1 Description DATA PROCESSING APPARATUS AND DATA
PROCESSING METHOD AS WELL AS ENCODING APPARATUS AND
ENCODING METHOD Technical Field [0001] This invention relates to a
data processing apparatus and a data_processing method as well as an
encoding apparatus and an encoding r111ethod, and particularly to a data
processing apparatus and a data processing method as well as an
encoding apparatus and an encoding method which can improve, for
example, the tolerance to errors;,{0802]-Fhe;LDPC (Low Density Parity
Check) code has a high error correction capacity and, in recent years,
begins to be adopted widely in transmission systems including satellite
digital broadcasting systems such as, for example, the DVB (Digital Video
BFOEHECBBMNF)SS RISy SAEHABBED i Elifoper(fefep ko, fBEEXApeE THOD AS
Non-Patent Document 1) . Further, it is investigated to adopt the LDPC
¢dde-alko intéivésthal digrasrdadcastingEdfThe Inéxt ieheration. 2
[0003]

Technical Field
[0001]

This inventiocn relates to a data processing
apparatus and a data processing method as well as an
encoding apparatus and an encoding method, and
particulariy tc a data processing apparatus and a data
processing method as well as an encoding apparatus and an
encoding method which can improve, for example, the
tolerance to errors.

[0002]

The LDPC (Low Density Parity Check) cocde has a high
error correction capacity and, in recent years, begins to
be adopted widely in transmission systems including
satellite digital broadcasting systems such as, for
example, the DVB (Digital Videc Broadcasting)-5.2 system
used in Europe (refer to, for example, Non-Patent
Document 1}. Further, 1t is investigated to adopt the
LDPC code also in terrestrial digital broadcasting of the

next generation,



It is being found by recent research that a performance proximate to the
Shannon limit is provided by the LDPC code as the code length is
increased similarly to a turbo code and so forth. Further, since the LDPC
code has a property that the minimum distance increases in proportion to
the code length, it has a characteristic 4hat it has a superior block error
probability characteristic. Also it is advantageous that a so-called error
floor phenomenon which is observed in a decoding characteristic of the
tuge ggde and so forth little occurs. [0004] In the following, such an
LDPC code as described above is described particularly. It is to be noted
that the LRPC£odleiis @ lnaatcode, and althoughiitis-pet pggessarily be
a two dimensional code, the following description is given under the

‘ iomthat fi%aitwe-dimensiaaalaoden[000b] he LRPG codedws by
the most significant characteristic in that a parity check matrix which
definesithe LDRE codetis.a spatse ivattix.THere, the: sparseimatnixiisar 1y
matrix in which the number of those 3 elements whose value is "i" is very
$rmalk (hatrxdncede and so forth. Further, since the LDPC

code has a property that the minimum distance increases
in proportion to the code length, it has a characteristic
that it has a superior block error probability
characteristic. Also it 1s advantageous that a so-called
error floor phenomencn which is observed in a deceding
characteristic of the turbo code and so forth little
ccours.

[0004]

In the following, such an LDPC code as described
above 1s described particularly. It is to be noted that
the LDPC code is a linear code, and although it is not
necessarily be a two-dimensional code, the following
description is given under the assumption that it is a
two-dimensional code.

[0005]

The LDPC code.has the most significant
characteristic in that a parity check matrix which
defines the LDPC code is a sparse matrix. Here, the

sparse matrix is a matrix in which the number of those



which almost all elements are 0). [0006] FIG. 1 shows an example of a
parity check matrix H of an LDPC code. [0007] In the parity check matrix
H of FIG. 1, the weight of each column (column weight) (number of "1")
(weight) is "3" and the weight of each row (row weight) is '16." [0008] In
encoding by LDPC codes (LDPC encoding), for example, a generator
matrix G is produced based on a parity check matrix H and this generator
matrix G is multiplied by two-dimensional information bits to produce a

codeord{(LPRE code); [Q00Y] In particular, an encoding m%&yswch

carries out LDPC encoding first calculates a generator matrix G whic

satisfies anexpression GHE 50 togetherwith a transposed matrix HT of
a parity check matrix H. Here, if the generator matrix G is a K x N matrix,

themdbe encoding apparatus multiplies the generator matrix G by a bit
string (vector u) of K information bits to produce a codeword ¢ (= uG) of N

bits. The eadewardsth&RC £ade)dnprodused bydhe engodingappasatusx H
is received by the
of an LDPC code,

[0007]

In the parity check matrix H of FIG. 1, the weight
of each column (column weight) {(number of “1”) (weight)
is “3” and the weight of each row (row weight) is “6.”
[0008]

In encoding by LDPC codes (LDPC encoding), for
example, a generator matrix G is produced based on a
parity check matrix H and this generator matrix G is
multiplied by two-dimensional information bits to produce
a codeword (LDPC code).

[0009]

In particular, an encoding apparatus which carries
out LDPC encoding first calculates a generator matrix G
which satisfies an expression GH' = 0 together with a
transposed matrix H' of a parity check matrix H. Here, if
the generator matrix G is a K x N matrix, then the
encoding apparatus multiplies the generator matrix G by a
bit string (vector u) of K information bits to produce a

codeword ¢ (= uG} of N bits. The codeword (LDPC code)



reception side through a predetermined communication path. [Ono]
Decoding of the LDPC code can be carried out using an algorithm
proposed as probabilistic decoding (Probabilistic Decoding) by the
Gallager, that is, a message passing algorithm by belief propagation on a
so- called Tanner graph including a vafiable node (also called message
node) and a check node. In the following description, each of the variable
node and the check node is suitably referred to simply as node. [0011]

BiG e ustrates g, pracedyrs ofdeeading of an; LDRC cade. [0Q12] Ji s to

be noted that, in the following description, a real number value where the

1 dikelineed dn the value of theanth codehit afialbDREGAde (0881 on path.

codeword) received by the reception side is represented in a log

likedihood ratio is suitably referred to as reception value uot. Further, a
message outputted from a check node is represented by uj and a
messagelputpudtied; frafn aharisbie nodeds represented by v&d00%38] msing
First, in decoding of an LDPC code, as seen in FIG.

an algorithm proposed as probabilistic decoding
(Probabilistic Decoding} by the Gallager, that is, a
message passing algorithm by belief propagation on a so-
called Tanner graph including a variable node (also
called message node)} and a check node. In the following

description, each of the variable node and the check node

is suitably referred to simply as node.

[0011]

FIG. 2 illustrates a procedure of decoding of an
LDPC code.
[6012]

It is to be noted that, in the following
descripticn, a real number value where the “0” likelihood
in the value of the nth code bit of an LDPC code (one
codeword) received by the reception side is represented
in a log likelihood ratio is suitably referred to as
reception value us. Further, a message outputted from a
check node is represented by uy and a message outputted

from a variable node is represented by v;.

100131



2, an LDPC code is received and a message (check node message) uj is
initialized to "0" and besides a variable k which assumes an integer as a
counter of repeated processes is initialized to "0" at step Sll, whereafter
the processing advances to step S12. At step S12, mathematical
operation represented by an expressio?l (1) (variable node mathematical
operation) is carried out based on the reception value uo obtained by the
reception of the LDPC code to determine a message (variable node

messagey yi. Further, mathemalical eperatiopgepresented, byal., i ric.

expression (2) (check node mathematical operation) is carried out based
on the message v 1o deterraipe the message W= QLA [Expregsion il

d,;-1 VIUor+Y, 41 ... (1) j=1[0015] [Expression 2] u\ tanh[dc1J=
tenkéngs ). (2) [0916hHere; Th and d;dn the expressiop (dkandtheiriable k
which assumes an integer as a counter of repeated
processes is initialized to “0” at step S11, whereafter
the processing advances to step $812. At step 312,
mathematical operation represented by an expression (1)
{(variable node mathematical operation) is carried out
based cn the reception value us; obtained by the reception
of the LDPC code to determine a message (variable node
message) vi. Further, mathematical operation represented
by an expression (2} (check node mathematical operation)
i3 carried out based on the message v: to determine the
message uj.

[0014]

[Expression 1]

Cd1

WWWFZM w (1)
j=1

[0015]

[Expression 2]
de—1 _
tanh(ﬂl s Htanh{ﬂ} o (2)
2 i 2

[0018]

Here, dy and d¢ in the expression (1) and the



6 expression (2) are parameters which can be selected arbitrarily and
represent the number of "is" in a vertical direction (column) and a
horizontal direction (row) of the parity check matrix H. For example, in the
case of a (3, 6) code, d" =3 and dO = 6, [0017] It is to be noted that, in the
variable node mathematical operation %f the expression (1) and the
check node mathematical operation of the expression (2), the range of
the mathematical operationis 1to d"- 1 or 1to do - 1 because a

massage inputter) freman-edge.diner intarconnecting a vatahle node and
a check node) from which a message is to be outputted is not made an

ebject of the mathematicalapernatiam Meamwhile, $te check node;
mathematical operation of the expression (2) is carried out by producing
neadvianee altable of afunctiohiRivl, w2)représentedhy ah expressiann
(3) defined by one output with respect to two inputs v and v2 and using
thectableo SutBessively trecarsivelyras rapresbntetichy anxsexpressiom (¢)’me
[0018] [Expressmn 3] x = 2 tank-' }tanh(v, / 2) tanh(v2 12)}=R(v,,Vv2) ..
855@0q§]a 3, &) code, dy = 3 and d.

It is to be noted that, in the variable node
mathematical operation of the expression (1} and the
check node mathematical operation of the expression (2),
the range of the mathematical operation is 1 to dy —~ 1 or
1 to de - 1 because a massage inputted from an edge (line
interconnecting a variable node and a check node) from
wnich a message 1is to be outputted is not made an object
of the mathematical operation. Meanwhile, the check node
mathematical operation of the expression (2) is carried
out by producing in advance a table of a function R(vy,
vy) represented by an expression (3) defined by one output
with respect to two inputs vy and v; and using the table
successively (recursively) as represented by an
expression (4).

[0018]

[Expression 3]

x =2tanh ' {tanh(v, / 2) tanh(v, / 2)} = R(v,,v,) . (3)
[0018]



7 [Expression 4] uj =R(vi,R(v,, R(v3,...R(vd-,,vda-3)))) ... (4) [0020] At
step 512, the variable k is incremented by "1" further, and the processing
advances to step 513. At step 513, it is decided whether or not the
variable k is higher than a predetermined repeated decoding time number
C. ifitis decided at step S13 that the variable k is . not higher than C, then
the processing returns to step 512, and similar processing is repeated
thereafter. [0021] On the other hand, if it is decided at step S13 that the
\arghte kd4s higher than C, then the processing advances to step 514, at
which a message v as a decoding result to be outputted finally by
éariyiRg o raafitemalical operation represented By an expression (5) is
determined and outputted, thereby ending the decoding process of the
LIBPE€dode. [0022] [Expression 5] d, vi=Uol+ Yu~ ... (5) j=1 [0023]

At step S$12, the variable k is incremented by “1”
further, and the processing advances to step S13. At step
513, it is decided whether or not the variable k is
higher than a predetermined repeated decoding time number
C. If it is decided at step S13 that the wvariable k is
not higher than C, then the processing returns to step
S12, and similar processing is repeated thereafter.

(06213

On the other hand, if it is decided at step S13
that the variable k is higher than C, then the processing
advances to step 814, at which a message vy as a decoding
result to be outputted finally by carrying out
mathematicai operation represented by an expression {5)
is determined and ocutputted, thereby ending the decoding
process of the LDPC code.

[00z22]

[Expression 5]

Here, the mathematical operation of the expression



Here, the mathematical operation of the expression 8 (5) is carried out,
different from the variable node mathematical operation of the expression
(1), using messages uj from all edges connecting to the variable node.
[0024] FIG. 3 illustrates an example of the parity check matrix H of a (3,
6) LDPC code (encoding rate: 1/2, codé length: 12). [0025] In the parity
check matrix H of FIG. 3, the weight of a column is 3 and the weight of a
row is 6 similarly as in FIG. 1. [0026] FIG. 4 shows a Tanner graph of the

navjty cheek wpakix Hof FIG: 3A00271 Here, in FIG. 4.-a ¢cheaknode;is

represented by "+," and a variable node is represented by "=." A check

nedeand ajvasinble-pede corresponthto a £@w andiaeolumn, of, the.parity
check matrix H, respectively. A connection between a check node and a

variable nede is Anedgel and: wprresponds: to-"1hof an element:0f the 1 node.

parity check matrix. [0028]
100247

FIG. 3 illustratesran example of the parity check
matrix H of a (3, 6) LDPC code (encoding rate: 1/2, code
length: 12V,

[0025]

In the parity check matrix H of FIG. 3, the weight
of a column 1s 3 and the weight of & row is 6 similarly
as in FIG. 1.

[0026]

FIG. 4 shows a Tanner graph of the parity check

matrix H of FIG. 3.

[0027]

Here, in FIG. 4, a check node is represented by
Y+, and a variable node is represented by “=.” A check
node and a variable node correspond to a row and a column
of the parity check matrix H, respectively. A connection
between a check node and a variable node is an edge and

corresponds to “1” of an element of the parity check

matrix.

[00Z28]

In particular, where the element in the jth row of



In particular, where the element in the jth row of 9 the ith column of the
parity check matrix is 1, the ith variable node (node of =") from above and
the jth check node (node of "+") from above are connected by an edge.
The edge represents that a code bit coréresponding to the variable node
has a constraint condition corresponding to the check node. [0029] In the
sum product algorithm (Sum Product Algorithm) which is a decoding
method for LDPC codes, variable node mathematical operation and

eheckinode-mathaematicaheogperation are-ealrigdout epeatitively: {00301,
FIG. 5 illustrates the variable node mathematical operation carried out

with tegdrd to@ivariableaode. [8031])/With regarddodhel varablemodenack
message v corresponding to an edge to be calculated is determined by
verigble node nedthénaticakoperation ©f thesexpressione(l)whiel usesie .
messages ul and u2 from the remaining edges connecting to the variable
Aode 8Ad the Faception halué a0, Alswdsnéssageworespondingdo amythe

other edgie is determined similarly. [0032]
variable node has a constraint condition corresponding to

the check node.
[0029]

In the sum product algorithm (Sum Product
Algerithm) which is a decoding method for LDPC codes,
variable node mathematical operation and check nodé
mathematical cooperation are carried out repetitively.
[0030] |

FIG. 5 illustrates the variable node mathematical
operaticn carried out with regard to a variable node.
[0031]

With regard to the variable node, a message v;
corresponding tco an edge to be calculated is determined
by variable node mathematical operation of the expression
{1) which uses messages u; and u», from the remalning edges
connecting to the variable node and the reception valuse
Ugi. Alsc a message corresponding to any other edge is
determined similarly.

[0032]

FIG. 6 illustrates the check node mathematical



FIG. 6 illustrates the check node mathematical 10 operation carried out at
a check node. [0033] Here, the check node mathematical operation of the
expression (2) can be carried out by rewriting the expression (2) into an
expression (6) using the relationship gtf an expression a x b = exp{In([a]) +
In(Ibl)} x sign(a) x sign(b). It is to be n &d that sign(x) is 1 where x ? 0
but is -1 where x < 0. [0034] [Expression 6] u, =2 tanh-' tanh1~~'J~ 11
i=1 ~2 d,-1do-1 =2 tank-' [ex{ | In[ tank[ v' J} x H sign(tanh( i=1 2 i=1 2))j
Cde 149 ckil =24ankdexpd natank - 2o r1sigidv.. (6) a=1i=1 0035]
Further, if, where x ? 0, a function cp(x) is defined as an expression p(x) =
[nftanhi(x/2)), then since an expression (p-' (x) = 2tanh-' (e-") is satisfied,
the expression (6) can be transformed into an expression (7). [0036]
Here, the check node mathematical operation of the

expression (2) can be carried out by rewriting the
expression (Z) into an expression (6) using the
relationship of an expression-a x b = exp{ln(lal) +
nilbf}} x sign(a) x gign(b). It is to be noted that
sign{x} 1s 1 where x 2 0 but is -1 where x < 0.
[0034]

{Expression 6]

Aot
uy=2tanh” I[ H tcmh(z ﬂ

i=] N
de-1
= 2tanh | exp Z Ir{

5 5] {3

de-1
— 7 tanh”! { 2: ]n[ [||]J} N Iﬁ[s@yﬂvd v (6)
i=1 i=1

Further, 1f, where x 2 0, a function ¢{x) is

defined as an expression o{x) = ln{tanh(x/2)), then since
an expression ¢ '(x) = 2tanh™(e™) isg satisfied, the
expression (6) can be transformed into an expression (7).
[0036]

[Expressicon 7]



[Expression 7] 11 d-1 JO(dd-1 ui=0 1 Eow'l) x flsign(v+) ... (7) i=1 1=1
0037] At the check node, the check node mathematical operation of the
expression (2) is carried out in accordance with the expression (7). [0038]
In particular, at the check node, the message uj corresponding to the
edge to be calculated is determined bylcheck node mathematical
operation of the expression (7) using messages v1, v2, v3, v4 and v5 from
the remaining edges connecting to the check node. Also a message
correspopding toyany other edge is determined in a similar manner.

(00391t i 3 notgdythat,thg function p(x) of the expression (7) can be
répréas nt%%@ s, X)Q:EPh?(ex + 1) /"(e"(- )) , and where x > 0, cp (X)
=cp-1 (xS . Wheni the functions p(x) and cp-1(x) are incorporated in

hargware, while they are sometimes incorporated using an LUT (Look
Up Table), such LUTs become the same LUT. [0040]

AL the check nocde, the check node mathematical
operation of the expression (2} is carried out in
accordance with the expression (7).

[0038]

In particular, at the check node, the message sy
corresponding to the edge to be calculated is determined
by check node mathematical cperation of the expression
(7) using messages vy, Vi, Vi, vgq and ve from the remaining
edges connecting to the check node. Also a message

corresponding to any other edge is determined in a

similar manner.

F0039}

It is to be noted that the function o(x) of the
expression (7) can be represented alsc as ¢i{x} = ln{{e® +
y/(e® - 1)), and where x > 0, ¢(x) = ¢ *(x). When the

functions ¢(x) and o' (x) are incorporated in hardware,
while they are sometimes incorporated using an LUT (Look
Up.Table), such LUTs become the same LUT.
[0040]

Non-Patent Document 1: DVB-S5.2: ETSI EN 302 307

V1.1.2 (2006-0¢6)



Non-Patent Document 1: DVB-S.2: ETSI EN 302 307 V1.1.2 (2006-06)
12 Disclosure of Invention Technical Problem [0041] The LDPC code is
adopted in DVB-S.2 which is a standard for satellite digital broadcasting
and DVB-T.2 which is a standard for terrestrial digital broadcasting of the
next generation. Further, it is planned]tg adopt the LDPC code in
DVB-C.2 which is a standard for CATV (Cable Television) digital
broadcasting of the next -generation. [0042] In digital broadcasting in

eempliance with a standard for DVB such as DVB-S.2, an LDPC code is
converted (symbolized) into symbols of orthogonal modulation (digital

moetulation) suehas QP SK (Quadrature Phase Shift Keying), and the
symbols are mapped to signal points and transmitted. [0043] In

syrabolization of an LDPC code, replacement of code bits of the LDPC
code is carried out in a unit of two or more bits, and code bits after such
replacem@nt dr@pletermired asditspofaisymbalvB-5.2 which is a
standard for satellite digital brocadcasting and DVB-~T.2
which is a standard for terrestrial digital broadcasting
cf the next generation. Further, it is planned to adopt
the LDPC ¢ode in DVB-C.Z2 which is a standard for CATV
(Cable Television) digital broadcasting cof the next
generation.

[0042]

In digital breoadcasting in compliance with a
standard for DVB such as DVB-8.2, an LDPC code is
converted (symbolized) into symbols of orthogonal
modulation {(digital modulation) such as QPSK (Quadrature
Phase Shift Keying), and the symbols are mapped to signal
points and transmitted.

[0043]

In symbclization of an LDPC code, replacement of
code bits of the LDPC code is carried out in a unit of
two or more bits, and code bits after such replacement
are determined as bits of a symbol.

[0044]

While various methods have been propcsed as a



[0044] While various methods have been proposed as a 13 method for
replacement of code bits for symbolization of an LDPC code, proposal of
a method which further improves the tolerance to various errors in
comparison with methods proposed already is demanded. [0045] Further,
also with regard to the LDPC code itsélﬁ proposal of an LDPC code
which improves the tolerance to errors in comparison with the LDPC
codes prescribed in DVB standards such as the DVB-S.2 standard is

demanded, {0048]ithe-Rresentinvention has beep madg taking sych.a =

situation as described above into consideration and makes it possible to

iaprovedhe deleransedoesears o Fechnical-3olution: (00471 Ardata improves
processing apparatus or a data processing method of a first aspect of the
presentinvention ita dataiproeessing apparatus-ana dataprosessing
method, wherein, where code bits of an LDPC (Low Density Parity

Thebk coderhaving & codeclengthief Nditsrare written in a column

direction of storage means for storing the code bits in a row direction and
tH&Péelumn direction and m

Further, also with regard to the LDPC code itself,
propeosal of an LDPC code which improves the tolerance to
errors in comparison with the LDPC codes prescribed in
DVB standards such as the DVB-3.2 standard is demanded.
[0046]

The present invention has been made taking such a
situation as described above into consideration and makes
it possible to improve the tolerance to errors.

Technical Solution
[0047]

A data processing apparatus or a data processing
method of a first aspect of the present invention is a
data processing apparatus or é data processing method,
wherein, where code bits of an LDPC (Low Density Parity
Check) code having a code length of N bits are written in
a column direction of storage means for storing the code
bits in a row direction and the column direction and m
bits of the code bits of the LDPC code read out in the

row direction are set as one symbol, and besides a



bits of the code bits of the LDPC code read out in the row direction are
set as one symbol, and besides a 14 predetermined positive integer is
represented by b, the storage means stores mb bits in the row direction
and stores N/(mb) bits in the column direction, the code bits of the LDPC
code being written in the column directién of the storage means and read
out in the row direction, the data processing apparatus including
replacement means for or a replacing step of replacing, where the mb

codeshits, read oyt in the. %d'ﬁ%o L.0f tbde é%ggg ans, %f b e

symbols, the mb code bits such that e co e rep cement

formthe symhal bitsyepreseptativeof the %mboﬂ%wthel%g £ode heing
an TlI DPC code which is prescribed in the DVB-S.2 or DVB-T.2 standard

andbwhichy hasa cede length N-ef 64,80Q.:and hascan encoding rats f pits
2/3, the m bits being 8 bits while the integer b is 2, the 8 bits.of the LDPC

edtecbheingrappedias ionersymbol ta «onesof266 signakpoiatrection of
prescribed in 256QAM, the storage means having 16 columns for storing
&2 bitsoir tive rovaudirestioh and $taring 64, 80048 xc2) hitsrinthe on, the
column direction, the replacement means carrying out, where the i+lth bit
feerhahe mostsignificamnibitofthe 8x2 codebits peddhogtianie rewns for
direction of the

or a replacing step of replacing, where the mb code bits
read out in the row direction of the storage means set as
I symbols, the mb code bits such that fhe code bits after
the replacement form the symbol bits representative of
the symbols, the LDPC code being an LDPC code which is
prescribed in the DVB-5.2 or DVB-T.2 standard and which
has a code length N of 64,800 and has an encoding rate of
2/3, the m bits being 8 bits while the integer b is 2,
the 8 bits of the LDPC code being mapped as one symbol to
cnes of 256 signal points prescribed in 256QAM, the
storage means having 16 columns for storing 8 x 2 bits in
the row direction and storing 64,800/(8 x 2) bits in the
column direction, the replacement means carrying out,
where the 1+1th kit from the most significant bit of the
8 x Z cocde bits read cut in the row direction of the
storage means 1s represented as bit b: and the i+lth bixt

from the most significant bit of the 8 x 2 symbol bits of

two successive symbols 1s represented as bit vy,



storage means is represented as bit bi and the i+lth bit from the most
significant bit of the 8 x 2 symbol bits of two successive symbols is
represented as bit y;, 15 replacement for allocating the bit bo to the bit
y15, the bit b1 to the bit y7, the bit b2 to the bit yl, the bit b3 to the bit ys,
the bit b4 to the bit y6, the bit b5 to thet thit y13, the bit b6 to the bit yll, the
bit b7 to the bit yy, the bit b8 to the bit y8, the bit bg to the bit y14, the bit
blo to the bit y12, the bit b11 to the bit y3 the bit b12 to the bit yo, the bit

b 3 to the bit Io the bi 1El4 to the b| 9, and the bit bl5 to the_bit Y2-
00481 ﬁeglﬁc first aasi) RFAS 4BSerit EJd %LOR/e ?h%?_DFr@ &l idan the

%Dgcq%oge wqa ch g [%rescrlbg% 8%’]6 DVB B- T 2 stan ard. and

as a code IengthyN of as an encofiln r”a(te 0 %/?lt bs

and the mbits are 8 pits Wﬁﬂeéheﬂ%tegﬁr b5 2. ?‘e 8:';{'&5 ofithe, LORC 1

code are mapped as one symbof to ones of 256 sigial points prescr ed

I9:2560QAM . The storage means,has, 16 lgm@%éorﬁqr'@g 82 hits iR s ¢ o,

the row direction and stores 64,800/(8 x its in the column direction. In
thissinstance, Wwhereihe ilth bif from the,most; sigaifieant bit of the, 8 %2

code bits read out in the row direction of the storage means is
kepregeptecbas b bit vio, the bit by, to the bit ys, the bit
bi; to the bit yp, the bit bis to the bit yig, the bit by
to the bit y4, and the bit bys to the bit y,.

[0048]

In such a first aspect as described above, the LDPC
code 1s an LDPC code which is prescribed in the DVB-S.2
or DVB-T.Z standard and which has a code length N of
64,800 and has an encoding rate of 2/3, and the m bits
are 8 bits while the integer b is 2. The 8 bits of the
LDPC code are mapped as one symbol to ones of 256 signal
points prescribed in 256QAM. The storage means has 16
columns for storing 8 x 2 bits in the row direction and
stores 64,800/(8 x 2) bits in the column direction. In
this instance, where the i+lth bit from the most
significant bit of the 8 x 2 code bits read ocut in the
row direction of the storage means is represented as bit
b; and the i+lth bit from the most significant bit of the

8 x 2 symbol bits of two successive symbols is

represented as bit y;, replacement for allocating the bit



b and the i+lth bit from the most significant bit of the 8 x 2 symbol bits of
two successive symbols is represented as bit y , replacement for
allocating the bit 16 bo to the bit y15, the bit bl to the bit y7, the bit b2 to
the bit y1, the bit b3 to the bit y5, the bit b4 to the bit y6, the bit b5 to the
bit y13, the bit b6 to the bit y11, the bit 87 to the bit y9, the bit b6 to the bit
y8, the bit b9 to the bit y14, the bit blo to the bit y12, the bit b11 to the bit
y3, the bit b12 to the bit yo, the bit b13 to the bit y,0, the bit b14 to the bit

4, and the bit b1, to the bit Y2, is carried out. [0049] An encoding,
{éﬁpgr%t&gqgr éﬁ enébding Hiethod ot 'Secbid akpéctibr thelieSert Pz to

o e O A o R e bie

encoding medns Tor Of an enco ng Step of cafrying y

P d igh h de length of 00_ bits and_an .encoding rate
of6é/§,cg%p§i!t0;?c%f?écﬁnaat§%< g%'l%e %15 IbC(:SC %é%d%) %Ein%g6 cG r?figtur}gd gsﬁgh fhat

elements-ofthe valugel (of anjpformation; mairix, whigh, copresponds 1q. , .«

the code length of the parity check matrix and an info_rmatlon Iengt_h
eorresponging to- the gncodingsrate pdecidediby-a wparity, checkattix. 1, |

initial value table representative of the positions of the elements of the
value hofthe y;, the bit by to the bit y,, the bit by to
the bit yie, the bit by to the bit vy, and the bit by to
the bit yz, is carried out.

[0049]

An enceding apparatus or an encoding method of a
second aspect of the present invention is an encoding
apparatus or an enceding method, including encoding means
for or an encoding step of carrying out encoding by an
LDPC code which has a code length of 64,800 bits and an
encoding rate of 2/3, a parity check matrix of the LDPC
code being configured such that elements of the value 1
cf an information matrix, which corresponds tTo the code
length of the parity check matrix and an information
length corresponding té the encoding rate, decided by a
parity check matrix initial value table representative of
the pesitions of the elements of the value 1 of the
information matrix are arranged in a period of every 360
columns in the column direction, the parity check matrix

initial value table being formed from



information matrix are arranged in a period of every 360 columns in the
column direction, the parity check matrix initial value table being formed
from 17 317 2255 2324 2723 3538 3576 6194 6700 9101 10057 12739
17407 21039 1958 2007 3294 4394 12762 14505 14593 14692 16522
17737 19245 21272 21379 127 860 5001 5633 8644 9282 12690 14644
17553 19511 19681 20954 21002 2514 2822 5781 6297 8063 9469 9551
11407 11837 12985 15710 20236 20393 1565 3106 4659 4926 6495
6872 7343 8720 15785 16434 16727 19884 21325 706 3220 8568 10896
$3486°136634639816599 19495 39781 @625 20961 21335 42857 12739
10449 12406 14561 16049 16522 17214 18029 18033 18802 19062
19826 26748 412 433 558 2614 2978 4157 6584 9320 11683 11819

1304 Y00 o0 TS U e Ty g e g o
}%%%ggﬁgl% %ggéé 713%73571861169433474 19938 2120 2648 3155 3852 6888

127 860 5001 5633 8644 9282 12690 14644 17553 19511 19681
20954 21002

2514 2822 5781 6297 8063 9469 9551 11407 11837 12985
15710 20236 20353

1565 3106 4659 4926 6495 6872 7343 8720 15785 16434 16727
19884 21325

706 3220 8568 10896 12486 13663 16398 16599 19475 19781
20625 20961 21335

4257 10449 12406 14561 16049 16522 17214 18029 18033
18802 19062 1952¢ 20748

412 433 558 2614 2978 4157 6584 9320 11683 11819 13024
14486 16860

777 5906 7403 8550 8717 8770 11436 12846 13629 14755
15688 16392 16419

4093 5045 6037 7248 8633 9771 10260 10809 11326 12072
17516 19344 19938

2120 2648 3155 3852 6888 12258 14821 15359 16378 16437

17791 20614 21025

1085 2434 5816 7151 8050 9422 10884 12728 15353 17733

187140 18729 20920



17791 20614 21025 1085 2434 5816 7151 8050 9422 10884 12728
15353 17733 18140 18729 20920 18 856 1690 12787 6532 7357 9151
4210 16615 18152 11494 14036 17470 2474 10291 10323 1778 6973
10739 4347 9570 18748 2189 11942 20666 3868 7526 17706 8780
14796 18268 160 16232 17399 1285 2003 18922 4658 17331 20361
2765 4862 5875 4565 5521 8759 3484 7305 15829 5024 17730 17879
7031 12346 15024 179 6365 11352 2490 3143 5098 2643 3101 21259

856 1690 12787
6532 7357 9151
4210 16615 18152
11494 14036 17470
2474 10291 10323
1778 €873 1073¢
4347 9570 18748
2188 11942 20666
3868 7526 17706
8780 14796 18268
160 1e232 173%9
1285 2003 18822
4658 17331 20361
2765 4862 5875
4565 5521 8759
3484 7305 15829
5024 17730 17879
7031 12346 15024
178 6365 11332
2490 3143 5098
2643 3101 21259
4315 4724 13130
594 17365 18322

5983 8597 9627



4315 4724 13130 594 17365 18322 5983 8597 9627 19 10837 15102
20876 10448 20418 21478 3848 12029 15228 708 5652 13146 5998
7534 16117 2098 13201 18317 9186 14548 17776 5246 10398 18597
3083 4944 21021 13726 18495 19921 6736 10811 17545 10084 12411
14432 1064 13555 17033 679 9878 13547 3422 9910 20194 3640
3701 10046 5862 10134 11498 5923 9580 15060 1073 3012 16427
5527 20113 20883 7058 12924 15151

10837 15102 20876
10448 20418 21478
3848 12029 15228
708 5652 13146
5998 7534 16117
2088 13201 18317
9186 14548 17776
5246 10398 18597
3083 4944 21021
13726 18495 19%21
6736 10811 17545
10084 12411 14432
1064 13555 17033
679 9878 13547
3422 9910 20184
3640 3701 10046
5862 10134 11498
5923 9580 15060
1073 3012 16427
5527 20113 20883
7058 12924 15151
9764 12230 17375
772 7711 12723

555 1381e 15376



9764 12230 17375 772 7711 12723 555 13816 15376 20 10574 11268
17932 15442 17266 20482 390 3371 8781 10512 12216 17180 4309
14068 15783 3971 11673 20009 9259 14270 17199 2947 5852 20101
3965 9722 15363 1429 5689 16771 6101 6849 12781 3676 9347 18761
350 11659 18342 5961 14803 1612322113 9163 13443 2155 9808
12885 2861 7988 11031 7309 9220 20745 6834 8742 11977 2133
12908 14704 10170 13809 18153

