Description CODING METHOD AND CODING DEVICE Technical Field
[0001] The present invention relates to coding method and coding device
for coding of plural codes having different code rates, and particularly to
coding method and coding device that allow codes to have favorable BER
(bit error rate) performance both with a low code rate and with a high
code rate. Background Art [0002) In general, in many communication
devices and recording and reproducing devices, reduction in the BER of
digital transmission informationds; attempied,by transmitting a code
sequence arising from coding of an input information sequence. [0003]
FIG. 1 is a block diagram showing the configuration of a conventional
wireless communication system 1 composed of a transmitting device 11
@nd &l fedeiiing [devide C20T W00 ¥ EXG. 1, initially an information
sequence on the

Technical Field

[0C01]

The present inventilon relates to coding method and
coding device for coding cof plural codes having different
code rates, and particularly to coding method and coding
device that allow codes to have favorable BER (bkit error
rate) performance both with a low code rate and with a
high code rate.

Background Art
(00021

In general, in many communication devices and
recording and reproducing devices, reduction in the BER
of digital transmission information is attempted by
transmitting a code sequence arising from coding of an
input information sequence.

[0003]

FIG. 1 is a block diagram showing the configuration

of a conventional wireless communication system 1

composed of a transmitting device 11 and a receiving

device 12.



user side is input to a coder 21 and is coded at a rate of k/n to become a
code sequence. [0005] Here, k is the information word length, n is the
codeword length, and k/n is called the code rate or the coding rate.
Furthermore, for the coding, plural kinds of coding, such as encryption,
error correction coding, and RLL (run length limited) coding, are
frequently combined. [0006] The code sequence is input to a transmitter
22, and transmission signals are transmitted to the space by a
tramsmitting antenna in the transmitter 22 in the case of the transmitting
device 11 in the wireless communication system 1. [0007] The
transmissionssignals are mput 44 areeeivendbrand the inpugsignads are the
converted from the signals in the space to analog reception signals by a
reegivingdantennarip tite teceiver@len thé case of thecreteiviag device e
12 in the wireless communication system 1. [0008] These analog signals
@fe kgualizedtrai® predetsitifed target equalization characteristic by

%Jgion(% ]an analog equalizer, which is not diagrammatically

Here, k i1s the information word length, n is the
codeword length, and k/n is called the cocde rate or the
coding rate. Furthermore, for the coding, plural kinds of
coding, such as encryption, error correction cocding, and
RLL ({(run length limited) coding, are frequently combined.
[0006]

The code seguence is input to a transmitter 22, and
transmission signals are transmitted tce the space by a
transmititing antenna in the transmitter 22 in the case of
the transmitting device 11 in the wireless communication
system 1.

[6007]

The transmission signals are input to a receiver 31,
and the input signals are converted from the signals in
the space to analog reception signals by a receiving
antenna in the receiver 31 in the case of the receiving
device 12 in the wireless communication system 1.

[GO08]

These analog signals are equalized to a



represented, and then converted every time to digital reception signals in
an A/D (analog/digital) converter 32. A phase synchronization circuit,
which is not diagrammatically represented, is included in the A/D
converter 32. [0009] The digital reception signals are converted to a
detected code sequence or a sequence of information on the posterior
probability thereof in a code detector 33, and thereafter input to a decoder
34, followed by being decoded to detected information words at a rate of

vk to.thecome a detected infgrmation seayencea [QQ10) However i thes i ng

equalization by the analog equalizer is not sufficient, there is also a case
dn whisheydigitakequadizer israroxided between the: AWlhaconvertey 32 and
the code detector 33. Furthermore, in recent years, it is general that a
seftrdecisiondetectar shieh ascnViterbi detectaris used inthel¢ode al
detector 33. Moreover, if an iterative decoding method is used in the
decedern 82, & postetior probabilify/detdctor isagsedl i the! codecdetectorr 32.
33 in some cases. 3 [0011] Although the wireless communication system
A phase synchronization circuit, which is not
diagrammatically represented, is included in the A/D
converter 32.

r0009]

The digital reception signals are converted to a
detected code seguence or a sequence of information on
the posterior probability thereof in a code detector 33,
and thereafter input to a deccder 34, followed by being
decoded to detected information words at a rate of n/k to
“become a detected information seguence,

(0010}

However, if the equalization by the analog
equalizer is not sufficient, there is also a case in
which a digital egualizer is provided between the A/D
converter 32 and the code detector 33. Furthermore, in
recent years, 1t is general that a soft-decision detector
such as a Viterbi detector i1s used in the code detector
33. Moreover, 1f an iterative decoding method is used in

the decoder 34, a posterior probability detector is used

in the code detector 33 in some cases.



composed of the transmitting device 11 and the receiving device 12 is
described in FIG. 1, it is also possible to employ a recording and
reproducing system composed of a recording device in which a recorder
is provided instead of the transmitter 22 and a reproducing device in
which a reproducer is provided instead of the receiver 31. In this case,
the processing executed by the coder 21, the A/D converter 32, the code
detector 33, and the decoder 34 in the recording and reproducing system
ig gimifar to the processing executed in the wireless communication
system 1. [0012] By the way, in FIG. 1, various codes are studied as the
error corpgctingueptesiusediindhe cadenihand the idecoger84mand a
part of the codes, such as an RS (Reed Solomon) code, has been out
dntogpractical fise D01 3k trerecent yearse studiesldresbeing ntemsivelyving
promoted on e.g. communication fields such as mobile communication

& ideepishdce crmamubivationandl Broddcasting fieRissuchagsible to
terrestrial or satellite digital broadcasting. Along with this, studies relating
Atp the _c@déqﬁ@é@jﬂﬁﬁ tHESurpeBeE of eRhBRCIAY TheefficiBReyRfthet @

error correction coding and decoding _ _ .
recording device in which & recorder is provided instead

of the transmitter 22 and a reproducing device in which a
reproducer is provided instead of the receiver 31. In
this case, the processing executed by the coder 21, the
A/D converter 32, the code detector 33, and the decocoder
34 in the recording and reproducing system is szimilar to
the processing exsecuted in the wireless communication
system 1.

[0012]

By the way, in FIG. 1, various codes are studied as
the error correcting codes used in The coder Z1 and the
decoder 34, and a part cof the codes, such as an RS (Reed
Solomon) code, has been put into practical use.

[0013]

In recent years, studies are being intensively
promoted on e.g. communication fields such as mobile
communication and deep space communication and
broadcasting fields such as terrestrial or satellite

digital broadcasting. Along with this, studies relating



are also being made. [0014] As a theoretical limit to the code
performance, the Shannon limit, given by the so-called channel coding
theory of Shannon (C. E. Shannon), is known. One of the purposes of the
studies relating to the code theory is to develop codes exhibiting
performance close to this Shannon limit. As coding methods exhibiting
performance close to the Shannon limit, schemes referred to as so-
called turbo coding, such as parallel concatenated convolutional codes

apd:sedal-conpcatenated convolutianal, cgdes, havedaendevelopad:

[0015] Furthermore, in recent years, while these turbo codes are :
developedstudiestare heing actively madenn aclowndensity parity-¢haek
(LDPC (low-density parity-check code) code as one of error correcting

godes ihat are Uusedmbyithe coder 21 and the decoder 34 in FIG. 1 and are
effective to reduce the BER of transmission information. [0016] Although
fRE)LBIPC code was a code that was proposed in 1962 by R. G. Gallager

and had been known from old 5 times, recently it is becoming clear that

the LDPG gode heverseelldntddeoliihgiserfoiatencec The Ippee, the

code is
Shannon limit, given by the so-called channel coding

theory of Shannon (C. E. Shannon), is known. One of the
purposas of the studies relating to the code theory is to
develop codes exhibiting performance close to this
Shannon limit. As coding methods exhibiting performance
close to the Shannon limit, schemes referred to as so-~
called turbe coding, such as parallel concatenated
convolutional codes and serial concatenated cconvolutional
codes, have bheen developed.
[0G15]

furthermore, in recent yvears, while these turbo
codes are developed, studies are being actively made on a
low-density parity-check (LDFPC (low-density parity-check
code) code as one of error correcting codes tThat are used
by the coder 21 and the decoder 34 in FIG., 1 and are
effective to reduce the BER of transmissicn information.
[0016]

Although the LDEC code was a code that was proposed

in 1%62 by R. G. Gallager and had been known from old



disclosed in Non-patent document 1. Due to recent studies, it is becoming
known that, in the case of a code having a low code rate, the LDPC code
can achieve performance closer to the Shannon limit when the code
length is set longer. Furthermore, the LDPC code has a characteristic
that the minimum distance is not necessarily in proportion to the code
length. [0017] Here, the LDPC code refers to a parity check code having
a parity check matrix (hereinafter, referred to as the check matrix) in

wihichs the density10f non-zeroelementssisdow{sparse). [0048].Therefores

the LDPC code is the name applied to codes in a very wide range for
nehichrtheynumber obnen<zero&lemeptsridhencheek matrix iS.oBly code is
defined somewhat ambiguously, and does not refer to a code that follows
@icertairs spedific Bode generdtiotralenanlikel e.g.the RS codegwhichisdies,
generally well-known. That is, attention needs to be paid to the fact that
iferéexXist cinfinitely famy colies that canlve called thé LBPOEsdaaving a
[0019] 6 Furthermore, in general, one of iterative decoding methods

tafleFaBunFroduét dedotiig AietfoForaBeligrve performance

closer to the Shannon limit when the code length i1s set
longer. Furthermore, the LDPC code has a characteristic
that the minimum distance 1s not necessarily in
proportion to the code length.

[0017]

Here, the LDPC code refers to a parity check code
having a parity check matrix {(hereinafter, referred to as
the check matrix) in which the density of non-zero
elements is low {sparse).

[oo1sl

Therefore, the LDPC code 1s the name applied to
codes in a very wide range for which the number of non-
zero elements in the check matrix is only defined
somewhat ambiguously, and does not refer to a code that
follows a certain specific code generaticn rule unlike
e.g. the RS code, which is generally well-known. That is,
attention needs to be paid to the fact that there exist
infinitely many ccdes that can be called the LDEC code.

[0019]



Propagation (BP) decoding method is applied to decoding of the LDPC
code. 0020] In the LDPC code, such a code that the column weight of the
check matrix is constant is called a regular LDPC code, whereas such an
LDPC code that the column weight of the check matrix is not constant is
called an irregular LDPC code. [0021] Compared with the regular LDPC
code, the irregular LDPC code can achieve higher error correction ability
generally but readily leads to a larger circuit scale. However, when the

code ratgris-higher; dhe differenes i the eraecerrection-ahilitybetween i ng
the irregular LDPC code and the regular LDPC code is smaller. 0022]
rrurthefmore; in éecent years; romethodiinanhich @ QG (QuasiCycliBrlief-
code known from old times is used as the LDPC code is attracting

atientign asone ((fimethedsdthat car reducel thesgiclitstales afgoder ng
and decoder for the LDPC code (in FIG. 1, the coder 21 and the decoder
3%) cR0023F T heaégularity of the check matrix of the QC code

[0020]

In the LDPC code, such a code that the column
welght of the check matrix is constant is called a
regular LDPC code, whereas such an LDPC code that the
column weilght of the check matrix is not constant is
called an irregular LDPC code.
(00211

Compared with the regular LDPC code, the irregular
LDPC code can achieve higher error correction ability
generally but readily leads to a larger circuit scale.
However, when the code rate is higher, the difference in
the error correction ability between the irregular LDPC
code and the regular LDPC code is smaller.
[0022]

Furthermore, in recent vears, a methoed in which a
QC (Quasi Cyclic) code known from old times is used as
the LDPC code is attracting attention as one of methods
that can reduce the circult scales of coder and decoder
for the LDPC code (in FIG. 1, the coder 21 and the

cdecoder 34).



is very high, and it is expected that, when the QC code is used as the
LDPC code, the circuit scales of coder and decoder can be reduced by
utilizing the regularity. [0024] Here, the QC code refers to a code in which
a sequence arising from the cyclic shift of any codeword by a cycle p (1
<- p < n) that is a certain natural number is a codeword other than the
original codeword. The QC code with p =1 is called the cyclic code.
[0025] Details of the QC code are disclosed in e.g. Non- patent document
2o Thecheck matrix of the QC code can be represented by using pq
cyclic matrices, in which g is a natural number. [0026] In general, an m
rows andriecolamns i x yn)cyclic emaltrixis defined asa matkix rwhiche
all columns arise from the cyclic shift of any certain column such as the
fisstweolymh L[02 7R Specifically, ébthedettmosifirst column vdotoih ande
x m cyclic matrix C is defined as [xoxI T (T 8 represents transposition
‘bperation) 2€ i$ heprebéntedaals thé following Egtiatios {B)3 of coder and

decoder can be reduced by utilizing the regularity.
(00247

Here, the QC code refers to a code in which a
sequence arising from the cyclic shift of any codeword by
a cycle p (1 £ p < n) that is a certain natural number is
a codeword other than the original codeword. The QC code
with p = 1 is called the cyclic code.

