information.
Address information 10 represented by eight symbols {(Ag
through 25} is error-correction-coded to generate coded

information 11.
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100737 Next, conversicn of inverting all the bits of each

of six symbols (Ey through Ei:) of the coded information 1l

(bit inversion processing 20) is performed to generate
conversion information 21. The six symbols (B through Eij)
are converted into symbols (e through e:z). The generated

conversion information 21 is resccrded on an optical disc.

[0074] - The processing of reproducing address information
from an optical disc is basically the same as the processing
described above with reference to PIG. 2B. In this exanmple,
as a result of the information reproduction from the optical
disc, reproduction conversion information 22 including six
bit-inverted symbols {e; through ei3) 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 ez} of the reproduction
conversign information 22 to obtain symbols (E; through Eip).
As & result, reproduction coded information 12 including
symbols (Ep through Bi) 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
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symbels are corrected by error correction processing. Thus,
address infeormation 10 is reproduced.

[0075] Next, & reproduction operation of an apparatus
which is compatible fto the bit inverslon processing of the
second conversion mode but is not compatible to the bit
inversion processing of the first conversion mode will be
described. FIG. 6B shows a reproduction operatiqn of such an
apparatus.

(0078] Here, it is  assumed that the kit 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 Eii) and the symbols (ey through eiq).
[0077] As shown in FIG. 6B, information is reproduced from
an optical disc to cobtain reproduction conversion informaticn
22. The reproduction conversion information 22 is obtained
by reproducing the conversion information 21 recorded on the
optical disc.

(00787 The apparatus performs bit inversion processing 30

on the reproduction conversion information 22 reproduced from

41



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 es;, By through By of the
reproduction conversion information 22 to obtain six symbols
{Eg through Eij2, e:12 Through e . The symbels (B3 through
£14) do not need to be bit-inverted but have been bit-
inverted. The symbols- {e; *hrough es) included in the
repréduction conversion information 22 are not bit-inverted.
As a result, the obtained reproduction ccded information 12a
includes symbols {e; through eg, ei13 through @:14). Due to this,
the reproduction coded information 1Za includes four symbol
errors. The number of symbels which can be corrected by the
Read-Solomon code RS (15,8,8) is three or smaller, Thervefors,
the apparatus detects that the error correction of the
reproduction coded information 12a is impossible and can
determine that an error 23 has occourred on the stage of error
correction without reproducing incorrect address infoymation.
100791 Unlike in Embodiment 1, where both of the first
conversion mode and the second conversion mode are capable of

performing bit inversion, it is not sufficient tc set the
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number of symbols to be bit-inverted to be larger than the
number of symbols which can be corrected by the Reed-Sclomon
code "R8 (15,8,8). The positions to be bit-inverted by the
first conversion mede 18 set in consideration of the
positions to be bit-inverted by the second conversiocon mode.
Namely, the first conversion mode is set such that a distance
between first information obtained by performing inverse
conversion toe the first. conversion mode on the conversion
information, and second information obtained by performing
inverse conversion to the second conversion moeds, which is

different from the

h

irst conversion mode, on the conversion
information, is at least 1/2 of a minimum £free distance of
the errcr corresction code.

[DCBQ] In this specification, when converslion 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 exceeding the number of
symbols which can be corrected by the Reed-Sclomon code RS

{15,8,8) 1s caused, =so that a malfuncticn is prevented.
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Needless tc say, substantially the same effect of preventing
+he malfunction is provided even when conversion information
which is generated by the second conversion mode and recorded

on an optical disc is reproduced by inverse conversion by a

reproducing apparatus for performing the first conversion

mode.

{EMBODIMENT 3)

100813 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 Dbit-
inverted (namely, there is at least one symbol which 1s not
to be bit-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 is an integer of 2 or greater) of
symool groups which are not adjacent to each other. Betwee
the two symbol groups, thefe is(are} p number (p 1is 2an

integer of 1 or greater) of symbol{s). One of the symbol

groups includes at least one of symbols C(Z2), C({3) and C{12y.
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[0083]  First, with reference to FIG. 7R, processing of
_generating conversion information 21 subjected to bit
inversion processing by the first conversion mocde will be
described. Address information 10 represented by elght
symbols (Ag through As} is error-correction-coded to generate
coded information 11.

[0084] Next, conversion of inverting all the bits of each

-

of 11 symbels (Er through Ee B through Eu) of the coded
information 11 (bit inversion processing 207 is performed to
generate conversion information 2%, The symbols to be bit-
inverted are divided into two blocks of the symbols (Es
through Fg) and the symbols (E¢ through Eia).

[0085] The 11 symbols (E; through Eg, Es through Ey, are
converted into symbols {e, through es, €9 through ei4). The
generated conversion information 21 is rescorded on an optical

\

disc.

[6oge]l The processing of reproducing address information
froﬁ an optical disc is performed by bit inversion processing
30 which is inverss to the bit inversion processing 20 as

described above with reference Lo FIG. 2B. Conversion of
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inverting all the bits of each of the 11 symbols {(e; through
es, €9 through ey of the reproduction conversion information
22 is perfoiﬁed to obtain symbols (E; through EHg, Es through
Fia) - As a result, reproduction coded information 12
inciuding symbols (E; through Ei;q) is obtained. Errors within
three symbels are corrected by error correction processing.
Thus, address information 10 is reproduced.

[(cog7] Next, a reproduction opezatioﬁ' 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. 78 shows a reproduction operation of such an
apparatus.

ro088] Here, it is  assumed that the kit inversion
processing of the second conversion mode is the bit inverslon
processing described above with reference to FIGS. 3A and 3B,
namely, the processing of performing bit inversion between
the symbols (E¢ through Ey) and the symbols (es through ei4).
(00897 s shown in FIG. 7B, information is reproduced from

an optical disc to obtain reproduction conversion information
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22. The r@production.conversion information 22 is cbtained
by reproducing the conversion information 21 recorded on the
optical disc.

[00%0] The apparatus performs bit inversion processing 30
on the reproduction conversion information 22 reproduced from
the optical disc to generate reproduction coded information
i2a. The bit inversion processing 30 inverts all the bits of
sach of six symbols (2¢ through e,;) of the reproduction

conversion information 22 to obtain six symbols (Eg through

Fis} . However, bit inversion processing is not performed on
symbcls (az through eg) included in the reproduction
conversion Information 22. Az & result, the obtained

reproduction coded information 1l2a includes the symbols (g
through e¢) . Due to this, the reproduction coded information
12a includes five gymbel errors. The number cf symbels which
can be corrected by the Reed-Scolomon code RS (15,8,8) is
three or smaller. Thersfore, the apparatus detects that the
error correction ¢f the reproduction coded information 1l2a is
impossible and can determine that an errocr 23 has occurred on

the stage of error correction without reproducing incorrect
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address information.

[0081] Next, with reference to FIG. BA, 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.

[0092] FIG., BA shows processing of generating conversion
information from error-correction-coded acddress information.
Address information 10 represented by elght symbols (A
through A4} is errcr-correciion-coded to generate coded
information 11.

[0083] Next, conversion of inverting all the bits of each
of eight symbols (E; through Ej;, Es through Ei;z) of the coded
information 11 {bit inversiocn processing 20} is performed to
generate conversion information 21. The symbols tc be bit-
inverted are divided into two klocks of the symbols (E;
through E4) and the symbcels (Ee through Eisz).

(0094 The eilght symbols {(E; through Es Es through E3)
are converted into symbols {e: through ey, es through e:i).
The generated conversion information 21 is recorded on an

optical disc.
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[0095] The processing of reproducing address information
from an optical disc is performed by bilt inversioh processing
30 which is inverse to the bit inversion processing 20 as
described above with reference toe FIG. 2B. Conversion of
inverting all the bits of each o<of the eight symbols (g
through e,, & through e:;) of the reproduction conversion
information 22 is performed to obtain symbols (E; through Eg,
By through Ei3). As a result, ﬁeproduction coded information
12 including symbols (Es through Eiq 1s obtained, Errcrs
within three symbols are corrected by error correction
processing. Thus, address information 10 is reproduced.
[0G9e] Next, a reproductlion operation of an apparatus
which is compatible to the Dbit inversion processing of the
second conversion mode but 1s not compatible to the bit
inversion processing c¢f the first conversion mede will be
described. TFIG. 8B shows a reproduction operation of such an
apparatus.

[6os7] Here, it is assumed ﬁhat the bit inversion
processing.of the second conversion mode is the bit inversion

processing described above with reference to FIGS. 3A and 3B,
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namely, the processing of performing kit inversion between
the symbols (Es; through E;s) and the symbols {es through e .
[00987 Az shown in FIG. BB, information is reproduced from
an optical disc to obtain reproduction conversicon information
22, The reproduction conversion information 22 is obtained
by reproducing the conversion information 21 recorded on the
optical disc.

[0099]7 The apparatus performs bit inversion processing 30
on the reproduction conversion informaticn 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 eis, Bi) of the reproducticn
conversion information 22 to obtain six symbols (Es through
Eis, eﬂ). The éymbol {f.4) does not need to be bit-inverted
but has been bit-inverted. The symbols (=; through ey)
included in the reproduction conversion information 22 are
not bit-inverted. As a result, the obtainsd reprodguction
coded information 1l2a includes symbols (ep through es, &u4).
Due to this, the reproduction coded information 12a includes

four symbel errors. The number of symbols which can be
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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 1Z2a is
impossible and can determine that an erroxr 23 has occurred on
the stage of error correction without reproducing incorrect
address information.