10574 11268 17932
15442 17266 20482
380 3371 8781
10512 12216 17180
4309 14068 15783
3971 11673 20009
9259 14270 17199
2947 5852 20101
3965 9722 15363
1429 5689 16771
6101 6849 12781
3676 9347 18761
350 11659 18342
5961 14803 16123
2113 9163 13443
2155 8808 12885
2861 7988 11031
7309 9220 20745
6834 8742 11977
2133 12908 14704
10170 13809 18153
13464 14787 14975
799 11067 3789

3571 8176 10165



13464 14787 14975 799 1107 3789 3571 8176 "0165 21 5433 13446
15481 3351 6767 12840 8950 8974 11650 1430 4250 21332 6283
10628 15050 8632 14404 16916 6509 10702 16278 15900 16395
17995 8031 18420 19733 3747 4634 17087 4453 6297 16262 2792
3513 17031 14846 20893 21563 17220 20436 21337 275 4107 10497
3536 7520 10027 14089 14943 19455 1965 3931 21104 2439 11565
17932 154 15279 21414 10017 11269 16546

5433 13446 15481

3351 6767 12840

8950 8874 11650

1430 4250 21332

©283 10628 15050

8632 14404 16916

6509 10702 16278

15900 16395 17995

8031 18420 19733

3747 4634 17087

4453 6297 léz62

2792 3513 17031

14846 20893 21563

17220 20436 21337

275 4107 10497

3536 7520 10027

14089 14943 19455

1965 3931 21104

2439 11565 17932

154 15279 21414

10017 11269 16546

71692 10161 16928

10284 16791 20655

36 3175 8475



7169 10161 16928 10284 16791 20655 36 3175 8475 22 2605 16269
19290 8947 9178 15420 5687 9156 12408 8096 9738 14711 4935 8093
19266 2667 10062 15972 6389 11318 14417 8800 18137 18434 5824
5927 15314 6056 13168 15179 3284 13138 18919 13115 17259 17332.
[0050] In such a second aspect as desgyibed above, encoding by an
LDPC code whose code length is 64,800 bits and whose encoding rate is
2/3 is carried out. The parity check matrix of the LDPC code is configured
such that elements of the value 1 of an information matrix, which
Edrvespomdisto thé 2ode length of the parity check matrix and an
information length corresponding to the encoding rate, decided by a parity

etk rath iniid? Value
5687 9156 12408

8096 9738 14711
4935 8093 19266
2667 10062 15972
6389 11318 14417
8800 18137 18434
5824 5927 15314
6056 13168 15179
3284 13138 18919
13115 17259 17332.
(0050]

In such a second aspect as described above,
encoding by an LDPC code whose code length is 64,800 bits
and whose encoding rate is 2/3 is carried out. The parity
check matrix of the LDPC code is configured such that
elements of the value 1 of an information matrix, which
corresponds to the code length of the parity check matrix
and an information length corresponding to the encoding
rate, decided by a parity check matrix initial value
table representative of the positions ¢f the elements of
the value 1 of the information matrix are arranged in a

period of every 360 columns in the column direction. The



table representative of the positions of the elements of the value 1 of the
information matrix are arranged in a period of every 360 columns in the
column direction. The 23 parity check matrix initial value table is formed
from 317 2255 2324 2723 3538 3576 6194 6700 9101 10057 12739
17407 21039 1958 2007 3294 4394 12462 14505 14593 14692 16522
17737 19245 21272 21379 127 860 5001 5633 8644 9282 12690 14644
17553 19511 19681 20954 21002 2514 2822 5781 6297 8063 9469 9551
11407 11837 12985 15710 20236 20393 1565 3106 4659 4926 6495
6872 734387206 157851164341 16727 19884 21325/ 06:3220-8568 10896
12486 13663 16398 16599 19475 19781 20625 20961 21335 4257
POAAXFM0624561 46049 18892 17764 $8020 F8UEB 28802 190697 12739
19526 20748 412 433 558 2614 2978 4157 6584 9320 11683 11819
13024 14486216860 777 5906 7403 8550 8717 8770 11436 12846 13629
]I@égg 1%%3%88 16392 16419 4093 5045 6037 7248 8633 9771 10260

b 19075 {7k oaior1obsa0> 14593 14692 16522 17737

19245 21272 21379

127 860 5001 5633 8644 9282 12690 14644 17553 19511 19681

20954 21002

2514 2822 5781 6297 8063 9469 9551 11407 11837 12985

15710 20236 20393

1565 3106 4659 4926 6495 6872 7343 8720 15785 16434 16727

19884 21325

706 3220 8568 10896 12486 13663 16398 16599 19475 19781

20625 20961 21335

4257 10449 12406 14561 16049 16522 17214 18029 18033

18802 18062 19526 20748

412 433 558 2614 2978 4157 6584 9320 11683 11819 13024

14486 16860

777 5806 7403 8550 8717 8770 11436 12846 13629 14755

15688 16392 16419

4093 5045 6037 7248 8633 9771 10260 10809 11326 12072

17516 19344 19938

2120 2648 3155 3852 6888 12258 14821 15359 16378 16437

17791 20614 21025

1085 2434 5816 7151 8050 9422 10884 12728 15353 17733



2120 2648 3155 3852 6888 12258 14821 15359 16378 16437 17791
20614 21025 1085 2434 5816 7151 8050 9422 10884 12728 15353
17733 24 18140 18729 20920 856 1690 12787 6532 7357 9151 4210
16615 18152 11494 14036 17470 2474 10291 10323 1778 6973 10739
4347 9570 18748 2189 11942 20666,3868 7526 17706 8780 14796
18268 160 16232 17399 1285 2003 18922 4658 17331 20361 2765
4862 5875 4565 5521 8759 3484 7305 15829 5024 17730 17879 7031
12346 15024 179 6365 11352 2490 3143 5098

18140 18729 20920

856 1680 12787

6532 7357 9151

4210 16615 18152

11494 14036 17470

2474 10291 10323

1778 6973 10739

4347 9570 18748

2189 11942 20666

3868 7526 17706

8780 14796 18268

160 16232 17399

1285 2003 18922

4658 17331 20361

2765 4862 5875

4565 5521 8759

3484 7305 15829

5024 17730 17879

7031 12346 15024

179 6365 11352

2490 3143 5098

2643 3101 21258

4315 4724 13130

594 17365 18322



2643 3101 21259 4315 4724 13130 594 17365 18322 25 5983 8597
9627 10837 15102 20876 10448 20418 21478 3848 12029 15228 708
5652 13146 5998 7534 16117 2098 13201 18317 9186 14548 17776
5246 10398 18597 3083 4944 21021 13726 18495 19921 6736 10811
17545 10084 12411 14432 1064 13555 17033 679 9878 13547 3422
9910 20194 3640 3701 10046 5862 10134 11498 5923 9580 15060
1073 3012 16427 5527 20113 20883

5983 85097 9627
10837 15102 20876
10448 20418 21478
3848 12029 15228
708 5652 13146
5958 7534 16117
2098 13201 18317
9186 14548 17776
5246 10398 18597
3083 4944 21021
13726 18495 19921
6736 10811 17545
10084 12411 14432
1064 13555 17033
679 9878 13547
3422 8910 20194
3640 3701 10046
5862 10134 11498
5923 9580 15060
1073 3012 1e4z27
5527 20113 20883
7058 12924 15151
9764 12230 17375

772 7711 12723



7058 12924 15151 9764 12230 17375 772 7711 12723 26 555 13816
15376 10574 11268 17932 15442 17266 20482 390 3371 8781 10512
12216 17180 4309 14068 15783 3971 11673 20009 9259 14270 17199
2947 5852 20101 3965 9722 15363 1429 5689 16771 6101 6849 12781
3676 9347 18761 350 11659 18342 5961 14803 16123 2113 9163
13443 2155 9808 12885 2861 7988 11031 7309 9220 20745 6834
8742 11977 2133 112908 14704

555 13816 15376

10574 11268 179232

15442 17266 20482

390 3371 8781

10512 12216 17180

4309 14068 15783

3971 11673 20009

8259 14270 17199

2947 5852 20101

3965 9722 15363

1429 5689 16771

6101 6849 12781

3676 9347 18761

350 11658 18342

5961 14803 16123

2113 9163 13443

2155 5808 12885

2861 7988 11031

7308 9220 20745

6834 8742 11977

2133 12908 14704

10170 13809 18153

13404 14787 14975

799 1107 3789



10170 13809 18153 13464 14787 14975 799 1107 3789 27 3571 8176
10165 5433 13446 15481 3351 6767 12840 8950 8974 11650 1430
4250 21332 6283 10628 15050 8632 14404 16916 6509 10702 16278
15900 16395 17995 8031 18420 19733 3747 4634 17087 4453 6297
16262 2792 3513 17031 14846 20893,21563 17220 20436 21337 275
4107 10497 3536 7520 10027 14089 14943 19455 1965 3931 21104
2439 11565 17932 154 15279 21414

3571 8176 10165

5433 13446 15481

3351 6767 12840

8950 8974 11650

1430 4250 21332

6283 10628 15050

8632 14404 16916

6509 10702 16278

15500 16395 17995

8031 18420 19733

3747 4634 17087

4453 6297 16262

2792 3513 17031

14846 20893 21563

17220 20436 21337

275 4107 10497

3536 7520 10C27

14082 14943 19455

1965 3931 21104

2439 11565 17932

154 15279 21414

10017 11269 16546

7169 1016l 16928

10284 16791 20655



10017 11269 16546 7169 10161 16928 10284 16791 20655 28 36 3175
8475 2605 16269 19290 8947 9178 15420 5687 9156 12408 8096 9738
14711 49358093 19266 2667 10062 15972 6389 11318 14417 8800
18137 18434 5824 5927 15314 6056 13168 15179 3284 13138 18919
13115 17259 17332. [0051] It is to bezroted that the data processing
apparatus may be an independent apparatus or may be an internal block
which composes one apparatus. Advantageous Effect [0052] According

to the present invention, the tolerance to errors can be improved.
36 3175 8475

2600 16269 19290
8947 9178 15420
5687 9156 12408
80%6 9738 14711
4935 8093 19266
2667 10062 15972
638% 11318 14417
8800 18137 18434
5824 5927 15314
6056 13168 15179
3284 13138.18919
13115 17259 17332,
(00517
It is to be noted that the data processing
apparatus may be an independent apparatus or may be an
internal block which composes cone apparatus.
Advantageous Effect
[0052]
According to the present invention, the tolerance
to errors can be improved.
Brief Description of Drawings
[0053]

[FIG. 1} FIG. 1 is a view illustrating a parity check



Brief Description of Drawings [0053] [FIG. 1] FIG. 1 is a view illustrating a
parity check 29 matrix H of an LDPC code. [FIG. 2] FIG. 2 is a flow chart
illustrating a decoding procedure of an LDPC code. [FIG. 3] FIG. 3is a
view illustrating an example of a parity error matrix of an LDPC code.
[FIG. 4] FIG. 4 is a view showing a Tagger graph of a parity check matrix.
[FIG. 5] FIG. 5 is a view showing a variable node. [FIG. 6] FIG. 6 is a view
showing a check node. [FIG. 7] FIG. 7 is a view showing an example of a
configuration of an embodiment of a transmission system to which the
presentinventionis applied:fH&. 8] FIG. 8 is a block diagram showing an
example of a configuration of a transmission apparatus 11. [FIG. 9] FIG. 9
i$ alHewdllustrating 2 parity cliecky nrateixt [FIG 1 L6[-FIS. Ihisa vewoding
illustrating a parity matrix. [FIG. 11] FIG. 11 is a view illustrating a parity
cHeeke fistfix of af L DRE Codednd column weights prescribed in the
DVB-S.2 standard. [FIG. 12] FIG. 12 is a view illustrating a signal point
[FIG. 3] FIG. 3 is a view illustrating an example of a
parity error matrix of an LDPC code.

[FIG. 4] FIG. 4 is a view showing a Tanner graph of a
parity check matrix.

[FIG. 5] FIG. % is a view showing a variable nodae.
[FIG. &] FIG. 6 is a view showing a check node.

[FIG. 7] FIG. 7 is a view showing an example of a
configuration ¢f an embodiment of a transmission system
t£o which the present invention is applied.

[FIG. 8] FIG. 8 is a block diagram showing an example of
a configuration of a transmission apparatus 11.

[FIG. 9] FIG. 9 is a view illustrating a parity check
matrix.

[FIG. 107 FIG. 10 is a view illustrating a parity matrix.
[FIG. 11} FIG. 11 is a view illustrating a parity check
matrix of an LDPC code and column weights prescribed in
the DVB-5.2 standard.

[FIG. 121 FiIG. 12 is a view illustrating a signal point
arrangement of 160AM.

[FIG. 13] FIG. 13 is a view illustrating a signal point

arrangement of 64CAM.



arrangement of 16QAM. [FIG. 13] FIG. 13 is a view illustrating a signal
point arrangement of 64QAM. 30 [FIG. 14] FIG. 14 is a view illustrating a
signal point arrangement of 64QAM. [FIG. 15] FIG. 15 is a view
illustrating a signal point arrangement of 64QAM. [FIG. 16] FIG. 16 is a
view illustrating processing of a demultjplexer 25. [FIG. 17] FIG. 17 is a
view illustrating processing of the demultiplexer 25. [FIG. 18] FIG. 18 is a
view showing a Tanner graph regarding decoding of an LDPC code. [FIG.
19] FIG. 19 is a view showing a parity matrix HT having a staircase
dtriciureldnd arTénnérdgraphacoriespondingstorthe ipaxity. matdx &I . fBIGit
20] FIG. 20 is a view showing the parity matrix HT of a parity check matrix
Htorespeatingd thé UBRC code after parity interleaving. [FIG. 21] FIG.

21 is a view iIIustratin%il conversion pf{ﬁ check matrix. [FIG. 22] FIG. 22
i‘sFé[%eW]iH’dstrgﬂﬁg p e%%m@ oo HﬁN%ﬁ?ﬁéﬁ%&'\/e@Z@lﬁﬁﬂi@%@t

FIG. 23 is a view |IIustrat|rb? column numbers
arrangemant of

[FIG. 161 FIG. 16 is a view illustrating processing of a
demultiplexer Z5.

[FIG. 171 FIG. 17 is a view illustrating processing of
the demulitiplexer 25.

[FIG. 18] FIG. 18 is a view showing a Tanner graph
regarding decoding of an LDPC code.

[FIG. 18] FIG. 19 is a view showing a parity matrix Hp
having a staircase structure and a Tanner graph
corresponding to the parity matrix He.

[FIG. 201 FIG. 20 is a view showing the parity matrix Hy
of a parity check matrix H corresponding to the LDPC code
after parity interleaving.

[FIG. 21] FIG. 21 1s a view 1llustrating a conversion
parity check matrix.

[FIG. 22] FIG. 22 is a view illustrating processing of a
column twist interleaver 24.

[FIG. 23] FIG. 23 is a view illustrating column numbers
of a memory 31 necessary for the column twist
interleaving and addresses of writing starting positions.

[FIG. 247 FIG. 24 is a wview illustrating column numbers



of a memory 31 necessary for the column twist interleaving and
addresses of writing starting positions. [FIG. 24] FIG. 24 is a view
illustrating column numbers 31 of the memory 31 necessary for the
column twist interleaving and addresses of writing starting positions.
[FIG. 25] FIG. 25 is a flow chart illustraing a transmission process. [FIG.
261 FIG. 26 is a view-showing a model of a communication path adopted
in a simulation. [FIG. 271 FIG. 27 is a view illustrating a relationship
between an error rate obtained by the simulation and a Doppler
fedquencyrfdrof avflutiernfRiGs 281 FIG <28 isreeviewlillustratingsa:
relationship between an error rate obtained by the simulation and a
Dapsiel fretilatgcy fifota fures $EIG RIIEIGL 129 is bablbdkdiagrarnt ions .
showing an example of a configuration of an LDPC encoding section 21.
[FIEC30FFIG. 36 #s aflowéhart flustatiig & brddesss sFEDPEIericoding
section. [FIG, 31] FIG. 31 is a view illustrating a parity check matrix initial

vaiie 4 &bt ah dicoting’rate of 2/3 and a code length of 16,200. [FIG.
LS 281 By e 130 8 PO Agek, T Dl Vgl eble o
communication path adopted in a simulation.

(FIG. 271 FIG. 27 is a view illustrating a relationship
between an error rate obtained by the simulation and a
Deoppler frequency f3 of a flutter.

[FIG. 28] FIG. 28 is a view illustrating a relationship
between an error rate obtained by the simulation and a
Doppler frequency fg of a flutter.

[FIG. 29] FIG. 29 is a block diagram showing an example
of a configuration of an LDPC encoding Sectiﬁn 21.

TFIG. 301 FIG. 30 is a flow chart illustrating a process
of LDPC encoding section.

LFIG. 31] TFIG. 31 is a view illustrating a parity check
matrix initial value table of an encoding rate of 2/3 and
a code length of 16,200.

[FIG. 32] FIG. 32 is a view illustrating a parity check
matrix initial value table of an encoding rate of 2/3 and
a code length of 64,800.

[FIG. 33] FIG. 33 is a view illustrating the parity check

matrix initial value table of the encoding rate of 2/3



a code length of 64,800. [FIG. 33] FIG. 33 is a view illustrating the parity
check matrix initial value table of the encoding rate of 2/3 32 and the
code length of 64,800. [FIG. 34] FIG. 34 is a view illustrating the parity
check matrix initial value table of the encoding rate of 2/3 and the code
length of 64,800. [FIG. 35] FIG. 35 is & Yyiew illustrating a parity check
matrix initial value table of an encoding rate of 3/4 and a code length of
16,200. [FIG. 36] FIG. 36 is a view illustrating a parity check matrix initial
value table of an encoding rate of 3/4 and a code length of 64,800. [FIG.
BTG 3 7ds Feviewritistratingtthe §3dlity check matrix initial value table
of the encoding rate of 3/4 and the code length of 64,800. [FIG. 38] FIG.
381 vieW illustating 4hé pafityrétfeckd Matesk imtidvalue table of the check
encoding rate of 3/4 and the code length of 64,800. [FIG. 39] FIG. 39 is a
Jidiiidstiating the p‘éﬁl&%héa@ﬁamg ikitigl G tEBI8 of HeeRéoding
rate of 3/4 and the code length of 64,800. [FIG. 40] FIG. 40 is a view
ﬁﬂ%{ra{tgneg ap ﬁty%@ﬁ]égkh n‘f’%rb@ fiti{alue table of an encoding rate of

%@%%ﬂd35] FIG. 35 1s a view illustrating a parity check
matrix initial value table of an encoding rate of 3/4 and
a ccde length of 16,200.

[FIG. 36] FIG. 36 is a view illustrating a parity check
matrix initial value table of an encoding rate of 3/4 and
a code length of 64,800.

(FIG. 37] FIG. 37 is & view illustrating the parity check
matrix initial value table of the encoding rate of 3/4
and the code length of 64,800.

[FIG. 38] FIG. 38 is a view illustrating the parity check
matrix initial value table of the encoding rate of 3/4
and the code length of 64,800.

[FIG. 38] FIG. 39 is a view 1llustrating the parity check
matrix initial.value table of the encoding rate of 3/4
and the code length of 64,800.

[FIG. 40] FIG. 40 is a view illustrating a parity check
matrix initial value table of an encoding rate of 4/5 and
a code length of 16,200,

[FIG. 41] FIG. 41 is a view illustrating a parity check

matrix initial value table of an encoding rate of 4/5 and



a code length of 16,200. [FIG. 41] FIG. 41 is a view illustrating a parity
check matrix initial value table of an encoding rate of 4/5 and 33 a code
length of 64,800. [FIG. 42] FIG. 42 is a view illustrating the parity check
matrix initial value table of the encoding rate of 4/5 and the code length of
64,800. [FIG. 43] FIG. 43 is a view illustrating the parity check matrix
initial value table of the encoding rate of 4/5 and the code length of
64,800. [FIG. 44] FIG. 44 is a view illustrating the parity check matrix
initial value table of the encoding rate of 4/5 and the code length of

84 800 [FIG19451 FIG. 45 ig3@View illustrating a parity check matrix initial
value table of an encoding rate of 5/6 and a code length of 16,200. [FIG.
ABIRIG. 46 is & Vew ARistratiAg alsafity: EhEEK: Rratfix thitidls/ahee tabte eheck
an encoding rate of 5/6 and a code length of 64,800. [FIG. 47] FIG. 47 is
H3iew filustrating the’ pary dfdekenfatrik fiftiaf Vare thbletcrife ©f 4/5

encoding rate of 5/6 and the_code length of 64,800. [FIG. 48] FIG. 48 is a
3iré9v%§str§t?n%eth eﬁgﬁ% cRé&ck Zlmgéflg‘initial value table of the encoding

%%?@T5g§} FIG. 43 is a view 1llustrating the parity check
matrix initial wvalue tabkle of the encoding rate of 4/5
and the code length of 64,800.

[FIG. 44] FIG. 44 is a view illustrating the parity check
matrix initial value table of the encoding rate of 4/5
and the code length of 64,800.

[FIG. 45] FIG. 45 is a view illustrating a parity check
matrix initial value table of an encoding rate of 5/6 and
a code length of 16,200.

[FIG. 46] FIG. 46 is a view illustrating a parity check
matrix initial value table of an encoding rate of 5/6 and
a code length of 64,800.

[FIG. 47] FIG. 47 is a view illustrating the parity check
matrix initial value table of the encoding rate of 5/6
and the code length of 64,800,

[FIG. 48] FIG. 48 is a view illustrating the parity check
matrix initial value table of the encoding rate of 5/6
and the code length of 64,800.

[F1G. 49] FIG. 49 is a view illustrating the parity check

matrix initial value table of the encoding rate of 5/6



and the code length of 64,800. [FIG. 49] FIG. 49 is a view illustrating the
parity check matrix initial value table of the encoding rate of 5/6 34 and
the code length of 64,800. [FIG. 50] FIG. 50 is a view illustrating a parity
check matrix initial value table of an encoding rate of 8/9 and a code
length of 16,200. [FIG. 51] FIG. 51 is ayiew illustrating the parity check
matrix initial value table of the encoding rate of 8/9 and the code length of
64,800. [FIG. 521 FIG. 52 is a view illustrating the parity check matrix
initial value table of the encoding rate of 8/9 and the code length of

824 80DfFIGY B8] FRE B3 isoa view fiviStrating the parity check matrix
initial value table of the encoding rate of 8/9 and the code length of
64800. 6. 541 F1G>84 18 a¥ieih HitUstrating thé paRty éheek™ iatrixcheck
initial value table aof the encoding rate of 8/9 and the code length of

B4 8OO [FIB 557 FIC 85 a Vel iltiStraling A parity 6hed matfix fiflamm <

value table of an encodi of 9/10 and a code length of 64,800. [FIG.
§6]cl9l<é&f S%Eirs1 p&e@vﬁll&?fﬁ%the parity check matrix initial value table

Cﬁfﬁi‘é.e”oc??i”%i@‘? ng)/:k% a view 1llustrating the parity check
matrix initial value table of the encoding rate of 8/9
and the code length of 64,800.

[FIG. 521 FIG. 52 is a view 1llustrating the parity check
matrix initial wvalue table of the encoding rate of 8/9

and the code length of &4,800.

[FIG. 53] FIG. 53 is a view illustrating the parity check
matrix initial value table of the encoding rate of 8/9
and the code length of 64,800.

[FIG. 341 FIG. 54 is a view illustrating the parity check
matrix initial value table of the encoding rate of 8/9
and the code length of 64,800.

[FIG. 55] FIG. 55 is a view illustrating a parity check
matrix initial wvalue table of an encoding rate of 9/10
and a code length of &4, 800.

[FIG. 56} FIG. 56 is a view illustrating the parity check
matrix initial value table of the encoding rate of 9/10
and the code length of ©4,800.

[FIG. 571 FIG. 57 is a view illustrating the parity check

matrix initial value table of the encoding rate of 9/10



and the code length of 64,800. [FIG. 57] FIG. 57 is a view illustrating the
parity check matrix initial value table of the encoding rate of 9/10 35 and
the code length of 64,800. [FIG. 581 FIG. 58 is a view illustrating the parity
check matrix initial value table of the encoding rate of 9/10 and the code
length of 64,800. [FIG. 59] FIG. 59 is a yiew illustrating a method of
determining a parity check matrix H from a parity check matrix initial

table. [FIG. 60] FIG. 60 is a view illustrating a replacement process in
accordance with the existing methods. [FIG. 61] FIG. 61 is a view
Hiudtratieg axeplatement procédss idccordance with the existing
methods. [FIG. 62] FIG. 62 is a view illustrating code bit groups and
§yHbol bit grolp&whefe 4a LIDPT t9dée Havigra e68¢ 1ERGhSTE4:80Fheck
and an encoding rate of 2/3 is modulated by 256QAM and the multiple b
2 IEG I63FIE. 6558 wvibRbiFstrating sn alveaton Sufcfferdad/ 10

LDPC code having a code length of 64,800 and an encoding rate of 2/3 is
ATGHUIAEd BYSBEARMENE the multidle b is 2. [FIG. 64] FIG. 64 is a view

[lystating replagemep, of, code bits n agcordance with the allogation e

determining a parity check matrix H from a parity check

Cmatrix initial table.

[FIG. 60) FIG. 60 is a view illustrating a replacement
process in accordance with the existing methods.

[FIG. 611 FIG., 61 18 a view illustrating a replacemsnt
process in accordance with the existing methods.

[FIG. 62] FIG. 62 is a view illustrating code bit groups
and symbol bit groups where an LDPC ccde having a code
length of 64,800 and an encoding rate of 2/3 is modulated
by 256QAM and the multiple b is 2.

[FIG., 83] FIG. 63 is a view illustrating an allocation
rule where an LDPC code having a code length of 64,800
and an encoding rate of 2/3 is modulated by 2560AM and
the multiple b is 2.

[FIG. 64] FIG. 64 is a view i1llustrating replacement of
code bits in accordance with the allocaticen rule where an
LDPC code having & code length of 64,800 and an encoding
rate of 2/3 is modulated by 256Q0AM and the multiple b is

2.



LDPC code having a code length of 64,800 and an encoding rate of 2/3 is
modulated by 256QAM and the multiple b is 2. 36 [FIG. 65] FIG. 65is a
view illustrating BERs where a replacement process of a new
replacement method and where a replacement process of an existing
method is carried out. [FIG. 66] FIG. 6g is a view illustrating an example
of a parity check matrix initial value table for an LDPC code whose
Eb/No as a performance threshold value is better than that of a standard
code. [FIG. 67] FIG. 67 is a view illustrating the example of the parity
chidck-madrix irifidl valie feblé forayLDPIC: Thde WHsseSERNg RS e 2
performance threshold value is better than that of the standard code.
e BEFRREI6®IOE ity Mitstrafify tHEBRARBBBI-tHeS ATty cRBEK Where
matrix initial value table for an LDPC code whose Eb/No as a ,
Perfériarcd Hieshoid Vafie R batte thaR tHatorthé Stihdhrd cadé e
%:I . 69] FIG. 69 is a view illustrating relationships of the E3/No and the
E ‘regarding the standard code and a proposed code. [FIG. 70] FIG. 70

gg@ggfu@g?%?h%i%ag example ,qf a-configuration of a.cegeption ¢,
parity check matrix initial value table for an LDPC code
whose Ep/Ng as a performance threshold value is better
than that of a standard code.

[FIG. 67] FIG. 67 is a view illustrating the example of
the parity check matrix initial wvalue table for an LDPC
code whose E./Ny as a performance threshold value is
better than that of the standard code.

[FIG. 68] FIG. 68 is a view illustrating the example of
the parity check matrix initial wvalue table for an LDEC
code whose Ey/Ny as a performance threshold value is
better than that of the standard code.

[FIG, 69] FIG. 69 is a view 1llustrating relationships of
the E;/Ny and the BER regarding the standard code and a
proposed code.

[FIG. 701 FIG. 70 is a block diagram showing an example
of a configuration of a reception apparatus 1Z.

[FIG. 71] FIG. 71 is a flow chart illustrating a

reception process.

[FIG. 72] FIG. 72 is a view illustrating an example of a



[FIG. 71] FIG. 71 is a flow chart illustrating a reception process. [FIG. 72]
FIG. 72 is a view illustrating an example of a 37 parity check matrix of an
LDPC code. [FIG. 73] FIG. 73 is a view illustrating a matrix (conversion
parity check matrix) obtained by applying row replacement and column
replacement to a parity check matrix.{#1G. 74] FIG. 74 is a view
illustrating a conversion parity check matrix divided into a unit of 5 x 5
bits. [FIG. 75] FIG. 75 is a block diagram showing an example of a
configuration of a decoding apparatus in which node mathematical
BpEfationds ealristhodticolleEtively TS KEUEs: [FIG. 76] FIG. 76 is a
block diagram showing an example of a configuration of a LDPC
{oecing SectibhS6. [FIG. 77 FIG=77 14 atbfodketiagfart shoingian
example of a configuration of an embodlment of a,.co er to which the
EFOCBRT TVeHRORTS Bl TE16 7B 1) 7B & Vs IGrABRe BS £

exarpgle %fe% arl% che(ilf matrix i aI value ta Ie of an en odln ra}(e of
2i¥ana a’ code Iength 5t 16,200. E 9 iS aview | ?ﬁs?ra?ng an
example of a parity check matrix |n|t|al value table of an encoding

[FIG. 74] FIG. 74 is a view illustrating a conversicn
parity check matrix divided intc a unit of 5 x 5 bits.
[FIG. 75] FIG. 75 is a block diagram showing an example
of a configuration of a decoding apparatus in which node
mathematical operation is carried out collectively for P
nodes.

[FIG. 76] FIG. 76 is a block diagram showing an example
of a configuration of a LDPC decoding section 56.

[FEG. 77] FIG. 77 is a block diagram showing an example
of a configuration of an embodiment of a computer to
which the present invention is applied.

[FIG. 781 FIG. 78 is a view illustrating an example of a
parity check matrix initial value table of an encoding
rate of 2/3 and a code length of 16,200.

[FIG. 7% FIG. 79 is a view illustrating an example of a
parity check matrix initial value table of an encoding
rate of 2/3 and a code length of 64,800.

[FIG. 8C] FIG. 80 is a view illustrating the example of

the parity check matrix initial wvalue table of the



rate of 2/3 and a code length of 64,800. [FIG. 80] FIG. 80 is a view
illustrating the example of the parity check matrix initial value table of the
38 encoding rate of 2/3 and the code length of 64,800. [FIG. 81] FIG. 81
is a view illustrating the example of the parity check matrix initial value
table of the encoding rate of 2/3 and the code length of 64,800. [FIG. 82]
FIG. 82 is a view illustrating an example of a parity check matrix initial
value table of an encoding rate of 3/4 and a code length of 16,200. [FIG.
83] FIG. 83 is a view illustrating an example of a parity check matrix initial
Galnedaple cfarcendoding ratslof B2 arnfla chaatdriyth bf 64,8000 [FIG.
%IG. 84 is a view illustrating the example of the parity check matrix

initiaf vafire! table ‘of the" entodling'fate of 31 HdPthe Codeengirfgrle of
64,800. [FIG. 85] FIG. 85 is a view illystrating.the example of the parity
ERSCIE atrin inftial VAR abie of the t éAcod] d’?ﬁtetd?gff aRd thé'Gode
length.of 64,800, [FIG..86, FIG. 86.is a view illustrating the exa of the
Sgé?/%%%%kjﬁgt%x?ﬁ iti‘%((\%/alﬁg?agl}eleof %ﬁ§ %n!(L:(e)aﬁ{f%jgra?eI ofg %/’Af@agntg' the
Gode,length of 64,800; FIG. 871.FIG, 8/4s g view Jlusyrating ap example -

of a parity check matrix initial value table of an encoding

parity check matrix initial value table of an encoding
rate of 3/4 and a code length of 16,200.

[FIG. 83] FIG. 83 is a view illustrating an example of a
parity check matrix initial value table of an encoding
rate of 3/4 and a code length of &4,800.

[FIG. 84] FIG. 84 is a view illustrating the exampie of
the parity check matrix initial value table of the
encoding rate of 3/4 and the code length of 64,800.

[FIG. 85] FIG. 85 is a view illustrating the example of
the parity check matrix initial wvalue table of the
encoding rate of 3/4 and the code length of 64,800.

[FIG. 86] FIG. 86 i1s a view 1llustrating the example of
the parity check matrix initial value table of the
encoding rate of 3/4 and the code length of 64,800.

[FIG. 87] FiIG. 87 is a view illustrating an example of a
parity check matrix initial value table of an encoding
rate of 4/5 and a code length of 1¢,200.