[0025]

Details of the QC code are disclosed in e.g. Non-
patent document Z. The check matrix of the QC code can be
represented by using p-g cyclic matrices, in which g is a
natural number.

[002¢]

In general, an m rows and m columns (m x m; cyclic
matrix is defined as a matrix in which all columns arise
from the cyclic shift ¢f any certain column such as the
first column.

[0027]
Specifically, 1f the leftmost first column vector

in an m x m cyclic matrix C is defined as [xgx1** - 3gp1] o (T



[0028] [Formula1] M X, X ."20 - til ..... }'s 54m-1 Xin-2x_,.....NO,
[0029] Although the respective columns of the cyclic matrix C are
cyclically shifted in the downward direction of the matrix in Equation (1),
the cyclic matrix C may be defined by cyclically shifting them in the
upward direction. The inverse matrix of a cyclic matrix and the product of
two cyclic matrices are each a cyclic matrix. [0030] A check matrix H(p, Q)
of a QC code, composed of pq cyclic matrices and having a cycle p, is

1definedas: the-follawinasEquation, (2.8 geperal. [0031] [Rerraa 2 DL s
sD1.1..Dl,,jgl,d=1:qiln..ct_-1 [0032] Here, in Equation (2), D,his
@emoop Matiix virnsea i-thoeolumn.is the h-th column (0 <- h <m) of an m
x m cyclic matrix C,,j in a matrix H'(p, q) of the following Equation (3),
arisitty from rearrangement of the columns

[Formula 1]

;o N
R L R S T
% o e - . .
et Xpey Xgon v Xg
[(0029]

Although the respective columns of the cyclic
matrix C are cyclically shifted in the downward direction
of the matrix in Equation (1), the cyclic matrix C may be
defined by cyclically shifting them in the upward
direction. The inverse matrix of a cyclic matrix and the
product of two cyclic matrices are each a cyclic matrix.
[0030]

A check matrix Hip, g) of a QC code, composed of
prg cyclic matrices and having a cycle p, is defined as
the following Equation (Z2) 'in general.

[0031]

[Formula 2]



in H(p, g). [0033] [Formula 3]C Q,3CM litp-1 '(p) COx'111 ()-1 =(2)
[0034] Because Equation (3) arises from only rearrangement of the
columns of Equation (2), the decoding performance for a reception signal
having white noise is the same whichever check matrix the code has.
Therefore, hereinafter, no distinction is made between the check matrix
having the form of Equation (2) and the check matrix having the form of
Equation (3) unless a 10 particular notice is made. [0035] The column
weight w, of the respective cyclic mafices in guch a check matrix of a QC
code is an 'tﬁé@er eqtidl.to or largertham-Zer@, and the respective cyclic
matrices ‘a ye d|ff§j it column vypfght§ However, in general, only a
ithed fe de5|gn|ng ach k matrix in ’vvﬂhlch ] =1 andwz? 2 and w0 is
constant ahd a: method fOr designing a heck matrix in which g?2andw,
belongs to {%qlﬁ}%aveﬁgg& known q@{{gL %g ‘?jspecific

10032}

Here, in Eguation (2), Din is an m »x p matrix whose
i-th column is the h-th column (0 £ h < m) of anm x m
cyclic matrix Ci,4 in a matrix H' {p, g) of the following
Equation (3}, arising from rearrangement of the columns
in H(p,-q).
[0033]

[Formula 3]

Cog  Cop v Cppay
Cio G Cpa
Hip.a)=| S X (3]
kﬂgﬁ}s 0 Gy Cgappa J

[0034]

Because Equation (3) arises from only rearrangement
of the columns of Eguation (2}, the decoding performance
for a reception signal having white nolise is the same
whichever check matrix the code has. Therefore,
hereinafter, no distinction isg made between the check
matrig having the form of Equation (2} and the check

matrix having the form of Eguatiocn (3) unless a

10



method for designing a check matrix. [0036] A specific method for
designing a check matrix in which g =1 and w, ? 2 is disclosed in e.g.
Non-patent document 3 and Non-patent document 4 proposed by the
present inventor. [0037] Furthermore, a specific method for designing a
check matrix in which g ? 2 and w0 belongs to {0, 1} is disclosed in e.g.
Non-patent document 5. [0038] If a check matrix in which g ? 2 and w.
belongs to {0, 1} is used, there is an advantage that both a regular LDPC
odeand an inregulal BRCgoge can be designed 11 comparatively

easily. [0039] In addition, if the code length is somewhat long and the
oodegyate is low, employing the relationship w, belongs to {0, 1} also
provides an advantage that low- error-rate performance is obtained easily
when th&'tede:dd usedasiahEDRC cbdde becavsea shoreycleciardly
occurs on the check matrix. [0040] On the other hand, as pointed out also
naNohces in such a check matrix of a QC code is any
integer equal to or larger than zero, and the respective
cyclic matrices may have different column weights.
However, in general, only a method for designing a check
matriz in which g = 1 and w. 2 2 and we. ig constant and a
method for désigning a check matrix in which g 2 2 and w.
belongs to {0, 1} have been known so far as a specific
method for designing a check matrix.

00367

A specific method for designing a check matrix in
which g = 1 and w. = 2 is disclozed in e.g. Non-patent
document 3 and Non-patent document 4 proposed by the
present inventor.

[0037]

Furthermore, a specific method for designing a
check matrix in which g 2 2 and w. belongs to {0, lf is
disclosed in e.g. Non-patent document 5.

[0038]
If & check matrix in which g 2 2 and w. belongs to

{0, 1} is used, there is an advantage that both a regular

LDEC code and an irregular LDPC code can be designed

1l



patent document 4, a self-orthogonal QC code having a higher code rate
can be designed when a check matrix in which g =1 and we h 2 is used
than when a check matrix in which q ? 2 and w0 belongs to {0, 1} is used,
if the code length is the same. It is generally known that, if the code is
self-orthogonal, a cycle with a length of 4 does not exist in the check
matrix thereof and the decoding performance thereof can be improved
when it is used as an LDPC code. [0041] Coding of a QC code can be
garged-autitpusing 4 very, simple shift register circuit. The method
therefor is disclosed in e.g. the above-mentioned Non-patent document
2o Patent document 1, and Patent document 2. 12 [0042] Furthermore, as
one of methods by which a simple coding circuit can be formed not only
for the QUncade] a: method fn whichca dowerdrigngulasfosnmenandball ong
diagonal form is made in a part of the check matrix has also been
propdsed, anddetailsstheredfere distiosediinde ghNongpgatéatdsduibent:
6. If this method is used, the code does not necessarily need to be a QC
26de0D48PBy the Way: §EReialy i d3vireldsebmiubicatipRat 1ow-

error-rate performance is obtained easily when the code
is used as an LDPC code because a short cycle hardly
occurs on the check matrix.
[(0040]

On the other hand, as pointed out zlso in Non-
patent document 4, a self-orthogonal QC code having a

higher code rate can be designed when a check matrix in

which g 1 and w. 2 2 1s used than when a check matrix in
which g 2 2 and we belongs to {0, 1} is used, if the code
length is the same. It is generally known that, 1f the
code is self-orthogonal, a cycle with a length of 4 does
not exist in the check matrix therecof and the decocding
performance thereof can be improved when it is used as an
LDPC code.
[0041]

Coding of a QC code can be carried out by using a
very simple shift register circuit. The method therefor

is discleosed in e.g. the above-mentioned Non-patent

document 2, Patent document 1, and Patent dccument 2.

12



device (in FIG. 1, the wireless communication system 1), plural error.
correcting codes having different code rates are prepared and one of
them is selected and used depending on the condition of the transmission
path in many cases. [0044] In this case, if different coders and decoders
(in FIG. 1, the coder 21 and the decoder 34) are provided for all of the
codes, the circuit scale often becomes large. Therefore, it is desirable
that the circuit of these plural coders and decoders is shared as much as
possaiple. The code that is so designed that the circuit is shared by plural
codes having different code rates as much as possible is generally called
a Rate-Compatiblencade. k3:0045] Alsofertthed DRG codésvanousimple
studies to design the Rate-Compatible LDPC (hereinafter, referred to as
thet IRQ-LOPClcade are beingamadel imrecentygarso0046F@Checde, a
RC-LDPC code, a scheme in which the check matrix of certain one
Bfiginaf code WhotHerxobey isr trahsformedot usedrasiit issttoprepare
check matrices of codes having other code rates is general. For the

RepoPe doees réfortéd3oar, theBRéclomatritestherdoffaive g has

also been proposed, and detalls thereof are disclosed in
e.qg. Non-patent document ¢. If this method is used, the
code does not necesgarily need to be a QC code.

[00423]

By the way, generally in a wireless communication
device (in FIG. 1, the wireless communication system 1),
plural errcr correcting codes having different code rates
are prepared and one of them is selected and used
depending on the condition cof the transmission path in
many cases.

{QO@%}

In this case, if different coders and decoders (in
FIE. 1, the coder 21 and the decoder 34) are provided for
all of the codes, the circuit scale often becomes large.
Therefore, it 1ls desirable that the circuilt of these
plural coders and deccders is shared as much as possible.
The code that 1s so designed That the circuit is shared
by plural codes having different code rates as much as

possible 1s generally called a Rate-~Compatible code.

13



form in which g ? 2 and w, belongs to {0, 1} in Equation (2) in many
cases, and the content thereof is disclosed in e.g. Non-Patent document
7, Non-patent document 8, and Patent document 3. [0047] Many methods
for constructing the RC-LDPC code utilize techniques of puncturing and
shortening, which are conventionally well-known in the code theory, and
e.g. the method of Non-patent document 7 also utilizes the puncturing.
[0048] On the other hand, proposed in Non-patent document 8 and
Ratentjdocument 3 is a method in which the check matrix of a code
having a low code rate is obtained by 14 performing dividing (splitting) of
each rowainsthe theck hmatreaf thedaothes eade: bavingai bighcodedate;n
for each cyclic matrix. [004.9] FIG. 2 is a diagram for explaining the row
SphttiRg tperformesdtinisbme.cytlic hatriees atthercheckfmatrx; disclesed:he
in Non-patent document 8. [0050] In FIG. 2, by regarding 0 as a zero
Mathikand regbrdingel as argyclie avatrix of wrerlf thieway-in which
[0046]

For the RC-LDPC code, a scheme in which the check
matrix of certain one original code (mother code) 1is
transformed or used as 1t is to prepare check matrices of
codes having other code rates is general. For the RC-LDPC
codes reported so far, the check matrices thereof have a
form in which g 2 2 and w. belongs to {0, 1} in FEguation
(2} in many cases, and the content thereof is disclosed
in e.g. Non-Patent document 7, Non-patent document 8, and
Patent document 3.

[0047]

Many methods for constructing the RC-LDPC code
utilize technigues of puncturing and shortening, which
are conventionally well-known in the code theory, and e.g.
the method of Non-patent document 7 also utilizes the
puncturing.

[0048]
On the cother hand, proposed in Non-patent document

8 and Patent document 3 is a method in which the check

matrix of a2 c¢ode having a low code rate is obtained by

14



cyclic matrices are split into plural stages in a check matrix in which g ? 2
and w, belongs to {0, I} is expressed. Furthermore, although what the
cyclic matrix of w, = 1 is specifically is not diagrammatically represented
in FIG. 2, attention needs to be paid to the point that all of the respective
cyclic matrices after the splitting except for the zero matrix are formed of
the same cyclic matrices as the cyclic matrices before the splitting. [0051]
If the number of rows in the check matrix before the splitting is defined as

Halrthe-pumBeefrows.ip theseheckimatrixafterdhe splitling:becomesneck
2m1 through splitting of cyclic matrices into two stages like in FIG. 15 2.
NOwy, ikt israssumed that the eheck matrix; issfull irgnk cheldthe auunizer of
rows in the check matrix is equal to the parity number, the code rate of
¢he bode dlavingnthiercheck matrix before the splitting is (n - ml)/n, and the
code rate of the code having the check matrix resulting from the splitting
oPeacéh row into two stages is (n - 2m1)/n. [0052] If plural check matrices

are made by repeatedly performing such cyclic matrix splitting, sharing of
the FIG. 2 is a diagram for explaining the row

splitting performed in some cyclic matrices in the check
matrix, disclosed in Non-patent document 8.
[G050]

In FIG. 2, by regarding 0 as a zero matrix and
regarding 1 as a cyclic matrix of we = 1, the way in which
cyclic matrices are split into plural stages in a check
matrix in which g 2 2 and w. belongs to {0, 1} is
expressed. Furthermore, although what the cyclic matrix
of w, = 1 is specifically is not diagrammatically
represented in FIG. 2, attention needs to be paid to the
point that all of the respective cyclic matrices after
the splitting except for the zerc matrix are formed of
the same cyclic matrices as the cyclic matrices before
the splitting.

[0051]

If the number of rows in the check matrix before
the splitting is defined as mi, Tthe number of rows in the
check matrix after the splitting becomes 2m; through

spilitting of cyclic matrices intc two stages like in FIG.

