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TWO STAGE COOING METHOD 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

TECHNICAL FIELD 
The present invention relates to a two stage coding 

method having a high burst error correction ability and 
also a random error correction ability equivalent to that 
of the prior art when an error correction code such as a 
Reed Solomon code (hereinafter referred to as "RS 
code') is used in order to correct data errors which 
arise in reproducing data recorded in a recording mate 
rial such as a magnetic disk. 

BACKGROUND ART 
Generally, in recording and reproducing data into 

and from a recording material such as a magnetic disk a 
data error may arise dependent on the state of the re 
cording material. A data error may be a burst error 
caused by a signal drop out on or a randon error 
caused by a deterioration in SN ratio. In order to cor 
rect these errors a two stage coded error correction 
code is used. As an example, a two stage code using RS 
codes on a GF (2) (29) where q=8 will be consid 
ered. A two stage encoder is shown in FIG. 3. In FIG. 
3, reference numeral 1 designates an input terminal, 
reference numeral 2 designates a C2 encoder, reference 
numeral 3 designates an interleaving circuit, reference 
numeral 4 designates a C1 encoder, the reference nu 
meral 5 designates an output terminal. First of all, C2 
encoding is performed on the original data, interleaving 
is executed thereto, and thereafter C1 encoding is con 
ducted, and the resulting code signal is output to the 
output terminal. A two stage decoder is shown in FIG. 
4, in FIG. 4, reference numeral 6 designates an input 
terminal, reference numeral 7 designates a C decoder, 
reference numeral 8 designates a deinterleaving circuit, 
reference numeral 9 designates a C2 decoder, and refer 
ence numeral 10 designates an output terminal. In this 
decoder deinterleaving is executed after the C1 decod 
ing, and thereafter C2 decoding is conducted. There is a 
prior art two stage coding method which, assuming that 
data obtained by arranging k1X9 kXg digits in a 
first direction and k2 digits (k (k2) in a second direc 
tion as shown in FIG. 5 is arranged into 8 data digit 
words in the first direction, consists of adding a first 
check code of n2-k digits, and thereafter adding a 
second check code of n-n2 digits as shown in FIG. 2, 
(n2, k1) RS code is used as the C2 code, and (n1, n.2) RS 
code is used as the C code. 
A specific coding example will be described with 

reference to FIGS. 5 and 2. When it is established that 
k1=32, k2 = 128, n = 40, n2 =36, and h =h2 = . . . 
=h35 = h = 3, the data region comprising the data and 
the first check code becomes data of n2Xk.2s. 4608 dig 
its as shown in FIG. 5, and when all is set to 1, a2 to as 
become as follows: 

a = a1 + 2 x h + 1 = 10 
a = a + n x h + i s 219 

a32 = a + n x h + 1 = 3380 
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2 
-continued 

a36 = as -- in X -- 1 = 3816 

and C2 encoding is conducted on the data correspond 
ing to the a-th, a2-th, . . . , a32-th data selected with use 
of the following generation polynomial of C2 code 

r2-K-1 

as:0 
(x - a). 

where or is a root of a primary polynomial (for example, 
such as x+x+x+x2+1 on GF(2)). The generated 
check codes are arranged at the positions corresponding 
to the as3-th, a34-th, . . . , ass-th data. Next, a is set as 
follows: 

a sa--as-a-36, 

and similarly check codes are added to the data succes 
sively. Herein, if the calculated result of a to a 36 ex 
ceeds n2Xk2=4608, a number obtained by subtracting 
4608 therefrom is made the result. The encoding is 
repeated k2 times thereby to conclude the C2 encoding. 

Next, C1 encoding is conducted on the data of n2 
digits in each column arranged in the first direction as 
shown in FIG. 2 with the use of the following genera 
tion polynomial of C code 

is0 
(x - ol"). 

The generated check code is added to the end portion of 
the data and the encoding is repeated k2 times. In the 
recording of the data onto the recording material data 
of n = 40 digits arranged in the first direction is sent out 
k2 times successively. In the reproduction of the same 
the sent out data are arranged in a column in the first 
direction by 40 digits successively. 