[FIG. 88] FIG. 88 is a view illustrating an example of a

parity check matrix initial value table of an encoding



rate of 4/5 and a code length of 16,200. [FIG. 88] FIG. 88 is a view
illustrating an example of a parity check matrix initial value table of an
encoding 39 rate of 4/5 and a code length of 64,800. [FIG. 89] FIG. 89 is
a view illustrating the example of the parity check matrix initial value table
of the encoding rate of 4/5 and the cggde length of 64,800. [FIG. 90] FIG.
90 is a view illustrating the example of the parity check matrix initial value
table of the encoding rate of 4/5 and the code length of 64,800. [FIG. 91]
FIG. 91 is a view illustrating the example of the parity check matrix initial
nalue table phthene@neodingsraiesof4/s and thé,cdde-length of 64,800.
[FIG. 92] FIG. 92 is a view illustrating an example of a parity check matrix
imitial val@e taBleCof diPencoding ireite of B/65dricha Eode 18RgtA%6TIBIs00 £
[FIG. 93] FIG. 93 is a view illustrating an example of a parity check matrix
tihitiabealié Yalsie of BnfeHebding: Rate s 5/8 ands E@&é{)%nafh bf'64,800.

[FIG. 94] FIG. 94 is a view illustrating the example of the p%rity eck
ThawR iRfalFiGe fblé OF thé*Encoting afe oFE/& ahd the’c

cdde’lehgth of

Chiek b Tt vallo ol of 8 T oot tee el ISR o

the parity check matrix initial value table of the
encoding rate of 4/5 and the code length of 64,800.

[FIG. 91] FIG. 91 is a2 view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 4/5 and the code length of 64,800.

'FIG. 92] FIG. 92 is a view illustrating an example of a
parity check matrix initial value table of an encoding
rate of 5/6 and a code length of 16,200,

[FIG. 93] FIG. 93 is a view illustrating an example of a
parity check matrix initial value table of an encoding
rate of 5/6 and a code length of 64,800.

[FIG. 9%4] FIG. 94 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 5/6 and the code length of 64,800.

[FIG. 951 FIG. 95 is a view illustrating the example of
the parity check matrix initial value table of the
ancoding rate of 5/6 and the code length of 64,800.

[FIG. 96] FIG. 96 is a view illustrating the example of

the parity check matrix initial wvalue table of the



encoding rate of 5/6 and the code length of 64,800. [FIG. 96] FIG. 96 is a
view illustrating the example of the parity check matrix initial value table of
the 40 encoding rate of 5/6 and the code length of 64,800. [FIG. 97] FIG.

97 is a view illustrating an example of a parity check matrix initial value

table of an encoding rate of 8/9 and g g¢ode length of 16,200. [FIG. 98]

FIG. 98 is a view illustrating the example of the parity check matrix initial
value table of the encoding rate of 8/9 and the code length of 64,800.

[FIG. 99] FIG. 99 is a view illustrating the example of the parity check

enateix imitialnalee teblé Of thendencodingodte dE8/9tandthecbdedength of
64,800. [FIG. 100] FIG. 100 is a view illustrating the example of the parit
CRéék nistrix initidl valie table of the! éricbdingirate bE8Arartiierdale”t
length of 64,800. [FIG. 101] FIG. 101 is a view illustrating the example of

B panty ek matidinitanvaliie tablid bithe Bncdding rate 618N

the code Ien/gth of 64,800. [FIG. 102] FIG. 102 is aOvieW illustrating an
exampid of A&ty chetk Mathik H5itial vifue tabfe’ofF an encoding rate of
9/10 and a.code Iengg% of 64,800, %:IG_, f 3 Echai t1‘03 IS K vie\év}gg%staaéing £
fie-Example of tHe parity-hétk maltixinitiarvalfe table of the ==

the parity check matrix initial wvalue table of the
encoding rate of 8/9 and the code length of 64,800.

[FIG. 99] FIG. 99 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 8/9 and the code length of 64,800.

[FIG. 100] FIG. 100 is a view illustrating the example of
the parity check matrix initial value table cf the
encoding rate of 8/9 and the code length of €4,800,.

[FIG. 1011 FIG. 191 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 8/9 and the code length of 64,800.

[FIG. 102] FIG. 102 is a view illustrating an example of
a parity check matrix initial value table of an encoding
rate of 9/10 and a code length of 64,800.

[FIG. 103] FIG. 103 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 9/10 and the code length of ©4,800.

[FIG. 1041 FIG. 104 is a view illustrating the example of

the parity check matrix initial value table of the



encoding rate of 9/10 and the code length of 64,800. [FIG. 104] FIG. 104
is a view illustrating the example of the parity check matrix initial value
table of the 41 encoding rate of 9/10 and the code length of 64,800. [FIG.
105] FIG. 105 is a view illustrating the example of the parity check matrix
initial value table of the encoding rate 6f 9/10 and the code length of
64,800. [FIG. 106] FIG. 106 is a view illustrating an example of a parity
check matrix initial value table of an encoding rate of 1/4 and a code

ength o1 64,200, (16, J07) 16, 107 s .iew syaing e crape o

e paritythet trix nitial valte e of the "encoding rate of 1/4 and

d h 4, .E.lEG. is. a.vi il i s o
the o %(@gtpgt@.cgg&%%%&! ; 10845 aviaw dlustrating an, 1 of

example matrix initial value table of an"encoding rate of

4f3.and a;cade length 0f.64,800. [HG: 1991EIG, 10948 Buview illustrating

the example of the parity check matrix initial value table of the encoding

rate of 143 apdithe sede Jangth,of 64:800: dBIS. 1L FiGo 1@ is a yiew

illustrating an example of a parity check matrix initial value table of an
encading orate of 245 and@ gede: lengthy of 624,800 FGnd12hFKGalddlis avf
view illustrating the example of the parity check matrix initial value table

of herity check matrix initial value table of an encoding
rate of 1/4 and a code length of 64,800,

[FIG. 107] FIG. 107 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 1/4 and the code length of ©64,800.

[FIG. 108] FIG. 108 is a view illustrating an example of
a parity check matrix initial value table of an encoding
rate of 1/3 and a code length of 64,800.

[FTG. 109] FIG. 109 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 1/3 and the code length of ©4,800.

[FPFIG. 110] TFIG. 110 is a view illustrating an example of
a parity check matrix initial value table of an encoding
rate of 2/5 and a code length of 64,800.

[FIG. 1111 FIG. 111 is a view illustrating the example of
the parity check matrix initial wvalue table of the
encoding rate of 2/5 and the code length of €4,800.

[FIC. 1121 FIG. 112 is a view illustrating an example of

a parity check matrix initial value table of an encoding



encoding rate of 2/5 and the code length of 64,800. [FIG. 112] FIG. 112 is
a view illustrating an example of a parity check matrix initial value table of
an encoding 42 rate of 1/2 and a code length of 64,800. [FIG. 113] FIG.
113 is a view illustrating the example of the parity check matrix initial
value table of the encoding rate of 1/2-and the code length of 64,800.
[FIG. 114] FIG. 114 is a view illustrating the example of the parity check
matrix initial value table of the encoding rate of 1/2 and the code length of
64,800. [FIG. 115] FIG. 115 is a view illustrating an example of a parity
chieek ofattix iniiakvalue tatde bt aptencoling4raté of 3/5 and a code
length of 64,800. [FIG. 116] FIG. 116 is a view illustrating the example of
tAd parifylcHeck Aatrix inttidl vafuevtable of-theSéacdding rdte dof 35 aRde ot
the code length of 64,800. [FIG. 117] FIG. 117 is a view illustrating the
@xanipie oF thelpeity Bidckimatridiniial vEfie 18ble? the Encoding rate
of 3/5 and the code length of 64,800. [FIG, 11{%FIG. 118fis Vi W,
AMEHARG arcdtarfiple of 2a Pariy - MedkmatrixiAftal vaide %’Ulg of an

Fafadng e s s coce iy of 40 208 G- AL ES R R o
9ﬂé”5§95¥b check matrix initial value table of the
encoding rate of 1/2 and the code length of €4,800.

[FIG. 1151 FIG. 115 is a view illustrating an example of
a parity check matrix initial value table of an encoding
rate of 3/5 and a code length of 64,800.

[FIG. 1161 FIG. 116 is a view i1llustrating the example of
the parity check matrix initial value table of the
encoding rate of 3/5 and the code length of 64,800.

[FIG. 1171 FIG. 117 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 3/5 and the code length of €4,800.

[FIG. 118] FIG. 118 is a view illustrating an example of
a parity check matrix initial value table of an encoding
rate of 1/4 and a code length of 16,200,

[FIG. 1197 FIG. 119 is a view illustrating an example of
a parity check matrix initial value table of an encoding
rate of 1/3 and a code length of 16,200.

[FIG. 120] FIG. 120 is a view illustrating an example of

a parity check matrix initial value table of an encoding



rate of 1/3 and a code length of 16,200. [FIG. 120] FIG. 120 is a view
illustrating an example of a parity check matrix initial value table of an
encoding 43 rate of 2/5 and a code length of 16,200. [FIG. 121] FIG. 121
is a view illustrating an example of a parity check matrix initial value table
of an encoding rate of 1/2 and a codg length of 16,200. [FIG. 7.22] FIG.
122 is a view illustrating an example of a parity check matrix initial value
table of an encoding rate of 3/5 and a code length of 16,200. [FIG. 123]
FIG. 123 is a view illustrating another example of the parity check matrix
mnitial value table: ofl the endedihgraterob3/5iamdthe .code length of
16,200. [FIG. 124] FIG. 124 is a view illustrating a method of determining
Aty ERéck nidtdx H Homia parity eheck hvaafix iitialdable. friema2g] of
FIG. 125 is a view illustrating an example of replacement of code bits.
FFIc 1 PBY FrE et Rd Vil Hustratidg Bndther texakiple bf feplassmeht s
of code bItS[/[FlG 127] FIG. 127 is a view |IIustrat|n a further example of
Fpiacéent 6f Gt Bit< P86 181 Hic 128 s 4 View illustrating a still

further example of repl ment of [ .
[FIG. 122} P FIG. pf%% e to %g%%bfilustratlng an example of

a parity check matrix initial value table of an encoding
rate of 3/5 and & code length of 16,200.

[FIG. 1237 FIG. 123 is a wview illustrating another
example of the parity check matrix initial value table of
the encoding rate of 3/5 and the cecde l@ngth-of 16,200.
[FIG. 1241 FIG. 124 is a view illustrating a method of
determining a parity check matrix H from a parity check
matrix initial tabie.

[FIG. 1251 FIG., 125 is a view 1llustrating an example of
replacement of code bits.

[FIG. 126] FIG. 126 is a view illustrating another
example of replacement of code bits.

[FTG. 127] FIG. 127 is a view illustrating a further
example of replacement of code bits.

[FIG. 1281 FIG. 128 is a view illustrating a still
further example of replacement of code bits.

[FIG. 1291 FIG. 129 is a view illustrating a simulation
result of the BER.

[FIG. 1301 FIG. 130 is a view illustrating another



[FIG. 129] FIG. 129 is a view illustrating a simulation result of the HER.
[FIG. 130] FIG. 130 is a view illustrating another 44 simulation result of
the BER. [FIG. 131] FIG. 131 is a view illustrating a further simulation
result of the BER. [FIG. 132] FIG. 132 is a view illustrating a still
simulation result of the BER. [FIG. 138} FIG. 133 is a view illustrating an
example of replacement of code bits. [FIG. 134] FIG. 134 is a view
illustrating another example of replacement of code bits. [FIG. 135] FIG.

Tlé%f%ﬁ f%%/jji%veil%s%éalt@go%fu{wfgrB%{ample of replacement of code bits.

IS a view

strating a still further example of

;%&'é?e%m of sode bits; [HIG. 137} EIG. 1137 is adew{lusiratinga,yet
urther example of replacement of code bits. [FIG. 138] FIG. 138 is a view
dlystrating ayetfurther example gfreplacement of code bits. [FIG. 139]
FIG. 139 is a view illustrating a yet further example of replacement of

code bits 3[FIG. d149] FIG2146 is:a vieywillustrating-a yeh furthes texaimple

of replacement of code bits.
simulation result of the BER.

[FIG. 133] FIG. 133 is a view

replacement cf code bits.

[FIG. 134] FIG. 134 is a view

example of replacement of code

[FIGS. 135] FIG. 135 is a view

example of replacement of code

[FIG. 13%] FIG. 136 is a view

further example of replacement

[FIG. 1371 FIG. 137 is a view

example of replacement of code

[FIG. 138] FIG. 138 is a view

example of replacement of code

[FIG. 139] FIG. 139 is a view

example of replacement of code

[FIG. 14C] FIG. 140 is a view

example of replacement of code

[FIG. 141] FIG. 141 is a view

example of replacement of code

[FIG. 14Z] FIG. 142 is a view

illustrating

illustrating
bits.
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[FIG. 141] FIG. 141 is a view illustrating a yet further example of
replacement of code bits. [FIG. 142] FIG. 142 is a view illustrating a yet
further 45 example of replacement of code bits. [FIG. 143] FIG. 143 is a
view illustrating a yet further example of replacement of code bits. [FIG.
144] FIG. 144 is a view illustrating a yet further example of replacement

of code bits. [FIG. 145] FIG. 145 is a view illustrating processing of a
multiplexer 54 which composes a deinterleaver 53. [FIG. 146] FIG. 146 is

a view illustrating processing of a column twist deinterleaver 55. [FIG.
343G 147 isepblockciagrany shawiaganother example of a
configuration of the reception apparatus 12. [FIG. 148] FIG. 148 is a block
dagFam showing ldsfirst 4exansple of Becorfiglrationsofiareception systehher
which can be applied to the reception apparatus 12. [FIG. 149] FIG. 149
rablotk didgragr sBowiheg a seéormp&xalmiple of the configuration of the
reception system which can be applied to the reception apparatus 12.

[AIES 1581 RIG. 156 is & blodkediagiaifi $howikysa ffd- “kafnplé bf fHerther
configuration_of the_reception system which can be applied to the

FECEBROR appardths A2 Bk PiafaticiP G REfE Fetce Symbols

[FIG. 145] FIG. 145 is a view illustrating processing of
a multiplexer 54 which composes a deinterleaver 53.
[FIG. 146} FIG. 146 is a view illustrating processing of
a column twist deinterleaver 55.
[FIG. 147] FIG. 147 is & block diagram showing another
example of a configuration of the reception apparatus 12.
[FIG. 1487 FIG. 148 is a block diagram showing a first
example of a configuration of a reception system which
can be applied to the recepticn apparatus 12.
[FIG. 14%] FIG. 149 is a block diagram showing a second
example of the configuration of the reception system
which can be applied to the reception apparatus 1Z.
[FIG. 150] FIG. 150 is a block diagram showing a third
example of the configuration of the_reception system
which can be applied to the reception apparatus 1Z2.
Explanation of Reference Symbols
[0054]

11 Transmission apparatus, 12 Reception apparatus,

21 LDPC encoding section, 22 Bit interleaver, 23 Parity



[0054] 11 Transmission apparatus, 12 Reception apparatus, 21 LDPC
encoding section, 22 Bit interleaver, 23 Parity 46 interleaver, 24 Column
twist interleaver, 25 Demultiplexer, 26 Mapping section, 27 Orthogonal
modulation section, 31 Memory, 32 Replacement section, 51 Orthogonal
demodulation section, 52 Demapping.section, 53 Deinterleaver, 54
Multiplexer, 55 Column twist deinterleaver, 56 LDPC decoding section,
300 Edge data storage memory, 301 Selector, 302 Check node -
calculation section, 303 Cyclic shift circuit, 304 Edge data storage
érRoRs 305:Seléétor B0BIReEEptich datastemdrE B07- Variable node
calculation section, 308 Cyclic shift circuit, 309 Decoded word calculation
Reption: 910 Reteptién YabP i drraRgément section” 312 T8tdded data

re-arrangement section, 601 Encoding praocessing block, 602 Stora

BRSUR. BT By 1ol sctimisiaton, 61> RARAATIS Ble renting - 51
t tion, 613 Pari heck tri ducti tion, 614 Inf ti
§%3§§é’§§a§utﬁ§gﬁ‘é%ﬁ§% matnix praduction perion niormaton 3

%Iﬁc%ffinglpari‘ty miathematical %%eratlon

pettion. 616 Centrol porion, 701 Bus, 70%-GPU, 703, RQM, 04 RAM,

utputting Section, 707 “Inputting section, 708
Gomypupication section, ;109-DHve, 410 nputiouipyt interfaceqaLl gata

Removable recording

storage memory, 301 Selector, 302 Check node calculation
section, 303 Cyclic shift circuit, 304 Edge data storage
memory, 305 Selector, 306 Reception data memory, 307
Variable node calculation secticon, 308 Cyclic shift
circuit, 209 Decoded word calculation section, 310
Reception data re-arrangement section, 311 Decoded data
re-arrangement section, 601 Enéoding processing block,
602 Storage block, €11 Encoding rate setting portion, 612
Initial value table reading out portion, 613 Parity check
matrix production portion, 614 Information bit reading
out portion, 615 Encoding parity mathematical operation
portion, 616 Control portion, 701 Bus, 702 CPU, 703 ROM,
704 RAM, 705 Hard disk, 706 Cutputting section, 707
Inputting section, 708 Communicaticn section, 709 Drive,
710 Input/output interface, 711 Removable recording
medium, 1001 Reverse replacement section, 1002 Memory,

1011 Parity deinterleaver, 1021 LDPC decoding section,

1101 Acguisition section, 1101 Transmission line decoding



medium, 1001 Reverse replacement section, 1002 Memory, 1011 Parity
deinterleaver, 1021 LDPC decoding section, 1101 Acquisition section,
1101 Transmission line decoding 47 processing section, 1103 Information
source decoding processing section, 1111 Outputting section, 1121
Recording section Best Mode for Caréying Out the Invention [0055] FIG. 7
shows an example of a configuration of an embodiment of a transmission
system to which the present invention is applied (the term system
signifies a logical aggregate of a I%ralit of _a%)taratus irres ectigg of

RVEEtREE S AotThE indilidual ompBneat appariusats “hcitided in e

same houysing). [0056] Referring to0 FIG. 7, the transmission sysiem
A0S & TSR app At LT Rt 4 1ooaon. Bpariie 12,
&%%%@Jihne trar%s(:r'@Lsg;Lgn apparatus 11 carries out, for example,

transmission ?broaacast) (transfer) of a television broadcasting program.

Jhatis.the tiansmission appasatusdls farexample,encodes object data
which are an object of transmission such as image
[0055]

FIG. 7 shows an example of a configuration of an
enmbodiment of a transmission system to which the present
invention is applied (the term system signifies & logical
aggregate of a plurality of apparatus irrespective of
whether or not the individual component apparatus are
included in the same housing).

[00356]

Referring to FIG. 7, the transmission system
includes a transmission apparatus 11 and a reception
apparatus 12.

[0057]

The transmission apparatus 11 carries out, for
example, transmission (broadcast) (transfer) of a
television broadcasting program. That is, the
transmission apparatus 11, for example, enccdes object
data which are an object of transmission such aé image
data, sound data and so forth as a television
broadcasting program into an LDPC code and transmits the

resultant data through, for example, a communication path



data, sound data and so forth as a television broadcasting program into
an LDPC code and transmits the resultant data through, for example, a
communication path 48 13 such as a satellite channel, ground waves and
CATV network. [0058] The reception apparatus 12 is, for example, a
tuner, a television receiver or a STB (et Top Box) for receiving a
television broadcasting program or PC (Personal Computer) for receiving
IPTV (Internet Protocol Television), and receives LDPC codes transmitted
thereto from the transmission apparatus 11 through a communication
patks t3hdecodessthe . DRC €odesinte lobjget cdatd andveuitpatsitherdbject
data. [0059] Here, it has been known that LDPC codes utilized in the
mEngmission system in FIG. 7 exhibit a very high capacity in an AWGN
(Additive White Gaussian Noise) communication path. [0060] However, in
t%¢ é8mmunication path 13 such as ground waves, burst errors or
erasure sometimes occurs. For example, in an OFDM (Ortho %nal

Frequendy BIvSIGR MURTIEHHE) <ystém Lin aultpath arvfohert =5"e%"

wherein .
a television receiver or a STB (Set Top Box) for

receiving a television broadcasting program cr PC
(Personal Computer) for receiving TPTV {Internet Protoccel
Television), and receives LDPC codes transmitted thereto
from the transmission apparatus 11 through a
communication path 13, decodes the LDPC codes intc object
data and outputs the object data.

[0059]

Here, it has been known that LDPC codes utilized in
the transmission system in FIG. 7 exhibit a very high
capacity in an AWGN (Additive White Gaussian Ncise)
communication path.

[0060]

However, in the communication path 13 such as
ground waves, burst errcrs of erasure sometimes occurs.
For example, in an OFDM (Orthogonal Frequency Division
Multiplexing) system, in a multi-path environment wherein
the D/U (Desired to Undesired Ratio) is O dB (power of
Undesired = echo is egual to the power of Desired = main

path), the power of a particular symbol becomes zero



the D/U (Desired to Undesired Ratio) is 0 dB (power of Undesired = echo
is equal to the power of Desired = main path), the power of a particular
symbol becomes zero 49 (erasure) in response to a delay of an echo
(paths other than the main path). [0061] Further, also in a flutter
(communication path in which an echi®@whose delay is zero and to which
a Doppler (dopper) frequency is applied is added) , where the D/U is 0
dB, a case wherein the power of an entire OFDM symbol at a specific
point of time is reduced to zero (erasure) by the Doppler frequency
HREGSI 062} EUFHER NG a Sitdatidhrafivifing ifle& 6Athe HataptdH o~
aﬁgggatus 12 sjde from a reception section (not shown) such as an

ARfEhna 6r tAdiikedr feceiving a signal from the transmission apparatus
1%&%_{ e reception apparatus 12 or from instability of the power supply to
the reception apparatus 12, burst errors sometimes appear. [0063]

Meanwhile, jn deroding of LDPG codes. since yvariableinode o path in

mathematical operation of the expression (1) wherein addition of -
gﬁﬁ%ﬂu%%vé@§§L@nggog%lay is zero and to which a Doppler

(dopper) frequency is applied is added), where the D/U is
0 dB, a case wherein the power of an entire OFDM symbel
at a specific point of time is reduced to zero {erasure)
by the Doppler freguency ocCccurs.

[0062]

Further, from a situation of wiring lines on the
reception apparatus 12 side from a reception section (not
shown) such as an antenna or the like for receiving a
signal from the transmission apparatus 11 to the
reception apparatus 12 or from instability of the power
Supply to the reception apparatus 12, burst errors
sometimes appear.
tOOGBJ

Meanwhile, in decoding of LDPC codes, since
variable node mathematical operation of the expression
(1} wherein addition of (reception values uqg of) code
bits of an LDPC code as seen in FIG. 5 above described is

carried out in a column of the parity check matrix H and

hence a variable node corresponding to a code bit of the



bits of an LDPC code as seen in FIG. 5 above described is carried out in
a column of the parity check matrix H and hence a variable node
corresponding to a code bit of the 50 LDPC code, if an error occurs with
the code bit used for the variable node mathematical operation, then the
accuracy of a message to be determimed drops. [00641 Then, since, in
decoding of the LDPC code, the message determined at the variable
node connecting to the check node is used to carry out check node
mathematical operation of the expression (7) at the check node, if the
LAGMberotchdck AGIET WhENCEDdEDItsIGIthE EDPPEGIE*T 1sed tor

-corresponding to) a plurality of variable nodes connecte _htéwer tgeexhibit
thRr evroF {mehrlin erasifd) BithE Saie T Bécomes great, then the
performance of the decoding deteriorates. %mple, if two or

e 0065],Far
afiore BFthevarfaldlé 1ioags Eo%n%%te%efcoetﬁ%% %]ék%g%é suffer from

erasure at the same time, then the check node returns a message that
[{h& 6r40bability that the value may be 0 and the probability that the value

may be 1 are equal to.each other fo;al, yariablepodess dn thisinstanee,
those cht%ﬁrhbdsejs“r%f? ev’vh%’lﬁ the messa%/e of the equal probabilities does

ﬂggsage determined at the variable node connecting to the

check node is used to carry out check node mathematical
operation of the expression (7} at the check node, if the
nunber of check nodes where (code bits of the LDPC code
corresponding to) a plurality of variable nodes connected
thereto exhibit an error (including erasure) at the same
time becomes great, then the performance of the decoding
deteriorates.

[0065]

For example, if two or more of the wvariable nodes
connected to the check node suffer from erasure at the
same time, then the check node returns a message that the
probability that the value may be 0 and the probability
that the value may be 1 are equal to each other to all
variable nodes. In this instance, those check nodes to
which the message of the equal probabilities does not
contribute to one cycle of decoding processing (one set
of variable node mathematical operation and check node

mathematical operaticn), and as a result, an increased



contribute to one cycle of decoding processing (one set of variable node
mathematical operation and check node mathematical operation), and as
a result, an increased 51 number of times of repetition of decoding
processing are required. Consequently, the performance of the decoding
deteriorates. Further, the power consutmption of a reception apparatus 12
which carries out decoding of the LDPC code increases. [0066]
Accordingly, the transmission system shown in FIG. 7 is configured such

thatthe tolerance ta bupst,errors ; or. erasye isimpraved while the. ; o e

performance in an AWGN communication path is maintained. [0067] FIG.

8 showsan example gfa,confjguration;of the, transmission apparalus, 41 g
of FIG. 7. [0068] Referring to FIG. 8, the transmission apparatus 11
inelidesankBRPC enceding:section 21oadit interleaver 22nadmapping
section 26 and an orthogonal modulation section 27. [0069] To the LDPC
ercoding sectigip2tzabjectidatararehsuppliedes out decoding of the

LPPC code increases.
[0066]

Accordingly, the transmission system shown in FIG.
7 is configured such that the tolerance to burst errors
or exasure.is improved while The perfcrmance in an AWGEN
communication path is maintained.

[0067]

FIG. 8 shows an example of a configuration of the
transmission apparatus 11 of FIG. 7.

[0068]

Referring to FIG. 8, the transmission apparatus 11
includes an LDEC encoding section 21, a bit interleaver
22, a mapplng secticn 26 and an orthcegonal modulation
section 27.

[C069]

To the LDPC enceding section 21, object data are

supplied.
[0670]
The LDPC encoding section 21 carries out LDPC

encoding of the object data supplied theretc in



[0070] The LDPC encoding section 21 carries out LDPC encoding of the
object data supplied thereto in 52 accordance with a parity check matrix
in which a parity matrix which is a portion corresponding to parity bits of
an LDPC code has a staircase structure and outputs an LDPC code
wherein the object data are informatiofits. [0071] In particular, the
LDPC encoding section 21 carries out LDPC encoding of encoding the
object data into an LDPC code prescribed, for example, in the DVB-S.2 or

LVEs 142 standards and outputs an |LRRC.code obtainedias-g resplt of .
the LDPC encoding. [0072] Here, in the DVB-T.2 standard, it is scheduleg

te- adopt theil-PPE-codespreseribedinthe DVB-S.4 standard: dThenits of
LDPC code prescribed in the DVB-S.2 standard is an IRA (Irregular

RepeatrAceumulate)codes and the parity: matrx i thenparity cheek matrix
of the LDPC code has a staircase structure. The parity matrix and the
StalrCase dtructwre«are hereinafieedesciibed. Eughér, fhetRAicodéists.
described, for example, in "Irregular Repeat- Accumulate Codes," H. Jin.,
AURKandekar, and R. J. McEliece, in Proceedings of 2nd International
Symposium

In particular, the LDPC encoding section 21 carries
out LDPC encoding of encoding the object data into an
ILDPC code prescribed, for example, in the DVB-S5.2 or DVB-~
T.2 standards and outputs an LDPC code obtained as a
result cof the LDPC encoding.

[0072]

Here, in the DVB-T.2 standard, it is scheduled to
adopt the LDPC codes prescribed in the DVBE-S.2 sztandard.
The LDPC code prescribed in the DVB-S.Z2 standard is an
IRA (Irregular Repeat Accumulate) code, and the parity
matrix in the parity check matrix of the LDPC code has a
stalrcase structure. The parity matrix and the staircase
structure are hereinafter described. Further, the IRA
code 1s described, for example, in “Irregular Repeat-
Accumulate Codes,” H. Jin., A. Khandekar, and R. J.
McEliece, in Proceedings of 2nd Internaticnal Symposium
on Turbo codes and Related Topics, pp.1-8, Sept. 2000.

[0073]

The LDPC code outputted from the LDPC encoeding



on Turbo codes and Related Topics, pp.1-8, Sept. 2000. [0073] The
LDPC code outputted from the LDPC encoding 53 section 21 is supplied
to the bit interleaver 22. 0074] The bit interleaver 22 is a data processing
apparatus for interleaving data and includes a parity interleaver 23, a
column twist interleaver 24 and a demtltiplexer (DEMUX) 25. [0075] The
parity interleaver 23 carries out parity interleave of interleaving parity bits
of the LDPC code from the LDPC encoding section 21 to positions of

othier :harity bits and suprlies the LORC gode afterthearty. ipterleave to
the column twist interleaver 24. [0076] The column twist interleaver 24
¢arfies out column twist interleave for the LDPC code from the parity

interleaver 23 and supplies the LDPC code after the column twist
interleave t-thei demultiplexes 25- [007 74dn pastioular, the-LRRG-eode is

transmitted after two or more code bits thereof are mapped to signal
points- Fepreséanting onesymbalef ofthegoral dnadidatier:by therarity
interleaver 23, a column twist interleaver 24 and a
demultiplexer (DEMUX) 25,

[0075j

The parity interleaver 23 carries out parity
interleave of interleaving parity bits of the LDPC code
from the LDPC encoding secticn 21 to positions of other
parity bits and supplies the LDPC code after the parity
interleave to the column twist interleaver 24.

[0078]

The column twist interleaver 24 carries out column
twist interleave for the LDPC code from the parity
interleaver 23 and supplies the LDPC code after the
column twist interleave to the demultiplexer 25.

[0077;3

In particular, the LDPC code is transmitted after
two or more code bits thereof are mapped to signal points
representing one symbol of orthogonal modulation by the
mapping section 26 hereinafter described.

[0078]

The column twist interleaver 24 carries out, for



mapping section 26 hereinafter described. [.0078] The column twist
interleaver 24 carries out, for 54 example, such column twist interleave as
hereinafter described as a re-arranging process of re-arranging code bits
of the LDPC code from the parity interg%aver 23 such that a plurality of

code bits of the LDPC code corresponding to the value 1 included in one
arbitrary row of the parity check matrix used in the LDPC encoding

section 21 are not included in one symbol. [0079] The demultiplexer 25
earieslaut asreplacing pracess efreplacing thespositions: ektive: or-mere
code bits of the LDPC code (which are to be a symbol) from the column
teistintérishver 24 toobtainaarpliDP G codeewhose tokerames tas AWG Ndsie
reinforced. Then, the demultiplexer 25 supplies two or more code bits of
BALDPC coble &btBeerly tHe replademprtproress as alsyantsol té@ thesuch
mapping section 26. [0080] The mapping section 26 maps the symbol '
Foftthe Bekiftiptéxerds ersignil peintstdetefnihed byc® dRodulation

method of orthogonal modulation (multi-value modulation) carried out by

ﬁﬁ?&ﬁﬁ%ﬁgﬁﬁﬁﬁb$ﬁhﬁd value 1 included in one arbitrary

row of the parity check matrix used in the LDPC encoding
section 21 are not included in one symbol.
[0079]

The demultiplexer 25 carries out a replacing
process of replacing the positions of two or more code
bits of the LDPC code (which are to be a symbol) from the
column twist interleaver 24 Lo obﬁain an LDPC code whose
tolerance to AWGN is reinforced. Then, the demultiplexer
25 supplies two or more code bits of an LDPC code
obtained by the replacément process as a symbol to the
mapping section 26.

[coeo]

The mapping section 26 maps the symbol from the
demultiplexer 25 to signal pecints determined by a
modulation method of orthogonal modulation {(multi-value
modulation) carried out by the orthogonal modulation
section 27.

(00811

In particular, the mapping section 26 maps the LDPC



section 27. [0081] In particular, the mapping section 26 maps the LDPC
55 code from the demultiplexer 25 into a signal point determined by the
modulation system, on an 1Q plane (IQ constellation) defined by an | axis
representative of an | component which is in phase with a carrier and a Q
axis representative of a Q componenbwhich is orthogonal to the carrier
wave. [0082] Here, as the modulation method of orthogonal modulation
“carried out by the orthogonal modulation section 27, modulation methods

including, f | lation method, defined.in the DVB-T
Cipaards, ot & o' arpla- OPSK (Qusdute PhLAR S Kebing)

standards, that Is, for exam Qua e

é@@é@ﬂu@@%g‘%%é%&%%%%'%‘é eﬁ?‘Qé}llvl ’a%SGQf‘Ml ane (IQ

1024QAM, 4096QAM and so forth are available. What modulation
meathed shauldhe u%ﬁ%@&t@goaal mogdylation {0,be carried opt by the ,

orthogonal modulation section 27 is set in advance, for example, in
aceaidpnee withuany @peiatiomofthedeansmissian apparatus 3 by-Am ax:is

operator. Itis to be noted that the orthogonal modulation section 27 can
capy outsomeiothepdrthogonalmadidationyslicttas, sfos example, AP AM
(Pulse Amplitude Modulation).

the carrier wave.

