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DATA RECORDING METHOD, RECORDING 
MEDIUMAND REPRODUCTION APPARATUS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 1 1/928,714 filed Oct. 30, 2007, which is 
a continuation of U.S. application Ser. No. 1 1/846,708, filed 
Aug. 29, 2007, now U.S. Pat. No. 7,493.546, which is a 
continuation of U.S. patent application Ser. No. 1 1/379,315, 
filed Apr. 19, 2006, now U.S. Pat. No. 7,281,191, which is a 
continuation of U.S. patent application Ser. No. 1 1/366,140. 
filed Mar. 2, 2006, now U.S. Pat. No. 7,272,772, which is a 
continuation of U.S. application Ser. No. 10/484,016, filed 
Jan. 15, 2004, now U.S. Pat. No. 7,111.222 which is a S371 (c) 
of International Application No. PCT/JP02/07232, filed Jul. 
16, 2002, and also claims priority to Japanese Application No. 
2001-220510 filed on Jul.19, 2001, the entire disclosures of 
which are incorporated herein by reference, and is related to 
sibling U.S. application Ser. Nos. 1 1/379,314 filed Apr. 19, 
2006, now U.S. Pat. No. 7,284, 180, Ser. No. 1 1/846,702 filed 
Aug. 29, 2007, Ser. No. 1 1/928,582, and Ser. No. 11/928,671 
both filed Oct. 30, 2007. 

DATA RECORDING METHOD, RECORDING 
MEDIUMAND REPRODUCTION APPARATUS 

Technical Field 

0002 The present invention relates to: a data recording 
method used when data, Such as AV data and computer data, 
is recorded onto a recording medium, Such as a DVD; the 
recording medium storing the data; and an apparatus for 
reproducing the data from the recording medium. 

BACKGROUND ART 

0003 Conventionally, an error correcting code, such as a 
Reed-Solomon code, has been used to correct errors on a 
recording medium, such as a DVD, caused by defects of the 
medium, or dust or scratches attached on the disk Surface. 
0004 Recently, in the field of digital video recording, 
research has been developed toward the next-generation 
DVDs having higher density and greater capacity than con 
ventional DVDs. In such research, as the density of a record 
ing medium is increased, there is a demand for a reduction in 
the influence of burst errors due to dust or scratches. 
0005 To meet such a demand, a recording method has 
been proposed in, for example, Kouhei Yamamoto et al., 
"Error Modeling and Performance Analysis of Error-Correct 
ing Codes for the DigitalVideo Recording System (Part of the 
Joint International Symposium on Optical Memory and Opti 
cal Data Storage 1999-Koloa, Hi. July 1999 SPIE Vol. 3864, 
pp. 339-341)'. In this method, two error correcting codes are 
interleaved so as to improve a capability of correcting burst 
COS. 

0006 Another data recording method, in which two or 
more error correcting codes are interleaved, is disclosed in 
detail in Japanese Laid-Open Publication No. 2000-40307. 
0007 FIG. 9 is a schematic diagram showing a conven 
tional construction of error correcting codes in Yamamoto et 
al. 
0008. As shown in FIG.9, user data of about 64 Kbytes is 
divided into 304 columns of 216 bytes each, which are 
referred to as an information portion. A parity of 32 bytes is 
added to each information portion to form a first error cor 
recting code 901. The first error correcting code 901 is 
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encoded using Reed-Solomon codes over the finite field GF 
(256). A component symbol is a minimum element constitut 
ing a code and has a length of 1 byte. 
0009. The correction capability of the first error correcting 
code 901 is evaluated as follows. 
(0010 Generally, 

is established where d represents the minimum distance 
between each code and t represents the possible number of 
corrections. 
0011 Each first error correcting code 901 contains a 
32-byte parity. The minimum distance between two first error 
correcting codes is 33. Therefore, according to the above 
described relationship, the first error correcting code 901 has 
correction capability of correcting any up to 16 (byte) errors 
in the code length of 248 (bytes). 
0012. In the correction process, when an error position is 
known, information on the known error position can be used 
to perform erasure correction. Erasure correction is a method 
in which when a certain code is subjected to a correction 
operation and an erroneous component symbol (the minimum 
unit of a code) is known in advance, the component symbol is 
assumed to be erased and the erased component symbol is 
calculated from the remaining component symbols. When 
error positions are known, the erasure correction can enhance 
the correction capability by a factor of up to 2. 
0013 This can be explained by the following relationship: 

de2xt--e-1, 

where d represents the minimum distance between each code 
andt represent the number of corrections, and e represents the 
number of erasure corrections. 
0014. In the case of the first error correcting code 901 
where the minimum distance d=33, if all corrections are 
performed by erasure correction (i.e., t-0), up to 32 (bytes) 
component symbols can be corrected (e=32). 
(0015. As shown in FIG. 9, control data of 720 bytes is 
divided into 24 columns of 30 bytes each, which are referred 
to as an information portion. A parity of 32 bytes is added to 
each information portion to form a second error correcting 
code 902. The second error correcting code 902 is encoded 
using Reed-Solomon codes over the finite field GF (256). A 
component symbol is a minimum element constituting a code 
and has a length of 1 byte. Note that the 720-byte control data 
contains address information and the like used when the user 
data is eventually recorded onto an optical disk. 
0016 Each second error correcting code 902 also contains 
a 32-byte parity. The minimum distance between two second 
error correcting codes 902 is 33 as in the first error correcting 
code 901. Therefore, the second error correcting code 902 has 
correction capability of correcting any up to 16 (byte) errors 
in the code length of 62 (bytes). The number of corrections of 
the second error correcting code 902 is the same as that of the 
first error correcting code 901 (16 (bytes)). However, since 
the second error correcting code 902 has a shorter code length 
than that of the first error correcting code 901, the correction 
capability of the second error correcting code 902 is higher 
than that of the first error correcting code 901. 
0017. In this manner, the first error correcting codes 901 
and the second errorcorrecting codes 902 are constructed and 
are then interleaved along with a synchronization signal 903 
to generate data streams which are in turn recorded onto a 
recording medium. 
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0.018 FIG. 10 shows a structure of a data stream in which 
the conventional first error correcting codes 901 and second 
error correcting codes 902 shown in FIG. 9 are interleaved 
along with a synchronization signal under a predetermined 
interleaving rule. 
0019. In FIGS. 10, 901 a to 901 h indicate first error cor 
recting codes, 902a to 902f indicate second error correcting 
codes, and 903a and 903b are synchronization signals. Com 
ponent symbols constituting the codes and the synchroniza 
tion signals are recorded so that they are arranged in a matrix 
of 312 columnsx248 rows and interleaved in the row direc 
tion. Each code is encoded in the column direction (vertical 
direction) and is to be recorded in a row direction (horizontal 
direction), thereby providing the construction which is robust 
to burst errors. In the conventional example, a synchroniza 
tion signal of 1 byte is added per 155 bytes (38+1+38+1+ 
38+1+38 bytes). The 156 bytes constitute one frame. The data 
stream has a so-called frame structure. The synchronization 
signal is used to synchronize data within a frame on a byte 
by-byte basis and specify the position of a frame in the entire 
data stream (data block). The synchronization signal is also 
used to pull in Synchronization at the start of reproduction or 
perform resynchronization when a bit slip or the like occurs. 
To this end, the synchronization signal has a pattern, which 
cannot be generated by demodulation performed when a data 
stream is finally recorded onto an optical disk, and a prede 
termined pattern signal comprising a frame number and the 
like. The reproduction apparatus determines whether or not a 
pattern reproduced by the reproduction apparatus is identical 
to a corresponding predetermined pattern which should have 
been recorded, thereby causing the synchronization signal to 
function. 