In the prior art two stage coding method with such a 
construction, the C2 code is concerned with burst error 
correction ability, and the C and C2 codes are con 
cerned with random error correction ability. In the 
stage of conducting C2 encoding the h must be made 
large in order to enhance the burst error correction 
ability, and h is set as follows: 

where A denotes an integer which does not exceed A The 
C2 codes are gathered at the right end portion of the 
data region in FIG. 5, and the C2 and the C code are 
arranged adjacent to each other in the first direction 
subsequent to the data of k = 32 digits when the C1 
encoding is completed. 
The prior art two stage coding method is constructed 

in such a manner, and the error correction ability by one 
code amounts to n2-k1 digits when forfeiture correc 
tion is conducted by the C2 decoding. Accordingly, the 
burst error correction ability becomes as follows for 
data of n2Xk2=4608 digits comprising all the data and 
the C2 code 
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but h becomes as follows: 

his k2/n=128/36)=3 C128/36, 

and k2/n2 does not equal an integer, thereby resulting in 
deterioration of error correction capability. 

DISCLOSURE OF THE INVENTION 
The present invention is directed to solve the prob 

lems pointed out above and an object is to provide a two 
stage coding method in which the above-described 
deterioration in a burst error correction ability is im 
proved and a higher burst error correction ability than 
that of the prior art device is obtained. 
According to the coding method of the present in 

vention, assuming that data of k X8Xk2 digits are ar 
ranged in a matrix of k1X8 digits in a first direction and 
k2 digits(s) in a second direction and the data is divided 
into words of 8 digit(s) in the first direction, in conduct 
ing C2 encoding by taking out n2 data words from the 
data of n2 n.2-ki words in the first direction and k2 
words in the second direction with no duplication of 
data in either of the first and second directions, a C2 
code of code length n2 n.2-ki is produced by 
establishing all at an arbitrary data number word, and 
establishing hl, h2, . . . , h2-1 such that they become a 
repetition of a combination satisfying the condition that 
k2/n2) and k2/n2+ 1 may be 

(herein, --2 = n2(ll, 12: integer) and a2 to an exceeding 
n2Xk2 are obtained by subtracting n2Xk2 therefron) 
for a to an2 as in the following: 

aki = a k- 1 + m2 X hk-1 + 1 

an2 = a- 1 + m2 X ha2-1 + 1 

when numbering is conducted successively in the first 
direction on the data of n2 words in the first direction 
and k2 words in the second direction, and this is re 
peated k2 words in the second direction, and thereafter 
C1 encoding of each n2Xq digits in the first direction 
into all, forming an CC2 encoded data matrix having a 

total code length n is conducted. 
In the two stage coding method of the present inven 

tion, C2 codes are constructed to be effective for error 
correction at the portion of n2-k in the first direction 
and at the portion of k2 in the second direction against 
the data obtained by arranging k digits in the first direc 
tion and k2 digits in the second direction, as shown in 
FIG. 1. According to the present invention, the burst 
error correction ability against the data of n2Xk2=4608 
digits comprising all the data, and the C2 codes becomes 

and this exceeds 432 which is the burst error correction 
ability of the prior art device against the same number 
of data and the same number of check codes. 

In this way, it is possible to conduct a two stage cod 
ing having a higher burst error correction ability than 
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4. 
that of the prior art, and having a random error correc 
tion ability equivalent to that of the prior art due to the 
C and C2 codes. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagram showing a data arrangement for 

conducting a C2 encoding method as one embodiment 
of the present invention; 

FIG. 2 is a diagram showing a data arrangement for 
conducting a prior art two stage coding method and a 
C1 encoding method as an embodiment of the present 
invention; 

FIG. 3 is a block diagram showing a two stage encod 
ing circuit; 

FIG. 4 is a block diagram showing a two stage decod 
ing circuit; and 

FIG. S is a diagram showing a data arrangement for 
conducting the Cencoding method of the prior art two 
stage coding method. 