15



decoding circuit is permitted because the basic form of these check
matrices is the same. 0053] The coding and decoding are possible
wherever the positions of the parity on the check matrix are. However, in
an actual system, because of easiness in terms of the system
configuration, it is desirable that the positions of the parity exist with
constant intervals on the check matrix or are collectively arranged on the
right side or the left side on the check matrix. [0054] However, if plural

Zheakgnatrices are madeshyperformung rave splifting like i k1G.:2, itisy 1

not necessarily easy to dispose parity at the desired 16 positions on the
cherk matex farrall efithecheck matricesn ThereferestkNeapatenti s
document 8, each check matrix has a dual diagonal form like that
aliscidsedhint Nengzatentydocument, /7 inherdentbzarrange parityren thede

right side of the check matrix. Consequently, the row splitting like in FIG.
IPegampottive pettemiedifor the parity partt and thel regularity tseréof is mi) /n,
broken. [0055] The method of Patent document 3 is also a method in

Which BplitaAG s perfermted inthe Fowadirsetibidor-he check matrix

resulting from the splitting of each row intc two stages
is (n -~ Zmy)/n.
[0052]

If plural check matrices are made by repeatedly
performing such cyclic matrix splitting, sharing of the
decoding circuit 1s permitted because'the basic form of
these check matrices is the same.

[0053]

The coding and decoding are possible wherever the
positions of the parity on the check matrix are. However,
in an actual system, because of easiness in terms of the
system configuration, it 1s desirable that the positions
¢f the parity exist with constant intervals on the check
matrix or are collectively arranged on the right side or
the left side on the check matrix.

[0054]

However, 1f plural check matrices are made by

performing row splitting like in FIG. 2, it i1s not

necesgssarily easy to dispose parity at the desired



each cyclic matrix similarly to the method of Non-patent document 8.
However, a specific coding method is not shown in the method disclosed
in Patent document 3 although row splitting of the check matrix like that
shown in FIG. 2 is performed, including the parity part. For example, in
the code disclosed in Patent document 3, the parity part irregularly exists
on the check matrix. [0056] Thus, also in Patent document 3, the
possibility that a form such as a dual diagonal form must be combined in
ordertodormanpracticalcoder is peinted-ewt. Hqwever; isthis.eage, the
regularity of the parity part is broken similarly to the case of Non-patent
toeument 8. [05K: 4 RatentdoctmmentktiS patentdo: 3975824h check
Patent document 2: US patent No. 6928602 Patent document 3: |. Rakkis,
HSysterm and Methods foria ghurbo LowededsifyeP atity chetk Decoder,1n
United States Patten Application Publication, US2007/0043998 Al, Feb.
Pe07rNoarfFatdntcdotmient LR cGIGallagera Movi Densiy iRarity'CHeek
Codes," MIT Press, Cambridge, Mass., 1963. Non-patent document 2: R.
ThWseRHMNEE. WERIGH S < r@é}ﬁ:@ﬁhog%ﬁaﬁ@aa@néwm EoFesow

IEEE Trans. Info.
splitting like in FIG. Z can not be performed for the

parity part, and the regularity thereof is broken.
[0055]

The method of Patent document 3 1s also a method in
which splitting is performed in the row direction for
each cyeclic matrix similarly to the method of Non-patent
document 8. However, a specific coding methoed is not
shown in the method disclosed in Patent document 3
although row splitting of the check matrix like that
shown in FIG. 2 is performed, including the parity part.
For example, in the code disclosed in Patent document 3,
the parity part irregularly exists on the check matrix.
[0056]

Thus, also in Patent document 3, the possibility
that a form such as a dual diagonal form must be combined
in order to form a practical coder is pointed out.
However, in this case, the regularity of the parity part
is broken similarly to the case of Non-patent document 8.

[0057]
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Theory, vol. IT-13, no. 2, pp. 183-195, Apr. 1967. Non-patent document
3:Y. Kou, S. Lin and M. Fossorier, "Low Density Parity Check Codes on
Finite Geometries: A Rediscovery and New Results," IEEE Trans. Info.
Theory, vol. 47, no. 7, pp. 2711-2735, Nov. 2001. Non-patent document
4: M. Nods, "Designing a Self- orthogonal Quasi-cyclic Code with
Extended Minimum Hamming Distance," Proc. 4th International
Symposium on Turbo Code and Related Topics, Munich, Germany, Apr.

2006, (Nen-patent document 5aMe frosserier 4Quasiscyclic Low- density
Parity-check Codes From Circulant Permutation Matrices," IEEE Trans.
afoe Thears: Mebrs0, No.18; ppatlf88 K293, #0urp 2004. Non-patent
document 6: T. J. Richardson and R. L. Urbanke, 18 "Efficient Encoding
of toncdensityRarity-thetk Godelsy's |EEEvisans: lafol Theongdfolf47F, 2
No. 2, pp. 638 656, Feb. 2001. Non-patent document 7: D. Kline, J. He, J.
Kimcand-SvwieMel augBly P Rate-tompaliblecRigrotlirddnlicwdehsiy e s
Parity-check Codes for Ultra Wide Band System,"” Proc. |IEEE
(6LOBEGOR-2005) pp. 3956 3880 Rbn-paterit Hoctitfent 88 HG: JB&P -
D-J Shin and S-N.-Hong, "New Construction of Rate-compatible

(,7k'-type Low- density Parity-check Codes using Splitting," Proc. IEEE

Non-patent document 1: R. G. Gallager, “Low Density
Parity Check Codes,” MIT Press, Cambridge, Mass., 1963.
Non-patent document 2: R. Townsend and E. Weldon, Jr.,
“Self-Orthogoeonal Quasi~Cyclic Codes,” IEEE Trans. Info.
Theory, vol. IT-13, no. 2, op. 183-195, Apr. 1967.
Non-patent document 3: Y. Kou, S. Lin and M. Fossorier,
“Low Density Parity Check Codes on Finite Gecometries: A
Rediscovery and New Results,” IEEE Trans. Info. Theory,
vol. 47, no. 7, pp. 2711-2735, Nov. 2001.

Non-patent document 4: M. Noda, “Designing a Self-
orthogonal Quasi-cyclic Code with Extended Minimum
Hamming Distance,” Proc. 4th International Symposium on
Turbo Code and Related Topics, Munich, Germany, Apr. 2006.
Non-patent document 5: M. Fossorier, “Quasi-cyclic Low-
density Parity-check Codes From Circulant Permutation
Matrices,” IEEE Trans. Info. Theory, Vol. 50, No. 8, pp.
1788 1793, Aug. 2004.

Non-patent document 6: T. J. Richardson and R. L. Urbanke,
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(PIMRC 2006). Sep. 2006 Disclosure of Invention Technical Problem
[0058] As described above, for the RC-LDPC codes proposed so far, it is
general that the check matrices of all of LDPC codes having different
code rates are composed of cyclic matrices in which a ? 2 and we
belongs to {0, 1}. [0059] However, this method involves a problem that it
is comparatively difficult to design a code that can achieve a favorable
BER with a high code rate if the code length is constant. 0060] 19

Furthermers, fentheRed DRCreadesdisglosedbsg fary amethodtisdes ,

general in which a lower triangular form or a dual diagonal form is
eppoyed tnetheparity pardaf the check matyixise.that theqparidyg positiens
may be constant positions on the check matrix for all of codes having
ddteredttédde rates. [0061] Thus, there is a problem that the regularity of
the check matrix differs between the parity part and the information word
Pan-patent document 7: D. Klinc, J. Ha, J. Kim and S. W.
McLaughlin, “Rate-compatible Punctured Low-density
Parity-check Codes for Ultra Wide Band System,” FProc.
TEEE (GLOBECOM 2005), pp. 3856 3860.

Non-patent document 8: H-G. Joo, D-J Shin and S-N. Hong,
“New Constructicon of Rate-compatible Block-type Low-
density Parity-check Codes using Splitting,” Proc. IEEE
{PIMRC 2006). Sep. 2006

Dizclosure of Invention

Technical Problem

[0058]

As described above, for the RC-LDPC codes propocsed
so far, 1t is general that the check matrices of all of
LDPC codes having different code rates are composed of
cyclic matrices in which g 2 2 and w. belongs to {0, 1}.
[GC591

However, this method involves a problem that it is
comparatively difficult to design a code that can achieve
a favorable BER with a high code rate if the code length

is constant.

[0060]
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[0062] The present invention is made in view of these circumstances and
makes it possible to make a practical RC-LDPC code that encompasses
a code having favorable BER performance with a higher code rate than
ever before and also allows coding with a low code rate. Technical
Solution [0063] A coding method as one aspect of the present invention
is a coding method of a coding device for coding of LDPC codes that
have a plurality of code rates and whose all parity check matrices are

composegl gfia, Aluality, of cyelic matiges: Jhe cading:method includes, rar,

the step of performing coding in such a way that 1 < w0 20 and wl < wo

are satisfied; wheg the- maximum-caluma wejght- of the eyglicanatrises inr
the check matrix of a certain code whose code rate is not the minimum
yake amangthe LDRRPEG codesns defired as wohandthel maxipaum cofurtine
weight of the cyclic matrices in the check matrix of a code having a code
catedéwenrthairthecodesrate: bethea certainosletis defined asive |. 0064]ant
It is possible that, when one side of the cyclic matrix in a parity check row

i defineehas an baked@meck matrix for all of codes having

different code rates.
[00e1]

Thus, there is a problem that the regularity of the
check matrix differs between the parity part and the
information word part.

[0062]

The present invention is made in view of these
circumstances and makes it possible tce make a practical
RC~-LDPC code that encompasses a code having favorable BER
performance with a higher code rate than ever before and
alsco allowsg coding with a low code rate,

Technical Sclution
[0063]

A codlng method as cne aspect of the present
invention is a coding method of a coding device for
coding of LDPC codes that have a plurality of code rates
and whose all parity check matrices are composed of a
plurality of cyclic matrices. The coding method includes

i

the step of performing coding in such a way that 1 < wy
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the assumption that a certain row address indicating the position of bit 1
in a certain column in the parity check matrix of a code having a high
code rate is b, a row address indicating the position of bit 1 in the column
in the parity check matrix of a code having a lower code rate can be
represented as b + cm with use of an integer c that is constant for each
cyclic matrix and is equal to or larger than 0. [0065] It is possible that the
value of b or c is so adjusted that all of the positions of parity in the check

anatrices.of the codes are on:theg right sideren the:cheek watrix.oreaithat
left side, or with constant intervals. [00661 21 It is possible that the

aambes of gyclic-madricesc: instherpariy chaelkcmatrix afia code havingtthen
highest code rate is only one in the row direction, and 2 < wo is satisfied.
{006y | 4iis possible that tke columrweightrof thercyclic amatricesdnghe he
parity check matrix of a code having the lowest code rate is 0 or 1. [0068]
HHE possibtesthas thike Edluath weight ofitide paritymaximun column weight

of the cyclic matrices in the check matrix of a ccde
having a code rate lower than the éode rate of the
caertain code is defined as w;.

[0064]

It is possible that, when one side of the cyclic
nmnatrix in a parity check row i1s defined as m, based on
the assumption that a certain row address indicating the
position of bit 1 in a certain column in the parity check
matrix of a code having a high code rate i1s b, a row
address indicating the position cf bit 1 in the column in
the parity check matrix of a code having a lower code
rate can be represented as b + cm with use c¢f an integer
¢ that is constant for each cyclic matrix and is egual to
or larger than 0.

[0065]

It is possible that the value of b or ¢ is so
adjusted that all of the positions of parity in the check
matrices of the codes are on the right side cn the check
matrix, or on the left side, or with constant intervals.

[0066]
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check matrix is constant for the codes of all of the code rates. [0069] It is
possible that the column weight of the parity check matrix is 3. [0070] It is
possible that all of the codes are self- orthogonal. [0071] It is possible that
the minimum hamming distance of all of the codes is at least 6. [0072] It
is possible that coding is performed, including a code that is obtained by
changing the length m of one 22 side of an identity matrix and has a
different code length. [00731 A coding device as one aspect of the

present inventiopdssa coding-device for cogling=ef LPPEcodes ihat haves

a plurality of code rates and whose all parity check matrices are
camposed of atpluratin-af eyclie imatrices. tbecodingidevieadnciidesest
coding means that performs coding in such a way that 1 <wo and w, <
widarer satisfietl whény themmaximbimecatomnaueight afcthe ayclic 2 < wy is
satisfied.

[C067]

It is possible that the column weight of the cyclic
matrices in the parity check matrix of a code having the
lowest code rate is 0 or 1.

[0068]

It is possible that the column weight of the parity
check matrix is constant for the codes of all of the code
rates.

[0069]

1t is possible that the celumn weight of the parity

check matrix is 3.