0020. As is seen from the data construction of FIG. 10, 38 
byte component symbols in each first error correcting code is 
interposed between a 1 byte synchronization signal and a 1 
byte component symbol in a second error correcting code or 
between 1 byte component symbols in two second error cor 
recting codes. The ratio of the number of columns having a 
synchronization signal to the number of columns having 
component symbols of a second error correcting code is 1:3. 
It is possible to generate erasure flags indicating error posi 
tion information for erasure correction, depending on 
whether or not an erroris detected in a synchronization signal 
or component symbols in a second error correcting code, 
based on the result of synchronization detection of a synchro 
nization signal or the result of error correction using a second 
error correcting code having correction capability higher than 
that of the first error correcting codes. 
0021 For example, it is assumed that when a second error 
correcting code is subjected to error correction, an error is 
detected in component symbols of two consecutive second 
error correcting codes 902e and 902f (902e-x and 902fix in 
FIG. 10) and error correction is actually performed. In this 
case, a possibility that an error occurs in 38 byte component 
symbols in the first error correcting code 901g interposed 
between component symbols of the second error correcting 
codes 902e-x and 902fix is considered to be high (i.e., a burst 
error is assumed to occur). In this case, an erasure flag 905c is 
generated for the component symbol in the first error correct 
ing code 901g. 
0022. Similarly, for example, for 38 byte component sym 
bols in the first error correcting code 901a interposed between 
the synchronization signal 903a and component symbols in 
the second error correcting code 902a, and 38 byte compo 
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nent symbols in the first error correcting code 901d inter 
posed between component symbols in the second error cor 
recting code 902c and the synchronization signal 903b, an 
error is detected in the result of error correction of the second 
error correcting code or the result of synchronization detec 
tion of whether or not a synchronization signal is detected, 
and using the result, erasure flags are generated for compo 
nent symbols in the first error correcting codes 901a and 
901d. In FIG. 10, an erasure flag 905a is generated as a result 
of detection of errors in 903a-x and 902a-x and an erasure flag 
905b is generated as a result of detection of errors in 902c-x 
and 903b-x. 
0023. As described above, erasure flags can be used to 
perform erasure correction, thereby making it possible to 
improve correction capability (the number of corrections) by 
a factor of up to 2. Therefore, an excellent resistance to burst 
errors due to scratches or dust can be obtained. 
0024. In the above-described conventional example, the 
result of error correction of the second error correcting codes 
or the result of detection of a synchronization signal is used to 
generate a corresponding erasure flag. 
0025. The error detection using a second error correcting 
code is different from the error detection using the synchro 
nization signal interms of capability of detecting errors due to 
the difference between detection methods. The error detec 
tion using a synchronization signal has detection capability 
much higher than the error detection using a second error 
correcting code. 
0026. In the conventional example, the second error cor 
recting code has correction capability higher than that of the 
first error correcting code, though the correction capability is 
as low as 16 (bytes) in 62 (bytes). Therefore, when 17 or more 
(byte) errors occur in 62 (bytes), it is not possible to correct 
the errors. In this case, it is not possible to use an erasure flag 
to specify an error position. 
0027. The error detection using a synchronization signal 
can be performed simply by comparing a reproduced syn 
chronization signal with the synchronization signal before 
reproduction on a bit-by-bit basis. Even when 17 or more 
(byte)) (e.g., 62 byte) errors occur in a synchronization signal, 
all of the errors can be detected. 
0028. Therefore, in the conventional example, the same 

first error correcting codes have different reliabilities of error 
correction depending on the position of the first error correct 
ing code in the data stream, i.e., how the first error correcting 
code is interleaved with a second error correcting code(s) 
and/or a synchronization signal(s). Specifically, a first error 
correcting code interposed between component symbols in 
two second error correcting codes having lower detection 
capability is less reliable than another first error correcting 
code interposed between a synchronization signal and a sec 
ond error correcting code, due to the error detection capabil 
ity. 
0029 When higher and lower reliabilities coexist, the reli 
ability of the entirety is constrained by the lowest reliability. 
In the conventional example, it is very likely that an error 
state. Such as incapability of data reproduction, occurs in a 
first error correcting code interposed between component 
symbols in two second error correcting codes having lower 
reliability and low error detection capability. 
0030 The present invention is provided to solve the 
above-described problems. The object of the present inven 
tion is to provide a data recording method, a recording 
medium and a reproduction apparatus whose overall correc 
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tion capability is improved by removing the difference in 
error detection reliability depending on the position of the 
first error correcting code in the data stream, i.e., how first 
error correcting codes are interleaved with second error cor 
recting codes and synchronization signals, and by which 
highly reliable reproduction can be performed. 