BEST MODES OF EMBODYING THE 
INVENTION 

Embodiments of the present invention will be de 
scribed with reference to the drawings. In FIGS. 1 and 
2, the constants are established that q=8, k = 32, 
k2 = 128, n = 40, n2 =36, and data are divided into 
words of 8 digits in the first direction. FIG. 1 shows a 
C2 encoding method. Data of kixk2 = 4096 data words 
are arranged sequentially in the first direction and in a 
matrix of k = 32 words in the first direction and 
k2 = 128 words in the second direction, and when hi 
and hi are set as follows 

(i: integer, 1sis (n2-1)/2) 
and a1 is set 1, a2 to as become 

a2 = a1 + m2 X ha + 1 
- 1 a3 = a + n x he + 25s 

a32 at a 3 + m2 X ha + 1 = 3920 
a36 = ass + m2 X ha + 1 = 4428 

and, C2 encoding is performed on the data correspond 
ing to the a1-th, a2-th, . . . , and as2-th data with the use 
of the generation polynomial of the C2 code 

is 0 
(x - a). 

Herein, a is a root of a primary polynomial. The gener 
ated check codes are arranged at the positions corre 
sponding to the as3-th, a34-th, . . . , a36-th data. Next, a 
is set as follows 

a = a-in-sa-36 

and similarly inspection codes are added to the data 
successively, a2 to assexceeding n2Xk2 = 4608 are made 
by subtracting 4608 therefrom. When this encoding 
operation is repeated k2 times the C2 encoding is com 
pleted. 



Re. 34,245 5 
Next, C encoding is performed on the data of n2 

words in each column arranged in the first direction as 
shown in FIG. 2 with the use of the generation polyno 
nial of C code 

1- P2 
G(x) = (x - C'). 

The generated check codes are added to the data, and 
the encoding is repeated k2 times. The recording of the 
data on a recording material is conducted by sending 
out data of n = 40 words arranged in the first direction 
successively k2 times. The data format reproduction is 
conducted by arranging the sent out data by 40 words 
successively in a column in the first direction. 

In the two stage coding method of the present inven 
tion, the C2 code is concerned with burst error correc 
tion ability and both C and C2 codes are concerned 
with random error correction ability, In conducting the 
C2 encoding, C2 codes of n2-k1 in the first direction 
and k2 in the second direction can be used effectively 
for the error correction of the data arranged in a matrix 
of k1 in the first direction and k2 in the second direction. 

In the above-illustrated embodiment a repetition pat 
tern of (ha, his) is adopted for hi, h2, . . . , ha-1, but 
other combinations using ha? and his such as (his, ha) or 
(h, he, his) can be used if they comply with the follow 
ing conditions 

haxl+hixis k2 

1-12 sen 

Furthermore, an RS code on GF (29) is used as an error 
correction code, but another code such as a BCH code 
can be used as an error correction code. Furthermore, 
the number of data, the construction of information 
lengths in the first and second directions, and the C2 and 
C1 code lengths can be arbitrarily established. Further 
more, in the illustrated embodiment the region occupied 
by the check codes of the C2 code and the C1 code is 
shown in FIG. 2, but this occupied region can be arbi 
trarily established by establishing a at an arbitrary num 
ber. 

Furthermore, it is possible to add the additional infor 
nation of k3Xq digits in the second direction k2 times 
precedent to the C1 encoding, and thereafter to conduct 
Cencoding on GF (29) having the (n1--k3)xq digits in 
the first direction, and to conduct a coding k2 times 
repeatedly in the second direction. 

APPLICABILITY TO THE INDUSTRY 
The present invention is applicable not only to a 

magnetic disk apparatus but also to an optical recording 
and reproducing apparatus, and an optical magnetic 
recording and reproducing apparatus. 
We claim: 
1. A two stage coding system for encoding digital 

information arranged in a matrix of k Xq digits in a first 
direction, and k2 digits in a second direction orthogonal 
to the first direction, wherein 

Kl, q, and k2 are integers, 
K Ck2; q = the number of digits per data word, and 
K1, K2= the number of data words in said first and 
second directions respectively, comprising: 

Cy encoder means for encoding said digital informa 
tion with a C2 code on a Galois Field GF (29), 

10 

15 

20 

25 

30 

35 

45 

65 

6 
including means for numbering selecting data 
words in said matrix diagonally from an arbitrary 
data word at and establishing a2 to an2, wherein n2 
is the length of code the C2 encoded data, such 
that 

hi -- 
as as a -- 12 X 2 -- 

a.k1 = a k-1 + 2 X hk-1 + 1 

a? = a 2-1 + 2 X 2-1 + 1 

wherein h to hin2-1 satisfy the following 
h2-sk/n) 

has k2/n2+ 1 lis(n2-1)/2 

said C2 encode means including means for C2 encoding 
said numbered selected data words, and means 
for adding the obtained C2 code to an end of said 
matrix in said first direction; and 

C1 encoder means for encoding said C2 encoded ma 
trix with a C1 code having a predetermined length 
of n on a GF (29) for each row of data words 

in said first direction, and adding the obtained C1 
code to an end of said matrix in said first direction. 