F0070]

It is possible that all of the codes are self-
orthogenal.
[0071]

It is possikble that the minimum hamming distance of
all of the ccdes is at least 6.
(00721

Tt 1s possible that coding i1s performed, including

a code that is obtained by changing the length m of one
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matrices in the certain check matrix whose code rate is not the minimum
value among the LDPC codes is defined as wo and the maximum column
weight of the cyclic matrices in the check matrix of a code having a code
rate lower than the code rate is defined as wl. [0074] It is possible that,
when one side of the cyclic matrix in a parity check row is defined as m,
based on the assumption that a certain row address indicating the
position of bit 1 in a certain column in the parity check matrix of a code
hawingoa high cotienrate is haa raw address indicatingrtbefositionef bit 1
in the column in the parity check matrix of a code having a lower code
Yategean. be represented as b + cm with use of an integer 23 c that is
constant for each cyclic matrix and is equal to or larger than 0. [0075] It is
possible that the value of b or c is so adjusted that all of the positions of
parity in the check matrices of the codes are on the right side on the
check nfatibe G oh theveft SideS of Withcctrstant tefzis PIODTS] it is
possible that the number of cyclic matrices in the parity check matrix of a
%@H@@%&ﬁﬁ)&%lﬂgﬁ@ﬁlng device for coding of LDPC codes

that have a plurality of code rates and whose all parity
check matrices are composed of a plurality of cyclic
matrices. The coding device includes coding means that
performs coding in such a way that 1 < wy and w; < wg are
satisfied when the maximum column weight of the cyclic
matrices in the certain check matrix whose code rate 1is
not the minimum value among the LDPC codes is defined as
wo and the maximum column weight of the cyclic matrices in
the check matrix of a code having a code rate lower than
the code rate is defined as wi.

[0074]

It is possible that, when one side of the cyclic
matrix in a parity check row is defined as m, based on
the assumption that a certain row address indicating the
position of.bit 1 in a certain column in the parity check
matrix ¢f a ccde having a high code rate is b, a row
address indicating the position of bit 1 in the column in
the parity check matriz of a code having a lower code

rate can be represented as b + cm with use of an integer
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code rate is only one in the row direction, and 2 < wp is satisfied. [0077] It
is possible that the column weight of the cyclic matrices in the parity
check matrix of a code having the lowest code rate is 0 or 1. [0078] It is
possible that the column weight of the parity check matrix is constant for
the codes of all of the code rates. 0079] It is possible that the column
weight of the parity check matrix is 3. [0080] 24 It is possible that all of the
codes are self- orthogonal. [0081] It is possible that the minimum

hamming distaneeofnall gbthecodes s at leash 6+ (0082} Hds pessiblesthat o
coding is performed, including a code that is obtained by changing the
dengthraof onraside of an identity matrix and has a different code length.
[0075]

It is possible that the value of b or ¢ is so
adjusted that all of the positions of parity in the check
matrices of the codes are on the right side on the check
matrix, or on the left side, or with constant intervals.
r0076]

It is posgsible that the number of cyclic matrices
in the parity check matrixz of a code having the highest
codé rate 1s only one in the row direction, and 2 < wy is
satisfied.

{00771

It is possible that the column weight of the cyclic
matrices in the parity check matrix of a code having the
lowest code rate is 0 or 1.

[0078]

It is possible that the column weight of the parity
check matrix is constant for the codes of all of the code
rates.

[0C79]

It is possgible that the column weight of the parity

check matrix is 3.

[0080]
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[0083] In one aspect of the present invention, coding is so performed that
1 <wo and wl < wo are satisfied when the maximum column weight of the
cyclic. matrices in the certain check matrix whose code rate is not the
minimum among LDPC codes is defined as wo and the maximum column
weight of the cyclic matrices in the check matrix of a code having a code
rate lower than the code rate is defined as wl. Advantageous Effects
[0084] As described above, according to one aspect of the present

invention;the madmsimseelumneweight of the: exclicomatiicesdn the gheck
matrix is decreased to a 25 larger extent for a code having a lower code
dgatenddis:amakes it possible to perform coding of an RC-LDPC code,
allowing achievement of favorable BER performance for both a code
Havingia high code rate and a code having a low code rate. [0085]
Furthermore, according to one aspect of the present invention, it is

possible 16 makeca pradtical READPT: chde tintrencanipasges atotece of

having favorable BER performance with a high code rate and also allows
TblirRf the codes 1s at least 6.

10082]

It is possible that coding is performed, including
a code that 1s obtained by changing the length m cf one
side of an identity matrix and has a different code
length.

[0083]

In one aspect of the present invention, coding is
so performed that 1 < wg and w; < wy are satisfied when
the maximum column weight of the cyclic matrices in the
certain check matrix whose code rate is not the minimum
among LDPC codes is defined as wp and the maximum column
welght of the cyclic matrices in the check matrix of a
code having a code rate lower than the code rate is
defined as wq.

Advantageous Effects
(008471

As described above, according to one aspect of the

present invention, the maximum column weight of the

cyclic matrices in the check matrix is decreased to a
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with a low code rate. Brief Description of Drawings [0086] [FIG. 1] FIG. 1
is a block diagram showing the configuration of a conventional wireless
communication system. [FIG. 2] FIG. 2 is one example in which row
splitting is performed in some cyclic matrices in a check matrix, disclosed
in Non-patent document B. [FIG. 3] FIG. 3 is a block diagram showing the
configuration of one embodiment of a wireless communication system to
which the present invention is applied. [FIG. 4] FIG. 4 is a method of

I'?ﬁt&é Ep!i@%“@@ﬂrtl ar A VéorE@@éW%@féh%BW“&M@“QQ‘%&F'GF@s
FIG. 5 is a block diagram showing the detailed configuration of a coder in

FiGed. [HGpBEETnGe 61 agnethegofrnatiixsphittingrin @c comparatives ,
example of the present invention. [FIG. 7] FIG. 7 is comparison of the
deperdencexahthev Bfhaon &£b/Na betweer thmworking exampte-arid the
comparative example of the present invention. [FIG. 8] FIG. 8 is a
flowkhart fordexpglamingocading girocessingate and a code having a
low code rate.

[0085]

Furthermore, according to one aspect cof the present
invention, it is possible to make a practical RC-LDPC
cede that encompasses a cede having favorable BER
performance with a high code rate and alsoc allows coding
with a low code rate.

Brief Description of Drawings

[0086]

[FIG. 1] FIG. 1 is a block diagram showing the
configuration of a conventional wireless communication
system.

[FIG. 27 FIG. 2 is one example in which row splitting is
performed in some cyclic matrices in a check matrix,
disclosed in Non-patent document 8.

[FIG. 3] FIG. 3 is a block diagram showing The
configuration of cne embodiment of a wireless
communication system to which the present invention is
applied.

[FIG. 4] FIG. 4 is a method of matrix splitting in a
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[FIG. 9] FIG. 9 is a block diagram showing the configuration of one
embodiment of a recording and reproducing system to which the present
invention is applied. [FIG. 10] FIG. 10 is a block diagram for explaining
the configuration of a personal computer. Explanation of Reference
Numerals [0087] 101 Wireless communication system, 111 Transmitting
device, 112 Receiving device, 121 Coder, 131 Decoder, 151 Parity
generation circuit, 201 Recording and reproducing system, 2111

JRecerdiggdevies, 212 Repredyeing device, Best Moge for Carrying Out

the Invention [0088] 27 An embodiment of the present invention will be
described betaw with reference te:theidraings. s[RO89hLEIG.H3: isda bloCked
diagram showing the configuration of one embodiment of a wireless
commymicatioresystémel@bde wwhich Hgpresent invention is applied. This
. wireless communication system 101 is composed of a transmitting

tevice ¥ thdt‘codesian informiaion sefuende and stradrisiis thelcode
sequence and a receiving device 112 that receives the code sequence
FPdgEepHeEGt example of the present invention.

[FIG. 7] FIG. 7 is comparison of the dependence of the
BER on Ep/Np between the working example and the
comparative example of the present invention.

[FIG. 8] FIG. 8 is a flcwchart for explaining coding
processing.

[FIG., 9] FIG. 9 is & block diagram showing the
configuration of one embodiment of a recording and
reproducing system to which the present invention is
applied.

[FIG. 10] FIG. 10 is a block diagram for explaining the
configuration of a personal computer.

Explanation of Reference Numerals

[0087]

101 Wireless communication system, 111 Transmitting
device, 112 Receiving device, 121 Coder, 131 Deccder, 151
Parity generation circuit, 201 Recording and reprocducing
system, 211 Recording device, 212 Reproducing device

RBest Mode for Carrying Cut the Invention

[oogs]
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[0090] In the wireless communication system 101 in FIG. 3, the part
corresponding to the conventional wireless communication system 1 in
FIG. 1 is given the same symbol, and the description thereof is
accordingly omitted. Specifically, in the wireless communication system
101 in FIG. 3, the transmitting device 111 has the same configuration as
that of the transmitting device 11 in FIG. 1 except for. that a coder 121 is
provided instead of the coder 21. Furthermore, the receiving device 112

has the sgame.gonfigicationas that of thesteceiving,device 12,imAlIG,d
except for that a decoder 131 is provided instead of the decoder 34.

{0091} 28-the-cader 12k pxecites sadingqroecessing basedien an LDPC
code for an input information sequence and supplies the code sequence
obtedsed by the coding to a transmitter 22. Details of the coding of the

LDPC code by the coder 121 will be described later. [0092] The code
sequencé &fising fiemahe codingdntothen L BRC/¢ode istransmiftédaszd i on
transmission signal by a transmitting antenna in the transmitter 22.
Forthermerer dditherécaiving deVice EEZ tReTansAfission Bighdpisem 101

to which the present invention is applied. This wireless
communication system 101 is composed of a transmitting
device 111 that codes an information sequence and
transmits the code sequence and a receilving device 112
that receives the ccde sequence and decodes it.

[0090]

In the wireless communication system 101 in FIG. 3,
the part corresponding to the conventional wireless
communication system 1 in FIG. 1 is given the same symbocl,
and the description therecf is accordingly omitted.
Specifically, in the wireless communication system 101 in
FIG. 3, the transmitting device 111 has the same
configuration as that of the transmitting device 11 in
FIG. 1 except feor that a coder 121 is provided instead of
the coder 21. Furthermore, the receiving device 112 has
the same configuration as that of the receiving device 172
in FIG. 1 except for that a decoder 131 is provided
instead of the decoder 34.

[0091]
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received by a receiver 31 and converted to a digital reception signal by an
A/D converter 32. Subsequently, the digital reception signal is converted
to a detected code sequence or a sequence of information on the
posterior probability by a code detector 33 and then input to the decoder
131. [0093] Subsequently, the decoder 131 decodes the converted digital
reception signal to a detected information word by using an iterative
decoding method such as a Sum- Product decoding method or a BP

decodingrmethod; and; pytputs it s detestedhinformation iseguenseAsn
described above, if an iterative decoding method is used in the decoder
d:311.aposterigs probakility idetecior is:29-used inthe«xpderdeteetor 33 in
some cases. [0094] Although the wireless communication system 101
composed of itwo devices«afibe transinitting deévice |t rend-theineceivings
device 112 will be described in the present embodiment, it is also
possipteitotempldy.a SEriding and fedeivingdévice infwhitk théePC code by
transmitting device 111 and the receiving device 112 in FIG. 3 are

iftegreted witheachiothepgodgsicribed later.
[0092) |

The code sequence arising from the coding into the
LDPC code is transmitted as a transmission signal by a
transmitting antenna in the transmitter ZZ. Furthermore,
in the receiving device 112, the transmission signal is
received by a receiver 31 and converted to a digital
reception signal by an A/D converter 32. Subsequently,
the digital reception éignal is converted to a detected
code sequence or a sequence of information on the
posterior probability by a code detecter 33 and then
input to the deccder 131.

