.F159159* q 1 TRANSLATIONDE SCRI1 PTT ON METHOD OF PROCE INﬁvaT
*FOR GENERATI NG ERROR CORRECTI NG PRODUCT CODE THOD OF Q?G
PROCESSI!NG DATA FOR RECORDI NG SUCH DATA ON R UM AS WELL AS

- APPARATUS FOR 5 PROCESSI NG SUCH DATA Techni cal qu%g Jhis |nvéhtibu,>4§ =)
relates to a nethod of configuring an error correcting product code bl oc '
adapted for use 10 for digital data recprding/transm ssion and, nore
particularly, it relates to a nethod of processing data for generating an
error correct MRANSIAAION code bl ock devised so as not to change the |evel

of redundancy after the error correcting ability is nodified. The 15

present invention also relates i & & rfethold BT prbdessi ng data for

recordi ng such data on a recording medium as well as to an apparatus for
processing such data. Background Art 20 In a systemfor recording digital

data by using the unlt of byte, which is equal to eight bits, data are
processed by confi g@ﬁ&ﬁw& GF Qb (GEI o‘?ﬁf&q code

bl ocks. More speci Rﬁﬂ ,NGzﬁ3§§U%§§) M es in 25 M
A

rows X N col ums, ' added to the
AS A T
N- byt e |nforrrat|orgR g .dﬂg 4T aTA

?

. | | Technical Field
This invention relates to a method of configuring

an error correcting product code block adaptéd for use

10 for digital data recording/transmission and, more

| particularly, it relates to a method of processing data

for generating an error correcting product code block
devised so as not to change the level of redundancy
after the error correcting ability is modified. The

15. present invention also relates to a method of
processing data for recording such data on a recording
medium as well as to an apparatus for processing such
data.

Background Art

20 In a system for recording digital data by using
the unit of byte, which is equal to eight bits, data
are processed by configuring Reed-Solomon error
correcting product code blocks. More specifically,
after arranging data of (MxN) bytes in

25 M rows X N columns, a PO-byte error correcting check
word is added to the N-byte information section of each

column and then a PI-byte error correcting check word
i
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.colum and then a Pl-byte error correcting check word THI S SHEET E IN
TELETI L PP et e e b e el REEL~_CEJ  *ACTI ON* - ---- 2 is
added to the N-byte information section Of-eaCthQ!L‘“TTS+ duce a
-Reed- Sol onon error correcting product code block conprising-(IMPO rows x
(N¥PI') colums. Then, randomerrors and burst errors can be efficiently 5
corrected on the data reproducing side @ the data recei ving side by neans

of the Reed- Sol onon error correcting product code blocks that is recorded
and transmtted. A Reed-Sol onon error correcting product code block 10 as

d i bed ab I d d I h
ratio of the redAndsn Cosbe HiENe Htetmat o %s%[‘.l??&%ﬁ;%ec 2o e
(PIxN%PCMN+PIxPC%FP§PCQe eﬁ%hhﬁS%ﬁ%ﬁmﬁp%ﬂrgwkpgk§% h# P %@%lbo the

ot her hand, correctlng abi ity i s raiseq h ran

e X

known t hat, non error correcting product code

bl ocks havi ng 3,90 e ArBYel a0 HRGWIIARGH AT @ £OMRAREE: cikesa yhavi ng smal |
M 20 N, PI 3 PO are poorly adapted for error correcting bécause the

probability OEoeeeerteanea eheCda®a reProdidiony slises oW itheSdaitacode bl ocks.

On the“other hand, while it is also known that the error correcting
ability of a Bé@@lsghqnﬁﬁd@erYmeans of the Reed-Solomon error
. correcting product code blocks that is recorded and
transmitted.

A Reed-Solomon error correcting product code block
10 as described above operates efficiently when the
redundancy is large or the ratio of the redundant
section of the error correcting check word
(PIxM+POXN+PIXP0) to the entire code word (M+P0O)X(N+PI)
is small. On the other hand, its error cerrecting
15 ability is raised for both random errors and burst
errors when large values are used for PI and PO.
' It is known that, when different Reed-Solomon
error correcting product code blocks having a same
level of redundancy are compared, those having small M,
20 N, PI and PO are poorly adapted for error correcting
because the probability of occurrence of error
correction rises with such code blocks.
On the other hand, while it is also known that the
error correcting ability of a Reed-Solomon error
25 correcting product code block is raised by increaeing
the values of M and N because the values of PI and PO

are also increased accordingly, if the redundancy is
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.25 correcting product code block is raised_by increasing

t he val ues of M

‘and N because the values of Pl and PO are also i rdingly, if
the redundancy is TH S SHEET HAS BEEN REPLACED 3 —held-to a-sane |evel,

-such high error correcting ability cannot be realized wthout satisfying
the requirenents as wll be described below Firstly, in ternms of code
word length that allows 5 a Reed-SoIQnﬁh code word to be configured, MtPO
and N+PI have to be equal to or |less than 255 bytes. Secondly,

hardware cost restriction to be observed. Specifically,

Lechnol ogy. A SAtpLE G e R R fﬁ’es@f”—’g’%ﬁ

there is a

it Is expressed
typically in.t of the caqst aof the.o tional CIrCUIt and 10 that of
the nmenory foft g‘tdg‘r%l ng? RS eﬂ‘t V& ’cc?d‘ecmg} c,T}b t-131") bytes. Since

nduct or

par anet er s

of M N, PI %ﬁ@r@:ﬁneﬁ% d-20l.ar nﬁrﬁsggmr&cﬂdmg product code bl ock

variable as a
particularly, the padughiyOn jif ¢t Haed WBHPNEn

ction o the advancenent of sem conductor technol ogy and,
thirad abesaise a

same error in a physical “I'ength or a time Iengthlss%ranslated into a '
| 'ar ger ghur st 20 RS AW @%déﬂ%i&najdmémddmﬂ(?mdi,atmweu@corded on

a nedi um or the rate at which data are transmtt

t hrough a transm ssi on

path is raiseg+py LES daNeR abudl tdte cadvasweersidn @fs S asganduct or

t echnol ogy so

‘ Secondly, there is a hardware cost restriction to

10

15

20

25

be observed. Specifically, it is expressed typically
in terms of the cost of the operational cifcuit and
that of the memory for storing the entire code word or
(M+P0) X(N+PI) bytes. Since the cost of a memory can
change with the development of semiconductor technology,
it is highly desirable to make the above described
parameters of M, N, PI and PO of Reed-Solomon error
correéting product code block variable as a function of
the advancement of semiconductor technology and,
particularly, the reduction in the cost of a memory.