2. The two stage coding system of claim 1 wherein said 
means for C2 encoding further encodes said selected data 
words in each said diagonal 
said means for adding a C2 code to the end of each said 

diagonal to form a C2 code field at the end of said 
matrix in said first direction. 

3. The two stage coding system of claim 2 wherein said 
C2 encoder means subtracts n2X k2 from any initially cal 
culated value of a2 to an2 that exceed n2X k2 to select data 
words in said matrix diagonally, 

4. The two stage coding system of claim 1 wherein said 
C. encoderneans subtracts n2X k2 from any initially cal 
culated walue of a to an2 that exceed n2X k2 to select data 
words in said matrix diagonally, 

5. The two stage coding system of claim 1 wherein addi 
tional data added to said rows of data words in said first 
direction prior to encoding of said C2 encoded matrix with 
a C code is also encoded with this C code by said C. 
encoder means. 

6. A two stage coding system for encoding digital infor 
nation arranged in an information matrix afk Xg digits 
in a first direction, and k2 digits in a second direction 
orthogonal to the first direction, wherein 

ki, g, and k2 are integers, 
k1 < k2 g = the number of digits per data word, and 
k1, k2= the number of data words in said first and sec 
ond directions respectively, comprising: 

C2 encoder means for encoding said digital information 
with a C code on a Galois field GF(22), said C2 
encoder means selecting data words in said informa 
tion matrix diagonally from an arbitrary data word 
a1 and including a 2 to an2, wherein n2 is the length of 
the C2 encoded data, such that 
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an2 canz--- P2X ha2-1 + 1, 

h to han-1 each being selected from one of ha and his 
wherein, O 

has k2/m2) 

Ask2/r2-1, and 

Xl--heX his k2, where S 

said C2 encoder means forning said C2 code from said 
selected data words and adding the obtained C2 code 20 
to an end of said information matrix in said first 
direction thereby forning a C2 encoded matrix and 

C encoder means for encoding each line in said first 
direction of said C. encoded matrix with a C code 
having a predetermined length on a GF(2), and 
adding the obtained C code to an end of each said 
line of said matrix in said first direction to form a 
C2C encoded matrix. 

7. The two stage coding system of clairn 6 wherein a 
group of two or more adjacent lines h 1, h2 . . . utilize a 
repetition pattern having at least one of each of ha and his 
contained therein, said selection of data words a 1 to an by 
said C2 encoder means utilizing said repetition pattern for 
selection of all said data words (a) in said information 
Patrix. 

8. The two stage coding system of claim 7 wherein said 
repetition pattern is selected from the group consisting of 
h4, he his has and ha, hb, hb. 

9. The two stage coding system of claim 6 wherein. 

25 

30 

35 

hi-1 sha, 

hi- he, 

where 1.<iC(n2-1)/2. 
10. The two stage coding system of claim 6 wherein. ' 

hi- 1 = he, 

hi=ha, 
SO 

where 1.<i-C(n2-1)/2. 
ll. The two stage coding system of claim 6 wherein said 

C2 encoder means repeatedly selects data words in said 
information matrix from an arbitrary data word a1 and 
including a2 to an said C2 encoder means repeatedly 55 
forning said C2 code and adding said C2 to the end of the 
matrix, each repetition starting from a different arbitrary 
data word a 1. 

12. The two stage coding system of claim 11 wherein said 
C2 encoder means selects k2 arbitrary data words from 60 
which to perform selecting, forming and adding to thereby 
form a complete C2 encoded matrix. 

13. The nwo stage coding system of claim 6 wherein said 
means for C2 encoding further encodes said selected data 
words in each said diagonal 
said means for adding a C2 code to the end of each said 

diagonal to form a C2 code field at the end of said 
information matrix in said first direction. 