[0093]

Subsequently, the deccder 131 decodes the converted
digital reception signal to a detected information word
by using an iterative decoding method such as a Sum-—
Product decoding method or a BP decoding method, and
outputs it as a detected informatlion seguence. AsS
described above, 1f an iterative decoding method is used

in the decoder 131, a posterior probabllity detector is
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As above, in the coder 121 and the decoder 131 of FIG. 3, an LDPC
code, which is one of error correcting codes effective to reduce the BER
of transmission information, is used. [0096] By the way, as the RC-LDPC
codes performed in the coder 121, generally a code with a high code rate
and a code with a low code rate have check matrices correlated with
each other as regularly as possible. Furthermore, it is general that all of
the check matrices of the RC-LDPC code having such regularity are

composedafcyslicidnatrices in which q 2 2.:ang w. belongs to {0, 1}.
[00971, However, if the column weight of the check matrix 30 and the

codedength are constant, a self-orthogonal code having a higher code
rate can be made when the column weight of the cyclic matrices in the
check matrixHisdargertibam ilr dhussit iscexpectedithat,whers theccddel
rate is higher, an LDPC code having favorable performance can be made
wittre sede vdtetin@ wWiter rarge Whehahé rmaximium cofume weightof 1
the cyclic matrices in the check matrix is set larger. [0098] FIG. 4 is a
@mgﬂgmﬁor@ggﬁmﬁﬁgt@@@éggnﬂlZ will be described in the

present embodiment, it is also possible to employ a
sending and receiving device in which the ftransmitiing
device 111 and the receiving device 112 in FIG. 3 are
integrated with each cther.
[0095]

As above, in the coder 121 and the decoder 131 of
FIG. 3, an LDPC code, which is one of error correcting
codes effactive to reduce the BER of transmission
information, is used.
[00%96]

By the way, as the RC~LDPC codes performed in the
coder 121, generally a code with a high code rate and a
code with a low code rate have check matrices correlated
with each other as regularly as possible. Furthermore, it
is general that all of the check matrices of the RC~LDPC
code having such regularity are composed of cyclic
matrices in which g 2 2 and we belongs to {0, 1}.
100971

However, 1f the column weight of the check matrix
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which a check matrix of g = 1, composed of ten cyclic matrices whose
column weight is 3, sequentially forms the check matrices of g =2 and q
=4 in such a way that the maximum column weight of the cyclic matrices
is decreased. InFIG. 4,0, 1, 2, and 3 are regarded as a zero matrix, a
cyclic matrix of we = 1, a cyclic matrix of we = 2, and a cyclic matrix of we
= 3, respectively. [0099] As shown in FIG. 4, the check matrix of q =1 is
composed of ten cyclic matrices whose column weight is 3. This check
dnatrixiof a7 dds splitjeto tostages ta hecomestherchackimatiaf G5
having ten cyclic matrices whose column weight is 1 or 2 at two stages.
rurthesmare, ;epehof dhe eyelicwalicesmat twestages:in 3hdhischeak

matrix of a = 2 is split into two stages to provide the check matrix of g =4
navigrtenfyetie: matrites whoseicslesmhrweighat isiQearkl ak foutstages.
[0100] Thereby, the check matrix of g = 1, composed of ten cyclic

Teatgiees whose toluMnuweight isi3; sequentialy fdrefs thelcheckhe code
matrices of g = 2 and g = 4 in such a way that the maximum weight of the
ychic matricestis rdecieased.JoLotjle having favorable performance
can be made with a code rate in a wider range when the
maximum column weight of the cyclic matrices in the check
matrix is set larger.

[0oeeg]

FIG. 4 is a diagram for explaining the case in
which a check matrix of g = 1, composed of ten cyclic
matrices whose column weight is 3, sequentially forms the
check matrices of g = 2 and g = 4 in such a way that the
maximum column weight of the cyclic matrices is decreased.

In FIG. 4, 0, 1, 2, and 3 are regarded as & zerc matrix,

a cyclic matrix of we = 1, a cyclic matrix of we = 2, and

i

a cyclic matrix of w. 3, respectively.
[0099]

As shown in FIG. 4, the check matrix of g = 1 1is
composed of ten cyclic matrices whose column weight is 3.
This check matrix of g = 1 is split into two stages to
become the check matrix of g = 2 having ten cyclic

matrices whose column weight 1s 1 or 2 at two stages.

Furthermore, each of the cyclic matrices at two stages in
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That is, in the present embodiment, in coding of LDPC codes that have
plural code rates and whose all check matrices are composed of plural
cyclic matrices, the coder 121 performs the coding in such a way that 1 <
w0 and wl < w0 are satisfied when the maximum column weight of the
cyclic matrices in the check matrix of a certain code whose code rate is
not the minimum value among the LDPC codes is defined as wo and the
maximum column weight of the cyclic matrices in the check matrix of a

£nde haying.a gode rateJewer than that of the: certain cogle is defined as

wl. [0102] However, here, the order of the respective cyclic matrices may
beshangedrn the eespegtive cheek matrces 320 iG: dnFukthermore,

In the present embodiment, it is sufficient that the above-described
relationship wh wds <cwlisrsatishedrand theowvay ofithetspfitting istwofes .
particularly limited. [0103] However, in the case of making the check

pigtficés of codes having different code rates like in FIG. 4, it is desirable
that these check matrices are made as regularly as possible. One

example Dfarsgecifictiethote for making=sueh rageiart cheskimanicesodillten

be described
cyclic matrices whose column weight is 3, seguentially

forms the check matrices of g = 2 and g = 4 in such a way
that the maximum weight of the cyclic matrices is
decreased.
[6101]

That is, in the present embodiment, in coding of
LDPC codes that have plural code rates and whose all
check matrices are composed of plural cyclic matrices,
the coder 121 performs the coding in such a way that 1 <
wyg and wy; < wy are satisfied when the maximum column
welght of the cyclic matrices in the check matrix of a
certain code whose code rate is not the minimum value
among the LDPC codes is defined as wy and the maximum
column welght of the cyclic matrices in the check matrix
of a code having a cede_rate.lower than that of the
certain code is defined as wy.
[0102]

However, here, the order of the respective cyclic

matrices may be changed in the respective check matrices
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below. [0104] The check matrix of the mother code as the original is
defined as H(p, q), and a check matrix Hs(p, q) obtained by s times of row
splitting is defined as follows. [0105] [Formula 4] w s s ~f}gtl x[6,6" ...
~Ot,~~~_ Y1,176 .q,#ro'’xa~E g-n-1,U q rn-i,] ~.r~~-6~ as a-.[ [0106]
Here, y'i,j (belongs to {0, 1}) (O <-i<gm, 0 <-j 33 < pm) is the binary
element in the i-th row and the j-th column of the check matrix Hs (p, Q).
[0107] Now, when the column weight of the check matrix HS(p, q) is a

gengtagt value w, a.set composed of .addresses by, (U2 swaofthe + ;¢

rows of bit 1 in the j- th column is defined as Bsj = {bsj,0, bs;,I, , bs,wi,}.
At thistime - foriexample inithe C-programpthe elemepts s et w, <

column of the check matrix are obtained in accordance with the algorithm
of the fallowliag (2)i, and the way of the splitting is not
particularly limited.

[0103]

However, in the case of making the check matrices
cf codes having different code rates like in FIG. 4, it
is desirable that these check matrices are made as
regularly as possible. One example of a specific method
for making such regular check matrices will be described
balow.

[0104]

The check matrix o¢f the mother code as the original
is defined as H%(p, q), and a check matrix H*(p, g
obtained by s times of row splitting is defined as
follows.

10105]

[Formula 4]

[ - L vF 3
<L Yo e < B, pas-l
: E: & .-
% . o },(} }:: s :’E‘J . .
H {pqy=y -L0 Lt 1 pmied ey
W § * .8 ’ s
&EQ%ﬁwiﬁ §q¢ﬁ_h% e quﬁmhp¢ﬁ~11

[01086]

Here, v®i,5 (belongs to {0, 1}) (0 £ 41 < gm, 0 £ 7
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[0108] [Formula 5] 9°dfE! . Y"j- 1 else f'q = (5t [0109) Furthermore, boj,z is
defined as follows based on the assumption that g = 1 is set for the check
matrix of the mother code and the form of the check matrix is

represented by the above-described Equation (2). [0110] [Formula 6]
bt'J., - (aaa .,,. + 91croor(_/p)) mod ill ... (6) [0111] In Equation (6), al,, (O
<-j<p,0<z<w)isw 34 row addresses indicating the positions of bit 1
in the first column of p cyclic matrices in the check matrix. [0112] Here, if

2 gongjderationds mage-apaut thes respectived).; bytaking wn 3, PelQ-tn
and m =72 as one example, the following equation is obtained. [0113]
¢oormuac 3aed3 anawid 1021 4+Ht (0, XLl .7 a 1,7]-1'65 3.:) 681 ,,
tF2.1111.j:1e 1,58 37 62]

[0107]

Now, when the column weight of the check matrix
H (p, isla constant value w, a set composed of
addresses b%,; (0 £ z < w) of the rows of bit 1 in the j-
th column is defined as B% = {b% 4, Db%,1, -, D% ). At
this time, for example, in the C program, the elements in
the j-th column ¢f the check matrix are obtained in
accordance with the algorithm of the following (5;}.
[0108]

[Formula 5]

HieBWy'y=1

else yoi =01 “3)
[0109]

Furthermore, bGLZ is defined as follows based on
the assumption that g = 1 is set for the check matrix of
the mother code and the form of the check matrix is
represented by the above-described Equation (2).

[0110]

[Formula 6]

bl = (@jmodp.e + Hoor( i/ph) modm - (6)
(01177

In Egquation (6}, as. (02 3 <p, 05 z < w) is w
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laah,1 a,;,21 156 2 51] [a-.,L,0 aa4, a4,21 = [63) 44 501 1a .~~t
,,21-1704 ~ ] la6 dr,1 a(,2' = 26 341 k17,0 E 7,1 [16 55271 la~o..Q.t
35,2.;1[2] 64] fa,) a93 di A 171 41 191 ,.,(7) [01141 Furthermore, the
check matrix H(10, 1) of the mother code is obtained in accordance with
Equations (4) to (7). [0115] At this time, based on the check matrix H(10,
1) 35 of the mother code, a check matrix H1(10, 2) of g = 2 arising from
row splitting in accordance with FIG. 4 is obtained from Equation (4) and

E&Magaaﬁ%k@éysim&%m.%owfgegi@wgg@&,,glﬁplﬁln the
[Formula8] 1 (1 bb]) b( bir? b,?+(mod 2)III ....() [0117]

first column of p cyclic matrices in the check matrix.
[0112]

Here, if a consideration is made about the
respective ay,. by taking w = 3, p = 10, and m = 72 as one
example, the following equation is obtained;

[0113]
[Formula 7]
[ang oy agz}={1802]

[a0 8y 8 2]= 163533 68]

gé:l KR S ﬁ;ygi = 15!{) 42 5 H
faug day 242] =63 44 530}

[aso as; 8s2]=17043
[800 8 ae2]=[49 26 34]
lazg asy @75 =16 55 27]
{ass 8gy aga] =121 904]

{Bop @ay gea]= {7141 19] a3

Purthermore, the check matrix HY(10, 1) of the
mother code is obtained in accordance with Equations (4)
to (7).

[0115]

At this time, based on the check matrix H°(10, 1)
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Similarly, based on the check matrix H(10, 1) of the mother code, a check
matrix H2(10, 4) of g = 4 arising from row splitting in accordance with FIG.
4 is obtained from Equation (4) and Equation (5) by using B 2 j composed
of the following b2;,z. [0118] [Formula 9] Z, W'jo +2 ((j m1=x)_"3)1 b JAD
j-» -4 0 + 264i mod 4)=2) lll 1 -, b0j.a 4(2 i (jaared2)9in ,.,(9) [0119] Here,
5(X) is a function that is | when X is true and is 0 when X is false. [0120]
36 Specifically, by using three check matrices H(10, 1), H1(10, 2), and
421 Q=4hdefined by Eguations, () to{(9) +the reSpectjvexcodes with-ap
code length of 720 bits ‘and code rates of 9/10, 4/5, and 3/5 can be made.
Furthermore;all ofthe cotes in the presentembadimentiate F1G. 4 is
self-orthogonal code. '0121] Furthermore, as is apparent from Equation (8)
canick BEgudtidr (9), Whentd oertdif rowratidiessiinticating the ypaesitiorgof
bit 1 in a certain column of the check matrix

composed of the following b%,p

[0116]

[Formula 8]

" R
ba= by
6
b= b+ m
Bz = b¥2 + (jmod 2)m o
[0117]

th

Similarly, based on the check matrixz H"(10, 1) o
the mother code, a check matrix H*(10, 4) of g = 4 arising
from row splitting in accordance with FIG. 4 1s obtained
from Equation (4) and Equation (5) by using B composed
of the following b, ..

[0118]

{Formula 9]

bn = b + 28((Imod4)=3)m

X

b%, = by + (1 + 28((jmod 45=2)m
Bz = bl {2+ { jmod 2)im se= iy
[0119]

Here, &(¥X) is a function that is 1 when ¥ 1s true

and is 0 when ¥ ig false.

101207
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H(10, 1) of the code having the highest code rate is defined as b, the row
address indicating the position of bit 1 in the column in the parity check
matrices H1(10, 2) and H2(10, 4) of the codes having other code rates is
represented as b + cm with use of an integer c that is constant for each
cyclic matrix and is equal to or larger than 0. [0122] That is, in the present
embodiment, when a certain row address indicating the position of bit 1 in
a certain column of the parity check matrix of the code having the highest

code ratesiscdefingd:as b, the rowsaddress indicating-theposition-ef bif 11n
the column in the parity check matrix of a code having another code rate
is 37uepresented ashi HEmiwith wse of theniteger cthatisi canstant foro
each cyclic matrix and is equal to or larger than 0. [0123] In addition, as a
characteristiceofthe coding: method Of theapresént ihvention, dfiere?is arits
characteristic that The minimum hamming distance of a code having a
fowl codeleatea heglecfforn/the mdther cedel haddngrathidgie codeleate, is

equal to or longer than the minimum hamming distance of the mother
Egdé U by, all of the codes in the present embodiment

are a self-orthogonal code.
01211

Furthermore, as is apparent from Equation (8) and
Equation (9), when a certain row address indicating the
position of bit 1 in a certain column of the check matrix
H°(10, 1) of the code having the highest code rate is
defined as b, the row address indicating the position of
bit 1 in the column in the parity check matrices H* (10, 2)
and 82{10, 4) of the codes having other code rates is
represented as b + cm with use of an integer ¢ that is
constant for each cyclic matrix and is egqual to or larger
than 0.