This is because a same error in a physical length
or a time length is translated into a larger burst
error bytés as the density with which data are recorded
on a medium or the rate at which data are transmitted
through a transmission path is raised in accordance
with the advancement of semiconductor technology so
that a higher error correcting ability becomes
necessary.

Conventionally, however, a Reed-Solomon error

correcting product code block having (M+P0)X(N+PI)

§ THIS SHEET HAS SEEN
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-that a higher error correcting ability becomnes ssary.
“Conventi onal |y, however, a Reed-Sol onon error ¢ ting uct code

bl ock having (MtPO x(N+PlI') THI S SHEET HAS BEEN REPLACE tes is
configured for a given data of (MKN) bytes so that the redundancy is
automatically set as a function of the entire size of the product code
bl ock. In other words, any attenpt for ﬁaintaining a given level of 5
error correcting ability is acconpanied by a problemof invariable block
si ze. However, as a higher recording density -and a higher transm ssion

d with the.. ad f i i
fiture, 10 a RIGPIOHS SHGHT TR cTob A FreFT TR bl IFE 5o el The
required for an rtg{euC%é&uﬁrf&%ﬂ%f%&"&\?@m&&@fcaﬂcff%%é)f%é‘cg'f@&éi& . This

. . a
in turn requires th S e error corre check word,  alt hough

It entails a qgﬁpqﬁﬁ:J : qHng%g ' tgﬁh agﬁent'

t echnol ogy isrbufsae ) s%ﬁeéégéujfgé oc?Pt e | v%%"!tl%%n tells%f there '3?2',&“%%
obj ect of the pREENtaAP ati e Eer S TRA 1Yota DR iR Of egSidy) tayé foF
generating an error correcting product code block devised so as to 20

mai nt aigh the Gprdinicd et Hg rELNHGNCYs aiéc%mﬁi‘&ie&rtﬁy[ara ¥ SIS NGIE
ability is inproved as a result of advancenent of the technol ogi es of
sen conduct or iafthriable block size.

" However, as a higher recording density and a
higher transmission rate are expected with the
advancement of semiconductor technology in the future,

10 a much more higher level of error correcting ability
will be required for an error correcting product code
block of a given size. This in turn requires the use
of a large error correcting check word, although it
entails an enhanced level of redundancy if the

15 - conventional technology is used.

Disclosure of the Invention

. It is, therefore, an object of the present to
provide a method of processing data for generating an
error correcting product code block devised so as to

20 maintain the current level of redundancy after the
error correcting ability is improved as a result of
advancement of the technologies of semiconductor and
data recording/transmission. It is another object 6f
the present invention to provide a method of processing

25 data for recording such data on a recording medium as

well as to an apparatus for processing such data.

According to the invention, the above objects are

THIS SHEET HAS BEEN
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.data recording/transm ssion. It is another ject of the present invention
‘to prowide a nmethod of processing 25 data for_recording aona -

recordi-ng mediumas well as to an apparatus_?a?‘ﬁ?ﬁféssfng-SHeh dat a.
-According to the invention, the above objects are | TH SHEET HAS tEN t
REPLACED 5 achieved by providing an error correcting product code block .
data structure obtained by configuring (KxX(MH ) Xx(N+P) ) - byt e Reed- Sol onon
error correcting product code block for a (KXMkKN)-byte data and nmaking K 5
vari abl e to consequently make the entire size of the Reed-Solonon error

correcting pr%@lﬁqtev%qp%)}){ﬂ%id/ﬁ%aﬂ{ AU & rter&i]ﬁepot%ci%t m&rror

correcting abilTrty varirable i'n proportion to the va

speci f1cal [y, gieie datPla2t it e BRSS! phf) Sl ity ah error

correcting product code bl oc conprising: a‘first step of processing

digital data q&mmit)&(mw)agaxﬁ,é&l%iéed-@,ﬁmdrg@&@ dd¥diipn data
bl ock out of 'bytes of Nro X N colums (MN bytes), 15 arranging data on

a byte by byt ¢ amict idbdehdrodinffyiad | @adal p-diheckiand Aid angiitg data in
each row sequentially fromthe Oth to the (N-1)-th colum according to
the sequence @fardaidd tanvomsdgierrld g atid alntide amddeDithd o the

(M1)-th row according 20 to the sequence of data transm ssion; a second
step of arran@eeg-®almintanx ddmok afr(dOiMng product code block
. variable and, at the same time, the error correcting
ability variable in proportion to the value of K.
More specifically, there is provided a method of
10 generating an error correcting product code block
comprising:

a first step of processing digital data on a byte
by byte basis to configure an information data block
out of bytes of N rows X N columns (MxN bytes),

15 arranging data on a byte by byte basis in the
inforﬁation data block and arranging data in each row
*{/ sequentially from the Oth to the (N-1)-th column
according to the sequence of data transmission and
sequentially from the Oth to the (M-1)-th row according
20 to the sequence of data transmission;

a second step of arranging a matrix block of (KxM)
rows X N columns by using K information data blocks
arranged sequentially according to the sequence of data
transmission;

25 . a third step of adding an error correcting check

word of K bytes to each column of (KxM) bytes of the

matrix block to turn each of N rows into a Reed-Solomon
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.rows, x N colums by using Kinfornmation data blocks arranged sequentially
‘accordi-ng to the sequence of data transm ssion 25 athird-step of adding
an error correcting check word of K bytes te—each—cotumof (KM bytes of
the matrix block to turn each of Nrows into a Reed-Sol onon TH' 'S SHELT HAS
StEid | REPLACED 6 code word C2 of (Kx(Mtl)) bytes; and a fourth step of
adding an error correcting check word P bytes to each row of bytes to.
turn each of the (Kx(Mtl)) rows into a Reed-Sol onon code word C1 of 5
(N+P) bytes; the error correcting product code bl ock being a Reed- Sol onon

error correcting product,.co f (ML) x{ N+P)) bytes having an

i nformation s&CF o ER P&?d%&&&b&ﬁ)dééééﬁﬂa of (KxMKN) bytes, the sum
of 10 (MKN) bytes qf I, nf Qr.mat i 4 bl gc t r er of
byt es of a check V\K%I‘ (f%gﬁz&d%tth reqtq(;a el r%af%eli%ﬂ% éjb%(frlegct\égir{fggs:a ue of