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

[0101] First, with reference to FIG. %A, processing of
generating conversion information 21 subjected to  Dbit
invefsioﬁ processing by the first conversion mode will be
described, hddress information 10 represented by eight
symbols (Ay through &,;) is error—correcﬁionmcoded L0 generaite
coded information 1I1.

Fgl1027 Next, conversion of inverting all the bits of each
of nine symbols (E; through Bs, Be through Eg, By through Eis)

of the coded information 11 ({(bit inversion processing 20) 1is



performed to generate conversion information 21. The symbols
to be bit-inverted are divided 1into three blocks of the
symbols {E; through Es), the symbols (Es through Eg) and the
symbols (E:; through Eqis).

161037 The nine symbols {E: through Ei;, Es through Ez, Eun

L

through Ej3) are converted into symbols (e through ez, s
through e, e11 Through e13). The generated conversion
information 21 is recorded on an optical disc.

[01G4] The processing of reproducing address information
from an optical disc is performed by bit inversion procéssing
30 which is inverse to the bit inversion processing 20 as
described above with reference to FIG. ZB. Conversion of
inverting 2ll the bits of each of the nine symbols (&
through es, e through es, e;; Through ei3) of the reproduction
conversion information 22 1s performed to obtain symbols (E;
through Ei, Eg through g, Ei: through Eiz). As a resuit,
reproduction coded information 12 including symbols (B
through Eiq) 1s obtained. Frrors within three symnbols are
corrected by error correction processing. Thus, address

information 10 is reproduced.



01051 Next, a reproduction operation of an apparatus
which is compatible to the bit inversion processing oI the
second conversion mode 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 an
apparatus.
[010€1 -  Here, it is assumed that the kit inversion

processing of the second conversion mede is the bit inversion
processing described above with reference te FIGS. 3A and 3B,
namely, the processing of performing pit inversion between
the symbols {E¢ through Eiz) and the symbols {es through e .
101071 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 thé
optical disc.

(01081 The apparatus performs bit inversion processing 30
on the reproduction conversion informaticn 22 reproduced from
the opﬁical disc to generate reproduction coded information

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



cach of six symbols (E« through Eip, €11 through e;s, Eyy) of
the reproduction conversicn information 22 to obtain six
symbols (ey through e;g, Ei; through Eis, ey). The aymbols (Es
through Eip, Ei¢) do not need to be bit-inverted but have been
bit-inverted. The symbols (e, through ei;, e¢ through eg)
included in the reproduction conversion information 22 are
not bit-inverted. As a result, the obtained reproduction
coded information 12a includes symbols {1 through ej;, &4
through €10, ©14) . Due to this, the reproduction coded
information 12a includes nine symbol errors. The numbsr of
symbols which can be corrected by the Reed-Solcmon code RS
(15,8,8) is three o<r smaller. Therefore, the apparatus
detects that the error correction of the reproduction coded
information 12a is impossibie and can determine that an error
23 has occurred cn the stage of error correction without
reproducing incorrect address information.

10109} Next, with reference to FIG. 10A, an cperation with
a format in which different symbols from those of the abové
examples are bit-inverted by the first conversion mode will

be described.
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(o110l FIG. 10Aa shows processing of generating conversion
information from srror-correction—-coded address information.
Address information 10 represented by eight symbols (A
rhrough 24) 18 error-correcticn-coded to generate coded
information Il.

101113 Next, conversion of inverting all the bits of each

L

of seven symbols (E;, Eg; through E;, E;; through E:.) of the
coded  information 11 (bit inversicon processing 20) is
performed to generate conversion informaticon 21. The symbols
to be bit-inverted are divided into three blocks of the
gsymbols (Ez), the symbols (E¢ through Eq} and the symbols (En
Through Ei4) .

(01127 The seven symbols (Es;, Eg through E;, E:;1 through
E.q) are converted intc symbols (2, es; through ey, ei; through
ey4). The generated conversion information 21 1s reccrded on
an optical disc.

[0113] The processing of reproducing address information
from an optical disc i1s performed by bit inversion processing
30 which is inverse to the bit dinversion processing 26 as

described above with reference to FI&G. ZB. Conversion of



inverting all the bits of each of the seven symbols (e, e
through e, ey through eyy) of tThe reproduction conversion
information 22 1is performed to obtain symbols (Ez, Eg through
e, By through Eig). s a vresult, reproducticon  coded
information 12 including symbols {EG.through Eia) igmobtained.
Errors within three symbels are corrected by error correction
processing. Thus, address information 10 is reprcoduced.
[0114)] Next, & reproduction opezation of aﬁ apparatus
which is compatible to the bit inversion processing of th
second conversion mode but iz nct compatible to the bit
inversion processing of the first conversion mode will be
described. FIG. 10B shows a reproduction cperation cf such
an apparatus.

101157 Here, it is  assumed that the Dbit inversion
processing of the second conversion mode is tThe bit inversion
processing described above with reference to FIGS. 3& and 3B,
namely, the processing of performing bit inversion b@tweén
the symbols {Es through Ei) and the symbols {e¢ through e54).
t0lle] As shown 1n FIG. 10B, information is reproduced

from an optical disc to obtain reproduction conversion
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information 22. The reproduction conversion information 22
is obtained by reproducing the conversion information 21
recorded on the optical disc.

[01173 The apparatus performs bit inversion processing 30
orn the reproduction conversion information 22 reproduced from
the optical disc to generate reproduction coded infcrmation
12a. The bit inversion processing 30 inverts all the bits of
each of six symbols (Es through Elm €17 through ey of the
reproduction conversion information 22 to obtain six symbols
{es through e;n, .y through Ei}. The symbols (Es through Eig)

do not need to bs bit-inverted but have been bit-inverted.

The symbols {g;, e through e7) included in the reproduction
conversion infermaticon 22 are not bit-inverted. As a result,

the obtained reproduction coded information 12a iIncludes
symbols {ez, & through ey, es through ei0). Due o this, the
reproduction codea information 12a includes <five symbol
errors. The number of symbols which c¢an 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 impessible and can
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&etermine that an error 23 has occurred on the stage of errox
correction without reproducing incorrect address informatlion.
f0lig] Next, a format X representing a layer number and
address information with four symbols (A, 21, Bz, Az will ke
described. Such_address information can be recorded on an
information recording medium as, for example, an AUN (Address
Unit Number) address. An AUN address is inserted into user
data and is recorded on the informaticn recording medium
tog@thgr with the user data.

[o

it

19] FIG. 10C shows bit locatlions of symbols Ag 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 laver number.

[0120] The address information includes five symbols of A
through A4, and the symbols Ay through As; Include a layer
numpber 141 and an address number 142 with The bit locations
shown in FIG. 10¢. At By, additional information is stored.
In this example, it is azsumed that +the additional
information is "0". Coded information is generated by adding

four parity symbols to the address information, and forms an
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error correction code. The parities may be added by a known

method of forming an error correction code. Here, a Reed-
Solomon code RS {9,5,5) is used as an example. The exrror
correction code can correct up to two symbol errors. The

generated coded information is recorded on an optical disc.
(01217 Next, a format Y, which 1s different f£from the
format X, will be described. FIG. 10D shows bit locations of
symbols BAs through 2; of the address information by the
format Y. 25 bits o©f bos thfough by represent an address
number, and 3 bits of by through bgs represent a layer 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.

161221 The procedure of generating the conversion
information by the format Y i1s substantially the same as that
by the format ¥. - The symbols Ag- through Ay include a layer
number 141 and an address number 142 with the bit locations
shown in FIG. 10D.

[0Ll23] Next, an operation by which an apparatus which is

compatible to the format ¥ but 1is not compatiblie to the



format Y reproduces information from an optical disc of the

format ¥ will be described.

P
()
Fj
]
[EY

-

The format X and the format Y are different Zfrom
each other only in the bit locations of the layer number 141
and the address number 142 asz shown in FIG. 10C and FIG. 10D,
and are the same 1in the method of adding parities and the
method of recording information on the optical disc.
Therefore, the opézaﬁion of performing error corraection o
generate error~correction-coded information is the same as
the operation for the optical disc ef the format X.

[0125] For reproducing address informatiocn from the error-
correctiocn-coded information, the layer number and the
address number are obtained in accordance with the bit
locations shown in FIG. 10C. Howevar, the error-correction-
coded  information includes the layer number and the address
number with the bit lccations shown in FIG. 10D, and- thus
incorrect laver number and address number ars obtained.

101267 For example, when information including layer
number ( and address number 1234h with the format Y as shown

in FIG. 10E is reproduced bassed on the format ¥, the layer
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nurber is 1 and the address number is 234h.  Thus, incorrect
layer number and address number are obtained. In ordsr to
aveid such incorrect information from being obtained, the bit

inversion processing according to the present invention 1s

useful.
10127] FIG. LOF shows a procedure of generating conversion
infermation when the format Y i1s used. Five symbols (Aq

through A;) are error-correction—-coded by the Reed-Solomon
code RS (15,8,8) to generate coded information 11 including
added four parity symbols (As through Ag).

[0128] Nexz, conversion of inverting all the bits of each
g

of four symbols (B, Az, Ay, Ag} of the coded information 11

(bit inversion processing 20} 1is performed to generate
conversion information 21. The four symbols (Az, As, 2As, A}
are converted inte symbols {(az, as, 27, as). The generated

conversion information 21 is recorded on an cptical disc.