[co82]

Here, as the modulation method of orthogonal
modulation carried out by the orthogonal modulation
section 27, modulation methods including, for example, a
modulation methed defined in the DVB-T standards, that is,
for example, QPSK (Quadrature Phase Shift Keying), 160QAM
(Quadrature Amplitude Modulation), 64QAM, 256QAM, 10240AM,
40960AM and so forth are available. What modulation
method should be used for orthogonal modulation to be
carried out by the orthogonal modulation section 27 is
set in advance, for example, in accordance with an
operation of the transmission apparatus 11 by an operator.
It is to be noted that the orthogonal modulation section
27 can carry out some other orthogonal modulation such as,
for example, 4PAM (Pulse Amplitude Modulation).

{0083]
The symbol mapped te a signal point by the mapping

section 26 is supplied to the orthogonal modulation



[0083] The symbol mapped to a signal point by the mapping section 26 is
supplied to the orthogonal modulation 56 section 27. [0084] The
orthogonal modulation section 27 carries out orthogonal modulation of a
carrier in accordance with (the symbajgnapped to) the signal point from
the mapping section 26 and transmits a modulation signal obtained by
the orthogonal modulation through the communication path 13 (FIG. 7).
[0085] Now, FIG. 9 illustrates a parity check matrix H used in LDPC
ERE3ding by the LDPC encoding section 21 of FIG. 8. [0086] The parity
check matrix H has an LDGM (Low-Density Generation Matrix) structure
afd &4n be represented by an expression H = [HAIHT] from an
information matrix HA of a _portion correspondi |lgnto information bits and a

parity mdtrx FF cBREEPEdING 10 paRl hitSRGM aond c6aé Hitsofthe

LD Ccode matri Whlch elements of the information matrix HA are
P rAGE B TR LA Ao o St s Ha e A o So

lgﬂgﬂgiﬁﬁtberébped to} the signal peint from the mapping
section 26 and transmits a modulation signal obtained by
the orthogonal modulaticon through the communication path
13 (FIG. 7).

[6085]

Now, FIG. 9 illustrates a parity check matrix H
used in LDPC encoding by the LDPC encoding section 21 of
FIG. &.

[0086]

The parity check matrix H has an LDGM (Low-Density
Generation Matrix) structure and can be represented by an
expression H = [Hp|H:] from an information matrix Hx of a
portion corresponding to information bits and a parity
matrix Hy corresponding to parity bits from among code
bits of the LDPFC code {(matrix in which elements of the
information matrix Hy are elements on the left side and
elements of the parity matrix Hy are elements on the right
side).

[0087]

Here, the bit number of information bits and the



side). 0087] Here, the bit number of information bits and the 57 bit
number of parity bits from among code bits of one LDPC code (one
codeword) are referred to as information length K and parity length M,
and the bit number of code bits of one LDPC code is referred to as code
length N K + M). [0088] The informatién length K and the parity length M
regarding an LDPC code of a certain code length N depend upon the
encoding rate. Meanwhile, the parity check matrix H is a matrix Whose

ot Sni e arky ot P skt R mafioe OUSS] FiG. 10 20

matrix and the parfty matrix HT'is an

Hlgstrates dhe parity matrix HTof the parity checkima a& H of ¢ HHRE i on
code prescribed in the DVB-S.2 (and DVB-T.2) stan [009 j) The

parity TRatrixth of thes parity Sheek matrix b of the LPPC,cade preseribed .
in the DVB-S.2 standard has a staircase structure wherein elements of
thervalug loare avangedlike astaircaserasiseen ind16:40. ThedeW N (=
K + M).

[0088]

The information length K and the parity length M
regarding an LDPC code of a certain code length N depend
upon the encoding rate. Meanwhile, the parity check
matrix H is a matrix whose rows x columns are M x N. Then,
the information matrix Ha is an M x K matrix and the
parity matrix Hr is an M x M matrix.

(0089}

FIG. 10 illustrates the parity matrix Hr of the
parity check matrix H of an LDPC code prescribed in the
DVB-5.2 {and DVB-T.2) standard.

[0090]

The parity matrix Hy of the parity check matrix H
of the LDPC code prescribed in the DVB-S8.2 standard has a
" staircase structure wherein elements of the value 1 are
arranged like a staircase as seen in FIG. 10. The row
welght of the parity matrix Hy is 1 with regard to the
first row but is 2 with regard to all of the remaining

rows. Meanwhile, the column weight is 1 with regard to



- weight of the parity matrix Hm is 1 with regard to the first row but is 2 with
regard to all of the remaining rows. Meanwhile, the column weight is 1
with regard to 58 the last column but is 2 with regard to all of the
remaining columns. [0091] As described above, the LDPC code of the
parity check matrix H wherein the parity matrix HT has a staircase
structure can be produced readily using the parity check matrix H. [0092]
In particular, an LDPC code (one codeword) is represented by a row
véetol e andoa cotuwmmuectds gbtained bystransposingsthe rew veetor is
represented by cT. Further, a portion of information bits from within the
rovnyectong whithrisian LDPC code is represented by an row vector A
and a portion of parity bits is represented by a row vector T. [0093] Here,
ihthslinstance, the row vector ¢ can be presented by an expression ¢ =

[AIT] from the row vector A as information bits and the row vector T as
parity bit${ré\f Veeidt Sthetethe dlémehishét thedewvectora arrity

elements on the left side and the elements of the row
check matrix H wherein the parity matrix Hy has a

staircase structure can be produced readily using the
parity check matrix H.
[0092]

In particular, an LDPC code (one codeword) is
represented by a row vector ¢ and a column vector
obtained by transposing the row vector is represented by
c¢’. Further, a portion of information bits from within
the row vector ¢ which is an LD?C code 1s represented by
an row vector A and a portion of parity bits is
represented by a row vector T.

[ccez]

Here, in this instance, the row vector ¢ can be
presented by an expression ¢ = [A|T] from the row vector
A zs information bits and the row vector T as parity bits
{row vector wherein the elements of the row vector A are
elements on the left side and the elements of the row
vector T are elements on the right side).

100947

It is necessary for the parity check matrix H and



vector T are elements on the right side) [0094] It is necessary for the
parity check matrix H and 59 the row vector ¢ = [AIT] as the LDPC code
to satisfy an expression HcT = 0, and where the parity matrix HT of the
parity check matrix H = [HAIHT] has such a staircase structure as shown
in FIG. 10, the row vector T as parity bi¥s which forms the row vector ¢ =
[AIT] which satisfies the expression HcT = 0 can be determined
sequentially by successively setting the elements in the rows beginning

the I ts in the fir of th qugg ctor HcT in th
gggre%sﬁn = fo zergﬁ [%%/éSfEI T1i \'El%tesdtﬁe parl?y gﬁ'esc an
@;as%ésom KDPC code.anil galunp Wehizdenediinhe DY3-32 che
(and DVB-T.2) standard. [0096] In particular, FIG. 11A ustrates ‘the

pakty - ¢hegkmatrch of anl RPEcode defined in the DVB:3.2- standard.
[0097] With regard to KX columns from the first column of the parity

checkanatrix Hsthercalumonweight is X, with, sdegargl tpesucseedingKSaricy
columns, the column weight is 3;

bits which forms the row vector ¢ = [A|T] which satisfies
the expression Hc' = 0 can be determined sequentially by
successively setting the elements in the rows beginning
with the elements in the first row of the column vector
Hc® in the expression He' = 0 to zero.

[0095]

FIG. 11 illustrates the parity check matrix H of an
LDPC code and column weights defined in the DVB-S5.Z2 {and
DVB-T.2: standard.

[00¢%6]

In particular, FIG. 11A illustrates the parity
check matrix H of an LDPC code defined in the DVB~S.2
standard.

[0097]

With regard to KX columns from the first column of
the parity check matrix H, the column weight is X; with
regard to succeeding K3 columns, the column weight is 3;
with regard to succeeding M~1 rows, the column weight is
2; and with regard to the last one column, the column

weight is 1.



with regard to succeeding M-1 rows, the column weight is 2; and with
regard to the last one column, the column weight is 1. 60 [0098] Here,
KX + K3 + M-1 + 1 is equal to the code length N. [0099] In the DVB-S.2
standard, the column numbers KX, K3 and M (parity length) as well as
the column weight X are prescribed if Such a manner as seen in FIG.
11B. [0100] In particular, FIG. 11B illustrates the column numbers KX, K3
and M as well as the column weight X regarding different encoding rates

BEQEF codes prescribed in the DVB-S.2 standard. [0101] In the

VB-S.2 standard, LDPC codes of the code lengths N of 64,800 bits and

16,200 bifg. are pggscribgd. [03002) Andiag seen,inhlG. 416, orthg LDRC 1
code whose code length N is 64,800 bits, 11 encoding rates (nominal

rates) 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6, 8/9 and 9/10 are

prescribed, and for the LDPC code whose code -Length N is 16,200 bits,
10@®neoding rates 1/4, 1/3, 2/5,

In the DVB-8.2 standard, the coclumn numbers KX, K3
and M {(parity length) as well as the column weilght X are
prescribed in such a manner as seen in FIG. 11B.

(01003

In particular, FIG. 11B illustrates the column
numbers KX, K3 and M as well as the column weight X
regarding different encoding rates of LDPC codes
prescribed in the DVB-S.Z2 standard.

[0101]

In the DVB-S.Z standard, LDPC codes of the code
lengths N of 64,800 bits and 16,200 bits are prescribed.
[C102]

And as seen in FIG., 11B, for the LDPC code whose
code length N is 64,800 bits, 11 enceding rates (nominal
rates) 1/4, 1/3, 2/%, 1/z2, 3/5, 2/3, 3/4, 4/5, 5/6, 8/9
and 9/10 are prescribed, and for the LDPC code whose code
length N is 16,200 bits, 10 encoding rates 1/4, 1/3, 2/5,
1/2, 3/5, 2/3, 3/4, 4/5, 5/6 and 8/9 are prescribed.

r¢1o3]

Regarding LDPC codes, it is known that code bits



1/2, 3/5, 2/3, 3/4, 4/5, 5/6 and 8/9 are prescribed. [0103] Regarding LDPC
codes, it is known that code bits 61 corresponding to a column of the
parity check matrix H which has a higher column weight exhibits a lower
error rate. [0104] The parity check m%tt[ix H prescribed in the DVB-S.2
standard and illustrated in FIG. 11 has a tendency that a column nearer
to the head side (left side) has a higher column weight. Accordingly, the
LDPC code corresponding to the parity check matrix H has a tendency
that secqoen ditmearer to thethead isthigher ipdalerancertodn eror {kasia
higher tolerance to an error) and a code bit nearer to the tail is lower in
wlérainck s an ériarh 0105 RIG. Ixillgstratesahkdriangememtcof (sSignal
points corresponding to) 16 symbols on the 1Q plane where 16QAM is
gaifed out by the orthogonal modulation section 27 of FIG. 8. [0106] In
rg%rfiggl]ar, FIG. 12A illustrates symbols of 16QAM. [0107]

The parity check matrix H prescribed in the DVB-S5.2
standard and illustrated in FIG. 11 has a tendency that a
column nearer to the head side {(left side) has a higher
column weight. Accordingly, the LDPC code corresponding
to the parity check matrix H has a tendency that a code
bit nearer to the head is higher in tolerance to an error
{has a higher tolerance to an error) and a code bit
nearer to the tail is lower in tolerance to an error.
(01053

FIG. 12 illustrates an arrangement of (signal
ppints corresponding to) 16 symbols on the I¢ plane where
160AM is carried out by the orthogonal modulation secticon
27 of FIG. 8.

[01086]

In particular, FIG. 12A illustrates symbols of
16QAM.
[0107]

In 16QAM, one symbol represents 4 bhits, and 16 (=
2%y symbols exist. Then, the 16 symbols are disposed such

that they form a square shape of 4 x 4 symbols in the I



In 16QAM, one symbol represents 4 bits, and 16 24) symbols exist. Then,
the 16 symbols are disposed such that they form a square shape of 4 x 4
symbols in the 1 62 direction x Q direction centered at the origin of the IQ
plane. [0108] Now, if the i+lth bit from the most significant bit of the bit
string represented by one symbol is r@%resented as bity , then 4 bits
represented by one symbol of 16QAM can be represented as bits yo, y1,
y2 and y3 in order beginning with the most significant bit. Where the

moddation.methpdiis J6QAM, 4 codehitsof the tL}BPQﬁQEr?rSf?e&he 10
(symbolized) as a symbol (symbol value) of the 4 bits yo to y3. [0109]

F1Gn%2B indicates bit boundaries regarding the 4 bits (hereinafter, bit is

also referred to as symbol bit) yo to y3 represented by the symbol of the
16QAM. [0110] Here, a bit boundary regarding a symbol bit yj (in FIG. 12,
i=0,1, 2, 3) signifies a boundary between a symbol whose bit yj is 0 and
another ${wnbol wWhosesbitiy lisi. f0tlfrom the most significant bit

of the bit string represented by one symbol is
represented as bit y;, then 4 bits represented by one
symbol of 160AM can be represented as bits vy, vi, vs and
¥3 in order beginning with the most significant bit.
Where the modulation method is 16QaM, 4 code bits of the
LDPC code are set (symbolized) as a symbol (symbol value}
of the 4 bits yy to vys.
[C109]
 FIG. 12B indicates bit boundaries regarding the 4

bits (hereinafter, bit is also referred to as symbol bit)
Yo to y3 represented by the symbol of the 16QAM.
(6110]

Here, a bit boundary regarding a symbol bit y: (in
.FIG. 12, i =0, 1, 2, 3) signifies a boundary between a
sympol whose bit y; is 0 and another symbol whose bit vy,
is 1.
01117

As seen in FIG. 12B, as regards the most
significant symbol bit yg from among the 4 symbol bits vyg

to ys; represented by the symbol of 16QAM, only one



As seen in FIG. 12B, as regards the most significant symbol bit yo from
among the 4 symbol bits yo to y3 represented by the symbol of 16QAM,
only one 63 location of the Q axis on the IQ plane makes a bit boundary,
and as regards the second symbol bit%/ (second from the most significant
bit), only one location of the | axis on the 1Q plane makes a bit boundary.
[0112] Further, as regards the third symbol bit y3, each of two locations

- between the first and second columns and between the third and fourth

celumnsdromtheteft of thei 4 %4 symbols makes @ koundary. [9113]
Furthermore, as regards the fourth symbol bit y3, each of two locations
betwebnrthe fustiand seeand rows: rendshetvreendheithitd and fourth sewsnd
of the 4 x 4 symbols makes a boundary. [0114] The symbol bit yw
fepresdritedrby=a syrhboliis lesgs: ikehytto, betoine errenéous:and becdmeke
lower in error probability as the number of symbols spaced away from a

Bit BBhRd&Y iRBreases butiEmibr& fikely tb becbmedirdiieous and
becomes higher in error probability as the number of symbols positioned
néaref to a bit boundary

Further, as regards the third symbol bit yi;, each
of two locations between the first and second columns and
between the third and fourth columns from the left of the
4 x 4 symbols makes a boundary.

[0113]

Furthermore, as regards the fourth symbol bit ys,
each of two locations between the first and second rows
and between the third and fourth rows of the 4 x 4
symbols makes a boundary.

[(0114]

The symbol bit y: represented by a symbol is less
likely to become erroneocus and becomes lower in error
probability as the number of symbols spaced away from a
bit boundary increases but is more likely to become
erroneous and becomes higher in error probability as the
number of symbols positicned nearer to a bit boundary
increases.

[0115]

If a bit which is less likely to become erroneous



increases. [0115] If a bit which is less likely to become erroneous 64 (is
tolerant to an error) is referred to as "strong bit" but a bit which is more
likely to become erroneous (is less tolerant to an error) is referred to as
"weak bit," then as regards the 4 symbol bits yo to y3 represented by
symbols of 16QAM, the most significaft symbol bit yo and the second
symbol bit yl are strong bits and the third symbol bit y2 and the fourth
symbol bit y3 are weak bits. [0116] FIGS. 13 to 15 illustrate arrangements

g&@%e@%&s GQuT %90@9&5%9 54 Sygyo ls.on the 1Q pl Zsfcgggag pit”

4QAM is carried out by the ogonal mo dulation section

191471 1n,64QAM.one; symbol.repr B bits .and, 64 26) symbols >i'§t

Then, the 64 symbols are arranged such that they make a square of

sywbolsdndhehdikection xQ direction centered atthe-origin %Q&l%lt, “
plane. [0118] The symbol bits represented by one symbol of 64QAM can
basepresentegkasibits e, Vi, ¥2nX¥31YAiard Y5 ilo v, represented by
symbols of 160QAM, the most significant symbol bit vy, and
the second symbol bit vy are strong bits and the third
symbol bit y, and the fourth symbol bit ys; are weak bits.
[0116]

FIGS. 13 to 15 illustrate arrangements of (signal
points corresponding to) 64 symbols on the IQ plane where
64QAM is carried out by the orthogonal modulation secticn
27 of FIG. 8,

[0117]

In 640AM, one symbol represents 6 bits, and 64 (=
2°%) symbols exist. Then, the 64 symbols are arranged such
that they make a sguare of 8 x 8 symbols in the I
direction x Q direction centered at the origin of the IQ
plane.

[0118]

The symbol bits represented by one symbol of 640AM
can be represented as bits vy, Vi, Y2, V3, Y4, and ys in
order beginning with the most significant bit. Where the
modulation method is 640QAM, 6 code bits of the LDPC code

are set (symbolized) as a symbol (symbcocl value} of the §



order beginning with the most significant bit. Where the modulation
method is 64QAM, 6 code bits of the LDPC code are set (symbolized) as
a symbol (symbol value) of the 6 65 bits yo to y5. [0119] Here, FIG. 13
indicates bit boundaries regarding th%énost significant symbol bit yo and
the second symbol bit yl from among the symbol bits yo to y5 of symbols
of 64QAM; FIG. 14 indicates bit boundaries regarding the third symbol bit
y2 and the fourth symbol bit y3; and FIG. 15 indicates bit boundaries
regasding the fifth symbol bit y4 and the sixth symbol bit y5. [0120] As
seen in FIG. 13, the number of bit boundaries with regard to each of the
most Significant symbol bit yo and the second symbol bit yl is one.
Meanwhile, as seen in FIG. 14, the number of bit boundaries with regard
to each dfahe third Symbd| bit§2rickthelfotirth symbor bit sy Iisawbiand
as seen in FIG. 15, the number of bit boundaries with regard to each of
fHesiff Sm Bt ya Cand: theySikthlsymibol bit ¥ foue, [pEgepd symbol
R e ok oS Y0100 o SyTeoks LA 11e s

040AM; FIG. 14 indicates bit boundaries regarding the
third symbol bit y, and the fourth symbol bit ys; and FIG.
15 indicates bit boundaries regarding the fifth symbol
kit vy, and the sixth symbol bit vs.

[0120]

As seen in FIG. 13, the number of bit boundaries
with regard to each of the most significant symbol bit yg
and the second symkol bit yi 1s one. Meanwhile, as seen
in FIG. 14, the number of bit boundaries with regard to
each of the third symbol bit y» and the fourth symbol bit
y; 1 two, and as seen in FIG. 15, the number of bit
boundaries with regard to each of the f£ifth syvmbol bit vy,
and the sixth symbol bit ys is four.

(01217 |

Accordingly, among the symbol bits vy to ys of
symbols of 64QAM, the most significant symbol bit vy and
the second symbol bit y; are the strongest bits, and the
third symbol kit vy, and the fourth symbol bit y; are the

second strongest bits. Then, the fifth symbol bit vy and



the second symbol bit y1 are the strongest bits, and the third symbol bit
y2 and the fourth symbol bit y3 are the second strongest bits. Then, the
fifth symbol bit y4 and 66 the sixth symbol bit y5 are the weakest bits.
[0122] From FIG. 12 and further from S.13to 15, it can be seen that,
as regards symbol bits of symbols of orthogonal modulation, there is a
tendency that a high- order bit is a strong bit and a low-order bit is a weak
bit. [0123] Here, as described hereinabove with reference to FIG. 11, an
LDPCscodehoutpritted fran the LRC encodiag keectidni2k (FIG. 8)
includes code bits which are tolerant to errors and code bits which are
IE$$ A@lérant to errors. [0124] Meanwhile, as described hereinabove with
reference to FIGS. 12 to 15, symbol bits of symbols of orthogonal
modulatidrr€atriedout by thedrihegoharmbdaratibn Cectibh 2rintfudel t
strong bits and weak bits. [0125] Accordingly, if a code bit of the LDPC
E6de Which: oW mtoletancé tF AR B Y REOAllocatddFtaPd wedRP 8yhibeE

bit of a symbol of ortho%cgnal modulation, then the
crthogdnal modulaTficn, there is a tendency that a high-

order bit is a strong bit and a low-order bit is a weak
bit.
[0123]

Here, as described hereinabove with reference to
FiG. 11, an LDPC code outputted from the LDPC encoding
section 21 (FIG. 8) includes code bits which are tolerant
to errors and code bits which are less tolerant to errors.
(01241

Meanwhile, as described hereinabove with reference
to FIGS. 12 to 15, symbol bits of symbols of orthogonal
modulation carried ocut by the orthogonal modulation
section 27 include strong bits and weak bits.

[0125]

Accordingly, 1f a code bit of the LDPC code which
is low in tolerance to an error 1is allocated to a weak
symbol bit of a symbol of orthogonal modulation, then the
tolerance to an error drops as a whole,

[0126]

Therefore, an interleaver has been proposed which



tolerance to an error drops as a whole. [0126] Therefore, an interleaver
has been proposed which 67 interleaves code bits of an LDPC code such
that code bits of the LDPC code which are low in tolerance to an error
are allocated to strong bits (symbol big.‘)gof a symbol of orthogonal
modulation. [0127] The demultiplexer 25 of FIG. 8 carries out processing
of the interleaver. [0128] FIG. 16 is a view illustrating processing of the
demultiplexer 25 of FIG. 8. [0129] In particular, FIG. 16A shows an
examplesefa functional configuratinn Of e demultiplexer 25a0130)sThe t s
demultiplexer 25 includes a memory 31 and a replacement section 32.
[01 31} olth€ Inemdry 3hiarm LBDRC tode frontthéiRPCeencodingerror
section 21 is supplied. [0132] The memory 31 has a storage capacity for
Stofing pcated to strong bits (symbol bits) of a symbel of
orthogonal modulation.
[01271

The demultiplexer 25 of FIG. 8 carries out
processing of the interleaver.
[01l28]

FIG. 16 is a view illustrating processing of the
demultiplexer 25 of FIG. 8.
[0129]

In particular, FIG. 16A shows an example of a
functiocnal configuration of the demultiplexer 25.
[0130]

The demultiplexer .25 includes a memocry 31 and a
replacement section 32.
[0131]

To the memory 31, an LDPC code from the LDEC
encoding section 21 is supplied.
[013Z]

The memory 31 has a storage capacity for storing mb
bits in the {horizontal) direction of a row and storing

N/ {(mb) bits in the (vertical) direction of a column. The

memory 31 writes code bits of the LDPC code supplied



bits in the (horizontal) direction of a row and storing N/(mb) bits in the
(vertical) direction of a column. The memory 31 writes code bits of the
LDPC code supplied 68 thereto into the column direction and reads out
the code bits in the row direction and then supplies the read out code bits
to the replacement section 32. [0133] Here, N (= information length K +
parity length M) represents the code length of the LDPC code as
described hereinabove. [0134] In addition, m represents the bit number of

eade Hits af-anLRRE cade.te-be onesymhol, amd b issa predetermined,de
positive integer and is a multiple to be used for multiplying m by the

integeri T hermultiplexer 25 cednvertsn(synthelizes)the cede biis of $hel out
LDPC code into symbols as described above, and the multiple b
represérits sthecnurberrefsyaisols obtaired ira Wiy .by single time
symbolization by the multiplexer 25. [0135] FIG. 16A shows an example of
a¢oAfiguration of the demultiplexer 25 where the modulation system is
64QAM, and accordingly, the bit number m of code bits of the LDPC

code to ba%sifer symbiol isBsiEgnation length K + parity length M)

represents the ccode length of the LDPC code as described
hereinabove.
(61347

In addition, m represents the bit number of code
bits of an LDPC code to be cone symbol, and b 15 a
predetermined positive integer and is a multiple to be
used for multiplying m by the integer. The multiplexer 25
converts (symbolizes) the code bits of the LDPC code into
symbols as described above, and the multiple b represents
the number of symbols obtained in a way by single time
symbolization by the multiplexer 25.
(0135]

FIG. 16A shows an example of a configuration of the
demuitiplexer 25 where the modulation system is 64QAM,
and accordingly, the bit number m of code bits of the
LDPC code to be cne symbol 1s 6 bits.
[0136]

Fuither, in FIG. 1e¢A, the multiple b is 1, and

accordingly, the memory 31 has a storage capacity of N/ (6



[0136] Further, in FIG. 16A, the multiple b is 1, and accordingly, the
memory 31 has a storage capacity of N/(6 69 x 1) x (6 x 1) bits in the
column direction x row direction. [0137] Here, a storage region of the
memory 31 which extends in the column direction and includes one bit in
the row direction is hereinafter referre@o suitably as column. In FIG.
16A, the memory 31 includes six (= 6 x 1) columns. [0138] The
demultiplexer 25 carries out writing of the code bits of the LDPC code in a

ownward direction fr ve.of a cal [ rms th mory 31
gn\%pccﬁu?n% %ir%%ti(%r%%egﬁr?ni%%viﬁ%%kﬁe%q s\llgé%%ﬁ%n% ?oﬁa:%%év right
side.column. [0139] Then, if the writing of the code bits ends with the
lowermost bit in the rightmost column, then the code bits are read out and
supplied to the replacement section 32 in a unit of 6 bits (mb bits) in the
row direction beginning with the first row of all of the columns which form

the memanr3l. a storage region of the memory 31 which
extends in the column direction and includes one bit in
the row direction is hereinafter referred to suitably as
column. In FIG. 16A, the memcry 31 includes six (= & x 1)
columns.

[0138]

The demultiplexer 25 carries out writing of the
code bits of the LDPC code in a downward direction from
above of a column which forms the memory 31 {(in a column
direction) beginning with a left side column toward a
right side column.

[0139]

Then, if the writing of the code bits ends with the
lowermost bit in the rightmost column, then the code bits
are read out and supplied to the replacement section 32
in a unit of 6 bits (mb bits) in the row direction
beginning with the first row of all of the columns which
form the memory 31.

[0140]
The replacement section 32 carries out a

replacement process of replacing the position cof code



[0140] The replacement section 32 carries out a replacement process of
replacing the position of code 70 bits of 6 bits from the memory 31 and
outputs the 6 bits obtained by the replacement as 6 symbol bits yo, Yi,
Y2, Y3, y4 and y5 representative of one symbol of 64QAM. [0141] In
particular, while mb code bits (here, 676%3) are read out in the row
direction from the memory 31, if the ith bit (i=0, 1, ..., mb-1) from the
most significant bit from among the mb code bits read out from the

genaory 3% is fepresented By bit by, then the § code bits read oL ig the ,

row direction from the memory 31 can be represented as bits bo, bl, b2,
B3:b4 Rad b5 inerder beginning withdhe anesheignifigant bit [0142] Ay, v,

relationship of the column weight described hereinabove with reference to
F1Gz14 lgads dhattbe code i bik positioned 4r/the-directiongfAke bit bo is a
code bit high in tolerance to an error while the code bit in the direction of
theLldit b5 is a code bit low in tolerance to an error. [0143] The
replacement section 32 carries out a

In particular, while mb code bits {here, 6 bits)
are read cut in the row direction from the memory 31, 1if
the ith bit (i = 0, 1, .., mb-1) from the most significant
bit from among the mb code bits read out from the memory
31 is represented by bit bi, then the ¢ code bits read out
in the row direction from the memory 31 can be
represented as bits by, b1, bz, b3, by and by in order
beginning with the most significant bit.

[0142]

A relaticonship cf the column weight described
hereinabove with reference to FIG. 11 leads that the code
bit positicned in the direction cf the bit by is a code
bit high in tolerance to an erfox while the code bit in
the direction of the bit bs 1s a code bit low in tolerance
to an errocr.

[0143]

The replacement section 32 carries out a

replacement process of replacing the position of the ©

code bits by to bs from the memory 31 such that a code kit

which is low in tolerance to an error from among the 6



replacement process of replacing the position of the 6 code bits bo to b5
from the memory 31 such that a code bit which is low in tolerance to an
error from among the 6 71 code bits bo to b5 from the memory 31 may be
allocated to a bit which is high in tolerance from among the symbol bits
yo to y5 of one symbol of 64QAM. [0144] Here, for a replacement method
for replacing the 6 code bits bo to b5 from the memory 31 so as to be
allocated to the 6 symbol bits yo to y5 representative of one symbol of
64QAM, VaFidus Systemsthave been proposed3 J0145] FIG. 46Bdlustrates o
a first replacement method; FIG. 16C illustrates a second replacement
medd; '‘ancbIG.s 18Ddlustratés aghirg eeplacamenmaethod {01461 e L
FIG. 16B to FIG. 16D (similarly also in FIG. 17 hereinafter described) , a
ﬁ}"ré:§edmerff intereénSRingY HEBitB, &idyiisignifies that the code bit

= is allocated to the symbol bit yj of the symbol (is replaced into the
pg(%ﬁgﬁ of the symbol bity j) [0147] As the first replacement method, it is

proposedfo, adoptone of three kinds of replagemept mefhods IFIG. . _ ¢

code bits bg to bs from the memory 31 so as to be
allocated to the 6 symbol bits yg to ys representative of
one symbol of 64QAM, various systems have been proposed.
[01453]

FIG. 16B illustrates a first replacement method;
FIG. 16C illustrates a second replaceﬁent methed; and FIG.
16D illustrates a third replacement method.

[0146]

In FIG. 16B to FIG., 16D (similarly also in FIG. 17
hereinafter described), a line segment ihterconnecting
the bits b; and y; signifies that the code bit b; is
allocated to the symbol bit yy of the symbol (is replaced
into the positicn of the symbol bit yy).

[0147]

As the first replacement method, it is proposed to
adopt one c¢f three kinds of replacement methods in FIG.
16B, and as the second replacement method, it is proposed

to adopt one of twoe kinds of replacement methods in FIG.

16C.



16B, and as the second replacement method, it is proposed to adopt one
of two kinds of replacement methods in FIG. 16C. 72 [0148] As the third
replacement method, it is proposed to select and use six kinds of
replacement methods in FIG. 16D in order. [0149] FIG. 17 illustrates an
example of a configuration of the demidltiplexer 25 in a case wherein the
modulation method is 64QAM (accordingly, the bit number m of code bits
of an LDPC code mapped to one symbol is 6 similarly as in FIG. 16) and
thgalr@glljtiple b is 2, and a fourth replacement method. [0150] Where the
multiple b is 2, the memory 31 has a storage capacity of N/(6 x 2) x (6 X

2) bits in the m@r@apir@cg‘%Mewn@g@&t_&qa@@gdpclygegéZé%o% 24 to
columns. [0151] FIG. 17A illustrates a writing order of an LDPC code into
ther memory 31u i 521 JTheidemulliplexer 25 sanfies:- oulawiting: of goder ;|
16D in order.

[0149]

| FIG. 17 illustrates an example of a configuration
0f the demultiplexer 25 in a case wherein the modulation
method is G4QAM (aécordingly, the bit number m of code
bits of an LDPC code mapped to one symbol is 6 similarly
as in FIG. 16) and the multiple b is 2, and a fourth
replacement method.

[0150]

Where the multiple b is 2, the memory 31 has a
storage capacity of N/(€ = 2) x (6 x 2) bits in the
column direction x row direction and includes 12 (= 6 x
2) columns.

[0151]

FIG. 17A illustrates a writing order of an LDPC
code into the memory 31.

[01521]

The demultiplexer 25 carries out writing of code
bits of an LDPC code in a downward direction from above
of a column which forms the memory 31 (in the column

directicn) beginning with a left side column toward a



bits of an LDPC code in a downward direction from above of a column
which forms the memory 31 (in the column direction) beginning with a left
side column toward a 73 right side column as described hereinabove with
reference to FIG. 16. [0153] Then, if the writing of code bits ends with the
lowermost bit in the rightmost column,’then the code bits are read out and
supplied to the replacement section 32 in a unit of 12 bits (mb bits) in the
row direction beginning with the first row of all of the columns which form

the memory 31, [4154] The replacement S.{?«%“r%” B2caImes Quta - ence
replacement process of replacing the position of 17°¢odée Bits ﬁometﬁe

maory 31 in accordance with the fourth replacement method and
outputs the 12 bits obtained by the replacement as 12 bits representative
ohtwassymbols (b symbols) of 64QAM, in particular, as 6 symbol bits yo,
Y2, Y2, Y3, y4 and y5 representative of one symbol of 64QAM and 6

symbol bits y@, yii Yo\ Yérand yo represetativa 1of a-next opersymbal.
[0155] Here, FIG. 17B illustrates the fourth replacement

lowermest bit in the righimost column, then the code bits
are read out and supplied to the replacement section 32
in a unit of 12 bits (mb bits) in the row direction
beginning with the first row of all of the columns which
form the memocry 31.