(M) x(N+P) b%%-bo\ﬁ“ﬂ‘b ©sA0Y &4 Nl d% YR MNP Pr an

I nformati on data bl ock a the average nunmber of = 15 bytes of a check word

added theret oyhs by )3 2RARS!HYe VARSI NH) wdiat 15 gt

dependent on the nunber I nformati on data bl ocks, or K, of the error
correcki ng prqﬁu@g'g@QQSQIock and hence the | evel of redundancy of the
(M+1) x(N+P) bytes i s maintained 20 invari abl e.

the error correcting product code block being a
‘ Reed-Solomon error correcting product code block of
(KX(M+1) X(N+P)) bytes having an information section of
K information data blocks of (KxMxN) bytes,‘the sum of
10 (M>xN) bytes of an information data block and the
average number of bytes of a check word added thereto
being held to a constant value of (M+1l)X(N+P) bytes.

With the above method, the sum of (MxN) bytes of
an information data block and the average number of

15 bytes of a check word added thereto is held to a
constant value of (M+1)Xx(N+P) that is not dependent on
the number of information data blocks, or K, of the
error correcting product code block and hence the level
of redundancy of the (M+1)x(N+P) bytes is maintained

20 invariable.

According to the invention, there are also
provided a method of processing data for recording such
an error correcting product code block, a recording
medium for recording such an error correcting product

25 code block and a telecommunication apparatus for

transmitting such an error correcting product code

block.



According to the invention, there are also provided a nethod of processing
“data~f.er recording such an error correcting product code bl OoCK, a
recordi ng nediumfor recording such an error—correcting product 25 code

bl ock and a tel econmuni cati on apparatus for transmtting such an error
correcting product code block. 7 Brief Description of the Drawings FIG 1
is an illustration showing the configurdtion of a known Reed- Solormon error
correcting product code block; 5 FIG 2 is a block diagram show ng the
procedure of generating a Reed-Sol onon error correcting product code

bl ock according to an enbodi nent of the invention; FIG 3 is an

i |l ustration show ng t heBEdsfi QEsLRiRt iy of RdeqPEGIRFF error correcting
product code bl ock generated , t he pr.ocedure .of ELG 2: Fl G J4S an

i Ilustration show ﬁé%t'hg d'Smai“gL}aé't"’is ﬁanTonsg SR IE ﬁé’é‘cfﬁgé'lrgqrr:olr?ner ror
correcting product ode bl ac r at rQing { he

i nvention; 15° Ié.kggﬁ? ggg ogfggﬁ§6}§ﬁ$§ﬁ%ﬁ?ﬁgﬁ%ﬁggffgkegﬁfg 0 e
generating a §§gg-SolonDn error correcting product code block according to
anot her enbodlnenk’of the invention; FIG 6 is an illustration show ng the
configuration of grReed- FQl QMR R @i i anf SHRL iy FHC o reRGAURNOTE 20
genera#ed by the progidure of FIG 5;1FIG. 71s an%{ock gﬁagranlshomﬁng t he.
procedure of generating a Reed-Solomon error correcting product code

‘ block according to an embodiment of the invention;
FIG. 3 is an illustration showing the configuration
of a Reed-Solomon error correcting product code block
10 generated by the procedure of FIG. 2;
FIG. 4 is an illustration showing the configuration
of sectors of a Reed-Solomon error correcting product

code block generated by a method according to the

invention;
15 FIG. 5 is a block diagram showing the procedure of
" ' generating a Reed-Solomon error correcting product code

block according to another embodiment of the invention;“

FIG. 6 is an illustration showing the configuration

of a Reed-Solomon error correcting product code block
20 generated by the procedure of FIG. 5;

FIG. 7 is a.block diagram showing the procedure of
generating a Reed-Solomon error correcting product code
block according to still another embodiment of the
invention; and

25 FIG. 8 is an illustration showing the configuration
of a Reed-Solomon error correcting product code block

generated by the procedure of FIG. 7.



generating a Reed-Sol onon error correcting product code bl ock according to
'still"anot her enbodi ment of the invention,_and 25 FIG 8 is an
illustration showing the configuration of a Reed-Sol onbn ertor correcting
product code block generated by the procedure of FIG 7. 8 Best Mde for
Carrying Qut the Invention Now, the present invention will be described by
referring to the acconpanyi ng draw ngs Bhat illustrate preferred

enbodi ments of the invention. 5 FIG 1 is an illustration show ng the
configuration of a known Reed- Solonnn error correcting product code

bl ock. Wth this known for escri,bed ear a ed- Sol onon error
co;recting produgt c@ﬁétb”gaﬁ 5 %ﬁfﬁ@?ﬁ@NQﬁ% tbﬁtggve %égﬁflgured for an
informati on 10 dat.a of t es .and er f. t 0 edundanc
and the size of th Ogntfgg E%S@%n% l@V@?&ﬁ@ wi g& £§ g%@ﬁ%§ ﬁgrkgg t hat thg
size of the m

error correcfl ﬁsrggﬁﬁf%ﬁ Qﬁea% fer wo& ?%g gth%%% gqufun gﬁicels

i nevi tably an raegglﬁleaamn)soam is s bfatnel AYRARILA. COrrecting check word
i s used. Cont o thi's, according to the invention, a Reed-Sol onon error .

correcting prodUCt reedebliackn ill@x@»&fﬁa&li"o‘?ld shbwi ngRRNY cah flilguitsttiaied in
FIG 27 20 In a first enbodi nent, which will be described hereinafter,

val ues of K=1§¢ M kRowbE k24286 1B @r@orselegieed ihg predecdi kpda data of
2,048 bytes in a

block. With this known format, as described earlier, a

Reed-Solomon error correcting product code block of
(M+P0) X(N+PI) bytes is configured for an information

10 data of (MxN) bytes and, therefore, the level of
redundancy and the size of the entire block is closely
tied fo each other so that the size of the block cannot
be arbitrarily changed without modifying the error
correcting ability. In other words, the level of

15 redundancy is inevitably and undesirably raised if a

. . large error correcting check word is used.
Contrary to this, according to the invention,
a Reed-Solomon error correcting product code block is
configured in a manner as illustrated in FIG. 2.