{0129] When the conversion information 21 1is reproduced,
the.reproduction information ingludes the symbols {az, a3, &,
ag) . Therefore, when the reproduction is performed by an

apparatus which does not have a Zfunction of performing bit
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inversion processing, an error occurs as described above. In
this manner, the coded information 1s converted into
conversion information using a conversion method by which a
number of symbols exceeding the correction capability of the
error correction c¢ode are not recovered to the original
symbols, and the obta;ned conversion information is reccrded
on an optical disc. Thus, an error can be detected by error
correction processing without incorrect address information
being reproduced. FIG. 10F shows an example 1in which bit
inversion processing is performed on twe blocks. Even where
bit inversion processing is performed on one block or thres
or more blocks, as long as the conversion method of causing a
number of errors exceeding the number which can be correctsd
iz used, error detection can e realized b? the error
correcticn processing,

In the case where the quality of a reproduction

=
jey
ok
o8
s

signal is very good, the ©prokability at which the
repreoduction coded information includes an error is decreased.
An operation by which an apparatus not compatible to the

first conversion mode reproduces information from an optical
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disc of the first conversion mode without performing error
corractlon in such a case will be described.

10131] Address numbers are generally assigned so as to
monotonously incresase or monotonously decrease in a scanning
direction. Bere, it is assumed that the address numbers are
assigned 3¢ as to monotoncusly increase both in the first and
second conversion modes.

[0132] As shown in FIG. 310G, 1t iz assumed that address
numbers 191 on the format Y are assigned to laysr number 0 as
01GC0000R, 020CG001h, - -+, 0100007h in the scanning direction.
In the address information 1%2 on the optical disc, symbols
corresponding to the  address numbers are COLOFFEFT:,
O010FFFER, -+, O010FFFEh. When these are reproduced by an
apparatus not compatible to the first conversion mode without
performing error correction, reproduced address information
183 includes address numbers 1QFFEFh, 10FFEFEh, -+, 10FFF8h,
which do not monctonously increase in the scanning direction.
Owing to this, an error can be detected and thus Incorrect

data recoerding oy reproduction can be prevented.

10133] In the <case of a general optilcal disg, for
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reproducing data recorded at address 00123400h, the optical
spot is first moved to a position before address 00123400h.
Then, the treck is scanned to check the address, and the
timing for obtaining the data is determined with the premise
that addreszes are continucous and thus address 00123400h
follows addresses 001233FEh and 001233FFh. Accordingly, when
non-continuous addresses are reproduced, the position or

timing at which recording/reproduction is to be started

cannot be determined. Therefore, data cannot be recorded or
reproduced.
(01347 In this manner, 1in order to pravent incorrect

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

inverted.

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

by which the number of errors caused when the bit inversion
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processing of the second conversion mode is performed is four
or greater, 1is described. Owing o this, an apparatus
compatible to the bit iIinversion processing of the second
conversion mode but not compatible to the bit inversion

processing of the first conversion mode can be prevented from

obtaining an incorrect address and thus causing a maifunction.

oy

[0136] Hereinafter, further effects provided by dividing

~

the symbols to be bit-inverted intc two or more blocks will
be described. First, problems which may possibly occur where
the symbols to be bit-inverted are included in only one biock
will be described.

[01371 A Reed-Sclomon code ls & Cyclic code, and therefore
has a preblem of making a correction incorrectly even when a
gynchronization shift occurs, as described below. For
example, for a DVD+RW disc, address information A{Ag, A,

Rs, Aq}), B(Bo, Bi, ..., Bsg, Bay, ClCq, Cip .o , g C4) are
coded by a Reed-Solomon code RS (13,8,8) to generate coded
information {Ag, Ai, ..., Ay, Rizd, (Bo, By, ... Biy, Biad, {(Cos
Cyy o oo vy Cr1e Cond Tt is assumed that when reproducticn is

performed from an optical disc having such coded information
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recorded thereon as shown in FIG. 1l{a), a synchronization

shift occurs and a reproduction area 100 is reproduced. As

shown in ®I&. 12, (B1, ..., B:i, B2, Cpr 1is obtained as
reproducticon information 101. Recause of the nature c¢f a
cyclic_code, where (Bp, B:, ..., Bii, Biz} iz a code word, (G,
Be, Bi,  +.., B3, By, 0) obtained by cyclically shifting a
non-shortened code word (0, 0, Ba, ..., Bij, By is also a
non—éhorten@d code word. Therefore, {(Biy, ..., Biy, Bz, 0) is

alsc a code word. Namely, when one or more symbol errors of
the reproduction information 101 are corrected, one symbol
error Cp is corrected to By and (By, ..., B, Bz, 0) is
obtalned as a correction result. In conseguence, incorrect
address information (By, B2, ..., By, Bg) is reproduced, and
it cannqt be detected by the error correction processing that
this address information is incorrect.

6138} There 1is alsc the fellewing problem. When the
Reed~Scolomon code (15,8,8) 1s used, consecutive address
information (1,1,3,1,1, 3,3y, Ly, (1,1, %, L,8,5,1,2),
(1,1,1,1,1,1,1,3) are coded intc coded  information

(l, }-rlf1r1rlrlrlrP(}r?lfPEIPSJP&rPSr ?e), {.]—/l.rlrj"«rlllrlrerOrerQZ
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rQSrQ@fQS;QE}f (1,1,1,1,1,1,1,3,}3\0,Rl,R_z,R;g,Rq,RF”Rg). It is
assumed that when reproduction is performed from an optical

disc having such coded information recorded thereon as shown

in FIG. 11l(b}, a synchronization shiftc cCoours and a
reproduction area 105 is reproduced,
(1,1,51,3,1,1,2,00,0:,02,02,82,0s,Ce, 1) is obtalined asg
reproduction information. Because of the nature of a cyclic

2

coc@; Wh@re (1,1,31,2,3,3,0,2,00,0:,02,03,04,05,05) 18 a code
wor@, (1,1,1,1,3,1,2,00,Q91,02,03,04,05:Qe,1) is also a code
word. Namely, even when reproduction information is erroxr-
corrected in order to detect an error, the error 1is not
detected and incorrect address information (1,1,%,%,1,1,2,Q0
is reproduced‘

[0139j 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.

(01401 FIG. 13 shows a procedure of generating conversion
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information according  to  Embodiment 4 of the present
invention.

10141 Address informaticon 10 of A{ks, Ai, Az, Asz, By, As,
As, Ay) shown in FIG. 13 is error-correction-coded by the
Resd-Solomon code RS (15,8,8) to generate coded information
11 including added seven parity symbols. Convearsion of
inverting all the bits of each of symbols Ay, As, By, As, Big,
Aﬂj. Biz, A1z of the coded information 11 (bit dinversion
processing 20) is .performed to 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 optical 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 informaticn 21 generated from
different pleces of address information 10 are recorded on
the optical disc seguentially. FIG. 14 shows a stream of

1

such pieces of conversion information recorded on the optical

101427} Next, a method for reproducing address information
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will be described. FIG. 135 shows a procedure of reproducing
address information from the conversion information
reproduced from the optical disc.

roi4s; Reproduction conversion information 15 is processed
with inverse conversion {(bit inversion processing 30) to the
conversion of generating conversion information 21 from the
coded information 11, to genesrate reproduction coded
information 16. Here, the inverse conversion (bit inversion
processing 30) 1s to invert all the bits of each of symbols
Rz, Ri, Ra, Ra, Rig, Rii, Rz, Rz 0f the reproduction conversion
infermation 15. As a result of error correcticn performed on

the reproduction coded information 16, errors within three

symbols arse <orrected. Thus, address information 17 1is
reproduced.
(01447 FIG. 18 ghows a partial enlarged view of a stream

of the pileces 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

COonversion information obtained by reproducing the
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reproduction information area 11l. FIG. 1B shows a procedurs
of reproducing address information from the conversion
information obtained by reproducing the synchronization-
shifted reproducticn area 112.

01451 Referring to FIG. 17, repreduction conversion
information 22 chtained by reproducing the repreduction area
111 is {Bg, B:, bz, bs, ba, Bs, B¢, B, Bs, bs, bio, bize bz, Das,
Biaq) . By performing inverse conversion (bit inversion
processing 30) on this, reproduction coded information 12 (th
By; Bs, B3, By, Bs, Bg B, Bs, Bs, B, Bu, Bz, Biz, Biua) is
cbtained. The reproduction coded information 12 includes no
BLIOY. Therefore, the error correction procsssing is
normally finished, and address information 10 is correctly
reproduced.

1014¢} Referring to FIG. 18, reproduction conversion
information 2% obtained by reproducing the synchronization=-
shifted reproduction area 112 is (By, bz, bis, bs, Bs, Be, By,
Bg Da, big, b1y P12y b1z, Bisr Col. By performing inverse
conversion (bit inversion preocessing 30) on tnis,

reproduction coded information 26 (By, bz, Ba, Ba, bs, Bs, By,
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Bg, bg, Bio, Biis Bios B;;g, beg, Co) is obhtained.

101473 The reproduction coded information 26 is a code
word error-correction-coded by the Reed-3Solomon code RS
(15,8,8), and so has a cyclic nature. Namely, (B, BQ,-Bg, B,
35, Bg, Bo, Ba, Bs, Bio, Bir, Biz, Bis, B, By) is zlso a code
word of the Reed-Solomon code RS (15,8,8). By comparing this
against the reproduction coded information 26, it 1s found
that there are five symbol errors. The number of symbols
which can be ceorrected by the Re@deoloﬁon code RS (15,8,8)
is threse or smaller. Therefore, it 1s detected that the
errors of the reproduction coded information 26 cannot be
corrected and a determination that an error 27 has occurred
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 c¢oded information is converted into
conversion information using a conversion methed by which &
number of symbols exceeding the correction capability of the.
error correction code are not recovered to the original

symbols, and the cbtained conversion information is recorded



on an optical disc. Owing to this, even if a synchronization
shift of one symbol occurs while the address information is
being reproduced, an error can be detected by error
correction processing without incorrsct address information
being reproduced.