DISCLOSURE OF THE INVENTION 

0031. The present invention provides a data recording 
method, comprising the steps of encoding user data into first 
error correcting codes having a first correction capability, 
encoding control information into second error correcting 
codes having a second correction capability higher than the 
first correction capability, generating a data stream containing 
the first error correcting code, the second error correcting 
code, and synchronization signals, in which the second error 
correcting codes and the synchronization signals alterna 
tively interleave the first error correcting codes; and recording 
the data stream. Thereby, the above-described object can be 
achieved. 
0032. The present invention also provides a recording 
medium storing a data stream containing first error correcting 
codes obtained by encoding user data, second error correcting 
codes obtained by encoding control information, and Syn 
chronization signals, in which the first error correcting codes 
have a first correction capability, the second error correcting 
codes have a second correction capability higher than the first 
correction capability, and in the data stream, the second error 
correcting codes and the synchronization signals alterna 
tively interleave the first error correcting codes. Thereby, the 
above-described object can be achieved. 
0033. The present invention also provides a reproduction 
apparatus for reproducing the data stream recorded on the 
recording medium, the apparatus comprising a reproduction 
section for generating binary data from the data stream, a 
demodulation section for demodulating the binary data into 
the first error correcting codes and the second error correcting 
codes, wherein the demodulation section comprises a syn 
chronization signal detecting section for generating a result of 
detection of the synchronization signal, and an error correct 
ing section for detecting an error in the first error correcting 
codes and the second error correcting codes output from the 
demodulation section, and correcting the error, in which 
wherein the error correcting section comprises an erasure flag 
generating section to the first error correcting code for gen 
erating an erasure flag for erasure correction based on a result 
of error correction of the second error correcting code or a 
result of detection of the synchronization signal, and an era 
Sure correcting section for using the erasure flag to perform 
erasure correction. Thereby, the above-described object can 
be achieved. 

0034. In one embodiment of this invention, when the syn 
chronization signal detecting section detects the synchroni 
Zation signal at a time different from a predicted time, the 
erasure flag generating section places an erasure flag in a 
component symbol of the first error correcting code upstream 
in the data stream from the synchronization signal. 
0035. In one embodiment of this invention, when the syn 
chronization signal detecting section detects the synchroni 
Zation signal at a time different from a predicted time, and an 
error is detected in a component symbol of the second error 
correcting code upstream in the data stream from and closest 
to the synchronization signal, the erasure flag generating sec 
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tion places an erasure flag in a component symbol of the first 
error correcting code upstream in the data stream from the 
synchronization signal. 
0036. In one embodiment of this invention, when the syn 
chronization signal detecting section detects the synchroni 
Zation signal at a time different from a predicted time, and an 
error is not detected in a component symbol of the second 
error correcting code upstream in the data stream from and 
closest to the synchronization signal, the erasure flag gener 
ating section places an erasure flag in a component symbol of 
the first error correcting code between the second error cor 
recting code and the synchronization signal. 
0037. In one embodiment of this invention, the synchro 
nization signal detecting section counts the number of clocks 
and reproduced bits from the time of detecting the synchro 
nization signal and, based on the counting result, predicts a 
time of detection of the next synchronization signal. 
0038. The present invention also provides an error correct 
ing circuit for use in the reproduction apparatus, comprising 
an erasure flag generating section to the first error correcting 
code for generating an erasure flag for erasure correction 
based on a result of error correction of the second error 
correcting code or a result of detection of the synchronization 
signal, and an erasure correcting section for using the erasure 
flag to perform erasure correction. Thereby, the above-de 
scribed object can be achieved. 
0039. In one embodiment of the present invention, when 
the synchronization signal detecting section detects the syn 
chronization signal at a time different from a predicted time, 
the erasure flag generating section places an erasure flag in a 
component symbol of the first error correcting code upstream 
in the data stream from the synchronization signal. 
0040. In one embodiment of the present invention, when 
the synchronization signal detecting section detects the Syn 
chronization signal at a time different from a predicted time, 
and an error is detected in a component symbol of the second 
error correcting code upstream in the data stream from and 
closest to the synchronization signal, the erasure flag gener 
ating section places an erasure flag in a component symbol of 
the first error correcting code upstream in the data stream 
from the synchronization signal. 
0041. In one embodiment of the present invention, when 
the synchronization signal detecting section detects the Syn 
chronization signal at a time different from a predicted time, 
and an error is not detected in a component symbol of the 
second error correcting code upstream in the data stream from 
and closest to the synchronization signal, the erasure flag 
generating section places an erasure flag in a component 
symbol of the first error correcting code between the second 
error correcting code and the synchronization signal. 
0042. In one embodiment of the present invention, the 
synchronization signal detecting section counts the number 
of clocks and reproduced bits from the time of detecting the 
synchronization signal and, based on the counting result, 
predicts a time of detection of the next synchronization sig 
nal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0043 FIG. 1 is a schematic diagram showing a structure of 
a recording apparatus for recording data into a recording 
medium according to the present invention. 
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0044 FIG. 2 is a schematic diagram showing first error 
correcting codes and second error correcting codes before 
being interleaved using a method according to the present 
invention. 
0045 FIG.3 is a diagram showing a data structure of a data 
stream in which first error correcting codes and second error 
correcting codes shown in FIG. 2 are interleaved with syn 
chronization signals in accordance with a predetermined 
interleaving rule. 
0046 FIG. 4 is a diagram showing a structure of data 
recorded in a spiral or concentric track of an optical disk 
according to the present invention. 
0047 FIG. 5 is a diagram showing a recording order of a 
data stream according to the present invention. 
0048 FIG. 6 is a schematic diagram showing a reproduc 
tion apparatus according to the present invention. 
0049 FIG. 7 is a diagram showing in detail an error cor 
recting circuit shown in FIG. 6. 
0050 FIG. 8 is a diagram showing an algorithm for 
explaining a rule for generating an erasure flag. 
0051 FIG.9 is a schematic diagram showing a structure of 
a conventional error correcting code. 
0052 FIG. 10 is a diagram showing a data structure of a 
conventional data stream in which first error correcting codes 
and second error correcting codes shown in FIG. 9 are inter 
leaved with synchronization signals in accordance with a 
predetermined interleaving rule. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0053. Hereinafter, the present invention will be described 
by way of illustrative examples with reference to the accom 
panying drawings. 
0054 FIG. 1 is a schematic diagram showing a structure of 
a recording apparatus 100 for recording data onto a recording 
medium. Examples of the recording medium include, but are 
not limited to, optical disks, magnetic disks, and magneto 
optic disks. The present invention can be applied to any 
recording medium. An optical disk is employed in the follow 
ing examples. 
0055. The recording apparatus 100 comprises an encoder 
101, a modulator 102, and a recording circuit 103. The 
encoder 101 may comprise a first encoding circuit 104 and a 
second encoding circuit 105. The modulator 102 comprises a 
modulating circuit 106, a synchronization signal generating 
circuit 107, and an interleaving circuit 108. 
0056. User data 109 is input to the first encoding circuit 
104. Control information 110 is input to the second encoding 
circuit 105. The user data 109 is binary bit data. Examples of 
the user data 109 include AV data, text data, and application 
program data. The control information 110 is information 
used for control of the user data 109. Examples of the control 
information 110 include address information, and copyright 
management information (copy permission information, 
encryption key information, etc.). 
0057 The first encoding circuit 104 generates first error 
correcting codes 111 from the user data 109, and sends them 
to the modulating circuit 106 of the modulator 102. Similarly, 
the second encoding circuit 105 generates second error cor 
recting codes 112 from the control information 110, and 
sends them to the modulating circuit 106 of the modulator 
102. It is here assumed that the first error correcting code 111 
has a first correction capability and the second error correct 
ing code 105 has a second correction capability higher than 
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the first correction capability. The modulating circuit 106 
optionally modulates the first error correcting code 111 and 
the second error correcting code 112, and sends the resultant 
codes to the interleaving circuit 108. The synchronization 
signal generating circuit 107 generates a synchronization sig 
nal 115 for correcting bit slips or the like, and sends the 
synchronization signal 115 to the interleaving circuit 108. 
The interleaving circuit 108 generates a data stream 116 
containing the first error correcting codes 111, the second 
error correcting codes 112 and the synchronization signals 
115, in which the first error correcting codes 111 are inter 
leaved alternately with the second error correcting codes 112 
and the synchronization signals 115, and sends the data 
stream 116 to the recording circuit 103. The recording circuit 
103 receives the data stream 116 from the interleaving circuit 
108 and records it onto an optical disk 118 using an optical 
head 117. 
0.058 As described, the recording apparatus 100 of the 
present invention generates a data stream 116 containing the 
first error correcting codes 111, the second error correcting 
codes 112 and the synchronization signals 115, in which the 
first error correcting codes 111 are interleaved alternately 
with the second error correcting codes 112 and the synchro 
nization signals 115, and records the data stream 116 onto the 
optical disk 118. 
0059 Next, a data structure along the course of the record 
ing of the user data 109 and the control information 110 
produced by the recording apparatus 100 of the present inven 
tion onto the optical disk 108 will be described with reference 
to FIGS. 2 to 4. 