[0154]

The replacement section 32 carries out a
replacement process of replacing the position of 12 code
bits from the memory 31 in accordance with the fourth
replacement method and outputs the 12 bits obtained by
the replacement as 12 bits representative of two symbols
(b symbols) of 640QAM, in particular, as 6 symbol bits vy,
Yir Y2, Vi, Ye and ys representative of one symbol of 640AM
and & symbol bits vo, Vi, Ya2r V3, Ve and ys representative
of a next one symbol.

[0155]

Here, FIG. 17B illustrates the fourth replacement
method of the replacement process by the replacement
section 32 of FIG. 17A.

[0156]



method of the replacement process by the replacement section 32 of FIG.
17A.[0156] 74 ltis to be noted that, where the multiple b is 2 (similarly
also where the multiple b is equal to or higher than 3), in the replacement
process, mb code bits are allocated to mb symbol bits of b successive
symbols. In the following description iitluding description given with
reference to FIG. 17, the i+lth bit from the most significant bit from among
the mb symbol bits of the b successive symbols is represented as bit

(symbol 4ih 1 Jor Ihe sonweniencs.gfesariptien [O154, Marspuet, which
replacement method Is optimum, that “is, which replacemen Mathod

ggomeﬁaimryom gron Late in,an AWGN eommunication path, differs

epends upon the encoding rate, code length and modulation method of

EDRKe codeand:so forth. {QLS8]Nqw -ty intsrleave By the pailye pitcs
interleaver 23 of FIG. 8 is described with reference to FIGS. 18 to 20.

01593 FiG .18 shows (part ofa Janpet graph of thecparity check aHx « .
of the LDPC code.

In the following description including description given
with reference torFIG. 17, the i+1th bit from the most
significant bit from among the mb symbol bits of thé b
successive symbols 1s represented as bit (symbol bit) vy;
for fhe convenience of description.

[0157]

Moreover, which replacement method i1s coptimum, that
is, which replacement method provides improved error rate
in an AWGN communication path, differs depends upon the
encoding rate, code length and modulation method of LDPC
code and so forth.

[0158] |
Now, parity interleave by the parity interleaver 23

of FIG. 8 is described with reference to FIGS. 18 to 20,

FIG. 18 shows (part of) a Tanner graph of the
parity check matrix of the LDPC code.
[0le0]

If a plurality of (code bits corresponding to)

variable nodes connecting to a check node such as two



[0160] If a plurality of (code bits corresponding to) variable nodes
connecting to a check node such as two 75 variable nodes suffer from an
error such as erasure at the same time as shown in FIG. 18, then the
check node returns a message of an equal probability representing that
the probability that the value may be 0 and the probability that the value
may be 1 are equal to each other to all variable nodes connecting to the
check node. Therefore, if a plurality of variable nodes connecting to the

samesehecknode-arg plaged intg an-grasurestate or, theslike atthe same

time, then the performance in decoding is deteriorated. [0161]
tncidentally,:ankDRE codeeutpdtteddrom the LBRE eneoding sectien21

of FIG. 8 and prescribed in the DUB- S.2 standard is an IRA code, and the
patityrmatrix HE of sthe pafity check atatix Hihasia stajrcase sHeture 8
shown in FIG. 10. [0162] FIG. 19 illustrates a parity matrix HT having a
staircase stucture lantlis Yanhertgraph corlespondinglte the qadity matrix
HT. [0163]

probability that the value may be 1 are egual to each
other to all wvariable nodes connecting to the check node.
Therefore, 1if a plurality of variable ncdes connecting to
the same check node are placed into an erasure state or
the like at the same time, then the performance in
decoding 1s deteriorated.

[0161]

ITncidentally, an LDPC code outputted from the LDPC
encoding section 21 of ¥FIG. 8 and prescribed in the DVB-
5.2 standard is an IRA code, and the parity matrix H: of
the parity check matrix H has a stairéase structure as
shown in FIG. 10.

[0162]

FIG. 19 illustrates a parity matrix Hy having a
stalrcase structure and a Tanner graph corresponding to
the parity matrix Hp.

[C1le3]
In particular, FIG. 19A illustrates a parity matrix

He having a staircase structure and FIG. 19B shows a

Tanner graph ccorresponding to the parity matrix Hy of FIG,



In particular, FIG. 19A illustrates a parity matrix HT having a staircase
structure and FIG. 19B shows a Tanner graph corresponding to the parity
matrix HT of FIG. 76 19A. [0164] Where the parity matrix HT has a
staircase structure, in the Tanner graph of the parity matrix HT, variable
nodes of the LDPC code which correspond to a column of an element of
the parity matrix HT having the value of 1 and whose message is
determined using adjacent code bits (parity bits) are connected to the
3@@@ check node. [01651 Accordingly, if the adjacent parity bits

escribed above are placed into an error state by burst errors, erasure or
the;like; then since a check node connecting to a plurality of variable
nodes corresponding to the plural parity bits which have become an error

(variable ypedes whese messaogare 1@ be defeemined ysing.padty bits)
returns a message of an equal probability representing that the probability

that the: value may bed anetbe prebahilitythatthepwtue is Tnmayibe w,,
equal to each other to the variable nodes connecting to the check node,
therperfarenaneoesef thé delcodingrdeteridrates: ldtengorrespond to a
column of an element of the parity matrix He having the

value of 1 and whose message 1s determined using adjacent

code bits (parity bits) are connected to the same check

node.
(01657

Lcecordingly, if the adjacent parity bits described
above are placed intc an error state by burst errors,
erasure or the like, then since a check node connecting
to a plurality of variable nodes corresponding to the
plural parity bits which have become an error (variable
nodes whose message are to be deterﬁined using parity
bits) returns a message of an egqual probability
representing that the probability that the value may be 0
and the preobability that the value is 1 may be equal to
each other tTo the variable ncdes connecting teo the check
node, the performance of the decoding deteriorates. Then,
where the burst length (number of bits which are made an
error by a burst) is great, the performance of the

decoding further detericrates.



where the burst length (number of bits which are made an error by a
burst) is great, the performance of the decoding further deteriorates. 77
[0166] Therefore, in order to prevent the deterioration in performance of
decoding described above, the parity interleaver 23 (FIG. 8) carries out
interleave of interleaving parity bits of'the LDPC code from the LDPC
encoding section 21 to positions of other parity bits. [0167] FIG. 20
illustrates a parity matrix HT of a parity check matrix H corresponding to
Wﬁ'a'% C code after the parity interleave carried out by the parity
interleaver 23 of FIG. 8. [0168] Here, the information matrix HA of the

parity chegk. matrix H comesponding to the l.RRE cade preseribed.inthe,
DVB-S.2 standard and outputted from the LDPC encoding section 21 has

a«yelie-stieldre, {0469othe ey dliestruchag sighifies a siruchie wherein
a certain column coincides with another column in a cyclically operated
State (rotation) angl ineludes,sfor exaniple, asttucture: whesein, tof every P
columns, the

interleaving parity bits of the LDPC code from the LDEC
encoding section 21 to positions of other parity bits.
(01671

FIG. 20 illustrates a parity matrix He of a parity
check matrix H corresponding to the LDPC code after the
parity interleave carried out by the parity interleaver
23 of FIG. 8.

[0168]

Here, the information matrix Hy of the parity check
matrix H corresponding to the LDPC code prescribed in the
DVB~S.2 standard and outputted from the LDPC encoding
section 21 has a cyclic structure.

[0169]

The cyclic structure signifies a structure wherein
a certain column coincides with another column in a
cyclically operated state (rotation) and includes, for
example, a structure wherein, for every P columns, the
positions of the value 1 in the rows of the P columns

coincide with positions to which the first one of the P

columns is cyclically shifted in the column direction by



positions of the value 1 in the rows of the P columns coincide with
positions to which the first one of the P columns is cyclically shifted in the
column direction by 78 a value which increases in proportion to a value g
obtained by dividing the parity length M. In the following, the number of P
columns in a cyclic structure is herein&ter referred to suitably as a unit
column number of the cyclic structure. [0170] As an LDPC code
prescribed in the DVB-S.2 standard and outputted from the LDPC

enapeing seean 24, Mo LDEE Godgs ate guallgble including flosg

whose code length'N is 64,800 bits and 16,200 bits as described

bereinahoye, with;referenge E%El%al_n&-&%li%] W, if;atteptjon jspaid to
the LDPC code whose code length N is 64,800 bits from the two different

RPCoeodes whosercodalength N is.§4.800bitsrand 16,200 bits, then ,re

eleven different encoding rates are available as the encoding rate of the
LEPE:cadewhose codedenagih Nis 64:800-hits as deseribed hereinabove

with reference to FIG. 11. [0172] With regard to LDPC codes whose code
lengtheN isf the cyclic structure.
[0170]

As an LDPC code prescribed in the DVB-5.2 standard
and cutputted from the LDPC encoding section 21, two LDPC
codes are available including those whose code length N
is 64,800 bhits and 16,200 bits as described hereinabove
with reference to FIG. 11.

01713

Now, if attention is paid to the LDPC code whose
. code length N is 64,800 bits from the two different LDPC
codes whose code length N is 64,800 bits and 16,200 bits,
then eleven different encoding rates are available as the
encoding rate of the LDPC code whose code.length N is
64,800 bits as described hereinabove with reference to
FIG. 11.

[0172]

With regard to LDPC codes whose code length N is
64,800 bits and which have the eleven different encoding
rates, 1t 1s prescribed in the DVB-S5.2 standard that the

column number P of the cyclic structure is prescribed to



64,800 bits and which have the eleven different encoding rates, it is
prescribed in the DVB-S.2 standard that the column number P of the
cyclic structure is prescribed to 79 360 which is one of divisors of the
parity length M except 1 and M. [0173] Further, with regard to LDPC
codes whose code length N is 64,80 Bits and which have the eleven
different encoding rates, the parity length M has a value other than prime
numbers and represented by an expression M =q x P = g x 360 using the

valye,gwhichiis differept: depending-upon theencoding,rate A¢cordingly,
also the value q is one of the divisors of the parity length M except 1 and
M:sigrilarly tg the golumn number P of the cyclic structure and is obtained
by dividing the parity length M by the column number P of the cyclic
structare (the product of P and q which are divisors of the parity length M
is the parity length M). [0174] Where the information length is represented
by K andram friteger highbr thearme0 Butlowdd BiarcPds srepresented dy x
while an integer higher than 0 but lower than q is represented by y, the
pariytinteileagerc3 Shterleaves sasipatityditerleaee  the KedgasaIth code

different encoding rates, the parity length M has a value
other than prime numbers and represented by an expression
M=g¢g x P =g x 360 using the value g which is different
depending upon the encoding rate. Accordingly, alsc the
vaiue g 1s one of the divisors of the parity length M
except 1 and M gimilarly to the column number P of the
cyclic structure and is obtained by dividing the parity
length M by the column number 2P of the cyclic structure
(the product of P and g which are divisors of the parity
langth M 1s the parity length M).

[0174]

Where the infcrmation length is represented by K
and an integer higher than 0 but lower than P is
represented by x while an integer higher than 0 but lower
than g is represented by y, the parity interleaver 23
interleaves, as parity interleave, the K+gx+y+lth code
bit from among parity bits which are K+1th to K+Mth (K +
M = N) bits of the LDEC code from the LDPC encoding

section 21 to the position of the XK+4Py+x+lth code bit.



bit from among parity bits which are K+Ith to K+Mth (K + M = N) bits of
the LDPC code from the LDPC encoding section 21 to the position of the
K+Py+x+Ith code bit. 80 [0175] According to such parity interleave, since
the (parity bits corresponding to) variable nodes connecting to the same
check node are spaced by a distance 8€brresponding to the column
number P of the cyclic structure, here, by 360 bits, where the burst length
is smaller than 360 bits, such a situation that a plurality of variable nodes
%Qn]%c]ting to the same check node are rendered erroneous at the same
time can be prevented. As a result, the tolerance to a burst error can be

improveds 404 76t is to-be peted-that the LDRC code.after the, parity

interleave by which the K+gx+y+Ith code bit is interleaved to the position
obtheiktPybedtheendebib goincides withthe LR codieta pafilecting

check matrix (hereinafter referred to also as conversion parity check
matrix)eobtained diyeeolumndeplace merd of teplaciag dhies ikargpxay+1'th

column of the original parity check matrix H into the K+Py+x+Ith column.
[o177¢ Furthen,ri the patity mafrixiof thergoaversionf the cyclic
structure, here, by 360 bits, where the burst length is
smaller than 360 bits, such a situation that a plurality
of variable nodes cennecting to the same check node are
rendered errcneous at the same time can be prevented. As
a result, the tolerance to a burst error can be improved.
[0176]

It is to be noted that the LDPC code after the
parity interleave by which the K+gx+y+lth code bit is
interleaved to the position of the K+Py+x+1lth code bit
coincides with the LDPC code of a parity check matrix
{(hereinafter referred teo alsc as conversion parity check
matrix) obtained by column replacement of replacing the
Ktgx+y+lth column of the original parity check matrix H
into the K+Py+x+1lth colunn.

[(0177]
Further, in the parity matrix of the conversion

parity check matrix, a pseudo cyclic structure whose unit

is P columns (in FIG. 20, 360 columns) appears as seen in

FIG. 20.



parity check matrix, a pseudo cyclic structure whose unit is P columns (in
FIG. 20, 360 columns) appears as seen in FIG. 20. 81 [0178] Here, the
pseudo cyclic structure signifies a structure which has a portion having a
cyclic structure except part thereof. In a conversion parity check column
obtained by applying column replaceniént corresponding to parity
interleave to the parity check matrix of the LDPC code prescribed in the
DVB-S.2 standard, a portion of 360 rows x 360 columns (shift matrix
hereinafter described) at a right corner portion is short of one element of
1 (which has the value of 0) . Therefore, the conversion parity check

matrix dogsnot have a(somplete) cyslic strugture put has apseudo,,

cyclic structure. [0179] It is to be noted that the conversion parity check
matrixcobik K .20 isra madrix tewhichhalsp seplagement, of 1ows {FOW-+ re

replacement) for configuring the conversion parity check matrix from a
eanfigriration mattix herefnaften deseriberkis apptieg to the,orginakparity umn
check matrix H in addition to the column replacement which corresponds
ﬁ?@@ﬁ@@ﬁeﬁﬁa@@ﬂ@i@@ﬁ column replacement corresponding to
parity interleave to the parity check matrix of the LDPC
code prescribed in the DVB~S.2 standard, a portion of 360
rows x 360 columns (shift matrix hereinafter described)
at a right corner portion is short of ocne element of 1
(which has the vélue of 0). Therefore, the conversion
parity check.matrix does not have a (complete) cyclic
structure but has a pseudo cyclic structure.

[0179]

It is to be noted that the conversion parity check
matrix of FIG. 20 is a matrix to which also replacement
of rows (row replacement) for configuring the conversion
parity check matrix from a configuration matrix
hereinafter described is applied %to the original parity
check matrix H in addition to the column replacement
which corresponds to parity interleave.

[0180)
Now, column twist interleave as a re-arrangement

process by the column twist interleaver 24 of FIG. 8 is

described with reference to FIGS. 21 to 24.



Now, column twist interleave as a re-arrangement process by the column
twist interleaver 24 of FIG. 8 is described with reference to FIGS. 21 to
24. 82 [0181] In the transmission apparatus 11 of FIG. 8, two or more of
the code bits of the LDPC code are transmitted as one symbol as
described hereinabove in order to imr%ve the utilization efficiency of
frequencies. In particular, for example, where 2 bits of the code bits are
used to form one symbol, for example, QPSK is used as the modulation
methed, but where 4 bits of the code bits are used to form one symbol,
for example, 16QAM is used as the modulation method. [0182] Where

two or more enes ef-thecodeshitsarg, gansmittechas ere symbokin this, or
manner, if erasure or the like occurs with a certain symbol, the all of the

gode hits (allecatedito thecsyrolfolhits) obthe sysvlolabecame marded as
(erasure). [0183] Accordingly, in order to lower the probability that a
phurakityrgf {codes bite csomréspahdirg to)nadriable hodes demnectingtorthes
same check node may suffer from erasure at the same time to improve
thepetformandelipn efficiency of freguencies. In particular,
for example, where 2 bits of the code bits are used to
form one symbol, for example, QPSK is used as the
modulation methoed, but where 4 bits of the code hits are
used to form one symbol, for example, 16QAM is used as
the modulation method.

[0182]

Where two or more ones of the code bits are

ransmitted as cne symbol in this manner, if erasure or
the like occurs with a certain symbol, the all of the
codé bits {alloccated to the symbol bits) of the symbol
become an error {(erasure).

[0183]

Accordingly, in order to lower the probability that

a plurality of (code bits corresponding to) variable
nedes connecting to the same check node may suffer from
erasure at the same time to improve the performance in
decoding, it is necessary to avolid the variable nodes

corresponding to code bits of one symbol from connecting

to the same check node.



decoding, it is necessary to avoid the variable nodes corresponding to
code bits of one symbol from connecting to the same check node. 83
[0184] Meanwhile, in the parity check matrix H of an LDPC code
prescribed in the DVB-S.2 standard and outputted from the LDPC
encoding section 21, the information ratrix HA has a cyclic structure and
the parity matrix HT has a staircase structure as described hereinabove.
Then, in a conversion parity check matrix which is a parity check matrix
cgbtf§4HDPC code after parity interleave, a cyclic structure (accurately, a
pseudo cyclic structure as described hereinabove) appears also in the

parity matrbs as-dascribed in G204 [0185HEIG: 21:8haws a conversiempc
parity check matrix. [0186] In particular, FIG. 21A illustrates a conversion

paity cheskamatsixof anpanity chegk snatrix +hwhichdhash @ cogdedengthaN

of 64,800 bits and an encoding rate (r) of 3/4.[0187] In FIG. 21A, the
pasitior: b anEementhaving the omaloe of 1 jn thescam@ssion tpasity matrix
check matrix is

Hx has a cyclic structure and the parity matrix Hy has a
stalircase structure as described hereinabove. Then, in a
conversion parity check matrix which is a parity check
matrix of the LDPC code after parity interleave, a cyclic
structure (accurately, & pseudc cyclic structure as
described hereinabove) appears also in the parity matrix
as described in FIG. Z20.

[0185]

FIG. Z1 shows a conversion parity check matrix.
[0186]

In particular, FIG. 21A illustrates a conversion
parity check matrix of a parity check matrix H which has
a code length N of 64,800 bits and an encoding rate (r)
of 3/4.

[0187]

In FIG. 21A, the position of an element having the
value of 1 in the conversion parity check matrix is
indicated by a dot {+).

[0188]

In FIG. 21B, a process carried out by the



indicated by a dot (). [0188] In FIG. 21B, a process carried out by the 84
demultiplexer 25 (FIG. 8) for the LDPC code of the conversion parity
check matrix of FIG. 21A, that is, the LDPC code after the parity
interleave. [0189] In FIG. 21B, the codg, bits of the LDPC code after the
parity interleave are written in the column direction in four columns which
form the memory 31 of the demultiplexer 25 using 16QAM as the
modulation method. [0190] The code bits written in the column direction
iterthé foyrleaksmng Svhich formsthefimemidnye: 31 BFE readieutifi thesrow
direction in a unit of 4 bits which make one symbol. [0191] In this
fnstarsoss the drcodethitsBO¢ B1nBL and B3E which. maké onehsymbel, the
sometimes make code bits corresponding to 1 and included in one
bHFiffas iy of e pakiy dhicek TiathR &fte+ #77€onversion of FIG. 21A,
and in this instance, variable nodes corresponding to the code bits Bo,
B41B%!and B3 are connected to the same check node.

In FIG. 21B, the code bits of the LDPC code after
the parity interleave are written in the column direction
in foﬁr columns which form the memory 31 cof the
demultiplexer 25 using 16QAM as the mcedulation method.
[0180]

The code bits written in The column direction in
the four columns which form the memory 31 are read out in
the row direction in a unit of 4 bits which make one
symbol.

[oiel)

In this instance, the 4 code bits By, By, B: and Bs
which make one symbol sometimes make code bits
corresponding to 1 and included in cne arbitrary row of
the parity check matrix after the conversion of FIG. Z21A,
and in this instance, variable nodes corresponding to the
code bits By, B;, Bx and B3 are connected to the same check
node.

[0192]
Accordingly, where the 4 code bits Bg, Bi, B, and Bs

of one symbol become ccde bits corresponding te 1 and



[0192] Accordingly, where the 4 code bits Bo, B1, B2 and B3 of one
symbol become code bits corresponding to 1 and 85 included in one
arbitrary row of the conversion parity check matrix, if erasure occurs with
the symbol, then the same check node to which the variable nodes
corresponding to the code bits BO, B,, B2 and B3 are connected cannot
determine an appropriate message. As a result, the performance in
decoding deteriorates. [0193] Also with regard to the encoding rates other

i e Entbdirgrate of 342 AlpIdrlinPof dode Bity” EGiréspdhdiad td-d

plurality of variable nodes connecting to the same check node sometime
TG o SmBol of LGOARF SimaAy 151941 Therefore, (8 SoIumi fiist 2

interleaver 24 carries. out column,twist interleave wherein the cgﬁde E% 81‘.
five T Cé(()dréoac%fgeriiﬁe Vﬁ%ﬁ?y%n%ﬁ%a@%%ﬁb?%\%ﬁe Sgﬁ%sinctzgr cave % 9

are interleaved such.that a plurality of  gode bits corrgsponding to 1 and

Included in one arbitrary row of the conversion parity check matrix are

H@E@f%@@gtQﬁ”Eb%ﬂBB@iEH@ﬁkessage. As a result, the
performance in decoding deteriorates.
[01931

Also with regard to the encoding rates other than
the encoding rate of 3/4, a plurality of code bits
corresponding to a plurality of wvariable nodes connecting
to the same check node sometimes make one symbol of 160QAM
gimilariy.
r01e4;

Therefore, the column twist interleaver 24 carries
out column twist interleave wherein the code bits oI the
LDPC code after the parity interleave from the parity
interleaver 23 are interleaved such that a plurality of
code bits corresponding to 1 and included in one
arbitrary row of the conversion parity check matrix are
not included to one symbol.

[0195]

FIG, 22 is a view illustrating the column twist

interleave.

[0196]



FIG. 22 is a view illustrating the column twist interleave. [0196', 86 In
particular, FIG. 22 illustrates the memory 31 (FIGS. 16 and 17) of the
demultiplexer 25. [0197] The memory 31 has a storage capacity for
storing mb bits in the column (verticah glirection and stores N/(mb) bits in
the row (horizontal) direction and includes mb columns as described in
FIG. 16. Then, the column twist interleaver 24 writes the code bits of the
LDPC code in the column direction into the memory 31 and controls the
writing staRtinpésiion Whenfthe codeé bitslaie Féad ot fhtherwry 31
direction to carry out column twist interleave. [0198] In particular, the

EBILiFT twist AiEHealer 28 StitahFBHARgES S Aritints starting position

aéwhich writing of code bits is to be started for each of a plurality of
€ I]u%ms so that a plurality of code bits read out in the row direction and
used to r%%ke one g}gmb?{ may. not b%%q:me code bits .correﬁggn%igg to 1

and includéd inone grbltrary fow of the c%ﬂ\ﬁ?er%ﬁ%aﬁérmjf check “mafrix > i

gfi%” anges the coe bits of the LDRG cde sueh that, 3 plurality of GoAey,
its corresponding to 1 and
bits in the rew (horizontal) direction and includes mb
columns as described in FIG. 16. Then, the column twist
interieaver 24 writes the code bits of the LDPC code in
the column direction into the memory 31 and controls the
writing starting position when the code bits are read out
in the row directicon to carry ocut column twist interleave.
101981

In particular, the column twist interleaver 24
suitably changes the writing starting pesition at which
writing of code bits is to be started for each of a
plurality of columns so that a plurality of code bits
read out in the row direction and used to make one symbol
may not become code bits corresponding to 1 and included
in one arbitrary row of the conversion parity check
matrix {(re-arranges the code bits of the LDPC code such
that a plurality of code bits corresponding te 1 and
included in one arbitrary row of the parity check matrix

may not be included in the same symbol}.

101997



included in one arbitrary row of the parity check matrix may not be
included in the same symbol). [0199] 87 Here, FIG. 22 shows an example
of a configuration of the memory 31 where the modulation method is
16QAM and besides the multiple b dgscribed hereinabove with reference
to FIG. 16 is 1. Accordingly, the bit number m of code bits of an LDPC
code to be one symbol is 4 bits, and the memory 31 is formed from four

(= mb) columns. [0200] The column twist interleaver 24 (instead of the
demultipléger25 Shewnid FIGo18) sarriesaoub weiting of thercbdesitstofon
the LDPC code in a downward direction (column direction) from above
o BAE Ol EIIMAS WHIEH Foith th& Ridmery B1rbatiding with a fsiisidend
column towards a right side column. [0201] Then, when the writing of
E6de- BitS ehd§ t8'tre TiyhtmostESIGMI e GG RISt TRteFeater 24

reads out the code bits in a unit of 4 bits (mb bits) in the row direction

bEQiRIHYith the fifst row of All‘columrs “WHichTorm i feimorny $Fafd ™
he cqde bi C code after the col ist | !
uibuER;16,0qqe Q1S a3 .%;29{’% A% tr%atl%nceg UROE eUeB s,

to thé™ replacement section .16a 0
and the memory 321 is formed from four (= mb) columns.
(0200}

The column twist interleaver 24 {instead of the
demultiplexer 25 shown in FIG. 16) carries out writing of
the code bits ¢f the LDPC code in a downward direction
{column direction) from above into the four columns which
form the memcry 31 beginning with a left side column
towards a right side column.

[0201]

Then, when the writing of code bits ends to the
rightmost column, the cclumn twist interleaver 24 reads
out the code bits in a unit of 4 bits {mb bits}! in the
row direction beginning with the first row of zll columns
which form the memory 31 and cutputs the code bits as an
LDPC code after the column twist interleave to fhe
replacement section 32 (FIGS. 16 and 17) of the
demultiplexer 25.

[0202]

However, 1f the address cof the head {(uppermost)



demultiplexer 25. [0202] However, if the address of the head (uppermost)
88 position of each column is represented by 0 and the addresses of the
positions in the column direction are represented by integers of an
ascending order, then the column twist,interleaver 24 sets, for the
leftmost column, the writing starting position to the position whose
address is 0; sets, for the second column (from the left), the writing
starting position to the position whose address is 2; sets, for the third
colamn;, dhe afitingcatartirigipesitien te the:pasitieriwhpse astdiessis 4;
and sets, for the fourth column, the writing starting position to the position
widse sieldeessiis t7h 20208] Itisao heimoted ehaty Withregarcetotthen are
columns for which the writing starting position is any other position than
THRPPESIRGT RMOSE atldFESESiED, aftep the Todabitsare Wittton d&Wh téhe
the lowermost position, the writing position returns to the top (position
o8B address is'®) Ed ®htiRg dewns Bposhtion iffifedigielyprost column,

receding to the writing starting position is carried out. , Thereafter, writing

IntS tHe" neéxt (Fight) Tolum i¥ CatriedBug © te Pos=tion whose

address 1s 0; sets, for the second column {from the lefi),
the writing starting position to the position whose
address is 2; sets, for the third column, the writing
starting position to the position whose address is 4; and
sets, for the fourth column, the writing starting

position to the position whose address is 7.

[0203]

It is to be noted that, with regard to the columns
for which the writing starting position is any other
position than the position whose address is 0, after the
code bkits are written down tTo the lowermost position, the
writing position returns to the top (pesition whose
address is 0} and writing down to a position immediately
preceding to the writing starting position is carried out.
Thereafter, writing iInto the next (right) column is
carried out.

[0204]
By carrying out such column twist interleave as

described above, such a situation that a plurality of



[0204] By carrying out such column twist interleave as described above,
such a situation that a plurality of 89 code bits corresponding to a plurality
of variable nodes connecting to the same check node are made one
symbol of 16QAy (included into the sagne symbol) with regard to LDPC
codes of all encoding rates whose code length N is 64,800 as prescribed
in the DVB-S.2 standard can be prevented, and as a result, the

performance in decoding in a communication path which provides
epalsureidan 58 mEroRea 1020816, 2BNMEstles the NFhbéprer nodes
columns of the memory 31 necessary for column twist interleave and the

SHRESS: TR the RritiRG sBtfig Posftion TorEadt mdbafition Hiethg8With ©*
egard to LDPC codes of the gleven_different encoding, rates having th
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bits qccording dg HE. 23.the memory 31.has.we columps for Slodng 2x
1 (= mb) bits in the row direction and stores 64,800/(2 x 1) bits in the
salymndirection. 1+, the performance in decoding in a
communication path which provides erasure can be improved.
[0205]

FIG. 23 illustrates the number of columns of the
memory 31 necessary for column twist interleave and the
address. of the writing starting position for each
modulation method with regard to LDPC codes of the eleven
different encoding rates having the code length N of
64,800 as prescribed in the DVB-5.2Z standard.

[0206]

Where the multiple b is 1 and besides, since, for
example, QPSK is adopted as the modulation method, the
bit number m of one symbol is 2 bits, according to
FIG. 23, the memory 31 has two columns for storing 2 x 1
(= mb) bits in the row direction and stores 64,800/(2 «x
1) bits in the column direction.

[C207]
Then, the writing starting position for the first

one of the two columns of the memory.3l 1s set toc the



[0207] Then, the writing starting position for the first one of the two
columns of the memory 31 is set to the 90 position whose address is O,
and the writing starting position for the second column is set to the
position whose address is 2. [0208] It.is to be noted that the multiple b is
1, for example, where one of the first'to third replacement methods of
FIG. 16 is adopted as the replacement method of the replacement
process of the demultiplexer 25 (FIG. 8) or in a like case. [0209] Where

thesmdtiple dris Z-andibesides,isince, fandexample QP SKais axdopteichgs
the modulation method, the bit number m of one symbol is 2 bits,
poedrdingitofBlG . 123 the memory3iihas fourscoturmns fdrsstoring. 2 o2
bits in the row direction and stores 64,800/(2 x 2) bits in the column
ditectiors JOZEGISTHen, #he writing starting position for the first one of the
four columns of the memory 31 is set to the position whose address is 0,
tHe2Whting starting position for the second column is set to the position

It is to be noted that the multiple b is 1, for
example, where one of the first to third replacement
methods of FIG. 16 is adopted as the replacement method
of the replacement process of the demultiplexer 25
{FIG. 8) or in a like case.

[0209]

Where the multiplie b is 2 and besides, since, for
example, QPSK is adopted as the modulation method, the
bit number m of one symbol is 2 bits, according to
FIG. 23, the memory 31 has four columns for storing 2 x 2
bits in the row direction and stores 64,800/(2 = 2) hits
in the column directlion.

[0210]

Then, the writing starting position for the first
cne of the four columns of the memory 31 1s set to the
position whose address is 0, the writing starting
position for the second column is set te the position
whose address 1s 2, the writing starting position for the
third column is set to the position Whose address is 4,

and the writing starting position for the fourth column



whose address is 2, the writing starting position for the third column is set
to the position whose address is 4, and the writing starting position for the
fourth column 91 is set to the position whose address is 7. [0211] Itis to
be noted that the multiple b is 2, for example, where fourth replacement
method of FIG. 17 is adopted as the eiplacement method of the
replacement process of the demultiplexer 25 (FIG. 8). [0212] Where the
multiple b is 1 and besides, since, for example, 16QAM is adopted as the

modudation-method; dhe thitaunrher M abenessymbel is 4 bits, according
to FIG. 23, the memory 31 has four columns for storing 4 x 1 bits in the

raye dirgction and stores 64,800/(4 x 1) bits in the column direction. [0213]
Then, the writing starting position for the first one of the four columns of
the memaéry 3k is:setiie the tpositidmwhose addressps 8, theiwriting for
starting position for the second column is set to the position whose
addressds 2w wrifing StaHing pbsitiendoitthae thivecohimhi& set o the

position whose address is 4, and the writing starting position for the fourth
BoloRfed @s the replacement method of the replacement

prccess c¢f the demultiplexer 25 (FIG. 8).
{0212}

Where the multiple b is 1 and besides, since, for
example, 16Q0AM is adepted as the medulation method, the
bit number m of one symbol 1s 4 bhits, according to
FIG. 23, the memcry 21 has four columns for stering 4 x 1
bits in the row direction and stores 64,800/{4 x 1) bits
in the ceolumn direction.