[0148] 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 bl@cks of
wits A, through A; and As through A:;z are to be inverted.
hooordingly, the number.of symbols which are noct recovered to
the original symbols 1is at least the number of borders
between *the blocks to be bit-inverted and other Dblocks,
namely, at least twice of the number of the blocks to be bit-
i5§erted, which i1s four or greater.

10150] Here, regarding a convexrsion method for generating
conversion information from the <¢oded information, it 1is
preferable fhat a symbol to be bit—invefted and a symbol not
to be bit-inverted of the reproduction conversion information

15 are located alternately twice or more.
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The symbols Ry through Riy: of the reproduction
conversion information are continucus. Therefore, even where
the reproduction converéion information includes two blocks
to be bit-inverted, there may be the following case: the
symbols Ry and Ry are to be bit-inverted, and s¢ the symbols
to be bit-inverted are continucus, as a result of which there
is only one block to be bit-inverted. By not inverting at
least one of the symbols Ris and Ry, the symbols to be bit-
inverted can be divided into two or more blocks with
certainty.

(01821 As an exampie} a conversion method by which By and
B,y are bit-inverted and Bs and Bag are not bit-inverted will
e described, with reference to FIG. 17.

[01E3] Where By is bit-inverted and Bs is not bit-inverted,
there is at least one border between B; and Bs wilith certainty
{in FIG. 17, the border is between By, and Bs). Wnere Bs is
not bit-inverted and By: is bit-inverted, tThere is at least
one horder between By and By with certainty (in FIG. 17, the
border is between Bg and Bg) ., Wheres By; is bilt-inverted and

Big is not bit-inverted, theres is at least ong border between



By, and Bisy with certainty {in FIG. 17, the border is between
Biy and Bia) . Where By is not bit-inverted and B; is bit-
inverted, there is at least cne border between By and B, with
certainty. Accordingly, when information 1is reproduced,
there are at least four borders and so four or more 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.

[0154] In this embodiment, the conversion is performed by
inverting all the bits. Alternatively, only specific bits
may be 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 "1".

{EMBODIMENT 5)

[0L155] FIG. 18 shows a procedure of generating conversion
information according to Embodiment 5 of the present
invention. FIG. 19 shows address infermation 10, coded
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information 31, conversion information 32 and a conversion

value 33.

(01567 The address information 10 of A(Rg, Ay, Az, By, Ag,

As, Ag, As) shown in FIG. 18 is error-correction-coded by the

Reed-Sclomon  code RS (15, 8,8} to generate the coded

informaticon 31 including added seven parity symbols.

103157] Each of symbols As, RA¢ and A; of the coded
information 31 is processed with conversion of performing
exclusive~0OR cperation with the conversion valuse 33 (Zo, Zis

Zg} to generate the conversion information 32. Here, A
represents an exclusive-CR of A, and Z,.

[0158] The conversion information 32 generated in this
manner is recorded on an optical disc. The conversion
information may be recorded using a known system, for example,
BDIP used for a DVD+HRW disc.

10159] Next, a method for reproducing address information
will be described. FIG. 20 shows a procedure of reproducing
address information from the conversion informatién
reproduced from the optical disc. FIG. 20 shows reproduction

conversion information 35, reproduction coded information 36
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and address information 37.

]
]
et

160] The reproduction conversion information 35 is
processed with inverse conversion tc the conversion of
generating conversion  Iinformation 32 from the coded
information 31, to generate the reproduction coded
information 36. Here, the inverse conversion 1s to process

each of symkols Rs, Rs and R; of the reproduction conversion

information 35 with exclusive-0R operation with  the
conversion value 33 (Zq, 21, Z2). Here, Zg, 71 and Z. are of
different values. As a result cf srror correction perfcrmed

on the reproduction coded information 36, errors within three

symbols are corrected. Thus, address information 3% is
reproduced.
01lell FIG. 21 shows a stream of pleces 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 procedurse of
reproducing address information from the conversion
information obtained by reproducing the reproduction

information area 121. FIG. 22 shows reproduction conversion
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informatign 40, reproduction coded information 41, address
information 42 and the conversion wvalue 33.

[0162] The reproduction conversion information 40 obtained
by reproducing the reproduction area 121 is (Bg, Bi, Bz, B
By, Bs', Bi', B+%, Bs, Bs, B, Bi, Biz, Biy, Bia). By performing
inverse conversion on this, the reproduction coded
information 41 (By, By, Bs, Bz, Bs, Bs, Bs, By, Ba, Bs, Big, B,
Byz, Bii, Big) is obtained. The reproducticn coded information
41 includes no error. Therefore, the error correction
processing is normally finished, and the address information
42 ig correctly reproduced,

[0163] FIG., 23 shows a procedure of reproducing address
information from the conversion information obtained by
repreducing the synchronization-shifted .reproduction
information area 122. FIG. 23 shows reproduction conversion
information 45, reproduction coded information 46, the
conversion value 33, and an serror 47.

[0le4d] The reproduction conversion information 45 cbtalined
by reproducing the synchronization-~shifted reproduction area

122 is {B., By, Bi, Bs, B:", Bg', B2°, Bg, Bs, Bio, Bi1i, Bz, Bia,

i i
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Big, Col. By performing inverse conversion on this, the
reproduction coded information 46 (B;, By, Ba, By, 8.7, (Bgﬂo,
(8%, Bs®, Be, Bio, Bir, Biz, Bis, Big, Co) 1s obtained.

[Gleb] The reproduction coded infocrmation 41 is a code
word error-correction-coded by the Reed-Scolomon code RS
(15,8,8), and so has a cyclic ﬂétqre. Namely, (B:, Bz, Ba, Ba,
Bz, Bg, B+, Bsg, By, Big, Ba1, Bia, 813, Bia, B(}) is alsoc a code
word of the Reed-Solomon code RE (15,8,8). By comparing this
against the reproduction coded information 46, it is found
that thsre aie five symbol serrors. The number of symbols
which can be corrected by the Reed-Sclomon code RS {15,8,8)
is three or smaller. Therefore, it is detected that the
errors of the 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 information 47 being reproduced.

[G166] in this manner, when a synchronization shift of one
symbol occurs, the coded information 1is converted into
conversion information using a conversion method by which a

number of symbols exceeding the correction capabllity of the
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error correction c¢ode are not recovered to the original
symbols, and the obtained conversiocon information is recordsd
on an optical disc. Owing to this, even if a synchronization
shift of one symbol occurs while the address information is
being reproduced, an error can be detected by error
correcticn processing without incorrect address information
being reproduced.

[01e7] In Embodiment 5, %3, Z. and Zz are of different
values. A1l the values do not need to be different. For
example, substantially the same effects are provided as long

as Zg ® 7, and Z,, # %, even if Z; = Zs.

(EMBODIMENT 6)

10168) FIG. 24 shows a procedure of generating ceonversion
information acceording Lo _Embgdiment & of the present
invention. FIG. 24 shows address information 10, coded
information 61 and conversion information 62.

[0169] The address information 60 of A{As, Ay, Az, B, A,

Bs, Rg, BAs) shown in FIG. 24 is error-correction-coded by the

i..—i
o
fas}

keed-3¢icmon cods RS { PRy to  generate the coded
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information 61 including added seven parity symbols. The
coded information 61  is  processed with conversion of
exchanging the positions of the symbols Az and Ayp Lo generate
the conversion information 62. The conversion information 62
generated in thnis magnex is recorded on an optical disc. The
conversion information may be recorded using a known system,
for example, ADIP used for a DVD4RW disc.

Fo176] Next, a method 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 635, reproduction coded information 66
and address informaﬁion 67.

o171} The reproduction conversion information 65 is
processed with inverse conversion to the conversion - of
generating conversion information 62 from the coded
information 61, to generate the reproduction coded
information 6. Here, the inverse conversion 1s to exchange
the positions of symbols Rg and Rip. As a result of error

correction performed on the reproduction coded information 66,
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errors within three symbols are corrected. Thus, address
information 67 is reproduced,

[G172)] FIG. 26 shows a stream of pieces of the conversion
information recorded on the optical disc. FIG. 26 shows a
correct reproduction area 131 and a synchronization-shifted
reproduction area 132, FPIG. 27 shows a procecdure of
reproducing address information from the conversion
information obtained Dby  reproducing the reproduction
information area 131. FIG. 27 shows reproductiion conversion
information 70, reproduction coded information 71 and address
information 72.

101733 The reproduction conversicon information 70 obtained
by reproducing the reproduction area 131 1is (Bg, By, Ba, Ba,
Bq, 85, Bg, B';, B}o, Bg, Bg, Bll; Blz, B;._g, 314). By performing
inverse conversion on this, the reproduction cuded
information 71 {RBs, Bi, Bz, Bs, B, Bs, Bs, Be, Bs, Bs, Big, Bii,
Biz, Bia, Byl is obtained. The xeproduction coded informatfion
71 includes nc error. Therefore, the error oorzeétisn
procaséing is normally finished, and the address information

72 is correctly reproduced.