0060 FIG. 2 is a schematic diagram showing the first error 
correcting codes 111 and the second error correcting codes 
112 before being interleaved. 
0061 User data of about 64 Kbytes is divided into 304 
columns of 216 bytes each, which are referred to as an infor 
mation portion. A parity of 32 bytes is added to each infor 
mation portion to form a first error correcting code 111. The 
first error correcting code 111 is encoded using Reed-So 
lomon codes over the finite field GF (256). A component 
symbol is a minimum element constituting a code and has a 
length of 1 byte. The encoding direction of the first error 
correcting code 111 is a column direction (vertical direction). 
0062. The correction capability of the first error correcting 
code 111 is evaluated as follows. 
0063 Generally, 

is established where d represents the minimum distance 
between each code and t represents the possible number of 
corrections. 
0064. Each first error correcting code 111 contains a 
32-byte parity. The minimum distance between two first error 
correcting codes is 33. Therefore, according to the above 
described relationship, the first error correcting code 111 has 
correction capability of correcting any up to 16 (byte) errors 
in the code length of 248 (bytes). 
0065. In the correction process, when an error position is 
known, information on the known error position can be used 
to perform erasure correction. Erasure correction is a method 
in which when a certain code is subjected to a correction 
operation and an erroneous component symbol (the minimum 
unit of a code) is known in advance, the component symbol is 
assumed to be erased and the erased component symbol is 
calculated from the remaining component symbols. When 
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error positions are known, the erasure correction can enhance 
the correction capability by a factor of up to 2. 
0066. This can be explained by the following relationship: 

de2xt--e-1, 

where d represents the minimum distance between each code 
andt represent the number of corrections, and e represents the 
number of erasure corrections. 
0067. In the case of the first error correcting code 111 
where the minimum distance d=33, if all corrections are 
performed by erasure correction (i.e., t-0), up to 32 (bytes) 
component symbols can be corrected (e=32). 
0068. As shown in FIG. 2, control data of 480 bytes is 
divided into 16 columns of 30 bytes each, which are referred 
to as an information portion. A parity of 32 bytes is added to 
each information portion to form a second error correcting 
code 112. The second error correcting code 112 is encoded 
using Reed-Solomon codes over the finite field GF (256). A 
component symbol is a minimum element constituting a code 
and has a length of 1 byte. Note that the 480-byte control data 
contains address information and the like used when the user 
data is eventually recorded onto an optical disk. 
0069. Each second error correcting code 112 also contains 
a 32-byte parity. The minimum distance between two second 
error correcting codes 112 is 33 as in the first error correcting 
code 111. Therefore, the second error correcting code 112 has 
correction capability of correcting any up to 16 (byte) errors 
in the code length of 62 (bytes). The number of corrections of 
the second error correcting code 112 is the same as that of the 
first error correcting code 111 (16 (bytes)). However, since 
the second error correcting code 112 has a shorter code length 
than that of the first error correcting code 111, the correction 
capability of the second error correcting code 112 is higher 
than that of the first error correcting code 111. 
0070. In this manner, the first error correcting codes 111 
and the second error correcting codes 112 are constructed. In 
the present invention, the recording apparatus 100 alternately 
interleaves the first error correcting codes 111 with the second 
error correcting codes 112 and the synchronization signal 115 
to generate the data stream 116 which is in turn recorded onto 
the optical disk 118. 
(0071 FIG. 3 shows a structure of the interleaved data 
stream 116. 