[0213]

Then, the writing starting position for the first
cne of the four ccolumns of the memory 31 1s set to the
position whose address is (0, the writing starting
position for the second column is set to the position
whose address is 2, the writing starting position for the
third column is set toe the position whose address is 4,
and the writing starting position for the fourth column
is set to the position whose address is 7.

[0214]

Where the multiple b is 2 and besides, since, for



IS set to the position whose address is 7. [0214] Where the multiple b is 2
and besides, since, for 92 example, 16QAM is adopted as the modulation
method, the bit number m of one symbol is 4 bits, according to FIG. 23,
the memory 31 has eight columns for gtoring 4 x 2 bits in the row
direction and stores 64,800/(4 x 2) bits in the column direction. [0215]
Then, the writing starting position for the first one of the eight columns of
the memory 31 is set to the position whose address is 0, the writing
starting gpositicirfor thve secgrickcolamntisssetitalthespasitiomantiase, the
address is 0, the writing starting position for the third column is set to the
bositisnNfosaaddress s 2y wriling starting positionforthe foarth
column is set to the position whose address is 4, the writing starting
position for theFifffFEGIGMNIS setfo thes pbsifion WHose addrésS s 4:dhé
writin startin%%)osition for the sixth column is set to the %osition whose

addreSs is B, HePwhiNg Starfifd pBitiBRYorthe” §dvetith Eolliir is‘sét'to
%hf posjitior% \k/}vg(_)(s:e laddres ii,?e?’t?;%% the writing sta_rting position for the
elgﬁn column i§ Set'td' th posi:tlon whose address is 7.

[0215]

Then, the writing starting position for the first
one of the eight columns ¢f the memory 31 1z set to the
position whose address is (0, the writing starting
position for the second column is set to the position
whose address is 0, the writing starting position for the
third column is set to the position whose address is 2,
the writing starting position for the fourth column is
set To the ﬁosition whose address is 4, the writing
starting position for the fifth column is set to the
rposition whose addresg is 4, the writing starting
position for the sixth column is set to the position
wheose address is 5, the writing starting position for the
seventh column is set to the position whose address is 7,
and the writing starting pcsition for the eighth column
is set to the position whoss address is 7.

[0216]

Where the multiple b is 1 and besides, since, for

exanple, 64Q0AM 1s adopted as the moedulation method, the



[0216] Where the multiple b is 1 and besides, since, for example, 64QAM
is adopted as the modulation method, the 93 bit number m of one symbol
is 6 bits, according to FIG. 23, the memory 31 has six columns for storing
6 x 1 bits in the row direction and stores 64,800/(6 x 1) bits in the column
direction. [0217] Then, the writing star?iﬁg position for the first one of the
six columns of the memory 31 is set to the position whose address is O,
the writing starting position for the second column is set to the position

whosg agdressiisZ the writingstarting pesisiopfor the. third gelumn is set

to the position whose address is 5, the writing starting position for the
faurth columinis selde:the positios whase-addigss isrd the;switing stagting 1

position for the fifth column is set to the position whose address is 10,

and dhe writing staxting pesitianfordhe sixth eelsintissset tq the: positiont s
whose address is 13. [0218] Where the multiple b is 2 and besides, since,
for examplel 64QAM 1satopted as the modulation method, the bit
number m of one symbol is 6 bits, according to

[0217]

Then, the writing starting position for the first
one of the six columns of the memcry 31 is set to the
position whose address is 0, the writing starting
position for the second column is set to the position
whose addresgss is 2, the writing starting position for the
third column is set to the position whose address is 5,
the writing starting position for the fourth column is
set to the position whose address is 2
the writing starting position for the fifth column is set
to the position whose addreéess is 10, and the writing
starting position for the sixth column is set to the
position whose address is 13.

[cz218]

Where the multiple b is 2 and besides, since, for
example, ©640AM is adopted as The modulatTion method, the
bit number m of one symbol is 6 bits, according to
FIG. 23, the memory 31 has twelve columns for storing 6 x

2 bits in the row direction and stores 64,800/(6 x 2)

bits in the column direction.



FIG. 23, the memory 31 has twelve columns for storing 6 x 2 bits in the
row direction and stores 64,800/(6 x 2) bits in the column direction. 94
[0219] Then, the writing starting position for the first one of the twelve
columns of the memory 31 is set to the position whose address is 0, the
writing starting position for the second?éolumn is set to the position whose
address is 0, the writing starting position for the third column is set to the
position whose address is 2, the writing starting position for the fourth
columynis set to the position whose address is 2, the writing starting
position for the fifth column is set to the position whose address is 3, the

writing St_@‘ﬂ@ﬁ, p@%@éoﬂf@&tﬂ@g‘s%@gﬁﬁlﬂﬁ@ i setitoithe pP@Eith@/h9§%st
address is 4, the writing starting position for the seventh column is set to
thespasitiamwhose address! iswh sthefwritig stafting,positian: fardhe eighthe
column is set to the position whose address is 5, the writing starting
positian for the mirthcddurands set (o, therpositidn whose agdresssis 5, the
writing starting position for the tenth column is set to the position whose
address @17 fihe wilitings starting position farsthe egleventhheolmais setito
the position whose address is 8,

whose address is 0, the writing starting position for the
third column is set to the position whose address is 2,
the writing starting pesition for the fourth column is
set to the position whose address is 2, the writing
starting position for the fifth column is set to the
position whese address is 3, the writing starting
position for the sixth column is set fo the position
whose address is 4, the writing starting position for the
seventh column is set to the position whose address 1s 4,
the writing starting position for the eighth column is
set to the position whose address 1s 5, the writing
starting positiocn for the ninth column is set to the
position whose address is 5, the writing starting
position for the tenth column is set to the position
whose address 1s 7, the writing sterting position for the
eleventh column is set to the position whose address is 8,
and the writing starting position for the twelfth colunmn

is set to the position whose address is 9.

[0220]



and the writing starting position for the twelfth column is set to the
position whose address is 9. [0220] 95 Where the multiple b is 1 and
besides, since, for example, 256QAM is adopted as the modulation
method, the bit number m of one symbol is 8 bits, according to FIG. 23,
the memory 31 has eight columns for%¥oring 8 x 1 bits in the row
direction and stores 64,800/(8 x 1) bits in the column direction. [0221]
Then, the writing starting position for the first one of the eight columns of

the memar.31 5.5 th e sposition whose addrass s futhe witing,

starting position for the secon column is set to the position whose

addressds 0 higwiting starting pesitiondoethg thirgcolumnyis s8410 the,

position whose address is 2, the writing starting position for the fourth

BOkIMMIS- set 19 the positionwhese addeess 1% 4, theawidting starting
position for the fifth column is set to the position whose address is 4, the

writingstarting epesitien: for ithe ishdh €olimn iscsetto thefpesiton nhase  x
address is 5, the writing starting position for the seventh column is set to
theéopasitian whose addressrisct;, iand thedwsting startirlg positias for the
eighth column

bits in the column direction.

[0221]

Then, the writing starting position for the first
one of the eight columns ¢f the memorvy 31 is set to the
position whose address 1s 0, the writing starting
position for the second column is set To the position
whose address is 0, the writing starting position for the
third column is set to the position whose address is 2,
the writing starting position for the fourth column is
set to the position whose address is 4, the writing
starting position for the fifth column is set to the
position whose address is 4, the writing starting
position for the sixth column is set to the position
whose éddress is 5, the writing starting positicn for the
seventh column is set to the position whose address 1s 7,
and the writing starting position for the eighth column
is set to the position whose address is 7.

[0z22]

Where the multiple b is 2 and besides, since, for



is set to the position whose address is 7. [0222] Where the multiple b is 2
and besides, since, for 96 example, 256QAM is adopted as the
modulation method, the bit number m of one symbol is 8 bits, according
to FIG. 23, the memory 31 has sixteenth columns for storing 8 x 2 bits in
the row direction and stores 64 800/(§§ 2) bits in the column direction.
[0223] Then, the writing starting position for the first one of the sixteen
columns of the memory 31 is set to the position whose address is 0, the

>E'£'f€19 starting spasition for ihesegond colump, izisetle fhe pesiony,  the

whose address is 2, the writing starting position for the  third column is set

to thepasition whose addresshisc2, the writing starting-pesition fardhe
fourth column is set to the position whose address is 2, the writing

starting positins farthe fifthagoluaw is set te:then pesitionndrose-addiess isy
2, the writing starting position for the sixth column is set to the position
Wheseé dditessiis 3; ke writingistartingoposition for the: sevénthOsoiUdn-s 2
set to the position whose address is 7, the writing starting position for the
bighth colunireiscsétitarthe ipositiorowhose address is 15, the writing

(02231

Then, the writing starting position for the first
one of the sixteen columns of the memeory 31 is set to the
position whose address is 0, the writing starting
position for the second column is set to the position
whose address is 2, the wrifting starting position for the
third column is set to the position whose address is Z,
the writing starting position for the fourth column is
set to the position whose address is 2, the writing
starting position for the fifth column is set to the
position whose address is 2, the writing starting
position for the sixth column is set to the position
whose address 15'3, the writing starting position foxr the
seventh column is set to the position whose address is 7,
the writing starting position for the eighth column is
set to the position whose address is 15, the writing
starting positicon for the ninth column islset toe the
pogition whose address is 16, the writing starting

position for the tenth cclumn is set to the position



starting position for the ninth column is set to the position whose address
is 16, the writing starting position for the tenth column is set to the
position 97 whose address is 20, the writing starting position for the
eleventh column is set to the position whose address is 22, the writing
starting position for the twelfth columf is set to the position whose
address is 22, the writing starting position for the thirteenth column is set
to the position whose address is 27, the writing starting position for the

fowteenth eolumn is-sefdo the position whose address is 24, the writing

starting position for the fifteenth column is set to the position whose
addressds 28; aRnd dhewriting starting positions for the sixteenth colmpds s

set to the position whose address is 32. [0224] Where the multiple b is 1
apdhesides: sincet fofgexample: 1024QAM issadapied asdhe madidation
method, the bit number m of one symbol is 10 bits, according to FIG. 23,
the. memadry 3dehas tent¢ciumns for storingdOax 1 cbitseingtheé sowadirection
and stores 64,800/(10 x 1) bits in the column direction. [0225] Then, the
writingrstarting positiondfostheifist for the thirteenth column is
set to the position whose address is 27, the writing
starting position for the fcourtéenth column is set to the
position whose address is 27, the writing starting
position for the fifteenth column is set to the position
whose address is 28, and the writing starting position
for the sixteenth column is set to the position whose
address is 3Z.

[0224]

Where the multiple b is 1 and besides, since, for
example, 1024QAM is adopted as the modulation method, the
bit number m of one symbol is 10 bits, according to
FIG. 23, the memory 31 has ten columns for storing 10 x 1
bits in the row direction and stores 64,800/(10 x 1) bits
in the column direction.

[0225]
' Thén, the writing starting position for the first
one of the ten columns of the memory 31 is set to the

position whose address is 0, the writing starting

position for the second column is set to the position



one of the ten columns of the memory 31 is set to the position whose
address is 0, the writing starting position for the second column is set to
the position 98 whose address is 3, the writing starting position for the
third column is set to the position whose address is 6, the writing starting
position for the fourth column is set td the position whose address is 8,
the writing starting position for the fifth column is set to the position
whose address is 11, the writing starting position for the sixth column is

seldodhe position whose aqdress is 13, fhe wiiting starting position 0t 1,

the seventh column is set to the position whose address is 15, the writing

stagting pesitian forthesighth calumnis;sef £0,the.pesitiuwhoese s ¢,
address is 17, the writing starting position for the ninth column is set to

thespasition wihoseaddiess iscks, angitheswritinge stasting: positanifor the
tenth column is set to the position whose address is 20. [0226] Where the
meittipte bia 2 and besidesysinee, fadexample,1RAQAM is adopted as
the modulation method, the bit number m of one symbol is 10 bits,
accordingtoRIS! 28, the mentdry 31iHas twentyeolumnssfet stovingrkD X
2 bits in the row direction and stores 64,800/(10 x 2)

position whose address is 11, the writing starting
position for the sixth column is set to the position
whose address is 13, the writing starting position for
the seventh column is set to the position whose address
is 15, the writing starting position for the eighth
column is set to the position whose address is 17, the
writing starting position for the ninth column is set to
the position whose address is 18, and the writing
starting pesition for the tenth column is set to the
pogition whose address is 20.

[0226]

Where the multiple b is 2 and besides, since, for
example, 10Z40AM is adopted as the modulation method, the
bit number m ¢f one symbel is 10 bits, according to
FIG. 23, the memory 31 has twenty columns for Storing'iO
» 2 bits in the row direction and stores 64,800/(10 x 2}
bits in the column direcitiocn.

[0227]

Then, the writing starting position for the first



bits in the column direction. [0227] Then, the writing starting position for
the first 99 one of the twenty columns of the memory 31 is set to the
position whose address is 0, the writing starting position for the second
column is set to the position whose agdress is 1, the writing starting
position for the third column is set to the position whose address is 3, the
writing starting position for the fourth column is set to the position whose
address is 4, the writing starting position for the fifth column is set to the
position whoseraddress o5, the svritihg:startingnpositivh fasthesgixtho the
column is set to the position whose address is 6, the writing starting
position for thiec severiticoiamn #s Set tolthe positionavisdseraddrass is 6,
the writing starting position for the eighth column is set to the position
Whosé HeldrdssristiIghe fRiting StaHing pésiticrs forthe HiithoiimA ¥l set
to the position whose address is 13, the writing starting position for the
EH BoRMA fSSet 6 the pbSitio "whosé adldress’is 4 4P tHehwrififg for the
starting position for the eleventh column is set to the position whoseg

5ddreds SR Surfifb startihg pdftivhfor the tieifth SCotamnTs et ty

g%%p%%T%1£QO§%§¥@E%§;%ggkyy%n for the fourth column is

set to the position whose address is 4, the writing
gstarting position for the fifth column is set to the
position whose address 1s 5, the writing starting
position for the sixth column is set to the position
whose address 1s 6, the writing starting position for the
seventh column is set to the position whose address 1s 6,
the writing starting position for the eighth cclumn is
set to the position whose address 1s 9, the writing
starting position for the ninth column is set to the
position whose address is 13, the writing starting
position for the tenth column is set to the position
whose address 1s 14, the writing starting position for
the eleventh column is set to the pesition whose address
is 14, the writing starting peosition for the twelfth
column is set to the position whose address 1s 1lé, the
writing starting position for the thirteenth column is
set to the position whose address is 21, the writing

starting position for the fourteenth column is set to the



writing starting position for the thirteenth column is set to the position
whose address is 21, the writing starting position for the fourteenth
column is set to the 100 position whose address is 21, the writing starting
position for the fifteenth column is set to the position whose address is
23, the writing starting position for the’Sixteenth column is set to the
position whose address is 25, the writing starting position for the
seventeenth column is set to the position whose address is 25, the

ywiting;startipgfositionyfar the eighfeenthicolumn is; sgt to-thegasifion

whose address is 26, the writing starting position for the nineteent
Selimn is setdo thecpasiten whose address is 28zand the wiiting starting

position for the twentieth column is set to the position whose address is

300 (02281 Where the malfiplen isvk and:besidesrsinge, foo sexamplefor
4096QAM is adopted as the modulation method, the bit number m of one
simbel istE2 bits, accbrding te RHGL23thelmemon/i3l haswvelve address
columns for storing 12 x 1 bits in the row direction and stores 64,800/(12
k1)2bits irhthevoolirhnadissotion 1j0229PThérn, the Igiting starting positiont b
for the first

column is set to the position whose address is 25, the
writing starting position for the eighteenth column is
set to the position whose address is 26, the writing
starting position for the nineteenth column is set to the
position whose address is 28, and the writing starting
position for the twentieth column i1s set to the position
whose address is 30.

[0228]

Where the multiple b is 1 and besides, since, for
example, 4086QAM is adopted as the modulaticn method, the
bit number m of one symbol is 12 bits, according to
FIG. 23, the memory 31 has twelve columns for storing 12
x 1 bits in the row directicn and stores 64,800/(12 x 1)
bits in the column direction.

[0229]

Then, the writing starting position for the first

one of the twelve columns of the memocry 31 is set to the

position whose address is 0, the writing starting

position for the second column is set to the position



one of the twelve columns of the memory 31 is set to the position whose
address is 0, the writing starting position for the second column is set to
the position 101 whose address is 0, the writing starting position for the
third column is set to the position whose address is 2, the writing starting
position for the fourth column is set tt’the position whose address is 2,
the writing starting position for the fifth column is set to the position
whose address is 3, the writing starting position for the sixth column is set

e the.pasition whase gddress ig; 4, the,writing, starting pesition for ther the

seventh column is set to the position whose address is 4, the writing
starting pesition fortheeighth eolump s isatde the pesitippavhase s 2,

address is 5, the writing starting position for the ninth column is set to the
position whose address is;5ptheiwrting startingh positionddr thel tenth 1 s
column is set to the position whose address is 7, the writing starting
position fahthepelelentimcolumieisasst te the pesition wWheseaddiess is 8,
and the writing starting position for the twelfth column is set to the
position whasesaddress 5°9. [0280FWhete tvel muttiple bsis 2 and bésides,
since, for example, 4096QAM is adopted as the modulation method, the
position whose address is 3, the writing starting
position for the sixth column is set to the position
whose address is 4, the writing starting position for the
seventh column is set to the position whose address is 4,
the writing starting position for the eighth column is
set to the position whose address is 5, the writing
starting position for the ninth column is set to the
position whose address is 5, the writing starting
position for the tenth column is set to the pesition
whose address is 7, the writing starting position for the
eleventh column is set to the position whose address 1s 8,
and the writing starting position for the twelfth celumn
is set to the position whose address is 9.
(02301

Where the multiple b is 2 and besides, since, for
example, 4096QAM is adopted as the modulation method, the
bit number m of cne symbol is 12 bits, according to

FIG. 23, the memory 31 has twenty-four columns for

storing 12 x 2 bits in the row direction and stores



bit number m of one symbol is 12 bits, according to FIG. 23, the memory
31 has twenty-four columns for storing 12 x 2 bits in the row direction and
stores 102 64,800/(12 x 2) bits in the column direction. [0231] Then, the
writing starting position for the first one of the twenty-four columns of the
memory 31 is set to the position whé$e address is 0, the writing starting
position for the second column is set to the position whose address is 5,
the writing starting position for the third column is set to the position

dihosgaddress is,8, e writing sfarting pogition forthe fgurth column is
set to the position whose address is 8, the writing starting position for the
fifth-golumn is set to the position whose address is 8, the writing starting
position for the sixth column is set to the position whose address is 8, the

writing stasting pesition farthegseventh columnisiset 4o thespositien £ i rst
whose address is 10, the writing starting position for the eighth column is
st to therpesitiore whose address isrd0s thefwtitieg stanting pdsition ferthet o
ninth column is set to the position whose address is 10, the writing

starting spasition fardhe tenthcohmmn s Set toltke positionowhbse addeess

is 12, the writing starting position for .
position for the sscond column is set to the position
whose address is 5, the writing starting position for the
third column is set to the position whose address is §,
the writing starting position for the fourth column is
set to the position whose address is 8, the writing
starting position for the f£ifth column is set to the
position whose address is 8, the writing starting
position for the sixth column is set to the position
whose address is 8, the writing starting position for the
seventh column is set to the position whose address is 10,
the writing starting position for the eighth column is
set to the position whose address is 10,

the writing starting position for the ninth column is set
to the position whose address is 10, the writing starting
position for the tenth column is set to the position
whose address is 12, the writing starting poesition for
the eleventh column is set to the position whose address

is 12, the writing starting position for the twelfth

column 1s set to the position whose address is 1lé, the



the eleventh column is set to the position whose address is 13, the writing
starting position for the twelfth column is set to the position whose
address is 16, the 103 writing starting position for the thirteenth column is
set to the position whose address is 17, the writing starting position for
the fourteenth column is set to the p%@ﬁion whose address is 19, the
writing starting position for the fifteenth column is set to the position
whose address is 21, the writing starting position for the sixteenth column

is9etfadhe 99%@%@’%&?&%‘1@{1@5%@ %@%Wi@@%@%?&ﬁr‘%&%igﬁnjf%r
the seventeenth column is set to the position whose address is 23, the

weiting stating pesitionder the eightepntb column is7 set tasthgpasition
whose address is 26, the writing starting position for the nineteenth

galumn iscsetde the qostiion whese addressris 37 theawriting stastingo the
position for the twentieth column is set to the position whose address is

B9 sthielwriting: steetirgiposition for e twertyWirstcolyma isisétitagthe
position whose address is 40, the writing starting position for the
fwarty-second column fsidarterthe positishiwhesesaddress tis4 pgfel tion
writing starting position for the twenty-third column is set to the position

WHOSE aHATERSIS 415 ahdl tHe RritiAg Statiing positioR FoPhe ety -foufth

the sixteenth column is set to the position whose address
is 22, the writing starting position for the seventeenth
column is set to the position whose address is 23, the
writing starting position for tThe eightesenth column is
set to the position whose address is 26, thes writing
starting position for the nineteenth column is set to the
position whose address is 37, the writing starting
position for the Twentieth column is set to the position
whose address is 39, the writing starting position for
the twenty-first column 1s set to the position whose
address 1s 40, the writing starting position for the
twenty-second column 1s set to the pesition whose address
is 41, the writing starting position for the twentvy-third
column is set Lo the position whose address is 41, and
the writing starting position for the twenty-fourth
column is set to the position whose address is 41.

[0232]

FIG., 24 indicates the number of columns of the



column is set to the position whose address is 41.. [02321 FIG. 24
indicates the number of columns of the 104 memory 31 necessary for
column twist interleave and the address of the writing starting position for
each modulation method with regardOl 4the LDPC codes of the 10 :
different encoding rates having the code length N of 16,200 as prescribed
in the DVB-S.2 standard. 0233] Where the multiple b is 1 and besides,
since, for example, QPSK is adopted as the modulation method, the bit

siher m of epe syRelisF2 bits,aeepiding 1@ FlGn24.theamemoryi 3tne
has two columns for storing 2 x 1 bits in the row direction and stores

462004 x 1) bite in the calpnytdiredtion. fQ234] Then fthe weritihg

starting position for the first one of the two columns of the memory 31 is
set'tolthelpositien wibse idddress:is @ drel theswvriting startihgs positione 10
for the second column is set to the position whose address is 0. [0235]
Whdretha mgitipleds v Aad besitesisice Hor @xdmplengPSKisof
adopted as the modulation method, the

16,200 as prescribed in the DVE-S.2 standard.

[0233]

Where the multiple b is 1 and besides, since, for
example, QPSK is adopted as the modulation method, the
bit number m of one symbol is Z bits, according to
FIG. 24, the memory 31 has two columns for storing 2 x 1
bits in the row direction and stores 16,200/(2 x 1) bits
in the cclumn direction.

[0234]

Then, tThe writing starting position for the first
one of the two columns of the memory 31 is set to the
position whose address is 0, and the writing starting
position for the second column is set to the position
whose address is 0.

[0235]

Where the multiple b is 2 and besides, since, for
example, QPSK is adopted as the modulation method, the
bit number m of one symbol is 2 bits, according to

FIG. 24, the memory 31 has four columns for storing 2 x 2

bits in the row direction and stores 16,200/(2 x 2) bits



bit number m of one symbol is 2 bits, according to FIG. 24, the memory 31
has four columns for storing 2 x 2 bits in the row direction and stores
16,200/(2 x 2) bits 105 in the column direction. [0236] Then, the writing
starting position for the first one of the four columns of the memory 31 is
set to the position whose address is0j the writing starting position for the
second column is set to the position whose address is 2, the writing
starting position for the third column is set to the position whose address
is 3, ggd thei V\I/{gin .startingoposition for the fourth column is set to the

685iﬁon wiose ad rlegesé?st . f6237] Where the multiple b is 1 and besides,

rs)iigg ,6f]or example, 16QAM is adopted as the modulation method, the bit
umber m of one symbol is 4 bits, according to FIG. 24, the memory 31

has four e@lumns for storing;4,x 1..bis4n the tovw directionand StOres:; ot
16,200/(4 x 1) bits in the column direction. [0238] Then, -the writing

statingrpesition for-thefirst.one of the fourcobimns of the memory 3drs

set to the position whose address is 0, the writing starting

position whose address is 0, the writing starting
position for the second column is set to the position
whose address is 2, the writing starting position for the
third column is set to the position whose address is 3,
and the writing starting position for the fourth column
iz set to the position whose address is 3.

[0237]

Where the multiple b is 1 and besides, since, for
example, 16QAM is adopted as the modulation method, the
bit number m of one symbol is 4 bits, according to
FIG. 24, the memory 31 has four columns for storing 4 x 1
bits in the row directicn and stores 16,200/(4 = 1) bits
in the column direction.

[0z238]

Then, the writing starting position for the first
one of the four columns of the memcry 31 is set to the
position whose address is 0, the writing starting
position for the second column 1s set to the position
whose address ig 2, the writing starting pesition for the

third column is set to the position whose address is 3,



position for the second column is set to the position whose address is 2,
the writing starting position for the third column is set to the position
whose address is 3, 106 and the writing starting position for the fourth
column is set to the position whose address is 3. [0239] Where the
multiple b is 2 and besides, since, for example, 16QAM is adopted as the
modulation method, the bit number m of one symbol is 4 bits, according
to FIG. 24, the memory 31 has eight columns for storing 4 x 2 bits in the
FO@ ditettion Bhthstords218; 200/(2 2 thRS infthe doldmA direttio s O2E0)
Then, the writing starting position for the first one of the eight columns of
Fe AREMER 311 88136 TR pIStiGIEWRESE §ddress is 0, the writing
starting position for the second column is set to the position whose
BaIress is 0, the writing starting position for the third column is set to the
position.wggse address iitoi the v%riti:g gag@%%ositg% fé)r the fourth

I ,

he mu a slde since, for
column i€ $et To e pOSi 6 Whose addréss is 1, the wiriting sfarting

position for the fiffh calump is.sek o, the. positign whase address isy7. the.
wntm% starting “position for the sixth column is set to the position

bit number m of one symbol is 4 bits, according to

FIG. 24, the memory 31 has eight columns for storing 4 x
2 bits iﬁ the row direction and stores 16,200/(4 x 2)
bits in the column direction.

[0240]

Then, the writing starting position for the first
one of the eight columns of the memory 31 is set to the
position whose address is 0, the writing starting
position for the second column is set to the position
whose address is 0, the writing starting position for the
third column is set to the position whese address 1s 0,
the writing starting position for the fourth column is
set to the position whose address is 1, the writing
starting position for the fifth column is set to the
position whose address is 7, the writing starting
position for the sixth column is set to the position
whose address is 20, the writing starting position for
t+he seventh column is set to the position whose address

is 20, and the writing starting position for the eighth



whose address is 20, the writing starting position for the seventh column
is set to the position whose address is 20, and the writing starting position
for the eighth 107 column is set to the position whose address is 21.
[0241] Where the multiple b is 1 and besides, since, for example, 64QAM
is adopted as the modulation method; #He bit number m of one symbol is
6 bits, according to FIG. 24, the memory 31 has six columns for storing 6
x 1 bits in the row direction and stores 16,200/(6 x 1) bits in the column

direction- 10242}, Then. the writing stayting position far the first; ogi of the
six coluimns of the memory 31 Is set to the position whose address is 0,
\Miﬁing starting position for the second column is set to the position

whose address is 0, the writing starting position for the third column is set

to the pogitigpwhose address 12y, theywriting starting gesition ferdhe ror
fourth column is set to the position whose address is 3 the writing starting

pasitipn dor thecfifth ealupvissel tadhe positionwhoseaddressisd, atige
the writing starting position for the sixth column is set to the position
whoseaddeessisol one symbol is 6 bits, according to

FIG. 24, the memory 31 has six columns for storing & x 1
bits in the row direction and stores 16,20C6/(6 x 1) bits
in the column direction.

[0242]

Then, the writing starting position for the first
one of the six columns of the memory 31 is set to the
position whose address is 0, the writing starting
position for the second column is set to the position
whose address is 0, the writing stérting position for the
third column is set to the position whose aadress is Z,
the writing starting position for the fourth column is
set to the positioﬂ whose address is 3
the writing starting position for the fifth column is set
to the position whose address is 7, and the writing
starting position for the sixth column is set to the
position whose address is 7.

(02437

Where the multiple b is 2 and besides, since, for

example, 64QAM is adopted as the modulation methed, the



[0243] Where the multiple b is 2 and besides, since, for example, 64QAM
is adopted as the modulation method, the 108 bit number m of one
symbol is 6 bits, according to FIG. 24, the memory 31 has twelve columns
for storing 6 x 2 bits in the row direction and stores 16,200/(6 x 2) bits in
the column direction. [0244] Then, thé%riting starting position for the first
one of the twelve columns of the memory 31 is set to the position whose
address is 0, the writing starting position for the second column is set to

the:positier whoseraddress a0 the; writing, stating pesitien £y the  third
column is set to the position whose address is 0, the writing starting

position {gr thedorethcolumn i set ta,drevpositionwhese addeessriszy 6 x
the writing starting position for the fifth column is set to the position

Yhose adtiressnis 2; dhve wiitingistantingnposition éor thé skl cokimn is) set
to the position whose address is 2, the writing starting position for the
séventhcohumn {sdetto tHe positiohrwhose address is 3, the writing
starting position for the eighth column is set to the position whose

afdress is 3, the writing starting position for the ninth column is set to the

Then, the writing starting positicon for the first
cne of the twelve cclumns of the memory 31 1s set to the
position whose address is 0, the writing starting
rpogition for the second column is set To the pesition
whose address is 0, the writing starting position for the
third celumn is set to the positiocon whose address is 0O,
the writing starting position for the fourth column is
set to the positicon whosze address is 2, the writing
starting posi%ion for the fifth column is set to the
position whose address is 2, tThe writing starting
position for the sixth column is set to the position
whose address is 2, the writing starting position for the
seventh column is set io the position whose address is 3,
the writing starting position for the eighth column 1s
set o the position whose address is 3, the writing
starting position for the ninth column is set to the
position whose address 1s 3, the writing starting
position for the tenth column is set Lo the position

whose address is 6, the writing starting position for the



position whose address is 3, the writing starting position for the tenth
column is set to the position whose address is 6, the writing starting
position for the 109 eleventh column is set to the position whose address
is 7, and the writing starting position for the twelfth column is set to the
position whose address is 7. [0245] Whére the multiple b is 1 and besides,
since, for example, 256QAM is adopted as the modulation method, the
bit number m of one symbol is 8 bits, according to FIG. 24, the memory 31

bag.gl mhcoé%’%ﬂﬁrﬁori%"@%%‘o Lhits in thes oy directionandisipres, 55 7,
16,200 (8 x 1) bits in the column direction. [0246] Then, the writing

stayting pogitiop forthefirst ane ofthe eight columns,ef the-memory: 31.isn

set to the position whose address is 0, the writing starting position for the
secard celimmis setdo the position swhese-address is/Q, the writing

starting position for the third column is set to the position whose address
00,4 the writing starting position for the fourth column is set to the

position whose address is 1, the writing starting position for the fifth
column isisetrto theeposifion whosk addrésseisd, tee wiiting starting, for
example, 256QAM is adopted as the modulation method, the
bit number m of one symbol is 8 bits, according to

FIG. 24, the memory 31 has eight columns fo; storing 8 x
1 bits in the row direction and stores 16,200/(8 x 1)
bits in the column directicn.

[0246]

Then, the writing starting position for the first
one of the eight columns of the memory 31 is set to the
position whose address is 0, the writing starting
position for the second column is set te the position
whose address is 0, the writing starting position for the
third column is set to the position whose address is 0O,
the writing starting position for the fourth column is
set to the position whose address is 1, the writing
starting position for the fifth column is set to the
position whose address is 7, the writing starting
position for the sixth column is set to the position

whose address is 20, the writing starting poesition for

the seventh column is set to the position whese address



position for the sixth column is set to the position whose address is 20,
the writing starting position for the seventh column is set to the position
whose address 110 is 20, and the writing starting position for the eighth
column is set to the position whose address is 21. [0247] Where the
multiple b is 1 and besides, since, fof- ‘€xample, 1024QAM is adopted as
the modulation method, the bit number m of one symbol is 10 bits,
according to FIG. 24, the memory 31 has ten columns for storing 10 x 1

bits in, Ehéﬁ%%%ﬁgﬁgﬁglﬁﬁ%wﬁg}@1%%0/9951%£B'&&S dnthe galumn.y .y,

direction € Writing starting position for the first one of'the

ten galumns of the;mempory 31 is setto the-Resition;whose addsass is 0,

the writing starting position for the second column is set to the position
whogeaddress is 1, the writing starting position for the third column is set
to the position whose address is 2, the writing starting position for the

fourth colunarris settadhetpositiomwhese addressds 2the weitinge, for
starting position for the fifth column is set to the position whose address is
Bxthepweting 8tadtiag! positiodcior ¢hie sixth belumdis set iotherpadsitioh the
bit number m of one symbol is 10 bits, according to

FIG., 24, the memory 31 has ten columns for stering 10 x 1
bits in the row direction and stores 16,200/{(10 x 1) bits
in the column direction.