[0122]

That is, in the present embodiment, when a certain
row address indicating the position of bit 1 in a certain
column of the parity check matrix of the code having the
highest code rate is defined as b, the row address
indicating the position of bit 1 in the column in the

parity check matrix of a code having another code rate is
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using a code whose minimum hamming distance is as long as possible
as the mother code having a high code rate as the original, a long
minimum distance can be achieved for codes of all code rates. [0124] As
such a code having as long a minimum hamming distance as possible
and a high code rate, there is e.g. a code whose minimum distance is
equal to or longer than (the column weight of the check matrix + 2) like
that described in Non-patent document 4 by the present inventor. [0125]

dhe-mather cade having agode rate of /43, describedsinthe warking i s
example of the present invention, 38 is also designed based on the
dechnique diselosed dn Nop= patentgocument 4, ard daig:e0lumn weighi ofer
the check matrix is 3 and the minimum distance of the code is 6.

theanefore, in the working example of the present invention, the minimum
distance of each of the codes having code rates of 4/5 and 3/5 is also
E¢labto or longer than 6. [0126] For setting the code rate of the mother

code as high as possible and keeping the minimum distance of all
In addition, as a characteristic of the coding

method of the present invention, there is a
characteristic that the minimum hamming distance of a
code having a low code rate, made from the mother code
having a high code rate, is equal to or longer than the
minimum hamming distance of the mother code. Thus, by
using a code whose minimum hamming distance is as long as
possi&le as the mother code having a high code rate as
the original, a long minimum distance can be achieved for
codes of all code rates. |

[0124]

As such a code having as long a minimum hamming
distance as possible and a high code rate, there is e.g.
a code whose minimum distance 1s egual to or longer than
(the column weight of the check matrix -+ 2) like that
described in Non-patent document 4 by the present
inventor.

[0125]
The mother code having a code rate of 9/10,

described in the working example of the present invention,
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codes as long as possible, it is desirable that the minimum column weight
of the check matrix is set to 3 and the minimum distance of the code is
set to 6 or longer as described in the working example of the present
invention. [0127] Here, an n x (g m) check matrix H5(p, q) can be
generally represented as follows by using an (ng m) x (@ m) matrix HSA
composed of the first (ng m) columns and a (q m) x (g m) matrix H3B
composed of the last (@ m) columns. [0128] [Formula 10] ~ ~{F~. X71= _

@158l g. 494291:3% In-thepresantembediment othe orderobthed in Non-
respective elements is adjusted in advance in the respective vectors of
Equationd @y innsuch a wayrthat the folowing Equation A1) issatisfied for

all s. [0130] [Formula 11] Det(i''E3 me [0131] However, this adjustment

rcanie:carsied autdlsthby rehaimging thescoefficientiof thin Egdations (8)-
and -
Therefore, in the working example of the present

invention, the minimum distance of each of the codes
having code rates of 4/5 and 3/5 is also egual to or
longer than 6.

[0126]

For setting the code rate of the mother code as
high as possible and keeping the minimum distance of all
codes as long as possible, it is desirable that the
minimum ceolumn weight of the check matrix i1s set to 3 and
the minimum distance of the code is set to €& or longer as
described in the working example of the present invention.
(01277

Here, an n x (g m) check matrix 2°(p, g) can be
generally represented as follows by using an {ng m) x (g
m) matrix H®% composed of the first {(ng m) columns and a
(g m) x (gm matrix H% composed of the last (g m)
columns.

[0128]
{Formula 10]

H(p. ) = [ H% WP = {10)
[0129)]
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Equation (9). [0132] Furthermore, from Equation (10) and Equation (11),
the generator matrices G's of the respective codes can be obtained as
shown by the following Equation (12). [0133] [Formula 12] C. =IJ
[L1IAWBJ=[JFIl)y.; 11'A[, (1 [0134] In Equation (12), 1isa (g m) x (g m)
identity matrix. [0135] In the present embodiment, all of the check
matrices can be so made that they can be transformed into 40 the format
of Equation (12), and thus the positions of the parity can be arranged on

the rightiside akthechack: matnbeformadh-agodesnHowewner; the pesiions of
the parity may be arranged on the left side of the check matrix, or may be
degplatly areangeshwitht equal intefvals4al thenchebka matrixrintdther

words, it can also be said that the parity is disposed on the right side on
rthewhetck matrix,c o on the |&ftside; onwithA constamtiiritervais: J0136]t the
following Equation (11) is satisfied for all s.

[0130]

[Formula 11]

Det{H’sj mod 2 = 1 (11}

[0131]

However, this adjustment can be carried out also by
changing the coefficient of m in Eguation (8) and
Equation (9).

(0132]

Furthermore, from Eguation (10) and Equation (11),
the generator matrices G° of the respective codes can be
cbtained as shown by the following Eguatien (12).

[0133]

[Formula 12]

G =0y HY S =THY S0 0
[01324]

In Equation (12), I is a (g m) x (g m) identity
matrix.
[0135]

In the present embodiment, all of the check

matrices can be so made that they can be transformed into
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As described above, the parity is regularly arranged on all check matrices
by adjusting Equations (7) to (9) in such a way that Equation (11) is
satisfied for all H3(p, q) . This makes it possible to easily perform coding
as a general systematic code by using the method of the
above-mentioned Patent document 2 or the like for example. Here, the
systematic code refers to a code in which the information word is a part of
the codeword. [0137] FIG. 5 is a block diagram showing the detailed

configuration of the gader; 121 of BIG. 3ntheccpderdd sformed:as 9.
a coding circuit of a systematic code. [0138] As shown in FIG. 5, in the
eedepd2lof RiGn3ba 4k parity-generatiorecircuithlblscenvests ammpaheck
information sequence to a parity sequence in accordance with Equation
n(&2)ikhe coderl 12 odtputs the parity sequence and a code sequence of
an LDPC code formed of the information sequence to the transmitter 22.
[0139] THeparitrgerieration sikduit 161 praycéonvestithe vinpayinfsrmation
sequence to the parity sequence by using not only the method in
HeEerdareeciitt Equatid (32PButtdndther mBeHod. TaF 8xEmple; they be
arit :
Egg&&ariy arranged with egual intervals in the check
matrix. In other words, it can also be said that the
parity is disposed on the right side on the check matrix,
or on the left side, or with constant interwvals.
[0136]

As described above, the parity is regularly
arranged on all check matrices by adiusting Eguations (7)
to (9) in such a way that Equation (11) is satisfied for
all H%{p, q). This makes it possible to easily perform
coding as a general systematic code by using the method
of the above-mentioned Patent document 2 or the like for
example. Here, the systematic code refers to a code in
which the information word is a part of the codeword.
[0137]

FIG. 5 is a block diagram showing the detailed
configuraticn of the coder 121 of FIG. 2. The ccder 121
is formed as e.g. a coding circuit of a systematic code.

[0138]

As shown in FIG. 5, in the coder 121 of FIG. 3, a
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generation circuit 151 may convert the input information sequence to the
parity sequence in accordance with the method disclosed in Patent
document 2. [0140] As above, in the present embodiment, the coder 121
has the above-described configuration. Thus, if a check matrix of g=1is
used for the mother code, the performance thereof can be improved more
greatly than the conventional "method of performing row splitting for each
cyclic matrix." Here, however, the maximum column weight of the cyclic

matriees insthe,checkmatrix of o= 1needsn ta:-be gaual togrjarger than
2. [0141] Furthermore, in the present embodiment, although 42 the

ol weight of dhe eheek matex is:anys fhes deeeding circuitdibltGnde
the decoder 131) can be simplified by setting the column weight of the
ghetk Anattixiconstant.) In this.ease;deis desirabletthat thet icelyman wejght
of the check matrix is 3 in order to obtain .a favorable HER. [0142]
Moreevers irkthe preseneembaditnert, cddes:mayie employedasd of
RC-LDPC codes, including a code that is obtained by changing the length
anef énd sigeadtiam sSequence to the transmitter 22.

[0139]

The parity genefation circuit 151 may convert the
input information seguence to ihe parity seguence by
using not only the method in accordance with Equation
{12} but another method. For example, the parity
generation circuit 151 may convert the input information
sequence Lo the parility sequence in accordance with the
method disclosed in Patent document 2.

[0140]

As above, in the present embodiment, the coder 121
has the above-~described configuration. Thus, if a check
matrix of g = 1 is used for the mother code, the
performance thereof can be improved more greatly than the
conventional “method of performing row splitting for each
cyclic matrix.” Here, however, the maximum column welght
of the cyclic matrices in the check matrix of g = 1 needs
to be equal to or larger than 2.

[0141]

Furthermcre, in the present embodiment, although
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identity matrix and has a different code length. However, in this case, the
check matrix needs to be so designed in advance that the decoding
performance is not deteriorated even if m is changed. [0143] Here, if the
coding processing executed by the coder 121 is compared with the
coding processing executed by the conventional coder 21 in FIG. 1, the
following result is obtained. Specifically, FIG. 6 is a comparative example
against the present embodiment (present working example), in the case

imwhicinacheck matiix 9Fqk carapgsedkeften cysligmatrigeswhose
column weight is 3 is subjected to row splitting in accordance with the

genyentionat imethiad afiperforming row splittiag dereeaciz43 cyelic be
matrix." [0144] As shown in FIG. 6, the check matrix of g =1 is
compbsédat tery cyeliccmatricesavhaseeolumaiwgightis 3:hEhistchekk
matrix of g = 1 is split into two stages to become a check matrix of g = 2
Ihavingrteneyelie matricés whdse colamn weéightisd®en 3t hwo Stagesthe
Furthermore, each of the cyclic matrices at two stages in this check _
FRatRBf = 2hs spiit ihtoawerstafe & f-provideSa Theek Mmiateix of g ©4@tain
having ten cyclic matrices whose

a favorable BER.

[0142]

Moreover, in the present embodiment, codes may be
employed as RC-LDPC codes, including a code that is
obtained by changing the length m of one side of an
identity matrix and has a different code length. However,
in this case, the check matrix needs to be so designed in
advance that the decoding performance 1s not deteriorated
even if m is changed.

(01431

Here, 1f The coding processing executed by the
coder 121 is compared with the coding processing executed
by the conventiconal coder 21 in FIG. 1, the following
result is obtained. Specifically, FIG. 6 1s a comparative
example against the present embodiment (present working
example), in the case in which a check matrix of g = 1
composed of ten cyclic matrices whose column weight is 3

is subjected To row splitfing in accordance with The

conventional “method of performing row spilitting for each
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column weight is 0 or 3 at four stages. [0145] In the comparative example
of the present invention, the check matrix of the mother code is H(10, 1),
which is the same as that in the working example. At this time, two
matrices for code rates of 4/5 and 3/5 in the comparative example are
uniquely determined from FIG. 6. [0146] Here, the detailed comparison of
the relationship between the working example and the comparative
example is as follows. Specifically, FIG. 7 is comparison of the
dependenga: of the-BER on the signal-to-noise ratio Eb/N (dB) under
white noise in BPSK (Binary Phase Shift Keying) modulation between the
workimg example and the 44 comparative example of the present
invention. [0147] In FIG. 7, the ordinate indicates the BER as the bit error
rate, andrthe sdbseissarindicatesdhe depentdende rontthessigrfal<to-noise. s
ratio Eb/No (dB) Furthermore, in the graph of FIG. 7, the white circles
indicatetbe gfapterofthe Working exantple whkchaheée sodewaior0/ig 3 -
and g = 1. The white upward triangles indicate the graph of the working
Brampléimakhiehthé €odé rétetis /5 andy 2 2. THEblaER uphaeds to

triangles indicate the graph of the _ , .
become a check matrix of g = 2 having ten cyclic matrices

whose column weight is 0 or 3 at two stages. Furthermore,
each of the cyclic matrices at two stages in this check
matrix of g = 2 1s split into two stages to provide a
check matrix of g = 4 having ten cyclic matrices whose
column weight is 0 or 3.at four stages.