0072. In FIGS. 3, 111a to 111h indicate first error correct 
ing codes, 112a to 112d indicate second error correcting 
codes, and 115a to 115d indicate synchronization signals. 
Component symbols constituting the codes and the synchro 
nization signals are recorded so that they are arranged in a 
matrix of 312 columnsx248 rows and interleaved in the row 
direction. Each code is encoded in the column direction (ver 
tical direction) and is to be recorded in the row direction 
(horizontal direction), thereby providing the construction 
which is robust to burst errors. In this example, a synchroni 
zation signal of 1 byte is added per 77 bytes (38+1+38 
bytes). The 78 bytes constitute one frame. The data stream has 
a so-called frame structure. The synchronization signal is 
used to synchronize data within a frame on a byte-by-byte 
basis and specify the position of a frame in the entire data 
stream (data block). The synchronization signal is also used 
to pull in Synchronization at the start of reproduction or per 
form resynchronization when a bit slip or the like occurs. To 
this end, the synchronization signal has a pattern, which can 
not be generated by demodulation performed when a data 
stream is finally recorded onto an optical disk, and a prede 
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termined pattern signal comprising a frame number and the 
like. The reproduction apparatus determines whether or not a 
pattern reproduced by the reproduction apparatus is identical 
to a corresponding predetermined pattern which should have 
been recorded, thereby causing the synchronization signal to 
function. Note that although the length of the synchronization 
signal is one byte in this example, the length of the synchro 
nization signal is not necessarily limited to one byte but can 
be any value depending on the modulation method or the like. 
0073. As is seen from the data construction of FIG. 3, 38 
byte component symbols in each first error correcting code is 
always interposed between a 1 byte synchronization signal 
and a 1 byte component symbol in a second error correcting 
code. The ratio of the number of columns having a synchro 
nization signal to the number of columns having component 
symbols of a second error correcting code is 1:1. It is possible 
to generate erasure flags indicating error position information 
for erasure correction, depending on whether or not an erroris 
detected in a synchronization signal or component symbols in 
a second error correcting code, based on the result of Syn 
chronization detection of a synchronization signal or the 
result of error correction using a second error correcting code 
having correction capability higher than that of the first error 
correcting codes. 
0074 For example, it is assumed that 115d-x, which is an 
element of the synchronization signal 115d, is not detected 
and an error is detected in a component symbol 112d-x in the 
second error correcting code 112d in error correction of the 
second error correcting code 112d. In this case, a possibility 
that an error occurs in 38 byte component symbols in the first 
error correcting code 111g interposed between 115d-x and 
112d-x is considered to be high (i.e., a burst error is assumed 
to occur). In this case, an erasure flag 305b is generated for the 
component symbol in the first error correcting code 111d. 
0075 Similarly, for example, it is assumed that an error is 
detected in a component symbol 112b-x in the second error 
correcting code 112b in error correction of the second error 
correcting code 112b, and 115d-x, which is an element of the 
synchronization signal 115a, is not detected. In this case, a 
possibility that an error occurs in 38 byte component symbols 
in the first error correcting code 111d interposed between 
112b-x and 115d-x is considered to be high (i.e., a burst error 
is assumed to occur). In this case, an erasure flag 305a is 
generated for the component symbol in the first error correct 
ing code 111d. 
0076. As described above, in the present invention, in a 
data stream, a first error correcting code is always interposed 
between a 1 byte synchronization signal and a 1 byte compo 
nent symbol in a second error correcting code. Therefore, all 
first error correcting codes can be subjected to equal error 
detection. Therefore, the present invention can circumvent 
the above-described conventional problem in which the accu 
racy of error detection varies depending on the position of the 
first error correcting code in a data stream, i.e., how the first 
error correcting code is interleaved with the second error 
correcting code and the synchronization signal in the data 
stream and as a result the overall reliability of the data stream 
fluctuates. 

0077. As described above, erasure flags can be used to 
perform erasure correction, thereby making it possible to 
improve correction capability (the number of corrections) by 
a factor of up to 2. Therefore, an excellent resistance to burst 
errors due to Scratches or dust on the recording medium 
Surface can be obtained. 
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0078. When an erasure flag is generated from a synchro 
nization signal, a resynchronization function when a bit slip 
occurs (an inherent function of the synchronization signal) 
can be used to generate an erasure flag with higher accuracy. 
For example, in reproduction, when a synchronization signal 
is detected, however the synchronization signal is reproduced 
at a position shifted by several clocks from the normal posi 
tion, erasure flags are added to only component symbols in a 
first error correcting code recorded upstream along the data 
stream from the synchronization signal, rather than resyn 
chronization. This is because data upstream along the data 
stream from a reproduced synchronization signal is likely to 
be erroneous due to loss of synchronization, and data down 
stream from the synchronization signal is likely not to be 
COCOUS. 

007.9 The term “add an erasure flag or “generate an era 
Sure flag” refers to attach a mark, which indicates that a 
component symbol may be erased (i.e., an error may occur in 
the component symbol), to the component symbol. Addition 
of an erasure flag is performed as follows, for example. A bit 
map of 248x304 bits is prepared where one bit is assigned to 
each symbol of all of the first error correcting codes in a data 
block (including 248x304 component symbols). The addition 
of an erasure flag is represented by causing a corresponding 
bit to be 1. When no erasure flag is added, a corresponding bit 
is caused to be 0. 

0080. The synchronization signal is herein 1 byte in 
length, but the length may vary depending on the modulation 
format or the like. 

0081. The first error correcting code and the second error 
correcting code may each contain any number of component 
symbols. 
0082. The error detection using a synchronization signal 
has an error detection capability higher than the error detec 
tion in which whether or not an error occurs in each byte is 
determined. A synchronization signal having high detection 
capability is placed adjacent either before or after each of all 
of the first error correcting codes having a unit length of 38 
bytes. Therefore, a highly reliable data recording method can 
be achieved. 