65 

14. The two stage coding system of claim 6 wherein 
additional data added to said rows of data words in said 
first direction prior to encoding of said C2 encoded matrix 
with a C code is also encoded with this C code by said Cl 
encoder means to thereby form said C2C encoded matrix. 

15. The two stage coding system of claim 14 wherein the 
length of said C2C encoded data matrix in the first direc 
tion is (n1--k3)xg digits, where k3 is an integer. 

16. The two stage coding system of claim 6 wherein said 
C2 encoder means subtracts n2Xk2 from any initially cal 
culated walue of a2 to a 2 that exceed n2Xk2 to select data 
words in said matrix diagonally. 

17. The two stage coding system of claim 6 wherein the 
length of said C2C encoded data matrix in the first direc 
tion is n1 Xg digits, 

18. A two stage coding systern for encoding digital irfor 
nation arranged in an information matrix of k1 Xg digits 
in a first direction, and k2 digits in a second direction 
orthogonal to the first direction, wherein 

ki, g, and k2 are integers, 
k1<k g=the number of digits per data word, and 
k, k= the number of data words in said first and sec 
ond directions respectively, 

said system further single stage coding additional infor 
nation of k3Xg digits in the first direction, where k3 
is an integer and k2 digits in the second direction, 
comprising 

C2 encoder means for encoding said digital information 
with a C2 code on a Galois field GF(2), said C2 
encoder means selecting data words in said informa 
tion matrix diagonally from an arbitrary data word 
a 1 and including a2 to an2, wherein n2 is the length of 
the C2 encoded data, such that 

h1 to ha-1 each being selected from one of ha and his 
wherein, 

h = k2/m2). 

hig=k2/r2]+ 1, and 

haxll--hex Sk2 where 

said C2 encoder means forming said C code from said 
selected data words and adding the obtained C2 code 
to an end of said information matrix in said first 
direction to form a C encoded matrix and 

said additional data of k3 words and said C. encoded 
matrix collectively forming an added data matrix 
having k2 lines, 

C encoder means for encoding each of said k2 lines 
extending in said first direction of said added data 
matrix with a C code having a predetermined length 
on a GF(2), and adding the obtained C code to an 
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end of each said line of said added data matrix in said 
first direction to form a C2C encoded matrix. 

19. The no stage coding system of claim 18 wherein a 
group of two or more adjacent lines h 1, h2 . . . utilize a 
repetition pattern having at least one of each of ha and his 
contained therein, said selection of data words a 1 to a by 
said C2 encoder means utilizing said repetition pattern for 
selection of all said data words (a) in said information 
Patrix. 

20. The two stage coding systern of clain 19 wherein said 

5 

O 

10 
where CiC(n2-1)/2. 

23. The two stage coding system of claim 18 wherein said 
C2 encoder means repeatedly selects data words in said 
information matrix from an arbitrary data word a1 and 
including a to an2 said C2 encoder means repeatedly 
forming said C2 code and adding said C2 to the end of the 
matrix, each repetition starting from a different arbitrary 
data word a . 

24. The two stage coding system of claim 23 wherein said 
C2 encoder means selects k2 arbitrary data words from 
which to perform selecting forming and adding to thereby 

repetition pattern is selected from the group consisting of form a complete C, encoded matrix. 
has his his ha and has his hip. 

21. The two stage coding system of claim 18 wherein: 
2-1 = A, 

where 1.<iC(n2-1)/2. 
22. The two stage coding system of claim 18 wherein. 

15 
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55 

25. The two stage coding system of claim 18 wherein said 
means for C2 encoding further encodes said selected data 
words in each said diagonal 
said means for adding a C2 code to the end of each said 

diagonal to form a C2 code field at the end of said 
information matrix in said first direction. 

26. The two stage coding system of clain 18 wherein said 
C encoder means subtracts n2X k2 fron any initially cal 
culated walue of a2 to a that exceed n2X k2 to select data 
words in said information matrix diagonally. 

27. The two stage coding system of claim 18 wherein the 
length of said C2C encoded matrix in the first direction is 
(n + k3)Xg digits. 
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