20 In a first embodiment, which will be described
hereinafter, values of K=16, M=12, N=172 and P=10 are
selected for recording a data of 2,048 bytes in a
sector of a recording medium, which may preferably bg
an optical disc.

25 In this embodiment, P=10 bytes is selected for
code word Cl1 and K=16 bytes is selected for cord word

C2 as the number of bytes of error correcting check
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.sector, of a recording medium which may preferably be an optical disc. 25
“I'n this. embodi nent, P=10 bytes is sel ected {gﬁ“E%Hé‘mDrd~CL~and K=16 bytes
is selected for cord word C2 as the number of bytes of—error—correcting
check THI'S SHEET HASE r: REPLACED 9 word in view of the fact that an even
nunber is more efficient than an odd nunmber for a same error correcting
ability, that a required level of burst 9 error correcting ability cannot be
mai ntained for K=16 5 rows if P=8 bytes or |ess because of a rise in the _
probability of error correction and that a relationship of K>P is required

to raise the level of burst error _correcting abilit a _sane |evel of
redundancy. ¥@Bdt tBn¥rPY, ofathes £ BFtwﬁﬁftaﬁ ﬁ¥f?2"§P&e§eF§cF85eln 10 vi ew

of the fact th the size of a secto as to b ght I th 2,048
byt es becauseeg%é%&?BF tﬁﬁﬁb@P Qﬁg o4 ?Fofoﬁegeéﬁpﬁ eﬁ6¥5 ﬁgggrto gg added

t ded d f 48 .
(i agr am show F8EEREEpRBCRRALE THr - ThetyanardRe e (B ot oot

générating a 851 onon error

correcting broduel £80fectIhgOkHI iy RArRNYE fbi}faTREkorey oGS 3 15 an

illustration sﬁ € row’con tion of 0 onDn error

correciing prggwgtlﬁog B0b9Eksl B:21638CHAcaw3Q B 8 1idg g Rheck A through.
I'n the irst“step, a digital data is processed on a byte by

probability of error correction and that a relationship
‘. of K>P is required to raise the level of burst error

correcting ability for a same level of redundancy.

Additionally, values of M=12 and N=172 are selected in

10 view of the fact that the size of a sector has to be
slightly larger than 2,048 bytes because a sector
number and an error detecting word have to be added to
a recorded data of 2,048 bytes for each sector.

FIG. 2 is a block diagram showing the procedure of

15 generating a Reed-Solomon error correcting product code

. block by using a unit of 16 sectors. FIG. 3 is an
| illustration showing the row configuration of
a Reed-Solomon error correcting product code block in a
éector.

20 Referring to block A through C of FIG. 2, in the
first step, a digital data is processed on a byte by
byte basis to form an information data block with (MXN)
bytes of M (=12) rows x N (=172) columns and data are
arranged on a byte by byte basis in the information

25 data block, while data are arranged sequentially in
each row from the Oth to the (N-1)-th column according

to the sequence of data transmission and sequentially
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.byte basis to forman information data block with (MN) bytes of M (=12)
rows X-N (=172) columms and data are arranged on a byte by byte basis in
the information 25 data bl ock, while data are _arranged-sequentially in

each row fromthe Oth to the (N—l) th col um Eﬁéﬁrdrﬂg-LQ‘Lb%££$quence of
data transm ssion and sequentially TH' S SHEET HAS SEEN REPLA 10 from
the Oth to the (M1)-th row according t & he sequence of data

transm ssion. Then, in the second step, a matrix block of (KxM rows x N
colums is arranged by using K (=16) 5 information data bl ocks, each having:

fi [ ed _abov, I i d :
2, COnM 9Ur AL 90 eale B 5 SR G 1o P R It R W 0 Sty 2
(KxM bytes of th%ng%tOézdg%%p§xfﬁm%§f%ﬁ?ﬁﬁl10 of Nrows into a

Reed- Sol onon &6de SWord Finally, in the fourth step,

an error correctin he rd b t i Q?SQ Gow of N
bytes to turn eachqb hes QK ﬁ%fwh%ffProws i t%’a &? §%?§ﬁ§n che wor d
A of (N+P) bypes: ﬁh% RNt 18 'a¥r GRITE H guqgt=1gqde block is a

Reed- Sol onon error xcorrgct?“r?gs Sr odaucrt 91(cg(r)de ock (();O ?Kx%qwﬂl ) X(N+P)) bytes

byt e5: *The. Suin o 30 (MN) "Byt 68 cof ‘An 1 o Pt | dat & DIoeK and the.
described above.

. Subsequently, in the third step, an error
correcting check word of K (=16) bytes is added to each
column of (KxM) bytes of the matrix block to turn each

10 of N rows into a Reed-Solomon code word C2 of (Kx(M+1))
bytes.
Finally, in the fourth step, an error correcting
check word of P (=10) bytes is added to each row of
N bytes to turn each of the (Kx(M+1l)) rows into a Reed-
15 Solomon code word Cl of (N+P) bytes. |

' The entire error correcting product code block is
a Reed-Solomon error correcting product code block of
(KX(M+1) X(N+P)) bytes having an information section of
K information data blocks of (KxMxN) bytes. The sum of

20 (MxN) bytes of an information data block and the
average number of bytes of a check word added thereto
is held to a constant value of (M+1)x(N+P) bytes.

This embodiment will be described further by
referring to FIGS. 2, 3 and 4.
25 A data to be recorded is taken in by 2,048 bytes

at a time for a sector, to which a sector number and an

error detecting word (16 bytes) are added for the
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.average nunber of bytes of a check word added—thereto—+s—held-to a
.cconstlant val ue of (Mt )x(N+P) bytes. This enbodinent—w-1l—be descri bed
further ‘by referring to FIGS. 2, 3 and 4. 25 A data to be recorded is
taken in by 2,048 bytes at a tine for a sector, to which a sector nunber
and an error detecting word (16 bytes) are added for the TH S SHEET HAS
“AEEI\| REPLACED 11 sector to make thdltotal number of bytes equal to
2,064. (See block Aof FIG 2.) As shown in FIG 4, a total of 16 bytes
are used for a sector nunber (ID; sector identification), an ID error

d for a i
égiéﬁif%SgcﬁﬁéeféféﬁEgDwﬂ8e3¥8%2@b§525RéﬁéEEQgESﬁia@?ie 8Tl o o

eed- ti d d |

area of M rovir 0ok cof iso 1958 Ro8F0REE 270 chr R JRORAGE i o 700

obtained by sybLiagt 1g bhEes! Qravgsaueeotoh egf%%mﬁsgggg&;@g check

word fromthe overa ge area of a sector (N+P)

colums = 13 : : t RiyS e ' e tial
Coorod into. SRk HAenETEUERRch] LB e R e e R O Y ows