0083. As described above, in the data recording method of 
the present invention, the recording apparatus generates a 
data stream containing first error correcting codes, second 
error correcting codes and synchronization signals, in which 
the second error correcting codes and the synchronization 
signals alternately interleave the first error correcting codes, 
and the data stream is recorded onto a recording medium. 
Thus, equal error detection can be applied to all of the first 
error correcting codes. Therefore, the accuracy of error detec 
tion does not vary depending on the position of the first error 
correcting code in the data stream interleaved with the second 
error correcting code and the synchronization signals, so that 
the first error correcting codes can have high reliability 
throughout the data stream. 
0084 FIG. 4 shows data 406 recorded in a spiral or con 
centric track 402 on the optical disk 118. The data 406 con 
tains a portion 403 of the first error correcting code, a portion 
405 of the second error correcting code, and a portion 404 of 
the synchronization signal. The data 406 is obtained by divid 
ing the data stream 116 (FIG. 3) into 248 rows along the row 
direction (horizontal direction) and contiguously linking the 
rows. This manner will be described below with reference to 
FIG.S. 
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I0085 FIG. 5 is a diagram showing the recording order of 
the data stream 116. The data stream 116 divided into 248 
rows along the row direction, are recorded onto the optical 
disk 118 in the order indicated by arrows shown in FIG. 5. 
Note that the recording order of the divided data stream 116 is 
not limited to the manner shown in FIG. 5, but the divided 
data stream 116 may be recorded onto the optical disk 118 in 
any order. 
I0086. The recording of the optical disk 118 is actually 
performed with convex and concave pits, variable-density 
dots of a phase change material, or the like. In recording, 
typically, coded data is Subjected to digital modulation using 
modulation codes, such as $16 modulation or RLL (1.7) 
codes, before being recorded into a disk track. Note that in 
FIG. 4, the description of the modulation using modulation 
codes is omitted for the sake of simplicity, and the coded data 
is recorded as it is. 

I0087. On the optical disk 118, the data 406 is recorded in 
the order of a portion 404 of the synchronization signal (1 
byte), a portion 403 of the first error correcting code (38 
bytes), a portion 405 of the second error correcting code (1 
byte), a portion 403 of the first error correcting code (1 byte), 
..., and so on. In other words, the portions 405 of the second 
error correcting codes and the portions 404 of the synchroni 
zation signals alternatively interleave the portions 403 of the 
first error correcting codes. 
I0088. Thus, in the case of the optical disk of the present 
invention, data is constructed so that the component symbols 
of the second error correcting codes and the synchronization 
signals alternately interleave the component symbols of the 
first error correcting codes, and the data is recorded onto the 
optical disk. For this reason, when Such an optical disk is 
reproduced, equal error detection can be applied to all com 
ponent symbols of the first error correcting codes. Therefore, 
the accuracy of error detection does not vary depending on the 
position of the first error correcting code in the data stream 
interleaved with the second error correcting code and the 
synchronization signals, so that the first error correcting 
codes can have high reliability throughout the data stream. 
I0089. Note that the optical disk of the present invention is 
not limited to an optical disk recorded using the method of the 
present invention (i.e., the method using the recording appa 
ratus 100 shown in FIG. 1), but may be disks recorded by any 
method as long as data recorded in the optical disk has the 
above-described data structure. 

0090 FIG. 6 is a schematic diagram showing a structure of 
a reproduction apparatus 600 according to the present inven 
tion. The reproduction apparatus 600 reproduces data 
recorded on the optical disk 118 of the present invention. It is 
here assumed that the data recorded on the optical disk 118 
has the data structure 406 shown in FIG. 4. 
0091. The reproduction apparatus 600 comprises a repro 
duction circuit (reproduction section) 603 for reproducing the 
data recorded in the optical disk 118 and generating binary 
data 611, a demodulation circuit (demodulation section) 604 
for demodulating binary data 611 to first error correcting 
codes and second error correcting codes, and an error correct 
ing circuit (error correcting section) 606 for detecting and 
correcting an error in the first error correcting codes and the 
second error correcting codes output by the demodulation 
circuit 604. 
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0092. The demodulation circuit 604 comprises a synchro 
nization signal detection circuit (synchronization signal 
detecting section) 605 for generating a result of detecting a 
synchronization signal. 
0093. The error correcting circuit 606 comprises an era 
Sure flag generating circuit (erasure flag generating section) 
for generating an erasure flag, which is used for erasure 
correction, to the first error correcting code, based on a result 
of error correction of the second error correcting code or a 
result of detection of the synchronization signal, and an era 
Sure correcting circuit (erasure correcting section) for using 
the erasure flag to perform erasure correction. These circuits 
will be described below. The error correcting circuit 606 
detects and corrects errors on a recording medium due to 
scratches, dust, or the like, and generates corrected data 614 
from which the errors are removed. 
0094. The reproduction apparatus 600 may further com 
prise an optical head 117 for reading data from the optical 
disk 118, a WORK RAM 607 for use in the operation of the 
error correcting circuit 606, an interface control circuit 608 
for controlling a protocol, such as SCSI or ATAPI, and a 
control CPU 609. The optical head 117 may comprise a 
semiconductor laser and an optical element. The interface 
control circuit 608 performs interface control for transmitting 
reproduced user data to a personal computer or the like. The 
control CPU 609 controls the entire reproduction apparatus 
600. 
0095. In the thus-constructed reproduction apparatus of 
the present invention, data is reproduced from the optical disk 
118 in the following procedure. 
0096. Initially, a laser beam is emitted from a semiconduc 
tor laser of the optical head 117 to irradiate the optical disk 
118. The laser beam is reflected by the optical disk 118, and 
the reflected light signal 610 is subjected in the reproduction 
circuit 603 to conversion to an analog signal, amplification, 
and conversion to binary values, and is transmitted as the 
binary data 611 to the demodulation circuit 604. The demodu 
lation circuit 604 digitally demodulates a signal modulated in 
recording (digital modulation signal. Such as /16 modulation 
or RLL (1.7)). The digitally demodulated data 612 is trans 
mitted to the error correcting circuit 606 in which errors due 
to Scratches, dust, or the like on a medium are detected and 
corrected with the help of the WORK RAM 607. Here, the 
demodulated data 612 contains first error correcting codes 
and second error correcting codes. In the demodulation cir 
cuit 604, the synchronization signal detecting circuit 605 
detects a synchronization signal by examining the synchro 
nization signal from the binary data 611 on a bit-by-bit basis, 
and performs resynchronization in the case when data loses 
synchronization with clocks due to a bit slip or the like. The 
synchronization signal detecting circuit 605 predicts the time 
of detecting a next synchronization signal by counting the 
number of clocks or the number of bytes from a current 
synchronization signal, where the current synchronization 
signal is present upstream of the next synchronization signal 
along the data stream. When a synchronization signal is 
detected at a time different from the predicted time and is 
Subjected to synchronization correction, a synchronization 
correction signal 613 is transmitted to the error correcting 
circuit 606. When no synchronization signal is detected 
around the predicted time, a synchronization undetected sig 
nal 615 is transmitted to the error correcting circuit 606. 
0097. The error correcting circuit 606 decodes the first 
error correcting codes and the second error correcting codes. 
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When performing error correction to the first error correcting 
code, a result of error correction of the second error correcting 
code, the synchronization correction signal 613, and the Syn 
chronization undetected signal 615 are used to generate an 
erasure flag indicating error position information. The erasure 
flag is used in erasure correction. 
0098. The correction process is employed using known 
Reed-Solomon codes, for example. Error-corrected data 614 
is transmitted via the interface control circuit 608 to a host 
computer or the like (not shown). The overall operations for 
reproduction are controlled by the control CPU 609. 
0099 FIG. 7 is a diagram specifically showing a structure 
of the error correcting circuit 606 shown in FIG. 6. 
0100. In FIG. 7, the error correcting circuit 606 comprises 
an erasure flag generating circuit (erasure flag generating 
section) 618 for generating an erasure flag for erasure correc 
tion of the first error correcting code, based on a result of error 
correction of the second error correcting code and a result of 
detection of the synchronization signal, and an erasure cor 
recting circuit (erasure correcting section) 625 for performing 
error correction using the erasure flag. 
0101 The error correcting circuit 606 may further com 
prise abus/memory control circuit 622 for controlling record 
ing and reproduction of the WORKRAM 607 and an internal 
bus 619, an output IF control circuit 623 for outputting the 
user data 614 after error correction, a first code error correct 
ing circuit 624 for decoding the first error correcting code 
encoding the user data, and a second code error correcting 
circuit 626 for decoding the second error correcting code 
containing encoded control information. The output IF con 
trol circuit 623 performs handshaking with the interface con 
trol circuit 608. The first code error correcting circuit 624 
performs error correction to each column of the first error 
correcting code containing 216-byte data and an additional 
32-byte parity. In error correction, the erasure flag 620 indi 
cating an error position can be used to perform error correc 
tion for up to 32 bytes for one code. The erasure correction is 
performed by the erasure correcting circuit 625. The second 
code error correcting circuit 626 corrects the second error 
correcting code containing 30-byte data and an additional 
32-byte parity, where error correction can be performed on up 
to 16 bytes for one code. The above-described first code error 
correcting circuit 624, second code error correcting circuit 
626, and erasure correcting circuit 625 can be constructed 
with an error correcting circuit employing known Reed-So 
lomon codes or the like. 
0102 The error correcting circuit 606 may further com 
prise an input IF control circuit 616 for performing IF control 
with the demodulation circuit 604, and a general control 
circuit 617 for controlling the entire error correcting circuit 
606, which comprises a microcontroller or the like. The 
demodulated data 612 input to the input IF control circuit 616 
is stored via the bus/memory control circuit 622 to the WORK 
RAM 607. The general control circuit 617 generates the era 
sure flag 620 based on an error position 627 of the second 
error correcting code from the second code error correcting 
circuit 626, the synchronization correction signal 613, and the 
synchronization undetected signal 615, and transmits it to the 
erasure correcting circuit 625. 
0103) Next, an operation of the thus-constructed error cor 
recting circuit 606 will be described. 
0104. The demodulated data 612 reproduced and demodu 
lated from the recording medium is stored to the WORK 
RAM 607 via the input IF control circuit 616 and the bus/ 
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memory control circuit 622. The first error correcting code 
and the second error correcting code of the stored data are 
decoded. 
0105 For decoding, the second error correcting code is 