(0248}

Then, the writing starting position for the first
one of the ten columns of the memory 31 is set to the
position whose address is 0, the writing starting
position for the second column is set to the position
whose address is 1, the writing starting position for the
third column is set to the position whose address 1s 2,
the writing starting position for the fourth column 1is
set to the position whose address is 2, the writing
starting position for the fifth column is set to the
position whose address is 3, the writing starting
position for the sixth column is set to the position
whose address is 3, the writing starting position for the

seventh column is set to the position whose address is 4,

the writing starting position for the eighth column is



whose address is 3, the writing starting position for the seventh column is
set to the position whose address is 4, the writing starting position for the
eighth column is 111 set to the position whose address is 4, the writing
starting position for the ninth columnir et to the position whose address
is 5, and the writing starting position Tor the tenth column is set to the
position whose address is 7. [0249] Where the multiple b is 2 and
besides, since, for example, 1024QAM is adopted as the modulation
methad, thiee bit awnthesm of one symhat iss10 bitg, acebeding 1a Fig. 24,
the memory 31 has twenty columns for storing 10 x 2 bits in the row
directiomand stares 4.6, 200/( 10e 2) ibitshin ¢he. solumirsdisedtiono [0259)]
Then, the writing starting position for the first one of the twenty columns
PP e iem oy Slcisasetiicethe pdsitionavlioseladdress isr gy ths avritiie
starting position for the second column is set to the position whose
HeardssaE 0F fe Whifing StHring positioner thatthirel cddmAqs Set@ithe
position whose address is 0, the writing starting position for the fourth

Y’EBF&% is @E?t%sthéspognlon whose address is 2, the writing
10249]

Where the multiple b is 2 and besides, since, for
example, 1024Q0AM is adopted as the modulation method, the
bit number m of one symbel is 10 bits, according to
FIG. 24, the memcry 31 has twenty columns for storing 10
x 2 bits in the row direction and stores 16,200/(10 x 2)
bits in the column direction.

[0250]

Then, the writing starting position for the first
one of the twenty columns of the memory 31 is set to the
position whose address is 0, the writing starting
position for the second cclumn is set to the position
whose address is 0, the writing starting position for the
third column is set to the position whose address is 0O,
the writing starting position for the fourth ccoclumn is
set to the position whose address is 2, the writing
starting positicn for the fifth column is set tc the
position whose address is 2, the writing starting

position for the sixth column i1s set to the position



starting position for the fifth column is set to the position whose address is
2, the writing starting position for the sixth column is set to the position
112 whose address is 2, the writing starting position for the seventh
column is set to the position whose address is 2, the writing starting
position for the eighth column is set to'the position whose address is 2,
the writing starting position for the ninth column is set to the position
whose address is 5, the writing starting position for the tenth column is

seldedhe position whose address-is:5,.{he ywriting starting position ferthe:
eleventh column is set to the position whose address’is 5, the writing

stavting:positionrder the twetfthceolumw isosetio dhe pasitien whosess is 2,
address is 5, the writing starting position for the thirteenth column is set to
the= pesitiohrwhesezaddress 5, theonriting- startingpesition fasthen is
fourteenth column is set to the position whose address is 7, the writing
stattingopasitor forithé ofiftedntl cohuin és setito the pbsiion wiHoseg
address is 7, the writing starting position for the sixteenth column is set

R theposticirwhbée adarssstis 7, e Writing Lstaringspositiortfor the
seventeenth column is set to the position whose address is 7, the writing
BRI Posifion®r thesighteenth eolufhis is'det té Tk pSiticR Y

position for the tenth cclumn i1is set to the position
whose address is b5, the writing starting position for the
eleventh cclumn is set to the position whose address is 5,
the writing starting position for the twelfth column is
set to the position whese address is 5, the writing
starting pesition for the thirteenth column is set to the
position whose address is 5, the writing starting
position for the fourteenth column is set to the position
whose address 1s 7, the writing starting position for the
fifteenth column is set to the position whose address is
7, the writing starting poesition for the sixteenth column
is set to the poesition whose address is 7, the writing
starting position for the seventeenth ceolumn is set to
the position whose address is 7, the writing starting
position for the eighteenth column is set to the position
whose address is 8, the writing starting poesition for the
nineteenth column is set to the position whose address is

8, and the writing starting position for the twentieth



whose address is 8, the writing starting position for the nineteenth column
is set to the position whose address is 8, and the writing starting position
for the twentieth 113 column is set to the position whose address is 10.
[0251] Where the multiple b is 1 and besides, since, for example,
4096QAM is adopted as the modulati®h‘method, the bit number m of one
symbol is 12 bits, according to FIG. 24, the memory 31 has twelve
columns for storing 12 x 1 bits in the row direction and stores 16,200/(12

xd) its inghe colymn direction. {0252] Then. the, writing stayting position
for the first one of the twelvé columns of the memory 31 is set to the
positian whose address is 0, the writing starting position for the second
column is set to the position whose address is 0, the writing starting
position fakthe: third: celumni isiset ko the position wheseaddressisd, ther
writing starting position for the fourth column is set to the position whose
acdress ¢s 24 heoWkting. sstading tposition for therdfifth: telumrisiset taothe the
position whose address is 2, the writing starting position for the sixth
colummisizer torthet positiors ywihose address sl 2 stheanritimgistagingo
position for the
FIG. 24, the memory 31 has twelve columns for storing 12
x 1 bits in the row direction and stores 16,200/(12 x 1)
bits in the column direction.
(02521

Then, the writing starting position for the first
one of the twelve columns of the memory 31 is set to the
position whose address is 0, the writing starting
position for the second column is set to the position
whose address is 0, the writing starting position for the
third column is set to the position whose address is 0,
the writing starting position for the fourth column is
set to the position whose address is 2, the writing
starting position for the fifth cclumn is set to the
position whose address is 2, the writing starting
position for the sixth column is set to the position
whose address is 2, the writing starting position for the
seventh column is set to the position whose address is 3,

the writing starting position for the eighth celumn is

set to the position whose address is 3, the writing



seventh column is set to the position whose address is 3, the writing
starting position for the eighth column is set to the position whose
address is 3, the writing 114 starting position for the ninth column is set to
the position whose address is 3, the writing starting position for the tenth
column is set to the position whose address is 6, the writing starting
position for the eleventh column is set to the position whose address is 7,
and the writing starting position for the twelfth column is set to the
pésitibn Whasesaddress 507, [0R63Wiiete thel rultiple bie 2 dnd biésides,
since, for example, 4096QAM is adopted as the modulation method, the
Bt Atifbel iy 0P BRe&YHiso §s 12 bits, &&coréihg té FIGS 24 rtheNfiemory
31 has twenty-four columns for storing 12 x 2 bits in the row direction and
Bfoted 18266117 R2) bR iR te ¢ofihnt dirétiont J0254 Bifsh. e

i itin% S%Hn%%osiition or the first one of the twentg-four columns of the
HierTory S1ESET t6 thé position Whose ddress is 0 St Wit Startiy 7e

‘isé'%%%&r tg%fgﬁgnd column is set to the ps%séti%nn whnosg address is 0, ,

ress 'is 7,

T n
the writing starting pOSliﬁOI’??OEI’ the thitd cofunin is set %eepo% ion
Wﬁas%ﬁgdw¥¥@§éﬁ starting position for the twelfth column

is set to the position whose address is 7.
[0253]

Where the multiple b is 2 and besides, since, for
example, 40960QAM is adopted as the modulation method, the
bit number m of one symbol is 12 bits, according to
FIG. 24, the memory 31 has twenty-four columns for
storing 12 = 2 bits in the row direction and stores
16,200/(1l2 % 2) bits in the column direction.

[0254]

Then, the writing starting position for the first
one of the twenty-four columns of the memory 31 is set to
the pesition whose addregs is 0, the writing starting
position for the second column is set to the position
whose address is‘O, the writing starting position for the
third column is set to the poesition whose address is 0,
the writing starting position for the fourth column is
set to the position whose address is 0, the writing

starting position for the fifth column is set to the



the writing starting position for the fourth column is set to the position
whose address is 0, the writing starting position for the fifth column is set
to the 115 position whose address is 0, the writing starting position for
the sixth column is set to the position_whose address is 0, the writing

- starting position for the seventh coluthh’is set to the position whose
address is 0, the writing starting position for the eighth column is set to
the position whose address is 1, the writing starting position for the ninth

selumiisselHodhe positiondvheseaddness is-1 rthe writingstarting

position for the tenth column is set to the position whose address is 1, the
wiiting stattimg positiondokihe eleventh eelumtis set tnthepositicon
whose address is 2, the writing starting position for the twelfth column is
setitedhe poskion whose address is 2 ithe veritingt starting position fawthet he
thirteenth column is set to the position whose address is 2, the writing
starting-positidnufor the fegrtednith Coturme sidet o thénpesitiondwhese 1s 0,
address is 3, the writing starting position for the fifteenth column is set to
fHespastticn-Whosé agliess i8OF ithé Wity staftingposition fepthan is
sixteenth column is set to the position whose address is 9, the writing
StartingPpdsifior for the SevEnRteeRtFELlERMGS S8t tor

the writing starting position for the ninth column is set
to the position whose address is 1, the writing starting
position for the tenth column is set to the position
whose address 1s 1, the writing starting position for the
eleventh column 1s set to the position whose address is 2,
the writing starting position for the twelfth column is
set to the position whose address is 2, the writing
starting pesition for the thirteenth column is éet to the
position whose address is 2, the writing starting
position for the fourteenth column is set to the position
whose address 1s 3, the writing starting position for the
fifteenth column is set to the position whose address is
7, the writing starting pesition for the sixteenth column
is set to the position whose address is 9, the writing
starting position for the seventeenth column is set to
the position whose address is 9, the writing starting
position for the eighteenth column i1s set to the position

whose address is 9, the writing starting position for the



the position whose address is 9, the writing starting position for the
eighteenth column is set to the position whose address is 9, the writing
starting position for the 116 nineteenth column is set to the position

whose address is 10, the writing stariipg position for the twentieth

column is set to the position whose address is 10, the writing starting
position for the twenty-first column is set to the position whose address is
10, the writing starting position for the twenty-second column is set to the
PosIEH Whodetlbiass 510 ahe Writieestading tpesitin feraheddress is
twenty-third column is set to the position whose address is 10, and the

whiting Startifig positici for the Bwe Ry Hotfth cofmitisesétts thé Srdsition
whgse address is 11. [0255] Now, a transmission process carried out by
fre tWARsisSISIT apParatis 11 F FIGT 818 d8Scrbédw referefice t6'8
flow chart of FIG, 25. [0256] The LDPC coding section 21 waits that

iyl ; T - i
OB Et e 575 SR Tl bt Sicp STUT: ERCOAE e BhIGRY 1°
data into LHEC cades;and sypplies.the LDGP Egdii% to.the bit interleaver
22. Thereatfter, the processing advances to step 5102.
starting position for the twenty-second column is set to
the position whose address is 10, the writing starting
position for the twenty-third column is set to the
position whose address is 10, and the writing starting
position for the twenty-fourth column is set to the
position whose address is 11.
[0255]

Now, a transmission process carried out by the

transmission apparatus 11 of FIG. 8 is described with

reference to a flow chart of FIG. 25.
[0256]

The LDPC encoding section 21 waits that cbject data
are supplied thereto and, at step S101, encodes the
object data into LDPC codes and supplies the LDCP codes
te the bit interleaver 22. Thereafter, the processing
advances to step $102.

[0257]
At step 5102, the bit interleaver 22 carries out

bit interleave for the LDPC codes from the LDPC encoding



[0257] At step 5102, the bit interleaver 22 carries out bit interleave for the
LDPC codes from the LDPC encoding 117 section 21 and supplies to the
mapping section 26 a symbol in which the LDPC codes after the
interleave are symbolized. Thereafter, the processing advances to step
3103. [0258] In particular, at step 3102 the parity interleaver 23 in the bit
interleaver 22 carries out parity interleave for the LDPC codes from the
LDPC encoding section 21 and supplies the LDPC codes after the parity

interleave torthe colump twist intetleaver 24. [0289] The cojumn wist

interleaver 24 carries out column twist interléave for the LDPC code from

theoparity: intenigaver 28anchsuppliesasresult of the,eolumntwist. v 2 re

interleave to the demultiplexer 25. [0260] The demultiplexer 25 carries out

ayeplacemsant pricess of replacingdhe code bifs of thelkBRE-code afterp,
the column twist interleave by the column twist interleaver 24 and
gémverting the code bits after the replacement into symbol bits (bits
representative of

[0258]

In particular, at step 3102, the parity interleaver
23 in the bit interleaver 22 carries out parity
interleave for the LDPC codes from the LDPC encoding
section 21 and supplies the LDPC codes after the parity
interleave to the column twist interleaver 24.

[C259]

The column twist interleaver 24 carries out column
twist interleave for the LDPC code from the parity
interleaver 23 and supplies a result of the column twist
interléave to the demultiplexer 25,

[0260]

The demultiplexer 25 carries out a replacement
process of replacing the code bits of the LDPC code after
the column twist interleave by the column twist
interleaver 24 and converting the code bits after the
replacement into symbol bits (bits representative of
symbols) of symbols.

[0261]

Here, the replacement process by the demultiplexer



symbols) of symbols. [0261] Here, the replacement process by the
demultiplexer 118 25 can be carried out in accordance with the first to
fourth replacement methods described hereinabove with reference to
FIGS. 16 and 17 and besides can belddiried out in accordance with an
allocation rule. The allocation rule is a rule for allocating code bits of an
LDPC code to symbol bits representative of symbols, and details of the

llocation rule are hereinafter described. [0262] The symbols obtained by
b et rosetBy. e dermliARAGr2S S sutietioin he

demutiplexer; 25 o the mapping;section 26102631 At step S103, the

mapping section 26 maps the symbol from the demuﬁtlﬁlexeroﬁrseto sighal

painis-defined byrtheqmodulation method pf ortheganal &%dtﬂ@ti%g%q@&? |

- out by the orthogonal modulation section 27 and supplies the mappe
symbehtasthecarthogonalmodulatiom section 27, Thens the-pracessing.a+ ; on

advances to step S104. [02641 At step S104, the orthogonal modulation
sedtion 27 acardes ofb orthogenalimadulatiar:oba garrer inn LDEC code
to symbol bits representative of symbols, and details of
_the allocation rule are hereinaftep described.

102627

The symbcols obtained by the replacement process by
the demultiplexer 25 are supplied from the demultiplexer
25 te the mapping section 26,

102631

AT step S103, the mapping section 26 maps the
symbol from the demultiplexer 25 to signal points defined
by the modulation method of orthogonal modulation carried
out by the orthogonal medulation section 27 and supplies
the mapped symbol to the orthogonal modulation section 27.
Then, the processing advances to step S104.

- [0264]

At step 5104, the orthogonal modulation section 27
carries out orthogonal modulation of a carrier in
accordance with the signal points from the mapping
section 26. Then, the processing advances to step 5103,

at which the modulation signal cobtained as a result of



accordance with the signal points from the mapping section 26. Then, the
processing advances to step S105, at which the modulation signal
obtained as a result of 119 the orthogonal modulation is transmitted,
whereafter the processing is ended. [0265] It is to be noted that the
transmission process of FIG. 25is ¢ tied out by pipeline repetitively.
[0266] By carrying out the parity interleave and the column twist

interleave as described above, the tolerance to erasure or burst errors
where aplyalizaf cede hits. of an LDRC godes are frangmitted.as ope.
symbol can be improved. [0267] Here, while, in FIG. 8, the parity
interdeaver 23 wWhichisagblock for carrying out parity interleave and the
column twist interleaver 24 which is a block for carrying out column twist
intedegve are configured separately from each other for the convenience
of description, the parity interleaver 23 and the column twist interleaver
24 may oifterivisebelzonfigured iritegratly avithreachrother. 8268 cess of

FIG. 25 is carried cut by pipeline repetitively.
[0266]

By carrying out the parity interleave and the
column twist interleave as described above, the tolerance

to erasure or burst errors where a plurality of code bits

kh

of an LDPC codes are transmitted as one symbol can be
improved.
[0267]

Here, while, in FIG. 8, the parity interleaver 23
which is a block for carrving out parity interleave and
the column twist interleaver 24 which is a block for
carrying out column twist interleave are configured
separately from each other for the convenience of
description, the parity interleaver 23 and the column
twist interleaver 24 may otherwise be configured
integrally with each other.

[0268]
In particular, both of the parity interleave and

the column twist interleave can be carried out by writing

and reading out of code bits into and from a memory and



In particular, both of the parity interleave and the column twist interleave
can be carried out by writing and reading out of code bits into and from a
memory and 120 can be represented by a matrix for converting
addresses (write addresses) into whichowriting of code bits is to be
carried out into addresses (readout addresses) from which reading out of
code bits is to be carried out. [0269] Accordingly, if a matrix obtained by -
multiplying a matrix representative of the parity interleave and a_ matrix

fépiteSEntafive of te-Elufin fvistihtetibave s deterfined i AdVarases
then,if the matrix is used.to_conyert code bits, then a result when parity
e R AR AN LT : GOALS A e B i e

are %%'%Q“fe%"’iéﬁn"ete{ !%%‘a’ eQ&%Pﬁbses%btai ed., 195(0] @’c{%heeéﬁié‘sa}dd{%%%

to the parity interleaver 23 and the column twist interleaver , also'the

demultinlexeran,may.beconfigured, integrally. 10271 In particylar, also

the replacement’process carried out by the demultiplexer 25 can be
represented by a matrix for converting a write address of the memory 31
for storing an LDPC code into a read address.

Accordingly, if a matrix obtained by multiplying a
matrix representative of the parity interleave and a
matrix representative of the column twist interleave is
determined in advance, then 1f the matrix is used to
convert code bits, then a result when parity interleave
is carried out and then LDPC codes after the parity
interleave are cclumn twist interleaved can be obtained.
[0270]

Further, in addition to the parity interleaver 23
and the column twist interleaver 24, also the
demultiplexer 25 may be configured integrally.

[0271]

In particular, aiso the replacement process carried
out by the demultiplexer 25 can be represented by a
matrix for converting a write address of the memory 31
for storing an LDPC code into & read address.

[0272]
Accordingly, if a matrix obtained by multiplication

of a matrix representative of the parity interleave,



[0272] Accordingly, if a matrix obtained by multiplication of a matrix
representative of the parity interleave, 121 another matrix representative
of the column twist interleave and a further matrix representative of the
replacement process is determined in advance, then the parity interleave,
column twist interleave and replacemeht process can be carried out
collectively by the determined matrix. [0273] It is to be noted that it is
possible to carry out only one of or no one of the parity interleave and the

columywistinterieaye, J014] Now, g sigulalion cared,out with fegard

to the transmission apparatus 1 for measuring the" error rate

(bit-errordate) is described with reference, 10 EIGS. 3948@%7%_’27 1The

simulation was carried out adopting a communication path which has a

flutter whose B/ i 8Bs [0276Lk1G-26,shows,ainedelof the y o +1e

communication path adopted in the simulation.
parity interleave, column twist interleave and

replacement process can be carried out collectively by
the determined matrix.

[C273]

It is to be noted that it is possible to carry out
only cne of or no one of the parity interleave and the
column twist interleave.

[0274]

Now, a simulation carried out with regard to the
transmission apparatus 11 of FIG. 8 for measuring the
error rate (bit error rate) is described with reference
to FIGS. 26 to Z8.

[0275]

The simulation was carried out adopting a
communication path which has a flutter whose D/U is (¢ dB.
[0276]

FIG. 26 shows a model of the communication path
adopted in the simulation.

[0277]
In particular, FIG. 26A shows a model of the

flutter adopted in the simulation.



[0277] In particular, FIG. 26A shows a model of the flutter adopted in the
simulation. 122 [0278] Meanwhile, FIG. 26B shows a model of a
communication path which has the flutter represented by the-model of
FIG. 26A. [0279] It is to be noted that, in FIG. 26B, H represents the
model of the flutter of FIG. 26A. FurthefZin FIG. 26B, N represents IClI
(Inter Carrier Interference), and in the simulation, an expected value
E[N2] of the power was approximated by AWGN. [0280] FIGS. 27 and 28
liystrate relationships between the error rate obtained by the simulation
and the Doppler frequency fd of the flutter. [0281] It is to be noted that

FIG. 27 ilusirates acrelationshisbetwespsthe efrosateand,the Doppler
frequency fd where the modulation method is 16QAM and the encoding

cater(0ris (3/4) andhesidestheHeplacement method.is thesfiistented by
replacement method. Meanwhile, FIG. 28 illustrates the relationship
betweerithe erforifate 26A.

F0279]

It is to be noted that, in FIG. 26B, H represents
the model of the flutter of FIG. 26A. Further, in FIG.
26B, N represents ICI (Inter Carrier Interference), and
in the simulation, an expected value E[N°] of the power
was approximated by AWGN.

[0z280]

FIGS., 27 and 28 illustrate relationships between
the error rate obtained by the simulation and the Doppler
frequency f4 of the flutter.

[0281]

It is to be noted that FIG. 27 illustrates a
relationship petween the error rate and the Doppler
frequency fgq where the modulation method is 160AM and the
encoding rate (r) is (3/4) and besides the replacement
method is the first replacement method. Meanwhile, FIG.
28 illustrates the relationship between the error rate
and the Doppler frequency fy where the modulaticn method
is ©40AM and the encoding rate (r) is (5/6) and besides

the replacement method is the first replacement method.



and the Doppler frequency fd where the modulation method is 64QAM
and the encoding rate (r) is (5/6) and besides the replacement method is
the first replacement method. 123 [0282] Further, in FIGS. 27 and 28, a
thick line curve indicates the relationship between the error rate and the
Doppler frequency fd where all of the parity interleave, column twist
interleave and replacement process were carried out, and a thin line
curve indicates the relationship between the error rate and the Doppler
fréd &@Hcy fd where only the replacement process from among the parity

interleave, column twist interleave and replacement process, was carried
out. [0283] Fltgloetﬁ of ﬁG%E%%'ar%dgzﬁﬁffc %be?’e%%h‘f%{edhtﬁgt thé'effor
cale Impioves.(decieases) wiele 2l ol ihe Daribptelieave, SOUIM NSt o
interleave and replacement process aré carried out rather than where

%‘gﬂéﬁ‘%£e@§%%f@§HE?rQ§e%?§§@rQ%‘i oyt: 0284] Now, 4 &%’\&leave,

encoding section 21 o FIG. 8is described furthermore. [0285] As
describeddgierdng 1o FiGe 11einthe DMB1S 2ement process were

carried out, and a thin line curve indicates the
relationship between the error rate and the Doppler
frequency fy where only the replacement process from among
the parity interleave, column twist interleave and
replacement process was carried out.
(02837

In both of FIGS. 27 and 28, it can be recognized
that the error rate improves (decreases) where all cof the
parity interleave, column twist interleave and
replacement process are carried out rather than where
only the replacement process is carried out.
[0284]

Now, the LDPC enceding section 21 of FIG. 8 is
described furthsrmore.
[0285]

As described referring to FIG. 11, in the DVB-5.2
standard, LDPC encoding of the two different code lengths
N of 64,800 bits and 16,200 bits are prescribed.

[0z8¢6]



standard, LDPC encoding of the two different code lengths N of 64,800
bits and 16,200 bits are prescribed. [0286] 124 And, for the LDPC code
whose code length N is 64,800 bits, the 11 encoding rates 1/4, 1/3, 2/5,
1/2, 3/5, 2/3, 3/4, 4/5, 5/6, 8/9 and 9flfare prescribed, and for the LDPC
code whose code length N is 16,200 bits, the 10 encoding rates 1/4, 1/3,
215, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6 and 8/9 are prescribed (FIG. 11B). [0287]
The LDPC encoding section 21 carries out encoding (error correction

encoding}ifto LISEC toted 'of the Uifferehpéric ratB8 s cotle
Ieﬁpgﬁh N is 64,800 bits_or 16,200 bits in accordance with a parity check
Bt

X H Brepared it each TocedeRgin ana for dach encofiint ratd 2
PR, 8 o B Tl B SOl e LD o, ana
includes.an goeoding progessing black 691.and g sforage blgek 802., - ¢
[029(% T%e encoding processmg%) ock %(?f C udﬁes an !

10 encoding rates 1/4, 1/3, 2/5, 1/2, 3/%, 2/3, 3/4, 4/5,
5/6 and 8/9 are prescribed (FIG. 11B).
(0287}

The LDPC encoding section 21 carries out encoding
{(error correction encoeding) into LDPC codes of the
different encoding rates whose code length N is 64,800
bits or 16,200 bits in accordance with a parity check
matrix H prepared for each code length N and for each
encoding rate.
(02881

FIG. 29 shows an example of a configuration of the
LDPC encoding section 21 of FIG. §.
[0289]

The LDPC encoding section 21 includes an encoding
processing block 601 and a storage block 602.
(0290}

The encoding processing block 601 includes an
encoding rate setting portion 611, an initial value table
reading out portion 612, a parity check matrix production

portion 613, an information bit reading out portion 614,



encoding rate setting portion 611, an initial value table reading out portion
612, a parity check matrix production portion 613, an information bit
reading out portion 614, 125 an encoding parity mathematical operation
portion 615, and a control portion 6162§nd carries out LDPC encoding of
object data supplied to the LDPC encoding section 21 and supplies an
LDPC code obtained as a result of the LDPC encoding to the bit
interleaver 22 (FIG. 8) [0291] In particular, the encoding rate setting
portoncélirsetpacode leagtheNandeani encading tate ferkBPER cades,
for example, in response to an operation of an operator. [0292] The initial
vatieabifesringeutiorion 612 realiseutalparityichek Aiatex initidlng
value table hereinafter described which corresponds to the code length N
8hd the entotiterrafe BEtHye theténddifing RRE Seting podionssIdifrom? 1
the stora e block 602, ‘{W 931 The parity check matrix production portion
813 plag %lﬁa?sé?iqmlr &p&ﬁ@%l‘@&%&ﬁ? ififfalfvafife table Yéad ot

E Lgt&e initial value %abl% rea n out portion 612, elements ofthe value 1
%San iNforination interleaver 22 (FIG. 8).

{02911

In particular, the enccding rate setting portion
€ll sets a code length N and an encoding rate for LDPC
codes, for example, in response to an operation of an
operator.

[0292]

The initial value table reading out portion 612
reads out a parity check matrix initial value table
hereinafter described which corresponds to the code
length N and the encoding rate set by the encoding rate
setting portion 611 from the storage block 602.

[0293]

The parity check matrix production portion 613
places, based on the parity check matrix initial value
table read out by the initial value table reading out
portion €12, elements of the value 1 of an information
matriz Ha corresponding to an information length XK (= code
length N - parity length M) corresponding to the code

length N and the encoding rate set by the encoding rate



matrix HA corresponding to an information length K (= code length N -
parity length M) corresponding to the code length N and the encoding
rate set by the encoding rate 126 setting portion 611 in a period of 360
columns (unit column number P of the cyclic structure) in the column
direction to produce a parity check matrfx H, and stores the parity check
matrix H into the storage block 602. [0294] The information bit reading out
portion 614 reads out (extracts) information bits for the information length

Kdfram the object 9@%&@%%@#@% LDPG encoding section 21, [0295]

The encoding parity mathematical operation portion 615 reads out the

patitysheckmatrixH produced by the. patity cheekanatrix praduction mn

portion 613 from the storage block 602 and calculates parity bits
garresponshing to thedaformadiop bitsweadraut bythe ratormationditstores

reading out portion 614 in accordance with a predetermined expression to
ptoduce @ cgdevirardk (LRRCicode).i[0296]} The cantralqeorian 616502 .
controls the blocks which compose the encoding processing block 601.
(02547

The information bit reading out porticon 614 reads
cut (extracts) information bits for the information
length X from the object data supplied to the LDPC
encoding segtion 21.
(02951

The encoding parity mathematical operation portion
615 reads cut the parity check matrix H produced by the
parity check matrix production portion 613 from the
storage block 602 and calculates parity bits
correspeonding to the information bits read out by the
information bit reading out portion 614 in accordance
with a predetermined expression to produce a codeword
(LDPC code) .
[0296]

The control portion 616 controls the blocks which
compose the encoding processing block 601.
(02971

In the storage block 602, a plurality of parity

check matrix initizl value tables and so forth



[0297] In the storage block 602, a plurality of parity check matrix initial
value tables and so forth 127 individually corresponding to the plural
encoding rates illustrated in FIG. 11 in regard to individual ones of the
two code lengths N of 64,800 bits and 16,200 bits are stored. Further, the
storage block 602 temporarily stores data necessary for processing of the
encoding processing block 601. [0298] FIG. 30 is a flow chart illustrating
a reception process carried out by the reception apparatus 12 of FIG. 29.
[200] At step 520 the Breoeitrate séttifig pbriohl6 BN Getdmsingg tes
ésr]ieés a code length N and an encoding rate r used for carrying out LDPC

A§ 203001 At StEp5202, e it VAluEtabRAEAdMEdutOpstionT
2 d f h b 6 d ined i heck
SN R e s WA A e

maefrlx |n|tiacic\)/a?ue tea%?é“ correspon

§%§H @9ragﬁfékg%qmgggb¥éQ%§%gongéﬁu%%¥“@%£BQ¥QE%E% stores

data necessary for processing of the encoding processing
block 601.
[0288]

FIG. 30 is a flow chart illustrating a reception
process carried out by the reception apparatus 12 of FIG.
29.

(02997

At step 8201, the encoding rate setting portion 611
determines (sets) a code length N and an encoding rate r
used for carrying out LDPC encoding.

[0300]

At step 5202, the initial value table reading out
portion 612 reads out from the storage block 602 a
pradetermined paiity check matrix initial value table
corresponding to the code length N and the encoding rate
r determined by the encoding rate setting portion 611.
[0301]

At step 3203, the parity check matrix production
pertion 613 determines (produces) a parity check matrix H

for an LDPC code having the code length N and the



At step 5203, the parity check matrix production portion 613 determines
(produces) a parity check matrix H for an LDPC code having the code
length N and the 128 encoding rate r determined by the encoding rate
setting portion 611 using the parity check matrix initial value table read
out from the storage block 602 by theliftial value table reading out
portion 612, and supplies the parity check matrix H to the storage block
602 so as to be stored. [0302] At step S204, the information bit reading

Qul- partion 614 ee%dsd%%mm@&c’e&?it&% the infarmation, jength K (5.

X r) corresponding to the code length N and the encoding rate r

determineday thesencoding rate setting-partion 61d, frgm-ameng the, 5 1 ¢
object data supplied to the LDPC encoding section 21 and reads out the

patityecheckmatrix H-determineddy-thgasity-ehecomatix preduction: 51
portion 613 from the storage block 602, and supplies the information bits
aad the patityscheekdatmixoHittorthe ehcadidgparity: thathematieal the
operation portion 615. [0303] At step S205, the encoding parity
mathcrratical coperation porticrr6 15 successaely mathemafialye as to

be stored.
[0302]

At step 5204, the information bit reading out
portion 614 reads out information bits of the information
length K (= N x 1) corresponding to the code length N and
the encoding rate r determined by the encoding rate
setting porticn 611 from among the object data supplied
to the LDPC encoding section 21 and reads out the parity
check matrix H determined by the parity check matrix
production portion 613 from the storage block 602, and
supplies the information bits and the parity check matrix

H to the encoding parity mathematical operation portion

At step 5205, the encoding parity mathematical
operation porticn 615 successively mathematically
operates a parity bit of a codeword ¢ which satisfies an
expression (8).

[0304]



operates a parity bit of a codeword ¢ which satisfies an expression (8).
[0304] 129 HOT =0 ... (8) 0305] In the expression (8), c indicates a row
vector as the codeword (LDPC code), and cT indicates inversion of the
row vector c. [0306] Here, as above described, where, from within the row
vector ¢ as an LDPC code (one codeWo?d), a portion corresponding to
the information bits is represented by a row vector A and a portion
corresponding to the parity bits is represented by a row vector T, the row
vector ¢ gan he fppresqqtgqg)y an expression c¢ = [AIT] from the row
vector A as the information bits and the row vector T as the parity bits.
[8074 1t is necessary for the parity check matrix H and the row vector ¢ =
[AIT] as an LDPC code to satisfy the expression HcT = 0, and where the

parity matrix Hieofdhe rparity check matex Hwe [HAHH hasastaitcaser as
structure shown in FIG. 10, the row vector T as parity bits which
torfigurdsthe tow Veetor co=l fAIT] whith-Satisfiesdbe es inversion of
the row vector c.