172 cofums i prpKyl6asggkeesn, readekvat ibhecddd ¢akvynanar anpeegegsed to
produce a Reed- Sol onon ctode word C2 of (192+16) bytes to fill the 16 void
rows, each ofJqubéebihg abaangedchor -

‘ , The 2,064 bytes are assigned to a sector of a
Reed-Solomon error correcting product code block and
stored in the storage area of M rows X N columns =

10 12 rows X 172 columns = 2,064 bytes obtained by
subtracting the storage area for an error correcting
check word from the overall storage area of a sector of
(M+1) rows x (N+P) columns = 13 rows X 182 columns.
In this way, the data is sequentially stored into
15 K=16 sectors of memory.

‘ After storing a data of 192 rows X 17.2 columns in
K=16 sectors, each of the 172 columns are processed to
produce a Reed-Solomon code word C2 of (192+16) bytes
to fill the 16 void rows, each of which is arranged for

20 every 20 rows (as indicated by X in FIG. 3). (See
block B of FIG. 2.) |
The relationship between the 16 rows to be filled
with Reed-Solomon code words and the degree of the
Reed-Solomon code word C2 is determined in advance such
25 that the positions of the 16 rows and the degree show a

one-to-one correspondence or the former correspond to a

lower degree side of the 15th down to the Oth.
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20 every 20 rows (as indicated by Xin FIG 3). (See block B of FIG 2.)
"The relationship between the 16 rows to be fiHted—with—Reed-Setonon code
words- and the degree of the Reed-Solonon code word C2 is determned in
advance such 25 that the positions of the 16 rows and the degree show a
one-to0-one correspondence or the forner correspond to a |ower degree side
of the 15th down to the Oth. THIS SHEET 1#AS “tcti REPLACED 12 After
filling the 16 void rows (X), an error correcting check word of 10 bytes is
added to each row of the matrix of 208 rows x 172 colums to forma
(172+10) - byt e Reed- Sol onon code word C1 for, each of the 5 208 col ums.
Thus, a Reed- Sol ond texr & lddm%edthand © piridhdewSod& ol Sk 8% or med as

shown in FIG 3 by - ysing.,a ynit o sectors. .(See plock Cof FIG 2.).
The bl ock hasC2rEeséigg g@@#‘mﬂ?%ﬁ ﬁ?]Fg ]cool(iﬂ’%ﬁ? =1(5 3‘?{‘%&’2%&9@5*& H&" can be
optimally stored with 10 ' s marainJdn a.nenpry device that is
currently coﬁ%e?geaﬂ ré\faig’l%ggoyéowso% (r:ho’fs COorde l?ncefzéﬁg"y %f a
Reed- Sol onon errqr reect 1 Qgﬁ% I rgald ' unit
of 16 sect orzli72+elq%ﬁélb?'t%§ ?%e(%()%q%%ogg - 49)2&)?81 : ,4?/&?%0%3{1)(%%%}.@

= 12.78% whi bRed G aDh U of RIRISdWinch BREJRIMd g pd At can be
obtai néd on the basis of the nurfber of rows corresponding to tHe number of
error correct i)g4aleCltode block is formed as shown in FIG. 3 by

‘ using'a unit of 16 sectors. (See block C of FIG. 2.)
The block has a size of 208 rows x 182 columns =
37,856 bytes that can be optimally stored with a

10 generous margin in a memory device that is currently
commercially available at low cost.

The redundancy of a Reed-Solomon error correcting
product code block realized by using a unit of 16
sectors is equal to

15 (208 x 182 - 192 x 172) / (208 x 182) = 12.76%

' while a correctable burst error has a maximufn length
that can be obtained on the basis of the number of rows
corresponding to the number of error correcting check
words C2, or 16 rows x 182 columns = 2,912 bytes.

20 As a correctable burst error has a maximum length
that can be obtained on the basis of the number of rows
corresponding to the number of error correcting check
words C2, the error correcting ability can be improved
by increasing the number of rows and that of error

25 correcting check words C2 of a Reed-Solomon error
correcting product code block.

Thus, the level of redundancy can be maintained to
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mwords C2, or 16 rows x 182 colunmns = 2,912 bytes. 20 As a correctabl e burst
cerror ‘has a maxi numlength that can be obtained on the basis of the nunber
of rows corresponding to the nunber of error correcting check words C2,
the error correcting ability can be inproved by increasing the nunber of
rows and that of error 25 correcting check words C2 of a Reed- Sol onon error
correcting product code bl ock. Thus, thdd evel of redundancy can be

mai ntained to TH'S SHEET HAS SEEN REPLACED 13 a constant level with the
above described nethod of the present invention because the information
data is always allocate e} t he r | n t yat I n
FIG 4. 5 Sit aFPSﬁg‘a\ﬂt% 3 ewr'}'l} q-'th% broc‘)’ws angz ﬁhet%g&éérlgﬁéfr@c‘%% ecting.

check words h E?ltb(in\r% tq%?\e efc%rus%n th%eeiﬂ\f%(yn%@%r?rcfa({ra Gy recting

pr oduct code ose ere the error correcting ability has
to be rai Sedam fshaifio el 3 it Yl GRS 1 Yoahiftferl Gl ven | ength of
the tracks of Xptlca |sc as a result of advancenent of the

t echnol ogi es Q&1§quatggnq%p@qthaqq data recording/transm ssion. If such is
the case, the nunber of error correcting check words C2 can be increased
by incgeasing the gyrReriehs' Wherd the tlimBY0dE dows rafd ahad /E t he
stored”information, the stored pieces of information are sequentially

pi cked up al epgrotrheor®es tdng ihddkowo iy havd hrd e abmieased for a

. Reed-Solomon error correcting product code block may
include those where the error correcting ability has to
be raised and those where the recording density per

10 given length of the tracks of an optical disc as a
result of advancement of the technologies of semi-
conductor and data recording/transmission. If such is
the case, the number of error correcting check words C2
can be increased by increasing the number of rows of