[0174] FIG. 28 shows 2z procedure of reproducing address

information from the c¢onversion Informaticon cobtained by

reproducing the gsynchronizatiocn-shifted reproduction

information area 132, FIG. 28 shows reproduction conversion

infermation 75, reproduction coded informaticon 76 and an

error 17,

foL75] The reproduction conversion information 75 obtained
by reprbducing the synchronization=-shifted reproduction ares

132 is (By, By, Bz, Bsiy Bs, Bg, By, Big, Be, Bs, Bur, Biay Bis, Bugy
Cal . By performing inverse conversion on this, the

reproduction coded information 76 (Bi, Bz, Bi, Bsy, By, Bs, By,

Bio, B, Bes, By, Biz, Bizr Bie, Co) 1s obtained.

01761 The reproduction coded information 71 1is a code
word error-correction-coded by the Reed-Solomen code RE
{1%,8,8), and s0 has a cyclic nature. Namely, (B:, By, Bi, By,
Bs, Bs, B, Bs, Bgf Big, By, Byz, Bia, Biras Bgl is also a code
word of the Reed-Solomon code RS (15,8,8). By comparing this
against the reprcduction codéd information 76, it 1s found
that there are five symbol errors. The number of symbols

which can be corrected by the Reed-Sclomen code RS (15,8,8)
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is three or smaller. Therefore, it is detectsed that the
errors of the reproduction coded information 76 cannot be
corrected and a determination that the errcr 77 has occurred
can be made on the stage of error correction without the
incorrect address information 77 being reproduced.

L7 In this manner, when a synchronization shift of one
symbol cccurs, the coded information i1s converted into
conversion information using & conversion method by which a
number of symbcls exceeding the correcticn capability of the
error correction coode are not recovered o the originsl
symbols, and the obtained conversion information is recorded
on an optical disc. Owing to this, even if a synchronization
shift of one symbol occurs while the address information is
being reproduced, an error can ke detected by error
correction processing without inceorrect address information

being reproduced.

-
n

(01781 The conversion processing in  Embodiment 6
applicable where the svymbols Ag and 2A;; are of different
values.

(01797 In Embodiments 1 Efhrough ¢ described above, the



Reed-Soclomon code RS (15,8,8) is used as the error correction
code. The present invention is mnot limited to this. For
example, a Reed-Solomon code RS (15,9, 1) is  usable.
Substantially the same effects are provided by using a cyclic
code other than the Reed-Solomon code RS (15,8,8) or an error
correction code obtained by shortening such a_cyclic code.
[018G: In Embodiments 4 through 6 described above, symbol
Cy included in thé reproduction conversion information
obtained in a synchronization-shifted state is of a different
valuse from symbol By, However, address information 1is
generally assigned monotonously dincreasing or menotonously
decreasing values, and therefore two consecutive addresses
often have the same value at Tthe most significant bit.
Accordingly, even B, = C, is acceptable, anc it 1is more
preferable to use a conversion method by which a number of
symbols exceeding the correction capability of the ervor
correction code is(are) detected as an error(s).

[0181] In Fmbodiments 4 tThrough 6 described above, 1t is
more preferable that the number of errors, caused in the

reproduction coded information when a synchronization shift
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of one symbol is caused, 1s egual to or smaller than the
minimum free distance of the error correction code. The
reason s that where the number of errors caused in the
reproduction coded information is equal to or larger than the
minimum free distance of the error corrsciion code, there may
ke a case where the reproduction coded information becomes
the code word itself of the errcr correction ccde and thus
the error cannct be detected although this occurs rarely;
[0182] In Embodiments 1 through € described above, a
format in which the address information 1s located at
relatively significant »its in the coded information is
described. It 1is not abscolutely necessary that the address
information is located at relatively significant bits in the
coded  information. It is sufficient that the coded
information includes the address information, and i1t 1is
acceptable that some conversion is needed to obtain the
address information from the coded information.

101837 The above-described problem regarding the shift of
the cycle can be solved by dividing the szymbols to be bit-

inverted into two or more blocks. Therefore, in Embodiments

[
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1 through 3, it is not necassary that the number of errors
which are made when an apparatus not compatible tTo the bit
inversion processing of the first conversion mede performs
inverse conversion is at least 1/2 of the minimum free
distance.

[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 intc 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 cycle can both be sclved.

(EMBODIMENT 7)

0Les] FIG. 29 is a block diagram shewing an information
reproducing apparatus 200 according to Embodiment 7 of the
present invention. The information reproducing apparatus 200
includes an optical pickup 151, an information reproducing
section 1852, a conversion section 183, an errox corr@ctién
saction 154, an address detection section 155, and a

determination section 156. The information reproducing
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apparatus reproduces address information by collecting laser
light to the information recording mediwm, and reproduces
user data or the like from the informaticn recording medium
based on the reproduced address information.

[o1se] When an optical disc 150 i1s 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 conversion sgectlion
153. The optical pickup 1851 irradiates the optical disc 150
with a light beam, generates a reproduction signal from the
light reflected by the optical disc 150, and outputs the
reproduction signal to the information reproducing section
152, The information reproducing section 152 reproduces
conversion informaticn 21 recorded on the optical disc 150
based on the reproduction signal, and outputs reproduction
conversion information 22 to the conversion section 153.
[oie7] The conversicn section 153 performs kit inversion
30 for reproduction {inverse conversion to the bit inversion
processing 20). The conversion secticen 153 performs

conversion on the reproduction conversion information 22 by a
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conversion method (bit inversicn 30 in accordance with the
type of the optical disc 150 determined by the detsrmination
section 156, generates vreproduction coded information 12
(FIG. 2B), and outputs the reproduction coded information 12
to the error correction section 154. The error correction
gection 154 corrects errors included in the reproduction
coded information 12 to generate correction-coded information,
and outputs the correcticn-coded information to the address
detection seqtion 155, The address detection seétion 155
reprodﬁces address information 10 from the correction-coded
information.

ro188] .Here, it is assumed that address information is
recorded on the optical disc 150 by the method shown in
FIG. 8A. The information reproducing section 152 reproduces
the reprocuction conversion information 22  from  the
reproduction signal and outputs the reproduction conversion
information 22 to the conversion secticn 153. The conversion
section 153 vperforms bit inversion 30 on the reproduction
conversion information 22 in accordance with the

determination result from the determinatlicon section 156. The
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conversion section 183 performs conversion of inverting all
the bits of each of eight symbols {e; through e,, es through
e3) of the reproduction conversion information 22 to obtain
symbols {(E; through ¥4, Ee¢ through Ei3). Thus, reproduction
conversion information 12 including symbols.(Eg through Eia)
is obtained. The generated reproduction coded information 12
is output tec the error correction section 154. The error
correction section 154 corrects errors included in  the
repreduction coded information 12 to generate correction-
coded information, and outputs the correction-coded
information to the address dstection section 155, The
address . detection section 155 reproduces the address
information 10 from the correction-coded informatiocn.

NNy 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 1B0 is recorded, will be described. The optlcal
disc 150 and the optical disc 150' may be different from each
other in the recording capacity.

[G190] Here, i1t is assumed that the address information is
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recorded on the optical disc 150' by the procedure of
generating the conversion information shown in FIG. 33,

[G19l] The determination section 156 determines the type
of the optical disc 150' and outputs the determination result
to the conversion secticon 153. The information reproducing
section 152 reproduces reproduction conversion information 22
(FIG. 3B) from +the reproduction signal and outputs the
repredﬁction conversion information 22 to the conversion
section 153, The conversion section 153 performs Dbit
inveﬁsion 30 on the reproduction conversion infermation 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 siz
symbols (s through es.) of the reproduction conversion
information 22 to obtain symbols (Ee¢ through Eig). Thus,
reproductioﬁwﬁcoded information 12 including symbols (B

through Ejps) is obtained.

[G152] The generated reproduction coded information 12 is
output to the error correction section 154. The error
correction section 154 corrects rrors included 1in the
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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 address information
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
of optical discs, on which address information converted by
different conversion methods f£rom one another are recorded,
can be realized.

ro1a4) Tn the case where the conversion methods for the
optical discs are merely different in the pesitions of the
symbols to be bit-inverted, the above-mentioned apparatus can
be strﬁctured with the increase of the circuit scale being
suppressed Tto a very low lsvel.

[0185] The determination section 156 may determine the
type of the optical disc 150 using the difference in a

chysical property such as the reflectance of the optical disc
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180 or the like, usin information recorded in a burst
cutting area cor the like, or using other known methods.

{0196] The determination ssction 156 may determine the
type of the optical disc 150 based on the number of symbels
correctad by the errér correction section 154. This may be
performaed by comparing the number of symbols corrected by the
errcr correction section 154 and the number of times the
correction 1s impessible when the determination section 156
outputs the determination result on the optical disc 1BQ to
the conversion section 1853, against the number of symbols
corrected by the error correctlon section 154 and the number
of times the correction ls impossible when the determination
section 156 ouiputs the determination result on the optical
disc 150' to the conversion section 153, The optical disc
with a smaller wvalue of eilther the number of symbols or the
number of times may be set as the determination result; the
number of times the correction 1s impossible may be
prioritized; or the number o¢f times the correction is
impossible may be converited into the number of symboi errors

exceeding the correction capablility of the error correction
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code, in which case the determination is made based on the
total of the results.

r61577 Where the type of the optical disc has not been
determined, coded information may be first generated by
verforming one of the inverse cenversion to the £first
conversion mode and the dinverse conversion to the second
conversion mode on the reproduction conversion information
reproduced from the optical disc. Then, error correction is-
performed on the generated coded information. When The
number of errors is at least 1/2 of the minimum free distance
af the error correction code, the other inverse conversion is
verformed on the conversion 1nformation. Thus, address
information can be generated.