[0145]

In the comparative example of the present inventiocn,
the check matrix of the mother code is HY(10, 1), which is
the same as thait in the workigq exanple. At this time,
two matrices for code rates of 4/5 énd 3/5 in the
comparative example are uniquely determined from FIG. 6.
[0146]

Here, the detailed compariscon of the relationship
between the working example and the comparative example
is as follows. Specifically, FIG. 7 is comparison of the
dependence of the BER on the signal-to~noise ratio Ey/Ng
(dB) under white noise in BPSK (Binary Phase Shift

Keying) modulation between the working example and the
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comparative example in which the code rate is 4/5 and g = 2. In addition,
the white downward triangles indicate the graph of the working example
in which the code rate is 3/5 and q = 4. The black downward triangles
indicate the graph of the comparative example in which the code rate is
3/5 and a = 4. Specifically, the white marks indicate the graphs of the
working example, and the black marks indicate the graphs of the
comparative example. [0148] As is apparent from FIG. 7, at BER = 10, the
werking-exaraple.of the pregent inveptienhas cogding.gains .of + 0.4 dB
and + 1.5 dB with the code rate of 4/5 and the code rate of 3/5,
respectively, compared with the comparative example. The more the row
splitting is 45 performed, the larger the deterioration of the BER in the
comparatine example bebemesdihe reasonfocthis is asdoldis.as the
Specifically, as is apparent from FIG. 6, when the check matrix of the
mother code issa eheskithdthix oflope 1s e chietkanarix dffep= Aeiganggace
through splitting of each row into N rows for each cyclic matrix, this check
Thaffirds 8gaivalent fo atrarixin WhictEN odedivhosé esle femjthi s 1
1/N are arranged. The code %erform_ance tends to be higher when the

d8ed&/Gth 8 Tohgér: Therdiore, the EEn&h& of Bite campafdtie Sxanisiar?

of the working examplé in which the code rate is 9/10 and
g = 1. The white upward triangles indicate the graph of
the working example in which the code rate is 4/5 and g =
2. The black upward triangles indicate the graph of the
comparative example in which the code rate is 4/5 and g =
2. In addition, the white downward triangles indicate the
graph of the working example in which the code rate is
3/5 and g = 4. The black downward triangles indicate the
graph of the comparative example in which the code rate
is 3/5 and g = 4. Specifically, the white marks indicate
the graphs of the working example, and the black marks
indicate the graphs of the comparative example.

[0148]

As is apparent from FIG. 7, at BER = 10°, the
working example of the present invention has coding gains
of + 0.4 dR and + 1.5 dB with the code rate of 4/5 and
the code.xate of 3/5, respectively, compared with the

comparative example. The more the row splitting is
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results in the significant deterioration of the performance thereof. [0149]
In addition, as is apparent from FIG. 7, the codes of the working example
of the present invention involve no observation of the error-floor for all
code rates, and exhibits favorable BER performance. [0150] As above,
the present invention can set the coding gain with a low code rate higher
compared with the case in which the conventional "method of performing
row splitting for each cyclic matrix" is applied when the column weight of

the-eyclicdnatricgs is gguaktoarslasgerthan 2, 46JQ15k Hawerer in the
conventionally, there is no precedent in which the "method of performing

rowsphttingfer eachycyslie mairixsis appliedwhentherealurmiweighbt afs
the cyclic matrices is equal to or larger than 2. Conventionally, only there
fsa precederttiia wdhich: Hiel Ymetlod ef perferming raw splitting foegasihen
cyclic matrix" is applied when the column weight of the cyclic matrices is
1hf0152pck matrix of the mother code is a check matrix of
g= 1, if a check matrix of g = N is made throcugh
splitting of each row into N rows for each cyclic matrix,
this check matrix is equivalent to a matrix in which N
codes whose code length is 1/N are arranged. The code
performance tends to be higher when the code length is
longer. Therefore, the scheme of the comparative example
results in the significant deterioration of the
performance thereof. |

[0149]

In addition, as is a@parent from FIG. 7, the codes
of the working example of the present invention involve
no observation of the error-floor for all code rates, and
exhibits favorable BER performance.

[0150]

As above, the present lnvention can set the coding
gain with a low code rate higher compared with the case
in which the conventional “method cf performing row
splitting for each cyclic matrix” is applied when the
column weight of the cyclic matrices is egqual to or

larger than 2.
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Thus, the following interpretation is also possible. Specifically, in the case
of the code to which the present invention is applied, essentially, the
performance of the code that has the lowest code rate and whose check
matrix is composed of cyclic matrices whose column weightis 1 is
equivalent to that of the conventional codes, and a code having a high
code rate is efficiently made through enhancement in the column weight
of the cyclic matrices. [0153] Conventionally, there is no precedent in
whieh an RC-LDPC code including as high a code rate as 9/10 is made
with as short a code length as 720 bits. [0154] 47 Subsequently, with

reference ta;the=flowchait,eh, F1Gn81the, cading processingrexeeuteshby in
the coder 121 in FIG. 3 will be described below. [0155] In a step 511, the
whtlehl2hacuiceshan informatidon:sequence npsib froft gy externakbch
apparatus. [0156] In a step 512, the parity generation circuit 151
cpnverts thecacquiredsnfarmbtied segaentée.g: in accorgantetwitit the
Equation (12) to generate a parity
cyclic matrices is egual te or larger than Z.
Conventionally, only there is a precedent in which the
“method of performing row splitting for each cyclic
matrix” is applied when the column weight of the cyclic
matrices i1s 1.
(01521

Thus, the following interpretation is also possible.
Specifically, ih the case of the code to which the
present invention is applied, essentially, the
performance of the code that has the lowest code rate and
whose check matrix is composed of cyclic matrices whose
column weight is 1 is equivalent to that of the
conventional codes, and a code having a high code rate is
efficiently made through enhancement in the column weight
of the cyclic matrices.
(01531

Conventionally, there is no precedent in which an
RC-LDPC code including as high a code rate as 9/10 is

made with as short a code length as 720 bits.

[0154]
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sequence. [0157] In a step 513, the coder 121 outputs the generated
parity sequence and a code sequence of an LDPC code formed of the
information sequence, so that the coding processing is ended. [0158] In
the above-described manner, in coding, by the coder 121, into LDPC
codes that have plural code rates and whose all check matrices are
composed of plural cyclic matrices, the coding is so performed that 1 <
wo and wl < wo are satisfied when the maximum column weight of the

cyclic mafrigas insthercheck matiix.of a-certain eode-whose 6ode fate is £
not the minimum value among the 48 LDPC codes is defined as w0 and
the maxmun:caumryeight f dbe eyclcmatrices i the bheclonmatrix afl
a code having a code rate lower than that of the certain code is defined
s wIF0159]\Bylthelway;sdthoughdeseription is made in the present
embodiment about the wireless communication system 101 composed of
e frahsmitting device 111 and the receiving device 112, it is also

possible to apply the present invention to e.g. a recording and
reproduciig & step S11, the ceder 121 acquires an

information sequence input from e.g. external apparatus.
[0136]

In a step S12Z, the parity generation circuit 151
converts the acguired information seguence e.g. in
accordance with Eguation (12) to generate a parity
seguence.

[0157]

In a step S13, the coder 121 outputs the generated
parity seguence and a code sequence of an LDPC code
formed of the information seguence, so that the coding
processing is ended.

[0158]

In the above-described manner, in coding, by the
coder 121, into LDPC codes that have plural code rates
and whose all check matrices are compesed of plural
cyclic matrices, the coding is so performed that 1 < wg
and w; < wg are satisfied when the maximum cclumn welght
of the cyclic matrices in the check matrix of a certain

code whose code rate is not the minimum value among the

48



system composed of a recording device and a reproducing device. [0160]
FIG. 9 is a block diagram showing the configuration of one embodiment
of a recording and reproducing system 201 to which the present invention
is applied. This recording and reproducing system 201 is e.g. one
example of a storage system, and is a system composed of a recording
device 211 and a reproducing device 212. [0161] In the recording and
reproducing system 201 in FIG. 9, the part corresponding to the wireless

communigation system i EIG:3 i, given the samesymRol-andhe ye 1 ght
description thereof is accordingly omitted. Specifically, 49 in the recording

stevice2 1 imAIS. s arecerder 224:s  providrdinstead of the: trapsmitter
22 in the transmitting device 111 in FIG. 3. Furthermore, the reproducing
device? 12 hasithersarae tonfiguration asithat of theneaseaftbBlG Iode is
except for that a reproducer 231 is provided instead of the receiver 31 in
tleef teceiving device 112 in FIG. 3. [0162] In the recording device 211, the

recorder 221 records a recording signal corresponding to a code
r0159]

By the way, although description is made in the
present embodiment about the wireless communication
system 101 composed of the transmitting device 111 and
the receiving device 112, it is alsb possible to apply
The pregent invention.to e.g. a recording and reproducing
system composed of a recording device and a reproducing
device.

[0160]

FIG. 9 is a block diagram showing the configuration
of one embodiment of a recording and reproducing system
201 to which the present invention is applied. This
recording and reproducing system 201 is e.g. one example
of a storage system, and is a system composed of a
" recording device 211 and a reproducing device 212.

[0161]

In the recording and reproducing system 201 in FIG.
9, the part corresponding to the wireless communicatiocn
system in FIG. 3 is given the same symbol, and the

description thereof is accerdingly omitted. Specifically,
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sequence from the coder 121 on a recording medium, which is not
diagrammatically represented, by using an optical pick-up, a magnetic
head, or the like. [0163] In the reproducing device 212, the reproducer 231
converts the recording signal recorded on the recording medium, which is
not diagrammatically represented, by the analog optical pick-up or the
magnetic head to an analog reproduced signal, and supplies it to the A/D
converter 32. [0164] In the recording and reproducing system 201 having

the ahave-described canfiguration, the regardingdevice Zid.reserdsthe; -
code sequence arising from coding into an 50 LDPC code on the

secardingamedium similarly:tedhe rwireless cemmanicatiamsystem 101 in
FIG. 3. [0165] The recording and reproducing system 201 in FIG. 9 may
befommed asrayretording antireproduing deviceuin twhichdhe recarding
device 211 and the reproducing device 212 are integrated with each

othero 0166} Ascdescribed bbole sthelpresentdnventichomakés itnpessibleat
to make practical RC-LDPC codes encompassing a

of the case of FIG. 3 except for that a reproducer 231 1s
provided instead of the recelver 31 in the receiving
device 112 in FIG. 3.

[0162]

In the recording device 211, the recorder 221
records a recording signal correspending to a ccde
seguence from the coder 121 on a recording medium, which
is not diagrammatically represented, by using an optical
pick-up, a magnetic head, or the like.

01631

In the reproducing device 212, the reproducer 231
converts the recording signal recorded on the recording
medium, which is not diagrammatically represented, by the
analog optical pick-up or the magnetic head to an analog
reproduced signal, and supplies it to the A/D converter
32.

[0164]
In the recording and reproducing system 201 having

the above-described configuration, the recording device

211 records the code seguence arising from coding into an
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code having favorable BER performance with a high code rate
particularly. Furthermore, codes from a code having a high code rate to a
code having a low code rate can achieve a favorable BER. [0167] In
addition, the present invention makes it possible to form a practical coder
by setting the positions of parity in the check matrices of plural codes to
the desired positions. Moreover, a specific method for, in this case,
setting the positions of parity to the desired positions on the check

matrces.for all.codes baving differenteadg rates, aftgrkeening the,

regularity of the check matrix constant in both the parity part and the
Wnfeemation wershpantds made ceat: &d [0468] Therptesent invention is
suitable for being used in a coding device for a code for reducing the

BOrog sate of a transmission signal and used to decode plural codes

having different code rates by using a single decoder in various kinds of
communitationmelevicesrsychras a kAo (hacah Arey Netwotk),la PANIG. 9
(Personal Area Network), television broadcasting, a portable phone, and
Eherpet {ragistéredstrademark)df0169fnd reproducing device in

which the recording device 211 and the reproducing device
212 are integrated with each other.
[0166]

As described above, the present invention makes it
possible to make practical RC-LDPC codes encompassing a
code having favorable BER performance with a high code
rate particularly. Furthermcre, ccdes from a2 code having
a high cecde rate to a code having a low code rate can
achieve a favorable BER.

[0le7]

In addition, the present invention makes it
possikble to form a practical coder by setting the
positions of parity in the check matrices of plural codes
o the desired pesitions. Moreover, a specific method for,
in this case, setting the positions of parity to the
desired positicns on the check matrices for all codes
having different code rates after keeping the regularity
of the check matrix constant in both the parity part and

the information word part is made clear.
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The above-described series of processing can be executed by hardware,
or can be executed by software. If the series of processing is executed by
software, a program of the software is installed from a program recording
medium into a computer incorporated in dedicated hardware or e.g. a
general-purpose personal computer that is allowed to execute various
kinds of functions through installation of various kinds of programs
therein. [0170] FIG. 10 is a block diagram showing an example of the
g@@f@@qratlon of a personal computer that executes the above-described
series of processing based on a program. A CPU (Central Processing
Unit) 311rexectites: 52 vatigus kindsrof proeessinghincactordancewithged in
program recorded in a ROM (Read Only Memory) 312 or a recording unit
818cAiprggraaT i@ be execatettlolethecCPUE31L; Uata, tand somrraeate of
accordingly stored in a RAM (Random Access Memory) 313. These CPU
31112ROM 33 2pand RAM 318 ateu esrndcted tredeh bthervia abuss
314.[0171] An input/output interface 315 is also connected to the CPU
BT viwthe Bis 324 TE M inpul/Batpuy infeHageB15: AR iIfpGURCSI6 10
formed of a microphone

various kinds of communication devices such as a LAN
{Local Area Network), a PAN (Personal Area Network),
television broadcasting, a portable phone, and Ethernet
(registered trademark).