15 the block. For reproducing the stored information, the

‘. stored pieces of information are sequentially picked up
along the rows of the block and, with the above
described method of the presentlinvention, a same level
of redundancy can be maintained if the stored Reed-

20 Solomon error correcting product code block is taken up
for error correction.

While a figure of K=16 is used in the above
description, it may be needless to say that K=12 may be
selected depending on the memory size. Then, a less

25 costly memory device may be used for the purpose of the

invention since the size of block is 28,392 byte which

N_
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can be stored in 256 Kbit capacity.



described method of the present invention, a same level of redundancy can
‘be maintained if the stored Reed 20 Sol onobn_error correcting product code
block is taken up for error correction. Wiile a figure of K=16 is used in
the above description, it may be needl ess to say that K=12 may be

sel ect ed depending on the nenory size. Then, a |ess 25 costly nmenory device
may be used for the purpose of the i nvérft i on ‘simce-the-size of block is
28,392 byte which can be stored in 256 Kbit capacity. |I TH S sHt T HAS
BEEN r REPLACED 14 FIG 5 is a block diagram show ng the procedure of

i d- Sql : i i
2" cecond ambod menE 16 Bhd® AR bRL AR e SHE, AhREBREG TP 1O

a second enbodi nen

B ks Pvory 3 ARG A LR NNRA LR R LR Pbdacd n FIG 2

respectively. ustration show ng the configuration of a

Reed- Sol onon ErPr&%r gf‘iggf%e%]tci& Irn%d;{._c&t £da ! cP%'fnonﬁ'?:?eﬁﬁE esk hd he

procedure of | ock di agram show ng the procedure of

generating a RAGHATALHION MY HAA Al Iith R Enifefiihedd OCB RS0 di ng 1 O
a third enbodinment of the invention. FIG 8 is an illustration show ng the

confi ggr ationsaf s RerdsSOIHTHY @ PrcdrHd AP & PIBEs gode himtke 15
gener ated by the procedure of FIG 7. As shown, a data to be recorded is

taken in by jn FIG. 2 respectively.

. : FIG. 6 is an illustration showing the configuration
of a Reed-Solomon error correcting product code block
generated by the procedure of FIG. 5.
10 FIG. 7 is a block diagram showing the procedure of

generating a Reed-Solomon error correcting product code
block according to a third embodiment of the invention.
FIG. 8 is an illustration showing the configuration of
a Reed—Solomon error correcting product code block

15 generated by the procedure of FIG. 7.

. As shown, a data to be recorded is taken in by
2,048 bytes at a time for a sector, to which a sector
number and an error detecting word (16 bytes) are added
for the sector to make the total number of b&tes equal

20 to 2,064. (See block 7A of FIG. 7.) The 2,064 bytes
are assigned to a sector of a Reed-Solomon error
correcting product code block and stored in the storage
area of M rows X N columns = 12 rows x 172 columns =
2,064 bytes obtained by subtracting the storage area

25 for an error correcting check word from the overall

storage area of a sector of (M+l) rows X (N+P) columns =

13 rows X 182 columns.

THIS SHEET HAS BrEN
REPLACED




2,048 bytes at a time for a sector, to which a sector nunber and an error
detecthg word (16 bytes) are added for the sector—to—+ake-the total
nunber of bytes equal 20 to 2,064. (See bl ock—7A—-ef—F-G-7.) The 2,064
bytes are assigned to a sector of a Reed-Sol onon error correcting product
code bl ock and stored in the storage area of Mrows x N colums = 12 rows

X 172 colums = 2,064 bytes obtained b} subtracting the storage area 25
for an error correcting check word fromthe overall storage area of a
sector of (Mtl) rows x (N+P) colums = 13 rows x 182 col unms.

JTi SFEETHASEN REP d
|n{o K=18 sectorska ?éﬁnyﬁy’A%FSrd térﬁﬁg%§q§%$§H§} g%gghglu tored

colums in gﬁgg%s§8£96§s Sacmeggéghe 172 columms are procassed to 5

produce.a Re | odn " codée "wor of (216+18) bytes to fill the 18 void

rows, cach of whi CRet8 atEaRoRg 50aa&f-;.e\5%r $1b 2ol@¥ 499 anémfseqnby Xin

FIG 8). (See bloc ter I ng the voi d rows , an

error 10 Co”ﬁf-‘isngeebseg \A@ééhot:lethtlesz ko 13dded st ?)%Qers%‘é{d Qfo the
matrix of 234 rows x 172 Colums to forma (172+10)-byfe Reed- Sol onon code

word for.-gpshuet hhﬁeea?aéoqalnbm&odahw&mac@eeti $2l167aB e by@es
correcting product code block is forned as shown in FIG 8 by 15 u3|ng a

unit of 18 segbofs1l(Ere bBoGkidCrolsF| @ach bf which is arranged for

. every 12 rows (as indicated by X in FIG. 8). (See
block.7B of FIG. 7.)
After filling ﬁhe 18 void rows (X), an error
10 correcting check word of 10 bytes is added to each row
of the matrix of 234 rows X 172 columns to form a
(172+10)-byte Reed-Solomon code word Cl for .each of the
234 columns. Thus, a Reed-Solomon error correcting
product code block is formed as shown in FIG. 8 by
15 using a unit of 18 sectors. (See block 7C of FIG. 7.)
' This embodiment can raise the error correcting
ability relative to the preceding embodiments, although
the level of redundancy remains same.
As described above in detail, there is provided a
20 method of processing data for generating an error
correcting product code block devised so as to maintain
the current level of redundancy after the error
correcting ability is improved as a result of
advancement of the technologies of semiconductor and
25 data recording/transmission.
Industrial Applicability

This invention is useful to recording and
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Thi s, _embodi ment can raise the error correcting -ability relative to the
‘precedi-ng enbodi nents, although the |evel of xedundancy remains sane. As ¢
descri bed above in detail, there is provided a 20 nmethod of processing,
data for generating an error correcting product code bl ock devised so as
to mintain the current |evel of reduniﬁncy after the error correcting
ability is inproved as a result of advdaricenent of the technol ogi es of

sem conductor and 25 data recording/transm ssion. Industrial Applicability
This invention is useful to recording and TH S SHEET HAS BEEN REPLACED 16
transmtting of g%ﬂ'ﬂ:@lingﬁb% a3 tia§ afazt‘ac,t 'a)‘ﬁl Y sU8@¢eckiv@ly used

recording/reproaUC|ng System a‘transmtting recei ving systemand a data

processing sygbell Lok oA ingPkbptbalicihy TstEnl: & kxlnSnicting/met hod of

processi ng da generating error correcting product code bl ock
conprises: 5 aobbiglhingt 8psebmP eSS dag adiptiolcals sdaga s93 tamdoe aby byte
basis to configure an’information data bl ock out of (MKN) bytes of N rows
X N colums, gptabgingidata on a byte by byte basis in said informtion
data bl ock and arranging data in each row sequentially from