first decoded by the second code error correcting circuit 626. 
The second code error correcting circuit 626 obtains the error 
position 627 by the decoding and transmits it to the erasure 
flag generating circuit 618. 
0106 The erasure flag generating circuit 618 generates the 
erasure flag 620 based on the synchronization correction sig 
nal 613 and the synchronization undetected signal 615 input 
at the same time when the demodulated data 612 is input in 
advance from the demodulation circuit 604 to the input IF 
control circuit 616, in accordance with a predetermined rule 
described below, and transmits the erasure flag 620 to the 
erasure correcting circuit 625 of the first code error correcting 
circuit 624. 
0107 The first code error correcting circuit 624 and the 
erasure correcting circuit 625 perform erasure correction to 
the first error correcting code based on the erasure flag 620. 
0108. After completion of error correction, the user data 
614 from which errors are removed is transmitted via the 
output IF control circuit 623 to the interface control circuit 
608. 
0109 The above-described control of the entire error cor 
recting circuit 606 or the generation of the erasure flag 620 
can be executed by the general control circuit 617 and the 
erasure flag generating circuit 618 which comprise a micro 
controller or the like. The execution can also be carried out by 
Software or a simple logic circuit. 
0110 FIG. 8 is a diagram showing an algorithm for 
explaining a rule for generating an erasure flag. In accordance 
with the generation rule shown in FIG. 8, an erasure flag 420 
is generated by Software or a simple logic circuit. 
0111. In FIG. 8, a reproduced data sequence is categorized 
depending on a result of detection of a synchronization signal 
or the presence or absence of an error in the component 
symbols of a second error correcting code. In FIG. 8, O 
indicates the normal detection of the synchronization signal 
ortheabsence of an errorin component symbols of the second 
error correcting code in error correction. X indicates non 
detection of the synchronization signal, or the presence of an 
error in component symbols of the second error correcting 
code in error correction. A indicates that a synchronization 
signal is detected at a time shifted from the time predicted 
from the previous synchronization signal upstream in the data 
stream, and synchronization correction is carried out. 
0112. In FIGS. 8, 115e and 115findicate synchronization 
signals, 111 i. 111j and 111k indicate component symbols of 
first error correcting codes, and 112e and 112f indicates com 
ponent symbols of second error correcting codes. (A) to the 
left of FIG. 8 shows a rule for generating an erasure flag to the 
component symbol 111i of the first error correcting code 
when the synchronization signal 115e, the component sym 
bol 111 i of the first error correcting code, and the component 
symbol 112e of the second error correcting code are disposed 
in this order. (B) to the right of FIG. 8 shows a rule for 
generating an erasure flag to the component symbols 111jand 
111R of the first error correcting code when the component 
symbol 112f of the second error correcting code, the compo 
nent symbol 111k of the first error correcting code, and the 
synchronization signal 115fare disposed in this order. 
Case of (A) to the Left of FIG. 8 
0113 (a) When the synchronization signal 115e is nor 
mally detected and no error is detected in the component 
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symbol 112e of the second error correcting code, no erasure 
flag is added to the component symbol 111 i of the first error 
correcting code. 
0114 (b) When the synchronization signal 115e is 
detected at a time shifted from the time predicted from the 
previous synchronization signal upstream in the data stream 
and no error is detected in the component symbol 112e of the 
second error correcting code, no erasure flag is added to the 
component symbol 111i of the first error correcting code. 
0115 (c) When the synchronization signal 115e is not 
detected and no error is detected in the component symbol 
112e of the second error correcting code is detected, no era 
sure flag is added to the component symbol 111 i of the first 
error correcting code. 
0116 (d) When the synchronization signal 115e is nor 
mally detected and an error is detected in the component 
symbol 112e of the second error correcting code, no erasure 
flag is added to the component symbol 111 i of the first error 
correcting code. 
0117 (e) When the synchronization signal 115e is 
detected at a time shifted from the time predicted from the 
previous synchronization signal upstream in the data stream 
and an error is detected in the component symbol 112e of the 
second error correcting code, no erasure flag is added to the 
component symbol 111i of the first error correcting code. 
0118 (f) When the synchronization signal 115e is not 
detected and an error is detected in the component symbol 
112e of the second error correcting code is detected, it is 
assumed that a burst error occurs, and an erasure flag 804 is 
added to the component symbol 111 i of the first error correct 
ing code. 