161987 The conversion section 153, the error correction
section 154, the address detection section 1585 and the
determination section 156 are typically realized as an LSIT,
which is an integrated circuit.

10199] An apparatus which does not have a function of
performing bit inversicn described in Embodiment 1 has &

structure obtained as a result of excluding the conversion



saection 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 1s output
from the information reproducing section 152 to the error

correction section 154,

(EMBODIMENT 8}

192007 Now, an operation made when incorrect conversion is
performed on the optical disc 150 or the optical disc 1507
will be described. FIG. 30 shows an operation made when
conversion which should be performed on the optical aisc 150
is performed on the optical disc 150°%.

[0201] It is asgsumead that reproduction conversion
information 22 reproduced from the optical disc 1B0' includes
no error. The c¢onversion which should ke performed on the
optical disc 150 (bit inversion 30) 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 (Eg through Eiz), the

reproduction coded information 12a i1ncludes four symbol
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errors e, es3, ez ei4). The numper of errors which can bs
corrected by the error correction code is three cr smaller.
Therefore, the error correcticn section 154 detects that the
reproduction coded informatlion 12a 1s not correctable, and an.
error 23 is detected without the address information 10 being
reproduced.

102027 En operation made when c¢onversion which should be
performed on the optical disc 150 1s performed on the
optical disc 150 is substantially the same as the operation
described above with reference to FIG, BB,

10203] It is assumed that reproduction conversion
infeormation 22 reproduced from the optical disc 180 includes
ng error. The conversion which should be performed on the
opti;ai disc 150' is performed on the reproduction conversion
information 22 by the conversion section 153 to generate
reproduction coded information 1Z2a. As compared with the
code word {Eys through E.4), the reproducticn coded information

122 includes four symbol errors (e, &3, 24, €14). The number

by

of errcrs which can be corrected by the error correction code

ot
i

three or smaller. Therefore, the errcr corrsection section



184 detects that the reproducticon coded information 12a is
not correctable, and an error 23 is detected without the
address information 10 being reproduced.

[0204) A reproduction operation of an apparatus, described
in Embodiment 3, which is compatible to the bit inversion
processing of the second conversion mede but not compatible
to the bit inversion processing of the first conversion mode
iz substantially the same as above.

[0205] Now, general conditions, under which incorrect
address information is prevented from being reproduced even
when correct conversion is not sslected for the optical disc
156 or lSO',IWill be described in detail with reference to
FIG. 31 and FIG, 32.

[0208] FIG. 31 shows conclitions for preventing
reproduction from a first optical disc. ¥1G. 31 shows
address information 220, coded information 221, conversion
information 222, and reproduction coded information 223.
FIG. 32 shows conditions for preventing reproducticen from a
second optical disc. FIG., 32 shows address information 225,

coded information 226, conversion information 227, and
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reproducticn coded information 228.

(02073 The address information 220 is error-correction-
coded by an error correction code B to generate the coded
informaticn 221, The conversion informetion 222 obtained by
performing conversion M on the coded information 221 is
recorded con the first optical disc.

(02081 The address information 225 is error-correction-—
coded by an error correction code ¥F o generate the coded
infermation 226. The conversion information 227 obtained by
performing conversion N on the coded information 226 1is
recorded on the second optical disc.

1020973 In order to prevent the first opt}caln disc from
being reproduced as a result of being mistaken as the second
information, the distance between the reproduction coded
information.223 obtained by performing inverse conversion N?
to the conversion ¥ on the conversion infcrmaticn 222 and the
codad information 221 should exceed the correcticn capapilit

of the error correction code E.

[06210) In order to prevent the szsecond optical disc from

being reproduced as a result of being mistaken as the first
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information, the distance between the reproduction coded
information 228 obtained by performing inverse conversion M'
to the conversion M on the conversion informaticn 227 and the
coded information 226 should exceed the correcition capability

of the error corrsction code F.

[0221] In Embodiments 7 and 8, the Reed-Solomon code RS
{15,8,8) is 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-Solomeon code RE {15,9,7) is usable.

gz12) in Embodiments 7 and 8,

ot

is not absclutely

=N

necessary to use the same error correction cede for the twe
optical discs. For example, Reed-Solomon codes having
different code lengths may be used as long as such Reed-
Solomon codes are defined by the same generator polynomial
expression. In this case-also, the same error correction
saction 154 is usable, and increase of the circuit scale can
be suppressed.

[C213§ In Fmbodiments 7 and 8, all the bits of prescribed

symbols are inverted as a conversion method. Any other
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conversion method which allows inverse conversion ls usable
to provide substantially the same effects.

(0214] In Embodiments 1 through 8, address information may
ne recordsed by a different method from user data by wobbling
of the track or the.like, or may be recorded on the track by
the same method as user data.

[0215) £1G. 33 is a block diagram showing an information
rgcording apparatus 300 for recording address infermation.
The information recording apparatus 300 records conversion
information 21 obtained by bit inversion as an AUN (Address
Unit Number) address. The AUN address is inserted into user
data and recorded on the optical disc logether with the user
data.

0216} The information recording apparatus 300 includes a
recor@ing section 2851, a coding section 252, an inversion
section 2%3, a conversion section 254, and a modulation

saction 255,

(o217} To the coding section 252, address information is
input. The coding section 252 periforms error correction
coding on the address information to generate coded

45



information, and outputs the coded information to the
inversion section 253. The inversion secticn 253 inverts
prescriped symbols of the coded information to generate
conversion information, and outputs the conpversion
information to the modulation section 255.

i0218] To the conversion section 254, user data is input.
The conversion section 254 performs scrambling o©r error
correction coding on the user data to generate recording data,
and outputs the recording data to the modulation section 255.
02191 The modulation section 255 modulates the conversion
information andg the recording data, and adds a
synchronization mark or the like thereto, to gensrate a
recording bit streamnm. Then, the modulation section 255
outputs the recording bit stream to the recording section 251.
The recording section 251 outputs laser light to the optical
disc 250 in accordance with fh@ recording kit stream and thus
forms marks and spaces on the track of the optical disc 250.
(022073 The scrambling performed by the conversion section
254 may use the entirety or a part of the address information

as a ssed.



[0221] The error correction <c¢oding performed by the
conversion section 254 may also be performed on the
conversion information together with the user data.

[0222] Orher information may be added tc the conversion
information. Other types of error correction coding may be -
performed additionally.

(62231 Where the disc 250 3is a reproduction-conly disc,
pits are formed on the disc 250.

[0224] Now, a methed for recording conversion information
21 obtained by bit inversion on an optical disc as & wobble
address {(ADIP) will be described,

02257 FIG. 34 shows a production methed of an optical
disc 150. The production method of the optical disc 150

(information recording medium) includes a mastering process

tdy

of orming a stamper (press form) wused for molding a
substrate and a replication process of moiding the substrate
using the stamper.

(0z22q0] FIG. 34(a) shows a glass master disc 171 having a

resist 172 formed thereon. A liguid photoresist is formed as

a layer on the glass master disc 171 by spin-cecating, and
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exposaed and developed. Thus, the resist 172 having concave
portions 173 is obtained.

[G227] .In the case of a stamper for producing a ROM
information recording medium, the concave portions 173
correspond to pilts. In the case of a stamper for producing a
write once or rewritable information recording medium, the
concave porticns 173 correspend to grooves. In the case of a
stamp@r for producing an information recording medium having
both pits and greoovas, the concave portiocns 173 correspond to
both ©f the pits and the grooves. In an 1information
recording medium, at least cne 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} Feferring to FIG. 34(b}, the glass master disc 171
having the resist 172 formed thereon is plated with Ni ox
other metal to form a metal plating layer 175, The metal
plating layer 175 is pseled off from the glass master disc

171 and is used as a stamper. The stamper has pits and/ox
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grooves 173 transferred therson.

[G229] PLG. 35 shows a wobble form 180 <f a groove 173,
The wobble form 180 includes a first form 181 and a second
form 182, which are both sawtooth-like. The first form 181
has gentle rises and steep falls, whereas the second form 182
has steep rises and gentle falls. For example, one of the
first form 181 and the second form 182 represents "1" and the
other represents "0". By forming the groove 173 having the
first form 181 and the second form 182 in combination,
address information (conversion information 21) 1s recorded
on the optical disc 150,

(02301 Next, referring to FIG. 34{(c}, the pits and/or
grooves 173 of the stamper 175 are transferred to a melted
plastic material by injection molding of the like, and thus a
substrate 161 having the pits and/or grooves 173 formed
thereon is-cbtained.

[0231] Cn the substrate 161 obtained in this manner, a
recording layer, an intermediate layer, a cover layer and the
like are Zormed. Thus, the optical disc 150 is obtained.

(02327 In Embodiments 1 through 8, address information is
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described as a target of bit inversion. The present
invention is applicable to infeormation other than address
information, or a combination ¢f a plurality of types of
information. For example, the present inventicn. 1s
applicable to a combination of address Information and
additicnal information other than address information.

(02331 In FEmbodiments 1 through 8, the number of errors
which can be corrected by an error correcticn code may be O,
and the error cgorrection code may be used as an erroxr

detection cocde.

{EMBODIMENT 9)

[0234] Hereinafter, as an exampﬁe of z case to which the
present invention is applicable, optical discs of different
formats, for example, of different recording densities will
be described. For example, there are an optical disc of a
first recording density of a format corresponding to an
apparatus, and an optical disc of a second recording density
of a format not corresponding toe the apparatus. According to

the present invention, different formats are not necessarily
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different recorcding densities.