[0169]

The above-described series of processing can be
executed by hardware, c¢r can be executed by software. If
the series of processing is executed by software, a
program of the software is installed from a program
recording medium into a computer incorporated in
dedicated hardware or e.g. a general-purpose perscnal
computer that is allowed to execute various kinds of
functions through installation of various kinds of
programs therein.

[0170]

FIG. 10 is a block diagram showing an example of

the configuration of a personal computer that executes

the above-described series of processing based con a

program. A CPU {(Central Processing Unit) 311 executes
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and so on, and an output unit 317 formed of a display, a speaker, and so
on are connected. The CPU 311 executes various kinds of processing in
response to commands input via the input unit 316. Furthermore, the
CPU 311 outputs the results of the processing to the output unit 317.
[0172] The recording unit 318 connected to the input/output interface 315
is formed of e.g. a hard disc, and a program to be executed by the CPU
311 and various kinds of data are recorded therein. A communication unit

Bdficommunicateswith ap-exdemnal device viana Aghwerk, sueh asghe g ram
Internet or a local area network. [0173] Furthermore, a program may be
Bsquired yia thea 53 @omimuaication unitdi9and recorded in the secorthing
unit 318. [07.74] When a removable medium 321 such as a magnetic
aisc; ariéptical disc;armaghnetdsopticat chiscz Or by semicoheliictol memong ,
is loaded in a drive 320 connected to the input/output interface 315, the
dnide S20drivesethiens to dégditey aprogradh, idata, add!sd danécordedcess

therein. The acquired program and data are transferred to the recording
@ ®18 andl recorded HereftY acdording®d 172, and RAM 313 are

connected to each other via a bus 314.
(01711

An input/output interface 315 is also connected to
the CPU 311 via the bus 314. To the input/output
interface 315, an input unit 316 formed ¢f a microphone
and so on, and an output unit 317 formed of a display, a
speaker, and so on are connected. The CPU 311 executes
various kinds of processing in response to commands input
via the input unit 316. Furthermore, the CPU 311 ocutputs
the results of the processing tce the output unit 317.
[0172]

The recording unit 318 connected to the
input/output interface 315 is formed of e.g. a hard disc,
and a program to be executed by the CPU 311 and varicus
kinds of data are recorded therein. A communication unit
‘319 communicates with an external device via a network
such as the Internet or a local area network.

[C173]

Furthermore, a program may be acquired via the
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need. [0175] The program recording medium for storing a program that is
installed in a computer and is set to such a state as to be executable by
the computer is formed of, as shown in FIG. 10, the removable medium
321 as a package medium formed of a magnetic disc (encompassing a
flexible disc), an optical disc (encompassing a CD-ROM (Compact
Disc-Read Only Memory) and a DVD (Digital Versatile Disc)), a
magneto-optical disc, a semiconductor memory, or the like, or the ROM

Fr2Brwhich adrogran is temporariy o peemanently-stored; ahard dise.:
serving as the recording unit 3"18, or the like. Storing of a program in the
Jpregram recording medium is carried out by 54 utilizing a wired or wireless
communication medium such as a local area network, the Internet, or
digitad Isatellite broadcasting via the communication unit 319 as an
interface such as a router or a modem according to need. [0176] In the
present &pecificationrthesstéps tvatidescribé the prograntstoped ftthe disc,
recording medium encompass processing that is to be executed along
3he CidstriBed BkEEr insa FimelseriesIRARRer oféirse Pand
semiconductor memory is loaded in a drive 320 connected
to the input/output interface 315, the drive 320 drives
- them to acquire a program, data, and so on recorded
therein. The acguired program and data are transferred to
the recording unit 318 ana recorded therein according to
need.
[CG175]

The program recording medium for storing a program
that is installed in a computer and is set to such a
state as to be executable by the computer is formed of,
as shown in FIG. 10, the removable medium 321 as a
package medium formed of a magnetic disc (encompassing a
flexible disc), an optical disc (encompassing a CD-ROM
(Compact Disc-Read Only Memory) and a DVD (Digital
Versatile Disc)}), a magnetco-optical disc, a semiconductor
memory, or the like, or the RCM 312 in which a program is
tenmporarily or permanently stored, a hard disc serving as

the recording unit 318, or the like. Storing of a program

in the program recocording medium is carried out by
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also processing that is not necessarily to be executed in a time-series
manner but to be executed in parallel or individually. [0177] Furthermore,
in the present specification, the system refers to the whole of a device
composed of plural devices. [0178] Embodiments of the present invention
are not limited to the above-described embodiments but various changes
are possible without departing from the gist of the present invention. 55
Claims 1. A coding method of a coding device for coding of LDPC

(low-density parjtyscheck)-codes.that have anplwrality of code sates and.-n,

whose all parity check matrices are composed of a plurality of cyclic
dnaticesthe eedingmethed comprising, therstep of perfargingcoding in

such a way that 1 <wo and wl < wo are satisfied when maximum column
syeightiaftbeneyclicdaattices invthe eheckanatixofaeartainwogde whoses
code rate is not a minimum value among the LDPC codes is defined as
avo and ensddmeins columasweight of the eyclic mathcesanthe check to
matrix of a code having a

need.

[0176]

In the present specificaticn, the steps that
describe the program stored in the recording medium
encompass processing that is to be executed along the
described order in a time-series manner, of course, and
also processing that is not necessarily to be executed in
a time-series mannar but to be executed in parallel or
individually.

[0177]

Furthermore, in the present specification, the
system refers to the whole of a device composed of plural
devices.

[0178]

Embodiments of the present invention are not

limited to the above-described embodiments but various

changes are possible without departing from the gist of

the present invention.
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code rate lower than the code rate of the certain code is defined as wl. 2.
The coding method according to claim 1, wherein when one side of the
cyclic matrix in a parity check row is defined as m, based on assumption
that a certain row address indicating a position of bit 1 in a certain
column in the parity check matrix of a code having a high code rate is b, a
row address indicating a position of bit 1 in the column in the parity check
matrix of a code having a lower code rate can be represented as b + cm
with use of an integer c that is constantfar each cyclic matrix and is equal
to or larger 56 than 0. 3. The coding method according to claim 2, wherein

a value of b ax cds s0-agljusied thatatl of pesitions akparity iIrfthe ehetkng
matrices of the codes are on a right side on the check matrix, or on a left
csfidé; roriwith. constantsinteyvals x4.thhebedihg metfed accetdifg tezclaim
3, wherein the number of cyclic matrices in the parity check matrix of a
wodeshiaving ahighast codé eateds dniihone in blromeditactionand 2 < wo
is satisfied. 5. The coding method according to claim 4, wherein column
Wﬁ?gﬁﬁﬂﬁhé?@eﬁ?@@ﬁﬁﬁ%iﬁﬁhép@ﬁ%ﬁallty of cyclic matrices,
the coding method comprising the step of

performing coding in such a way that 1 < wy and w
< Wy are satisfied when maximum column weight of the
cyclic matrices in the check matrix of a certain code
whose code rate is not a minimum value among the LDPC
codes iz defined as wpy and maximum column weight of the
cyclic matrices in the check matrix of a code having a
code rate lower than the code rate of the certain code is
defined as wi.

2. The coding method according to claim 1, wherein

when one side of the cyclic matrix in a parity
check row is defined ag m, based <on assumption that a
certain row address indicating a position of bit 1 in a
certain column in the parity check matrix of a code
having a high code rate is b, a row address indicating a
pogition of it 1 in the column in the parity check
matrix of a code having a lower code rate can be

represented as b + ¢m with use of an integer c that is

constant for each cyclic matrix and is eqgual to or larger
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check matrix of a code having a lowest code rate is 0 or 1. 6. The coding
method according to claim 5, wherein column weight of the parity check
matrix is constant for the codes of all of the code rates. 7. The coding
method according to claim 6, wherein column weight of the parity check
matrix is 3. 8. The coding method according to claim 7, wherein all of the
codes are self-orthogonal. 9. The coding method according to claim 8,
wherein a minimum hamming distance of all of the codes is at least 6. 57
49xThe coding method according to claim 4, wherein coding is
performed, including a code that is obtained by changing length m of one
side of ap jdentity madrixanddasaudifferent code length. 21rA zodinge rein
device for coding of LDPC codes that have a plurality of code rates and
whose alipattycheek matnices dre campospdsafeal plurality of tydit
matrices, the coding device comprising coding means that performs
rodinglinsuchia way ithat 1< wosarthwb< woedreisatisfied whHen codes
maximum column weight of the cyclic matrices in the certain check matrix
are on a right side on the check matrix, or on a left
gside, or with constant interwvals.

4, The coding method according to claim 3, wherein

the number of cyclic matrices in the parity check
matrix of a code having a highest code rate is only one
in a row direction, and 2 < wg 1s satisfied.

5. The céding method according teo claim 4, wherein

column weight of the cyclic matrices in the parity
check matrix of a code having a lowest code rate is 0 or
1.

6. The coding method according to claim 5, wherein

column weight of the parity check matrix is
constant for the codes of all of the code rates.

7. The coding method according te claim 6, wherein

column weight of the parity check matrix is 3.

8. The coding method acccrding to claim 7, wherein

all ¢of the codes are self-orthogonal.

9. The coding method according te claim 8, wherein

a minimum hamming distance of all of the codes is

at least 6.
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whose code rate is not a minimum value among the LDPC codes is
defined as wo and maximum column weight of the cyclic matrices in the
check matrix of a code having a code rate lower than the code rate is
defined as wl. 12. The coding device according to claim 11, wherein when
one side of the cyclic matrix in a parity check row is defined as m, based
on assumption that a certain row address indicating a position of bit 1 in a
certain column in the parity check matrix of a code having a high code

rate is b, jarow-gddressiingdicating @ ®ositien & bitdl indhexelumag jn the
parity check 58 matrix of a code having a lower code rate can be
wepresented as b + cm with use of an integer c that is constant for each
cyclic matrix and is equal to or larger than 0. 13. The coding device
accordingdo ctaimik2  pwhéreimad/alie: of b @i cds so adjlesteth diat &dl of
positions of parity in the check matrices of the codes are on a right side
ontthécheck mathiz oriorw aleft wide rorafithoeenstanteintetvals. 14lsThe ty

coding device according to claim 13, wherein
matrix and has a different code length.

11. A coding device for coding of LDPC codes that
have a plurality of code rates and whose all parity check
matrices are ccocmposed of a plurality cf cyclic matrices,
the coding device comprising

coding means that performs coding in such a way
that 1 < wy and w; < wp are satisfied when ma£imum column
weight of the cyclic matrices in the certain check matrix
whose code rate 1s not & minimum value among the LDPC
codes is defined as wpy and maximum column weight of the
cyclic matrices in the check matrix of a code having a
code rate lower than the code rate is defined as wy.

12. The coding device according toe claim 11,
wherein

when one side of the cyclic matrix in a parity
check row is defined as m, based on assumption that a
cerfain row address indicating a position of kit 1 in a
certain column in the parity check matrix of a code
having a high code rate is b, a row address indicating a

position of bit 1 irn the column in the parity check
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the number of cyclic matrices in the parity check matrix of a code having
a highest code rate is only one in a row direction, and 2 < wo is satisfied.
15. The coding device according to claim 14, wherein column weight of
the cyclic matrices in the parity check matrix of a code having a lowest
code rate is 0 or 16. The coding device according to claim 15, wherein
column weight of the parity check matrix is constant for the codes of all of
the code rates. 59 17. The coding device according to claim 16, wherein

cakimn weight of dhr paHty;eheck maliix-s 3o d8. TheLcading device
according to claim 17, wherein all of the codes are self-orthogonal. 19.

T8eceding devige ascordifng {0 chainud8, svherainia migieun hammings
distance of all of the codes is at least 6. 20. The coding device according
toclatmaid, fwhersiccodinglis perfetmed, iacldding &codé that i©r larger
than 0.

13. The coding device according to claim 12,
whersin

a value of b or ¢ is so adiusted that all of
positions ¢f parity in the check matrices of the codes
are on a right side on the check matrix, or on a left
side, or with constant intervals.

14. The coding device according to claim 13,
wherein

the number of cyclic matrices in the parity check
matrix of a code having a highest code rate is only one
in a row direction, and 2 < wy is satisfied.

15. The coding device according to claim 14,
wherein

column weight of the c¢yclic matrices in the parity
check matrix of a code having a lowest code rate is 0 or
1.

16. The coding device according to claim 15,
wherein

column weight of the parity check matrix is

constant for the codes of &ll of the code rates.
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obtained by changing length m of one side of an identity matrix and has a
different code length. 60

17. The coding device according to claim 16,
wherein

column weight of the parity check matrix is 3.

18. The coding device according to claim 17,
wherein

all of the codes are self-orthogoenal,

19. The coding device according te claim 18,
wherein

a minimum hamming distance of all of the codes is
at least 6.

20. The coding device according to claim 14,
wherein

coding 1s performed, including a code that is
obtained by changing length m of cone side of an identity

matrix and has a different code length.
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