Case of (B) to the Right of FIG. 8 
0119 (g) When no error is detected in the component 
symbol 112f of the second error correcting code and the 
synchronization signal 115f is normally detected, no erasure 
flag is added to the component symbol 111k of the first error 
correcting code. 
I0120 (h) When no error is detected in the component 
symbol 112f of the second error correcting code and the 
synchronization signal 115f is detected at a time shifted from 
the time predicted from the previous synchronization signal 
upstream in the data stream, it is assumed that a burst error 
occurs due to a bit slip, and an erasure flag 805 is added to the 
component symbol 111k of the first error correcting code. 
I0121 (i) When no erroris detected in the component sym 
bol 112f of the second error correcting code and the synchro 
nization signal 115f is not detected, no erasure flag is added to 
the component symbol 111k of the first error correcting code. 
0.122 () When an error is detected in the component sym 
bol 112f of the second error correcting code and the synchro 
nization signal 115f is normally detected, no erasure flag is 
added to the component symbol 111k of the first error cor 
recting code. 
I0123 (k) When an error is detected in the component 
symbol 112f of the second error correcting code and the 
synchronization signal 115f is detected at a time shifted from 
the time predicted from the previous synchronization signal 
upstream in the data stream, it is assumed that a burst error 
occurs due to a bit slip, and erasure flags 806 and 807 are 
added to the component symbols 111 k and 111j of the first 
error correcting code. 
0.124 (1) When an error is detected in the component sym 
bol 112f of the second error correcting code and the synchro 
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nization signal 115f is not detected, it is assumed that a burst 
error occurs, and an erasure flags 808 is added to the compo 
nent symbol 111 k of the first error correcting code. 
0.125. In accordance with the above-described rules in (A) 
and (B), erasure flags are generated. The generated erasure 
flags are used to Subject the first error correcting code to 
erasure correction, thereby making it possible to improve 
correction capability by a factor of up to 2. For all of the first 
error correcting codes, erasure flags are generated irrespec 
tive of the position of the first error correcting code in the data 
stream, i.e., how first error correcting codes are interleaved 
with second error correcting codes and synchronization sig 
nals, but only based on a result of detection of the synchro 
nization signal and a result of error detection of the compo 
nent symbols of the second error correcting code. 
0126. As described above, in the reproduction apparatus 
of the present invention, erasure flags can be generated for all 
of the first error correcting codes in an equal manner by error 
detection of the synchronization signal and the component 
symbols of the second error correcting codes. Therefore, the 
accuracy of error detection does not vary depending on the 
position of the first error correcting code in the data stream 
interleaved with the second error correcting code and the 
synchronization signals, so that the first error correcting 
codes can have high reliability throughout the data stream. 

INDUSTRIAL APPLICABILITY 

0127. As described above, in the data recording method, 
recording medium and reproduction apparatus of the present 
invention, a data stream containing first error correcting 
codes, second error correcting codes and synchronization 
signals is generated, in which the second error correcting 
codes and the synchronization signals alternately interleave 
the first error correcting codes, and the data stream is recorded 
onto the recording medium by a recording apparatus. Thus, 
equal error detection of a burst error can be applied to all of 
the first error correcting codes. Therefore, the reliability does 
not vary depending on the interleaving manner, so that high 
reliability of error correction can be guaranteed throughout 
the data stream. Thus, with the present invention, the data 
recording method, the optical disk, and the reproduction 
apparatus each having high reliability can be achieved. 

1. A recording medium for storing a data stream containing 
first error correcting codes obtained by encoding first infor 
mation, second error correcting codes obtained by encoding 
second information, and synchronization signals, 
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wherein: 
in the data stream, the second error correcting codes and 

the synchronization signals alternatively interleave the 
first error correcting codes; 

the second error correcting codes have the same number of 
corrections as the first error correcting codes; 

a code length of the second error correcting codes is shorter 
than a code length of the first error correcting codes; and 

the second information includes address information. 
2. A reproduction apparatus for reproducing the data 

stream recorded on a recording medium according to claim 1. 
3. A recording apparatus for reproducing the data stream 

recorded on a recording medium according to claim 1 and for 
performing a recording based on the address information 
contained in the data stream. 

4. A method for producing a recording medium having the 
steps of: 

encoding first information to generate first error correcting 
codes; 

encoding second information to generate second error cor 
recting codes; 

alternately interleaving the first error correcting codes with 
the second error correcting codes and the synchroniza 
tion signals to generate a data stream; and 

recording the data stream on the recording medium, 
wherein: 
the second error correcting codes have a second correction 

capability higher than a first correction capability of the 
first error correcting codes; and 

the second information includes address information. 
5. A method for producing a recording medium having the 

steps of: 
encoding first information to generate first error correcting 

codes; 
encoding second information to generate second error cor 

recting codes; 
alternately interleaving the first error correcting codes with 

the second error correcting codes and the synchroniza 
tion signals to generate a data stream; and 

recording the data stream on the recording medium, 
wherein: 
the second error correcting codes have a second correction 

capability higher than a first correction capability of the 
first error correcting codes; and 

the first and second error correcting codes are encoded 
using Reed-Solomon codes. 

c c c c c 