202353‘ 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-RCM 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 Ohmsha,
Ltd. or the white papers put on the web site of the Blu-ray
\gscciation (hittp://www.blu-raydisc.com/).

[0236] Now, main parameters of a BD will be described.
For the BD, laser light having a wavelength of 405 nm (where
the toclerable errcr range is 5 nm, 400 to 410 nm) and an
chbjective lens having an NA of 0.8% (where the tolerable
error range is 0.0l nm, 0.84 to 0.86) are used.

(02377 The track pitch of the BD is 0.32 pm, and one or
two recording layers are provided. One or two 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 1s 75 uym To 100 pm.

105



[CZ2381 As the modulation system for a recording signal,
17PP modulaticn is used. The shortest mark length to be
recorded (2T mark) 1s 0.14% um (channel bit length T:
74,50 nm).

[023¢] The recording capacity 1s 25 GB loxr 27 &B) (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.

[0240] The channel clock freguency is 66 MHz (channel bit
rate: 66.000 Mbits/s) at the BD standard rate (BDIix), 264 MHz
{channel bit rate: 264.000 Mbits/s) at the 4x rate {BDix),
396 MHz {channel bit rate: 3%6.000 Mbits/s) at the 6éx rate
(BDEx) rate, and 528 MHz (channel kit rate: 528,000 Mbits/s)
at the 8x rate (BDBx).

[0241] The standard linear welocity (reference linesar
velocity, 1z} is 4.917 m/sec. The linear velocity at Zx, 4%,
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 veloclty 1s generally a positive
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integral multiple of the reference liner velccity, but i1s not
limited to an integral multiple and may be a positive real
number mueltiple of the reference liner velocity. A linear
velocity lower than the reference liner velocity, such as 0.5
times (0.5x}, may zlso 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
cptical disc of the BD format which has a larger recording
capacity per layer than 25 GB {or 27 GB)) will be considered.
(02433 hs seen from the recent increase of size of data to
be recorded, which is csused by, for example, high definition
broadcast, reccrding nmediums are aiways desired to have a
larger capacity and a higher density. One method for
increasing the recording density of a BD which has &
recording capacity per layer o£.25 GB 1is, 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 viewpolint of
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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.

102441 Hence, as an example of an optical disc having a
second recording density, an optlcal disc having an lmproved
recérding density as compared to the 25 GB BD with no change
in the wavelength, numerical aperiure, track pitch or the

like (having a shorter channel bit length) will be considered.

(02457 F7G. 36 shows a physical structure of an optical
disc 1 having the second recording density. On the discus-

shaped optical disc 1, a great number of tracks 2 are formed
concentrically or in a spiral, for example. In each track 2,
a great number of tiny sectors are formsd. As described
later, data 1s recorded on each track 2 in units of blocks 3
each having a predetermined size, as described later.

[0z24¢] The optical disc 1 having the second recoxding
density has an expanded recording capacity per information
recerding laver 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
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linear density, for example, by decreasing the length of a
recording mark reccrded on the optical disc. Here, the
expression "raising the recording linear density™ means to
decreage the channel kit lengih. The "channel bit length”
refers to a length corresponding to cycle T of the reference
clock for recording a mark. The optical disc 1 may_include a
plurality of layers. 1In the following, only one information
recording layer will be described for the convenience of
explanation. Even where the width of the track is the same
smong a plurality of layers provided in the optical disc, the
recording linear density may be varied on a layer-py-layer
basis by changing the mark length on a layer-by-layer basis
according to a certain manner.
T0247] The *track 2 is divided into blocks by a data
recording -unit of 64 kB {kilobvtes), -and the Dblocks are
sequentially assigned block address values. Bach block 1is
divided into 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.

[02448] Now, the recording density will ke described with
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reference to FIG. 37A, FIG. 37B, FiG. 38 and FIG. 39.
FIG. 37A shows a 25 GB BD, which is an example of an optical
disc having the first recording density. For the'BD, the
wavelength of laser light 323 is 405 nm and the numerical
aperture (NA} of an cbiective lens 340 is 0.85.  Like in a
DVD, in the BD also, the recording data 1s recorded as marks
320 and 321 formed by a physical change on the track 2 of the
optical disc. A mark having the shortest length among these
marks is referred te as the "shortest mark". In the figure,
the mark 321 is the shortest mark (2T).

10249] In the case of the 25 GB BD, the physical length of
the shortest mark Sél is 0.149 um. This corresponds to about
1/2.7 of that of a DVD. Even 1f the resolving power cof the
laser light is raised by changing the wavelength pargmgt@r
(405 nm} and the NA parameter (0.85) of the coptical system,
the physical length of the shortest mark is close ﬁo 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 siream recorded on the

track ls irradiated with a light beam. In the BD, an optical
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spot 330 has a diameter of about 0.3% pm Dbecause of the
above~mentioned parameters of the opticel 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 diameter of the optical spot 330,
and therefore the resolving power for reproduction is
declined.

10251 For example, FIG. 37B shows an exampls of an
optical disc having the second recording density, which is
higher ihan the récording density of the 25 GB BD. For this
disc also, the wavelength of the laser light 323 is 405 mm
and the numerical aperture (NA} of the objective lens 340 is
$.85. A& mark shortest among the marks 325 and 324, namely,

the mark 325, has

4

physical length of 0.1115 um. As

compared with the BD shown in FIG. 37R, in

o
fmy
0]

disc in
FIG. 378, the diameter of the spot 1s the same at about
0.39 pm but the recording mark is smaliler and the inter-mark
gap is narrower. Therefcre, the  resolving power for
raproduction is declined.

(02521 An anmplitude of a reproduction signal obtained by



repreducing a recording mark using a light beam decreases as
the recording mark is shortensad, and becomes almost zero at
the limit of the optical resclving power. The inverse of the
cycle of the recording mark is called "spatial frequency",
and the relationship betwesn the spatial freqguency and the
signal amplitude is called OTF (Cptical Transfer Function).
The signal amplitude decreases almost linearly as the spatial
freguency increases. The critical frequency for reproduction
at which the signal amplitude becomes zero 1is called "OTF
cutoff™.

[0253] FIG. 39 shows the relationship between tThe OTF and
the shorteét recording mark regarding the 25 GB BD. The
gspatial frequency of the shortest recording 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
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 freguency of the
shortest recording mark is the OTF cutoeff, i1.e., the

recording capacity at which the reproduction amplitude of the



shortest mark 1is almost zero, is about 31 GB. When the
freguency of the reproduction signal of the shortest mark is
around, or exceeds, the OFF cutoff fregquency, the resolving
power of the laser light is close to the limit or may exceed

the

i—J
[
=

[
F

In such an arsa, the amplitude of ths
reproduction signal decreases and the S§/N  ratico is
drasgtically deteriorated.

10254] With the recording density which is assume& for the
high density optical disc having the second recording density
shown in FIG. 378, the freguency of the shortest mark of the
reproduction signal is in the vicinity of the OTF cutoff
{including & case where the frequency 1is @quél to or lower
than the OTF cutoff, but is not significantly lower than the
OTE cutoff) or equal to or higher than the OTF cutoff.

0255 As the recording capacity, the follewing can be
considered. In the case where the {reguency is in the
viginity of the OTF cutoff, the recording capacity nmay be,
for example, about 29 GB (s.g., 29 GB £ 0.5 GB or 29 GB %
1 GB, etc.}, equal to or larger than 2% GB, about 30 GB (e.g.,

30 GB + 0.5 GR or 30 GB £ 1 GB, =etc.), egual to or larger



than 30 GB, about 21 GB (e.g., 31 GB £ 0.5 GB or 31 GB + 1 GB,
ecc.}, egual to or Jlarger than 31 GB, zbout 32 GB (e.g.,

A2 GB + 0.5 GB or 32 GB £ 1 GB, etca.), or egual to or larger

than 32 GB. In the case wherz the freguency is egual 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.), equal to or larger than 32 GB, about 33 GB (e.g.,
33 GBR £ 0.5 G68B or 32 GB + 1 GR, etc.), egqual toc or larger
than 33 GB, about 33.3 GB {e.g., 33.3 6B *+ 0.5 &B or 33.3 GB
+ 1 GR, etc.), egual to or larger than 33.3 GB, about 34 GB
‘e.g., 34 GB * 0.5 GB or 34 GB * 1 GB, etc.), egual to or
larger than 34 GB, about 35 GB (e.g., 35 GB % 0.5 GB or 35 GB
+ 1 GB, etc.), cor egual to or larger than 35 GB.

[0256] FIG. 40 shows an example 1n which the spatial
frequency of the shortest mark (27) is higher than the OIF
cutoff frequency and the amplitude of a 2T reproduction
signal is 0. The spatial fregquency of the shortest mark, 2T,

is 1.12 times of the OTF cutoff frequency.

102573 The relationship among the wavelength, the

numerical aperture, and the length of a mark/space in the
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high recording the second recording density is as follows.

[0Z258] Where the three parameters, i.e., the laser light
wavelength A (405 nm * 5 nm, i.e., 400 through 410 nm}, the
NE& {(0.85 4+ 0.01, i.e., 0.84 through 0.86), and the length P

=

of the shortest mark + the shortest space (in the case of 17
modulation, P = 2T + 2T = 47T} are used, when the reference T
decreases to fulfill P < A/2NA, the OTF cutoff freguency is
exceeded.

t0259] The reference T corxresponding to tThe OTF cutoff
frequency when NA = 0.85 and A = 405 nm is:

T = 405/(2 » 0.85)/4 = 59.558 nm.