10 the Oth to the (N-1)-th columm according to the sequence of data
‘transm-ssion and sequentially fromthe Oth to the (M1)-th row accordi ng
to the sequenece—of - data-transni ssion; a second step of arranging a matrix

‘bl ock of (KxM—25—+ows x_N._col ums by using K IE%Q%EEEtQﬂ:ﬂ@t@:thEkS
arranged sequentially according to the s%quence 0 ata transm ssion; a

third step of adding an error correcting’check- word of K bytes to each
colum of (KxM bytes of the 20 matrix block to turn each of Nrows into a
Reed- Sol onon code word C2 of (K x(N%l)) bytes; and a fourth step of adding
an error correcting check word of 2 0 each row of N bytes to turn
each of the (K x(Mtl)) rows into a Ree of'offon code word O of 25 (N+P)
byt es; said egégr correcting product code bIock being a Reed- Sol onon error
correcting pr ct code block of rRI TH S SKEET HAS #t REPLACED 18

Kx( Mr1) x(N+P)) b K t data
bl ocks b ( oty By RebRbHT 82 BebBRSL TR, A3LaCEY! BRnGkarkalgTall o1 O7 Cala

54 a1, s e, o ottt her 1
processing data toare¢esd thepdafaprocessing digital data on a byte
by byte basis to configure an information data block |
. out of (MxN) bytes of N rows X N columns, arranging
data on a byte by byte basis in said information data
block and arranging dafa in each row sequentially from
10 the Oth to the (N-1)-th column according to the
sequence of data transmission and sequentially from the
0Oth to the (M-1)-th row according to the sequence of

data transmission;

a second step of arranging a matrix block of (KxM)

15 rows X N columns by using K information data blocks
" arranged sequentially according to the sequence of data
transmission;

a third step of adding an error correcting check
word of K bytes to each column of (KxM) bytes of the
20 matrix block to turn each of N rows into a Reed-Solomon
code word C2 of (Kx(M+l)) bytes; and
a fourth step of adding an error correcting check
word of P bytes to éach row of N bytes to turn each of
the (Kx(M+l)) rows into a Reed-Solomon code word Cl of
25 (N+P) bytes;
said error correcting product code block being a

Reed-Solomon error correcting product code block of
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in a recording nediumby generating an error correcting product code block

" CONPL §e§%\lg\g\;;rst step of processing digital data on a byte by byte
basis to i gure-an_i nformati on data bl ock :Qnt:uﬁZFWRN¥:E%f5§:bf N rows
x N columms, arr | “data on a byte by byte basis in said information
data block and arranging data in each rqow sequentially from15 the Oth to
the (N-1)-th colum according to the sé uence of data transm ssion and
sequentially fromthe Oth to the (M10)-th row according to the sequence
of data transmi ssion; a second step of arranging a matrix bl ock of (KxM
20 rows x N colu | Lnformati on_data bl ocks arran

sequentially g%égﬂﬁ}ﬁé(ﬁgbyﬂeggtﬁﬁe et S&té"fPF§ﬁ§&P§sF§ﬁF9§%tﬁFrd step
of adding an gr [ h t e u of
(iochy bytee of RECSBREER; QLR BREKETEE TRy Bycbl g, Sai'8E

Reed- Sol onon o] ; : Lo step of adding
an error corrgggﬁﬁgﬁg%ggﬁgflE%&F§¥g%§é¥lﬁﬁéhgg?t§QGF@R§%EA%ES 19p wor d of %

bytes to eacha;@¥agt AuRMLESoEOLYEER 83CA eheckh@oliXGMEL) thewetonto a
Reed- Sol onon code word Cl1 of (N+P) bytes; said error correcting product

code byock bep89ng h&1Keed- SOLORBRAAL! ¢alGer bECH MAY ) K(RIPQt byade .bl ock of

(2)
’ A method of processing data to record the data

in a recording medium by generating an error correcting
product code block comprises:

10 a first step of processing digital data on a byte
by byte basis to configure an information data block
out of (MxN) bytes of N rows X N columns, arranging
data on a byte by byte basis in said information data
block and arranging data in each row sequentially from

15 the 0Oth to the (N-1)-th column according to the

‘ sequence of data transmission and sequentially from the
0th to the (M-10)-th row accofding to the sequence of
data transmission;

a second step of arranging a matrix block of (KxM)

20 rows X N columns by using K information data blocks
arranged sequentially according to the sequence of data
transmission;

a third step of adding an error correcting check
word of K bytes to each column of (KxM) bytes of the

25 matrix block to turn each of N rows into a Reed-Solomon
code word C2 of (KXx(M+1l)) bytes; and

a fourth step of adding an error correcting check
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(RX(MH) x (NP —bytes having an information section of K information data
‘bl'ocks—of_( KxMcN—bytes, the sumof (MN) bytes of an information data

bl ock and the average nunber of bytes of a check word—added=theret o 10
-being held to a constant value of (M1)x(N+P) bytes. (3) A nmethod of
processi ng data according to any one of clainms 1 and 2, wherein, in said
third step, an error correcting check wWdrd of K bytes is added to the 15
tail end of each row of (K+M bytes to forma Reed Sol onon code word C2 of
(Kx(M-1)) byLeskfor gach of the N rows and subsequently the error
correcting check. wo of K bytes is redistributed opn a _bhyte byte basis
to a ppsitgdﬂo i 2 e?befﬁﬁtgg SPcBnF8rnﬁ%ignggg?i.gﬁotv%y 3gé§tégd of
processi ng data acgcor di to Y. e_.o a| n epR, ~len said
third step, %%?dfééég%gg?oﬁ%ﬁge%ng 80??§§55§3°é8 egaégdWQSHOF@ ? (M1))

bytes is for N ging a one byte 25 position in every Mbytes for
each of the EF@y?ngggégfhe error correcting check word to be added to each

o0, (1), DV 1 L EETon 815 oalcE, 408D BRock Bbudarl 100
not smaller kbag-2006MoANErPEL Bbe2bEEihBaprddQ64, csakdbllobk B
(Kx(M+1) x(N+P)) bytes having an information section of
. K information data blocks of (KxMxN) bytes, the sum of
(MXN) bytes of an information data block and the
average number of bytes of a check word added thereto
10 being held to a constant value of (M+1)X(N+P) bytes.
(3)
A method of processing data according to any
one of claims 1 and 2, wherein, in said third step, an
error correcting check word of K bytes is added to the
15. tail end of each row of (K+M) bytes to form a Reed-
. Solomon code word C2 of (Kx(M+1l)) bytes for each of the
| N rows and subsequently the error correcting check word
of K bytes is redistributed on a byte by byte basis to
a position of every M bytes of information data.
20 (4)
A method of processing data according to any
one of claims 1 and 2, wherein, in said third step,
said Reed-Solomon error correcting_code word C2 of
(Kx(M+1)) bytes is formed by arranging a one byte
25 position in every M bytes for each of the K bytes of

the error correcting check word to be added to each row

of (KxM) bytes.
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5 even nunber not snmller than 12, said Pis an even nunber not smaller

‘than 19, said Kx(Mtl) is no greater than 255, said N#P is not greater

t han 255—6)>-Anethod of processing data accordi-rg—te—any—one 10 of
clainse 1 and 2, wherein M:=12, N=172, K=16 and P=10. (7)—-A-wethod of

processi ng data according to any one of craims 1 and 2, wherein M:e12,
N=172, K=12 and P=10. (8) 15 A nethod éP processi ng data accordi ng to any
one of clainms 1 and 2, wherein M=12, N=172, K=18 and P=10. (9) A
recordi ng nmedium as defined by claim2, wherein said error correcting
product code $ock I's recorded 20 there (10) A recording medi um as
defined by cI’ 2, wherein an information data bl ock of (MKN) bytes of

R i T

 BEEN REPLAGED, -5¢-c1aims- % 2; wﬁéreiﬂrsBEQCﬁ%i' 89 ABcCLhYi16Qrrecting

£
product code oeﬂ con gure%n
than 2,054 and not greater than 2,064, said K is an

5 even number not smaller than 12, said P is an even
number not smaller than 10, said Kx(M+l) is not greater
‘ than 255, said N+P is not greater than 255.
(6)
A method of processing data according to any one
10 of claims 1 and 2, wherein M=12, N=172, K=16 and P=10.
(7)

A method of processing data according to any one
of claims 1 and 2, wherein M=12, N=172, K=12 and P=10.
(8)

15 A method of processing data according to any one
. of claims 1 and 2, wherein M=12, N=172, K=18 and P=10.
(9)

A recording medium as defined by claim 2, wherein

said error correcting product code block is recorded
20 there. |
(10)

A recording medium as defined by claim 2, wherein
an information data block of (MxN) bytes of said error
correcting product code block is correspondingly

25 recorded in a sector.
(11)

A data processing apparatus comprises means
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processing a digrtal_data on a byte by byte basis to configure an

‘i nf ofrat i on défa\ngcgiﬁz:ggﬁﬁi:gii?s 5 of Mrows x N colums; arranging
data on.a byte by byte basisi id informtien—databiock and arrangi ng

data in each row sequentially fromthe Oth to the (N1)-th colum
according to the sequence of data transnission and 10 sequentially fromthe
Oth to the (M10)-th row according to £he sequence of data transm ssion;
arranging a matrix block of (KxM rows x N colums by using K information
data bl ocks arranged sequentially according to the sequence of data 15

transm ssion; . adding an.error correcting check word of K hyt 0 each
col uim of (Kxiﬁrb@f%geﬁflPﬂeaﬂa?FFQerSEEngl“PuPﬁogSEH SPQE ?@ﬁgkinto a
Reed- Sol onobn . ; of (Kx(M+l)) bytes; and 20 addi ng an error
correcting cﬁégﬁgﬁﬁggggggﬁ'bytes to each row of N bytes to turn each of
the (Kx(Mrl)) = rowvgp egda gk eaRNdaedeoCRI Pt cOby( BYRL Bukgs: said
error correcting p Egﬁ%gsgggé blogk being a OReed-ggFong%Ngrror correcting

product code p}0cknpfgate (KX( Mikb¥xhbkbh B¥tasbha¥kngyanMx\)obyREison
section of K |nforna?|on data bl ocks of (KxMKN) bytes, the sum of (MN)
bytes gf an i&f ommpdkenxdat aoblipgk;and the TH S SHEET HAS "t EE REPLACED 22
.average nunber of bytes of a check word added thereto

arranging data on a byte by byte basis in said

_ ‘“ information data block and arranging data in each row
sequentially from the Oth to the (N-1)-th column
according to the sequence of data transmission and

10 sequentially from the Oth to the (M-10)-th row
according to the sequence of data transmission;

arranging a matrix block of (KxM) rows X N columns
by using K information data blocks arranged
sequentially according to the sequence of data

15 transmission;

édding an error correcting check word of K bytes
to each column of (KxM) bytes of the matrix block to
turn each of N rows into a Reed-Solomon code word C2 of
(Kx(M+1)) bytes; and

20 adding an error correcting check word of P bytes
to each row of N bytes to turn each qf the (Kx(M+1))
rows into a Reed-Solomon code word Cl of (N+P) bytes;

said error correcting product code block being a
Reed-Solomon error correcting product code block of

25 (KX(M+1) x(N+P)) bytes having an information section of

K information data blocks of (KxMxN) bytes, the sum of

(MxN)'bytes of an information data block and the
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being hel d to a constant val ue of (Mt ) X(N+P) bytes. (12) A data
'proceSSJng apparatus according to 5 claim 11, wherein said neans for

processing an error correcting product code bl ock—is—arranged in a

t el econmuni cati ons apparatus, a data recording apparatus for rec ng
data.onto a disc or an error correctionjwcmessing apparatus. | TH' S SHED: 1
HAS “sEctd’ | REPLACED 2

average number of bytes of a check word added thereto )
being held to a constant value of (M+1)X(N+P) bytes.
(12)
A data processing apparatus according to
5 claim 11, wherein said means for processing an error
correcting product code block is arranged in a
“' telecc;mmunications apparatus, a data recording

apparatus for recording data onto a disc or an error

correction processing apparatus.
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