[0260] As described above, an opticai 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 8/N ratic 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 is, for

example, 33 GB, addresses for the part after 25 GB (addresses

[



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 Lor an

optical disc of a format not compatible theretc may

malfunction. The present invention can prevent such a
malfunction.
[0261] As described above, a recording method according to

the present invention comprises the steps of perforﬁing first
conversion of bit-inverting at least one symbel of a code
word ceded using an error correction code and including &
plurality of symbols to generate conversion information; and
recording the conversion information on a first recording
medium. The first conversion 1is set such that a distance
between first information obtained by performing inverse
conversion tc 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, 1s

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

correction code.
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i0262] hccording to an embodiment, the first conversion

bit-inverts m number (m is an integer) of consecutive
symbhols,
[0263] According to an embodiment, the first conversion

zllows at least one non-bilt-inverted symbol to. be present

among a prescribed m number (m is an integer) of bit-inverted

symbols.

[0264] According to an embodiment, the second conversion
bit-inverts symbols C{9) through C(14) of a code word
including symbol C{i) [1 = 0, 1, 2, ... 14].

02657 According to an embodiment, the first conversion

generates conversion infofmation to be recorded on the first
recording medium; and the second conversion generates
conversion information to be reccrded on a second recording
medium having a different recording capacity from that of the
first recording medium.

502665 According to an embodiment, the first conversion
doss not bit-invert the symbol C(14).

10267 According to an embodiment, the information coded

using the error correcticn code includes at least address



information; and the first conversion Dbit-inverts a symbol
including the least significant Dbit of the address
information.

[02568] A recording nmnethod according to the present
invention comprises the steps of performing first conversion
of bit-inverting m number {1 €< m < n; m is an integer) cof
symbols at prescribed positions of a code word coded using an
erroy correction code and including symbol{i) {1 = 0, I
2, n; n 1is an integer] to generate conversion
infermation; and recording the conversion information on a
first recording medium. The first conversion is set such
that a distance between first Iinformation obtained by
performing inverse conversion to the first_conversion on the
conversion information, and second information obtained by
performing inverse convarsion tb second cbnversionr which
bit-inverts 3 number (1 £ J < n; 1 is 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.

(02697 An information recording medium according to the



present invention Thas conversion information  recorded
thereon, obtained by bit~-inverting m number {1 £ m < n; m is
an integer} of symbols of a code wofd including symbol Ci1)
[1 =G, 1, 2, ... n; n is an integexr).

(02701 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 symbel to be
present among a prescribed m number of bit-inverted symbols,
and are divided inte %k number (k is an integer of 2 or
greater) of symbol groups which are not adjacent to each
other.

[02711 According to an embodiment, among the k number of
gsymboel 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] hccording to an embodiment, one of the k number of
symbol groups includes symbol C(2) .

[0273] According to an embodiment, one of the k number of
symbol groups includes symbol C{3} .

[oz74s According to an embodiment, one of the k number of
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symbol groups includes symbol C{12) .

FOZ275] According to an embodiment, the number of the
gymbol groups is 3 or greater; and one of the symbol groups
includes symbols C(2) and C(3).

[(0276] - An informaticn recording medium according to the
present invention includes information in which symbol C(Z)
and svmbol C(12Z} are bit-inverted, and symboi C{5) and symbol
C{l4) are not bit-inverted.

(02771 A reproducing method according. to the present
inventicn is for reproducing information from the flrst
information recording medium having address information
recorded by the above-described recording method, by which
the recorded address information is reproduced by collecting
laser light on the first information medium, and reproduction
iz performed from the information recording medium based on
the address informaticon.

(02781 = According to an embodiment, where the number of
errors ¢f coded information obtained by performing one of
inverse conversion to the first c¢onversion and inverse

conversion to the ssecond conversion on  the conversion



information reproduced from the first recording medium is at
least 1/2 of a minimum free distance of the error corrsction
code, the other of the inversse conversion to the first
cenversion and the inverse conversion to the second
conversion is performed on the conversion information.

[6279] An information recording method according to an
embodiment“of the present invention comprises the steps of
performing error correction coding on recording information
with a cyclic code or an error correcticn code obtained by
shortening the cyclic code o generate coded information;
performing prescribed conversiocn on the coded information to
generate conversion information; and recording the conversion
information on a recording medium. The prescribed conversion
iz such that a distance between first shift information
obtained by shifting the conversion informaticon by one symbol
in a cyvclic manner and performing inverse conversion to the
prescribed conversion, and second shift information obtained
by shifting the information by cne symbol in a cyclic manner
in the same direction as the first shift information, i1s at

least 1/2 of a minimum fres distance of the errocr correctlion
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code.

{02801 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 minimunm free
distance of the error correcticn code.

[CZ281] Adccording to an embodiment, the prescribed
conversion performs axclusive-OR operation of a prescribed
symbel of the information and a prescribed value.

[(C282] Accerding to an embodiment, the prescribed
conversion performs exclusive-OR operation of prescribed
symbols of the information and a prescribed value determined
for each of the symbols.

(0283 According to an embodiment, the prescribed
conversicon exchanges arrangement orders of prescribed symbols
of the information.

roze4} hocording 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 errcr correction ceding on recording information
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with & oyelic 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; and
racording means for recording the conversion information on a
recording medium. The prescribed conversion is such that a
distance between first shift information obtained by éhiiting
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, 1s at least. 1/2 of
a minimum free distance of the error correction code.

10286] An embodiment of the present invention provides an
information recording medium, on which conversion information
is recorded, the conversion information being obtained by
performing error correction coding on recording 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



information. The prescribed conversion 1is 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

s minimum free distance of the error correction code.

oy

02871 An embodiment of the present invention provides an
information reproducing apparatus comprising reproducing
means for reproducing, from a recording medium, information
recorded on the recording medium after being error-
correction-coded and | converted; conversion means for
performing inverse conversion on the information to generate
conversion information; error correction means for performing
error correction on the conversion information; extraction
means for extracting recording information from  the
conversion information which 18 corrected by the errox
correction means; and determination means for determining the

type of the recocrding medium, The conversion means performs



the inverse conversion in accordange with the type of the
recording medium determined by the determination means.

[0Z288] According to an émbodiment, the determination means
outputs different determination results seguentially to the
conversion means, and selects a determination result based on
the number of errors corrected by the error correction means.
[CZ289] 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 caﬁnot make an
error correction.

025907 According to an embodiment, the determination means
cutputs different determination results sequentially to the
conversion means, and selects a determination result based on
the number of errors corrected by the errxor correctlon means
and the number of times the error correction means cannoct
make an 2rror correchtion.

(02911 Ain embodiment of the present invention provides an
integrated circuit comprising conversion means for performing,

on information recorded on a recording medium after being
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error-correction-codad and converted, inverse conversion to
generate conversion information; errcr correction means for
performing error correction on the conversion informati@ﬁ;
extraction means for extracting recording information from
the conversion information which 1s corrected by the error
correctlon means; and detéﬁmination,means“fox determining the
type of the recording medium. ‘The conversion means performs
the inverse conversion in accordance with the type of the

recording medium determined by the determination means.

INDUSTRIAL APPLICARILITY

[(0292] The present invention is especially useful in the
technological field of an optical disc for recording error-

correction—coded information.
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Claims

1. An information recording medium, wherein conversion information, obtained by
inverting all bits of each of m numbers (2:5m<n; m is an integer) of symbols of an error
correction code word including symbol C(i) [i=0, 1, 2, . .. n; n is an integer], is recorded by a
wobble form of a track,

the error correction code word is obtained by coding on address information of the
information recording medium with an error correction code which is a cyclic code,

at least one non-bit-inverted symbol is presented among m numbers of bit-inverted
symbols,

a plurality of bit-inverted symbols are divided into k number (k is an integer of 2 or
greater) of symbol groups which are not adjacent to each other,

at least one of the symbol C(0) and the symbol C(n) is a non—bit—in.verted symbol, and

a number which is 2 times k is larger than the number of symbols which can be

corrected by the error correction code.

2. A reproducing apparatus for reproducing information from the information recording
medium of claim 1, the reproducing apparatus comprising an information reproducing section,

wherein the information reproducing section reads the conversion information from
the wobble form of the track by using the laser light, |

the information reproducing section performs bit inversion processing on symbols of
the conversion information located at the same positions as the m numbers of bit-inverted
symbols to generate address information, and

the information reproducing section reproduces information from the information

recording medium based on the address information.
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3. A recording apparatus for recording information on the information recording
medium of claim 1, the recording apparatus comprising an information recording section,

wherein the information recording section reads the conversion information from the
wobble form of the track by using the laser light,

the information recording section performs bit inversion processing on symbols of the
conversion information located at the same positions as the m numbers of bit-inverted
symbols to generate address information, and

the information recording section records information on the information recording

medium based on the address information.
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ABSTRACT
According to the present invention, when an apparatus
performs reproduction from an optical disc of a fcrmaf not
compatible to the apparatus, .the apparatus is prevented from
obtaining an  incorrect address . .and thus causing a
malfuncﬁion. A recording method ac;ording to the present

invention performs first conversion of bit-inverting m number

[

=m < n; man integer) of symbols at prescribed pesitions
of a‘cod@ word coded using an error corfection.code by a
Reed~Solomon ccde.and including symbol C(1) [4 = 0, 1, 2,
n; n ils an inﬁeger} tc generate conversion information; and
records the conversion information on a first recording
mediam, The first conversion is set such that a distance
between first information obtained by performing inverse
conversion to the first conversicon 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 minimam free distance of the error

correction code.
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