[0306]

Here, as above described, where, from within the
row vector ¢ as an LDPC code (one codeword), a portion
corresponding to the information bits is represented by a
row vector A and & portion corresponding to the parity
bits is represented by a row vector T, the row vector ¢
can be represented by an expression ¢ = [A|T] from the
row vector A as the information bits and the row vector T
as the parity bits.

103071

It is necessary for the parity check matrix H and
the row vector ¢ = [A|T] as an LDPCT code to satisfy the
expression Hc® = 0, and where the parity matrix H, of the
parity check matrizx H = [HalHr] has a staircase structure
shown in FIG. 10, the row vector T as parity bits which
configures the row vector ¢ = [A!T] which satisfies the
expression Hc' = 0 can be determined sequentially by
setting the elements of each row to zero in order

beginning with the elements in the first row of the



expression HcT = 0 can be determined sequentially by setting the
elements of each row to zero in order beginning with the elements in the
first row of the 130 column vector HcT in the expression HcT = 0. [0308]
If the encoding parity mathematical e ation portion 615 determines a
parity bit T for an information bit A, then it outputs a codeword c = [AIT]
represented by the information bit A and the parity bit T as an LDPC
encoding result of the information bit A. [0309] It is to be noted that the
codewardve has 64800 ibits-arel6,2004hits: [93101Thereafter, at step
5206, the control portion 616 decides whether or not the LDPC encoding
skGuld be ended. If it is decided at step 5206 that the LDPC encoding
should not be ended, that is, for example, if there remain object data to
be LDPClnhdogede terrihes pesdessingiretliras ad stepl 320 wd on
thereafter, the processes at steps 5201 to 5206 are repeated. [0311] On
ferGther hand, i iS BBEIIRE &t e 5906 that thellBP&rencobiigtation

should be ended, that is, for :
bit A, then it outputs a cecdeword c¢ = [A|T] represented

by the information bit A and the parity bit T as an LDPC
encoding result of the information bit A.
[C309]

It is to be noted that the codeword ¢ has 64,800
bits or 16,200 bits.
[0310]

Thereafter, at step 5206, the control portion 616
decides whether or not the LDPC encoding sheould ke ended.
If it is decided at step $206 that the LDPC encoding
should not be ended, that is, for example, 1f there
remain object data to be LDPC encoded, then the
processing returns to step 35201, and thereafter, the
processes at steps 353201 to S206 are repeated.

[6311]

On the other hand, if it is decided at step S206
that the LDPC encoding should be ended, that 1is, for
example, 1f there remains no object data to be LDPC
encoded, the LDPC encoding section 21 ends the processing.

[0312]



example, if there remains no object data to be LDPC encoded, the LDPC
encoding section 21 ends the processing. [0312] 131 As described
above, the parity check matrix initial value tables corresponding to the
code lengths N and the encoding rates r are prepared, and the LDPC
encoding section 21 carries out LDP@éncoding for a predetermined
code length N and a predetermined encoding rate r using a parity check
matrix H produced from a parity check matrix initial value table

correspofdingdethe peedetgrmined: gade length, N-and-thepredetermined -1
encoding rate r. [0313] Each parity check matrix initial value table is a

talle avhieh represents ke position of elementsoishe aduan t of thend the
information matrix HA corresponding to the information length K
eorredponding te thercede:lengtip Alr add the éncoding bate reofdibe 1:DPC
code of the parity check matrix H (LDPC code defined by the parity check
agatiix #1) férevery B360sowst(uhiticolumn ndmber FPoof thepperiediec rmined
structure), and is produced in advance for a parity check matrix H for

eaelk colladéngth NtafAd eaekcelRdatliflg rae r 0324} FIGS 23Rt 5851ng a

illustrate some of the parity check
parity check matrix H produced from a parity check matrix

initial value table corresponding to the predetermined
code length N and the predetermined encoding rate r.
[0313]

Bach parity check matrix initial value table is a
table which represents the position of elements of the
value 1 of the information matrix Hp corresponding to the
information length K corresponding to the code length N
and the encoding rate r of the LDPC code of the parity
check matrix H (LDPC code defined by the parity check
matrix H) for every 360 rows (unit column number P of the
periodic structure), and is produced in advance for a
parity check matrix H for each code length N and each
encoding rate r.

[0314]

FIGS. 31 to 58 illustrate some of the parity check
matrix initial value tables prescribed in the DVB-S5.2
sténdazd.

[0315]



matrix initial value tables prescribed in the DVB-S.2 standard. [0315] 132
In particular, FIG. 31 shows the parity check matrix initial value table for a
parity check matrix H prescribed in the DVB-S.2 standard and having a
code length N of 16,200 bits and an engoding rate r of 2/3. [0316] FIGS.
32 to 34 show the parity check matrix initial value table for a parity check
matrix H prescribed in the DVB-S.2 standard and having a code length N
of 64,800 bits and an encoding rate r of 2/3. [0317] It is to be noted that
FIG. 33 id7a éwicorifinging from FIG. 32ane FiGe3pisra viewheck
continuing from FIG. 33. [0318] FIG. 35 shows the parity check matrix
Tiftrall Valud! tabléfor & parity Bheck malrie Hptéscribedin He BAE-S, 21

standard and having a code Ien%th N of 16,200 bits and an encoding rate

PoF 372" 10510] FIG'S: 3610739 show the Parity cHeek Hidik hifial” Yélfue
Eaebé%{%r%pggtyl%ﬂrefgdn%glg(sHgzrl%scﬁpegnigct) emg rate r of 2/3.
[0316]

FIGS. 3Z to 34 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-8.2 standard and having a code length N of 64,800
bits and an encoding rate r of 2/3. |
[0317]

It is to be noted that FIG. 33 is a view continuing
from FIG. 32 and FIG. 34 is a view continuing from FIG.
33.

[0318]

FIG. 35 shows the parity check matrix initial value
table for a parity check matrix H prescribed in the DVE-
5.2 standard and having a code length N of 16,200 bits
and an encoding rate r of 3/4.

[0319]

-FIGS. 36 to 39 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-5.2 standard and having & code length N of 64,800
bits and an encoding rate r of 3/4.

[0320]



DVB-S.2 standard and having a code length N of 64,800 bits and an
encoding rate r of 3/4. [0320] 133 It is to be noted that FIG. 37 is a view
continuing from FIG. 36 and FIG. 38 is a view continuing from FIG. 37.
Further, FIG. 39 is a view continuing from FIG. 38. [0321] FIG. 40 shows
the parity check matrix initial value tabte for a parity check matrix H
prescribed in the DVB- S.2 standard and having a code length N of 16,200
bits and an encoding rate r of 4/5. [0322] FIGS. 41 to 44 show the parity

check matrix initial value tablg for. a parity che 7m ix H prescribed.in
the DVB-S.2 standard and having a code lengt %62 80 |t§)antlaqnu ne

enceding tate¥of 4/3. [323] K is tabe n@&%h%ﬁﬁm‘{?ﬁgﬂ VW, pig.

continuing from FIG. 41 and FIG. 43 is a view continuing from FIG. 42.
Barther ziG. 44, isrardewsontiguing,filem [Ren 48n19320] 16y 4bshowss |
the parity check matrix initial value table for a parity check matrix H
presetibed in the DVB- S.2 standard and having a code length N of 16,200
bits

FIG. 40 shows the parity check matrix initial value
table for a parity check matrix H prescribed in the DVEB-
S.2 standard and having & code length N of 16,200 bits

and an encoding rate r of 4/5.
(03221

FIGS. 41 to 44 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-S5.2 standard and having a code length N of 64,800
bits and an encoding rate r of 4/5.

[0323]

It is to be noted that FIG. 42 is a view continuing
from FIG. 41 and FIG. 43 is a view continuing from FIG.
42. Further, FIG. 44 is a view continuing from FIG. 43.
[0324]

FIG. 45 shows the parity check matrix initial wvalue
table for a parity check matrix H prescribed in the DVB-
5.2 standard and having a code length N of 16,200 bits
and an encoding rate r of 5/6.

[0325]

FIGS. 46 tc 49 show the parity check matrix initial



and an encoding rate r of 5/6. [0325] FIGS. 46 to 49 show the parity check
matrix initial 134 value table for a parity check matrix H prescribed in the
DVB-S.2 standard and having a code length N of 64,800 bits and an
encoding rate r of 5/6. [0326] It is to besroted that FIG. 47 is a view
continuing from FIG. 46 and FIG. 48 is a view continuing from FIG. 47.
Further, FIG. 49 is a view continuing from FIG. 48. [0327] FIG. 50 shows
the parity check matrix initial value table for a parity check matrix H

BreSeRbEd the" BVE: 92 Stdntdrb et Faig & codB 1&%GtR NPefi16 2000 e

i%&%_agd an enchig\%rate r of 8/9. [0328] FIGS. 51 to 54 show the parity

Check matr e imitiat \valde tabla Yors parity cHeck Thatrix K pfoschibed i

@ftgva%g-%gtandar and hav{i:ng a coge#erégth N of 64,800 bits and an

encoding rate r of 8719 fO%%9fﬁ i$'t0 bé notéd that FIG. 52 is a view

E@r@tg}@jng from FIG. 51 and FIG. 53 is a view continuing from FIG. 52.
urther, FIG. 54 is a view continuing from FIG.

It is to be noted that FIG. 47 is a view continuing
from FIG. 46 and FIG. 48 is a view continuing from FIG.
47. Further, FIG. 49 is a view continuing from FIG. 48,
[0327]

FIG. 50 shows the parity check matrix initial wvalue
table for a parity check matrix H prescribed in the DVB-
5.2 standard and having a code length N of 16,200 bits
and an encoding rate r of 8/9.

[0328]

FIGS. 51 to 54 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-S.2 standard and having a code length N of 64,800
bits and an enceding rate r of 8/9.

103297

It is to be noted that FIG. 52 is a view continuing

from FIG. 51 and FIG. 53 is a view continuing from

FIG. 52. Further, FIG. 54 is a view continuing from FIG.

53.
[0330]

FIGS. 55 to 58 show the parity check matrix initial



53. [0330] FIGS. 55 to 58 show the parity check matrix initial 135 value
table for a parity check matrix H prescribed in the DVB-S.2 standard and
having a code length N of 64,800 bits and an encoding rate r of 9/10.
[0331] It is to be noted that FIG. 56 is a view continuing from FIG. 55 and
FIG. 57 is a view continuing from FIG!88. Further, FIG. 58 is a view
continuing from FIG. 57. [0332] The parity check matrix production
portion 613 (FIG. 29) determines a parity check matrix H in the following

manner usingdhe parity gheck-maixinitiahyalue tables, JQ333]104 11 the
particular, FIG. 59 illustrates a method for determining a parity check

oiatrbs HAfram anparity cheek nepatrixginiiabyalue table: Q3841 isato ey o
noted that the parity check matrix initial value table of FIG. 59 indicates
thetparidycheck ematsixiiniial- walae taklé for/a parity check matrix H
prescribed in the DVB-S.2 standard and having a code

[0331]

It is to be noted that FIG. 56 is a view continuing
from FIG. 55 and FIG. 57 is a view continuing from
FIG. 56. Further, FIG. 58 is a view continuing from
FIG. 57.

[0332]

The parity check matrix production portion 613 (FIG.
29) determines a parity check matrix H in the fellowing
manner using the parity check matrix initial value tables.
[0333]

In particular, FIG. 59 illustrates a method for
determining a parity check matrix H from a parity check
matrix initial wvalue table.

[0334]

It is to be noted that the parity check matrix
initial value table of FIG. 59 indicates the parity check
matrix initial value table for a parity check matrix H
prescribed in the DVB-35.2 standard and having a code
length N of 16,200 bits and an encoding rate r of 2/3
shownn in FIG. 31.

[0335]



length N of 16,200 bits and an encoding rate r of 2/3 shown in FIG. 31.
[0335] 136 As described above, the parity check matrix initial value table

is a table which represents the position of elements of the value 1 of a
information matrix HA (FIG. 9) corresponding to the information length K
corresponding to the code length N ahd ¢he encoding rate r of the LDPC
code for every 360 columns (for every unit column number P of the cyclic
structure), and in the first row of the parity check matrix initial value table,

a number,af row_numbpers of elements of the value 1.in the 1+360x(1-1)th .
column o %egévasrﬁ)r/% Eégk %f?éjt}fi?H rsg\(/%v %ﬁrﬁ?%ys \(/:v%gFe tH& Yo Aurhber 21

ofthedirstron.of the, p@gm@%%mt“%é% Fe%)e‘?ﬁ‘;sz' %3%221”“@?%8‘: of

column weights which the 1+360x(1-1)th column ere, since

theparity matrix Hk(RIG 93 of ther parity, eheckmattix Hwhigh, 4 prg.

corresponds to the parity length M is determined as illustrated in inG.( 19,
accardingdedhe parity eheck-matrixdnitiab valug taklge the information

matrix HA (FIG. 9) of the parity check matrix H corresponding to the
informationriangth K is determinedlength N and the encoding rate
r of the LDPC code for every 360 columns (for every unit
column number P of the cyclic structure), and in the
first row of the parity check matrix initial value table,
a number of row numbers of elements of the vaiue 1 in the
1+360x (i~-1)th column of the parity check matrix H (row
numbers where the row number of the first row of the
parity check matrix H is 0) equal to the number of column
welghts which the 1+360x(i-1)th coclumn has.

[0336]

Here, since the parity matrix He (FIG. 9) of the
parity check matrix H which corresponds to the parity
length M is determined as illustrated in FIG. 19,
according to the parity check matrix initial value table,
the information matrix Hy (FIG. 9) of the parity check
matrix H corresponding to the information length K is
determined.

[0337]
The row number k+1 of the parity check matrix

initial value table differs depending upon the



[0337] The row number k+| of the parity check matrix initial value table
differs depending upon the 137 information length K. [0338] The
information length K and the row number k+| of the parity check matrix
initial value table satisfy a relationshiéoé%'ven by an expression (9). [0339]
K=(k+1)x360...(9) [0340] Here, in the expression (9) is the unit
column number P of the cyclic structure described referring to FIG. 20.
[0341] In the parity check matrix initial value table of FIG. 59, 13
humericakvalues arejlisted jn the first to third rows, and three numerical
values are listed in the fourth to k+Ith (in FIG. 59, 30th) rows. [0342]
Aggaridlingly, the number of column weights in the parity check matrix H
determined from the parity check matrix initial value table of FIG. 59 is 13
in the first 't 1+360x(G 1)-ith rows dut i3 amtheth=360x(3A)thter k+1 of

the parity check matrix initial value table satisfy a
relationship given by an expression (9).
(0339]
K= (k+ 1) x 360 ...(9)
[0340]

Here, 360 in the expression (9) is the unit column
number P of the cyclic structure described referring to
FIG. 20,

[0341]

In the parity check matrix initial value table of
FLG. 59, 13 numerical values are listed in the first to
third rows, and three numerical wvalues are listed in the
fourth to k+ith {in FIG. 5%, 30th) rows.

[0342]

Accordingly, the number of column weights in the
parity check matrix H determined from the parity check
matrix initial value table of FIG. 5% is 13 in the first
to 1+360x(3-1)~1th rows but is 3 in the 1+360x{(3-1)th to
Kth rows.

[0343]

The first row of the parity check matrix initial



Kth rows. [0343] The first row of the parity check matrix initial 138 value
table of FIG. 59 includes 0, 2084, 1613, 1548, 1286, 1460, 3196, 4297,
2481, 3369, 3451, 4620 and 2622, and this indicates that, in the first
column of the parity check matrix H, the elements in rows of the row
numbers of 0, 2084, 1613, 1548, 1286° 1460, 3196, 4297, 2481, 3369,
3451, 4620 and 2622 have the value 1 (and besides the other elements
have the value 0). 0344] Meanwhile, the second row of the parity check

matix initial valyertable-of F6. p9dnclydes &, 12231516, 3448, 2880, 1,55,
1407, 1847, 3799, 3529, 373, 971, 4358 and 3108, and this indicates

thegpin the @6 Lst ¢ 91 +360x(2-1 bk golususaf the pasitysheckanatrix:i o
the elements in rows of the row numbers of 1, 122, 1546, 3448, 2880,

1408, 184,399 3529373071 4358and 3108 havesthenradugsdrity
[0345] As given above, the parity check matrix initial value table
répresemsithe positionof elemeatstef the value 1of thainformatiombers
matrix HA of the parity check matrix H for every 360 columns.

of 0, 2084, 1613, 1548, 1286, 1460, 3196, 4297, 2481,
3369, 3451, 4620 and 2622 have the value 1 (and besides
the cther elements have the value 0).

[0344]

Meanwhile, the second row of the parity check
matrix initial value table of FIG. 5% includes 1, 122,
1516, 3448, 2880, 1407, 1847, 3799, 3529, 373, 971, 4358
and 3108, and this indicates that, in the 36lst (=
1+360x (2-1)th) column of the parity check matrix H, the
elements in rows of the row numbers of 1, 122, 1546, 3448,
2880, 1407, 1847, 379%9, 3529, 373, 971, 4358 and 3108
have the value 1.

[0345]

As given above, the parity check matrix initial
vaiue table represents the position of elements of the
value 1 of the information matrix Hy of the parity check
matrix H for every 360 ccoclumns.

[0346]

Each of the columns of the parity check matrix H

other than the 1+360x{i-1)th column, that is, each of the



[0346] Each of the columns of the parity check matrix H other than the
1+360x(i-1)th column, that is, each of the 139 columns from 2+360x(i-1)th
to 360xith columns, includes elements of the value of 1 obtained by
cyclically shifting the elements of the value of 1 of the 1+360x(i- 1)th
column which depend upon the parity!éffeck matrix initial value table
periodically in the downward direction (in the downward direction of the
column) in accordance with the parity length M. [0347] in particular, for

examples the 2#360X(EA)th scalumn is a qelumn.ebtained by cyclically. s o
shifting the 1+360x(1-1)th column in the downward direction by M/360 =

a) andithe next 3x36Q(i-Nith issa colupn:Qbtained.by. gyelically shifting
the 1+360x(i-1)th column in the downward direction by 2 x M/360 (= 2 x

ghard then eyelicallyshifting d1e eyelically shifted column (2+360x@4)%h ; -
column) in the downward direction by M/360 (= q). [0348] Now, ifitis
assumex thatrithe nunterabyaluel innthenjth celumn-Gthfremdhe lefpir the

ith row (ith row from above) of the parity check matrix initial value
initial value table periodically in the downward
direction (in the downward direction of the column) in
accordance with the parity length M.

[0347]

In particular, for example, the 2+360x{i-1)th
column is a column obtained by cyclically shifting the
1+360%x (i-1)th column in the downward direction by M/360
{= g}, and the next 3+360x(i-1)th is a column obtained by
cyclically shifting the 1+36Cx{i-1)th column in the
downward direction by 2 x M/360 (= 2 x g) and then

cyclically shifting the cyclically shifted column

{2+360x(i-1)th column) in the downward direction by M/360

Now, if it is assumed that the numeral valud in the
jth cclumn (jth from the left) in the ith row (ith row
from above) of the parity check matrix initial value
table is represented by b;,y and the row number of the jth
element of the value 1 in the wth column of the parity

check matrix H is represented by Hy-;, then the row number



table is represented by bi,j and the row number of the jth element of the

value 1 in the wth column of the parity check matrix H is represented by

H,-j, then the row number 140 Hw_j of the element of the value 1 in the

wth column which is a column other than the 1+360x(i-l)th column of the

parity check matrix H can be determined in accordance with an

expression (10). [0349] Hw_j = mod{h,j + mod((w-1),P) x q,M} ... (10)

l%‘7‘350] Here, mod(x,y) signifies a remainder when x is divided by y. [0351]
eanWhlIemF’ RLETAR hufiber oF cORMITS of the &tfic Ehrlictepe Wmn which

described hereina gove and is, f%r?eia Ie in the DVB-S.2 standard, as
S

HRsRriEd ABveE e & 360 SBtafifed BY dividing ©

the jparit the unit column umberP 60 of the cyclic
%truc% e¥: é& %}éparlt)k/{ cﬁegk#natrgx procfﬂc{loﬁ13 por ftion 61 (cHe 29)

spegifies t@%ﬁ%é‘é’%‘?r P{@he elements of the value 1 in the
1+360x(I-1)th column of the parity check matrix H from the parity check

Mg jnitial value table.

Hy.y = mod{hi, s + mod({w-1),P) x g,M} ... (10)
[0350]

Here, mod(x,vy) signifies a remainder when x is
divided by vy.
[0351]

Meanwhile, P is a unit number of columns of the
cyclic structure described hereinabove and is, for
example, 1in the DVRB-5.2 standard, as described above, 360.
Further, g 1s a value M/360 cbtained by dividing the
parity length M by the unit column number P (= 360) of
the cyclic structure.
[0352]

The parity check matrixz producticon portion 613 (FIG.
2%} specifies the row number of the elements of the wvalue
1 in the 1+360x{i-1)th column of the parity check matrix
H from the parity check matrix initial wvalue table.
[0353]

Further, the parity check matrix production portion

613 (FIG. 29) determines the row number H,.y of the



[0353] Further, the parity check matrix production portion 613 (FIG. 29)
determines the row number Hw_j of the 141 element of the value 1 in the
wth column which is a column other than the 1+360x(1-1)th column of the
parity check matrix H in accordance with the expression (10) and
produces a parity check matrix H in which the elements of the row
numbers obtained by the foregoing have the value 1. [0354] Incidentally,
it is known that the LDPC code having an encoding rate of 2/3 prescribed

0,106 DNB::2. slandaids inferjor (Nghapin the efor flgar theteof i

comparison with the LDPC codes of the other encoa}%g rates. [6§5

Hsnaﬂ@ﬂpf&@@@e@@@ﬁerﬁ@areflqormn@mrzoaﬂ that; ﬁ%qthsfs%@ﬁ%'&lety

becomes higher, the drop of the error rate (BER) becomes duller a

elrerate Stopsdts: drep 9eewrssanddhe epror rate when-thesdrop steps is;y g
an error floor. [0356] If the error floor becomes higher, then generally the
tolerdnce to ermpes incthectommunication path 43which the elements of

the row numbers obtained by the foregoing have the value

1.

[0354]

Incidentally, 1t is known that the LDPC code having
an encoding rate of 2/3 prescribed in the DVB-5.2
standard is inferior (higher) in the error floor therecof
in compariscon with the LDPC codes of the other encoding
rates.

[0355]

Here, a phencmenon (error floor phenomenon) that,
as the S/N (E;/Ny) becomes higher, the drop of the error
rate (BER) becomes duller and the error rate stops its
drop occurs, and the error rate when the drop stops is an
error floor.

[0356]

If the error floor becomes higher, then generally
the tolerance to errors in the communication path 13
(FIG. 7) drops, and therefore, it is desirable to take a

countermeasure for improving the tolerance to errors.

[0357]



(FIG. 7) drops, and therefore, it is desirable to take a countermeasure for
improving the tolerance to errors. [0357] 142 As a countermeasure for
improving the tolerance to errors, for example, a replacement process

which is carried out by the demultiplexer 25 (FIG. 8) is available. [0358]

In the replacement process, as a replacement method for replacing code
bits of an LDPC code, for example, the first to fourth replacement

methods described hereinabove are available. However, it is demanded
to propost®a inéthBl Wt ASE BFurthér imptoddd tslefdie t6 Efiof8 GR ©©

ggmggriso with r}rgeth ds proposeqalready includirgég the fi%[t faurth
replacerhent methods: 103591 Thus: the demultiblexer 25 (¥ ‘}% L

£oofi d_such that it can carry.out a replac ent.proce in, D1 _
a%géga%ﬁcé’%% n ;CI o%a%gn%?%glaéﬁgeigcﬁbg? h(e%é:éﬁ?abg\?e \:}“v’:lsth‘—ﬂra:]"""able
refergnce to FIG. 25. [0360] In the following, before a replacement

process in accordance with an allocation rule is described, a

replacement pracess by-replacement methads thereinafier Jeferred O thog
existing methods) proposed already is

for replacing code bits of an LDPC code, for example, the
first to fourth replacement methods described hereinabove
afe available. However, it is demanded to propose a
method which has a further improved tolerance to errors
in comparison with methods proposed already including the
first to fourth replacement methods.

[0359]

Thus, the demultiplexer 25 (FIG. 8} is configured
such that it can carry out a replacement process in
accordance with an allocation rule as described
hereinabofe with reference to FIG. 25.

[0360]

In the following, before a replacement process in
accordance with an allocation rule is described, a
replacement process by replacement methods (hereinafter
referred to existing metheds) proposed already is
described.

[0361]

A replacement process where it i1s assumed that the



described. [0361] A replacement process where it is assumed that the 143
replacement process is carried out in accordance with the existing
methods by the demultiplexer 25 is described with reference to FIGS. 60
and 61. [0362] FIG. 60 shows an example of the replacement process of
an existing method where the LDPC code is an LDPC code having a
code length N of 64,800 bits and an encoding rate of 3/5. [0363] In
particular, FIG. 60A illustrates an example of the replacement method of

arexistinganethpdovhere the LBPE eadesisan kDREcodeshavdngarh the
code length N of 64,800 bits and an encoding rate of 3/5 and besides the
modalation methiodds 16QAMcant:thelmuttipleda is 2.5 [A364) WWheredthe
modulation method is 16QAM, 4 (= m) bits from among the code bits are
mapped abcornsyEmbel thissime 66f EB:8ighal-points prescribed by

16QAM. [0365] Further, where the code length N is 64,800 bits and the

rhth ﬁ?ﬁ’é b is 2, the memory 31 (FIGS. 16 and 17) of

FIG. 60 shows an example of the replacement process
of an existing method where the LDPC code is an LDPC code
having a code length N of 64,800 bits and an encoding
rate of 3/5.

[0363]

In particular, FIG. 60A illustrates an example of
the replacement method of an existing method where the
LDPC code is an LDPC code having a code length N of
04,800 bits and an encoding rate of 3/5 and besides the
modulation method is 16QAM and the multiple b is 2.

[0364]

Where the modulation method is 16QAM, 4 (= m) bits
from ameong the code bits are mapped as one symbel to some
of 16 signal peoints prescribed by 16QAM.

[C365]

Further, where the code length N is 64,800 bits and
the multiple b is 2, the memory 31 (FIGS. 16 and 17) of
the demultiplexer 25 has eight columns for storing 4 x 2
(= mb) bits in the row direction and stores 64,800/(4 x

2) bits in the column direction.



the demultiplexer 25 has eight columns for storing 4 x 2 (= mb) bits in the
row direction and stores 64,800/(4 x 2) bits in the column direction. 144

[03661 In the demultiplexer 25, when the code bits of the LDPC code are
written in the column direction of the Jmemory 31 and writing of the 64,800
code bits (one codeword) ends, the code bits written in the memory 31

are read out in a unit of 4 x 2 (= mb) bits in the row direction and supplied
to the replacement section 32 (FIGS. 16 and 17). [0367] The replacement
s8ctich 32 replaces, for example, the 4 x 2 (= mb) code bits b0, bl, b2, b3,

b4, b5, b man %7 ead &Jt fr?m the rg mory 31 sué;h that, as s,egn in%:IGh
60A, the 2% 2'(€ nib) tode BitsBS to 67 ard afibcatdd t& 4% PEmpy™ e

ol.hits yo, yl, v2,.y3, v4, y5, y6 and of successive two (= b
g%%o{:sg 3§8ﬁ%n¥65%t}:c%%{anr, %{hn )@1 Cé{zumn &reggwﬁ'éf Qhe

e replacement section carries out

feplacement for allacating the coda bit By tosihe symbolhity7, e code
bit bl to the symbol bit y1, the code bit b2 to the symbol bit y4, _ 7
codeword) ends, the code bits written in the memcry 31
are read out in a unit of 4 x 2 (= mb) bits in the row
direction and supplied to the replacement section 32
(FIGS. 16 and 17).

[0367]

The replacement section 32 replaces, for example,
the 4 x 2 (= mb) code bits bg, bi, bz, b3, bs, bs, bs and by
read out from the memory 31 such that, as seen in FIG.
60A, the 4 x 2 (= mb) code bits by to by are allcocated to
4 x 2 (= mb) symbol bits vo, Y1, Y2, Y3, Y& Vs, Ve and ys
of successive two (= b) symbols.

[0368]

In particular, the replacement section 32 carries
out replacement for allocating

the code bit by te the symbol bit vys,

the code bit by te the symbol bit vy,

the code bit by to the symbol bit vy,

the code bit b3 to the symbol bit vy,

the code bit by to the symbol bit vys,

the code bit bs to the symbol bit vyi,



the code bit b3 to the symbol bit y2r the code bit b4 to the symbol bit y5,
the code bit b5 to the symbol bit y3, 145 the code bit b6 to the symbol bit
y6, and the code bit b7 to the symbol bit yo. [0369] In particular, FIG.
60B illustrates an example of the replacement method of an existing
method where the LDPC code is an tDPC code having a code length N
of 64,800 bits and an encoding rate of 3/5 and besides the modulation
method is 64QAM and the multiple b is 2. [0370] Where the modulation

method is G4QAM:6 3 M) bits Jramamong, the gode 34'25, ate mapped as
one symbol to some of 64 signal points prescribed by 64QAM. [0371]

Further, where-thescaderlepgth N is-64,80Qbits aggtth§0multiple bis 2,

the memory 31 (FIGS. 16 and 17) of the demultiplexer 25 has 12 columns
for Btaring 6 x 2 mb) bits in the row direction and stores 64,800/(6 x 2) bits
in the column direction. [0372] In the demultiplexer 25, when the code bits
of the LDPCpoodeiarewnitierrinGtheccobumi Hirectiarn ekthen example of

the replacement method of an existing method where the
LDPC code 1s an LDPC code having a code length N of
64,800 bits and an encoding rate of 3/5 and besides the
modulation method is 640AM and the multiple b is 2.
[0370]

Where the mocdulation method is 64QAM, 6 (= m) bits
from among the code bits are mapped as one symbol to some
of 64 signal points prescribed by 64QAM.

[0371]

Further, where the code length N is 64,800 bits and
the multiple b is 2, the memory 31 (FIGS. 16 and 17) of
the demultiplexer 25 has 12 columns for storing 6 x 2 (=
mb)} bits in the row direction and stores 64,800/(6 x 2)
bits in the column direction.

[0372]

In the demultiplexer 25, when the code bits of the
LDPC code are written in the column direction of the
memory 31 and writing of the 64,800 code bits (one
codeword) ends, the code bits written in the memory 31

are read out in a unit of 6 x 2 (= mb) bits in the row



memory 31 and writing of the 64,800 code bits (one codeword) ends, the
code bits written in the memory 31 are read out in a unit of 6 x 2 (= mb)
bits in the row 146 direction and supplied to the replacement section 32
(FIGS. 16 and 17). [0373] The replacé#tent section 32 replaces, for
example, the 6 x 2 (= mb) code bits bo, b1, b2, b3, b4, b5, b6, b3, b8, b9,
blo and b1l read out from the memory 31 such that, as seen in FIG.

0B, the.6 x 2 (=,mb) code bits bo to b11 are allocated to 6 x 2 (= mh
LBl Bte 8 Ty, A VB, VO SBE SO0 nd STt ot 2
wg&s_siv%tv\éqqg- Q)7 g93_/mbols. [0374] In particular, the replacement
section 32 carries out replacement for allocating the code bit bo to the
symbekbit y11, the code bit bl to the symbol bit y7, the code bit b2 to the
symbol bit y3r the code bit b3 to the symbol bit ylo, the code bit b4 to the
symbol bit:y$, thg codekith5 tatheisymboal bity2r sthe.code hit b6 1a.the. |
symbol bit ygr the code bit b, to the symbol bit y5,
the & x 2 = mb) code bits bo, bl, bg, b3, b4, b5, b@, b7,

bg, bs, b1y and bi; read out from the memory 31 such that,

as seen in FIG., 60B, the 6 x 2 (= mb) code bits by to by
are allocated to 6 x 2 (= mb) symbol bits vy, Vi, V2, Vi,
Var Ys: Yer Y7r Vsr Yo, Vio and yy; of successive twe (= b)
symbols.

(03747

In particular, the replacement section 32 carries
out replacement for allocating
the code bit by to the symbol bit yii,

3

the code bit b; to the symbol bit yi,
the code bit b; to the symbol bit vy,
the code bit bi to the symbol bit vy,
the code bit by to the symbol bit vy,
the code bit bs teo the symbol bit ys,
the code bit bg to the symbol bit vy,
the code bit by to the symbol bit vys,
the code bit bg to the symbol bit vy,

the code bit bs to the symbol bit vy,

the code bit by to the symbol bit vy, and



the code bit be to the symbol bit y1, the code bit b9 to the symbol bit y8,
the code bit blo to the symbol bit y4, and 147 the code bit b11 to the
symbol bit yo. [0375] In particular, FIG. 60C illustrates an example of the
replacement method of an existing method where the LDPC code is an
LDPC code having a code length N o}4§4,800 bits and an encoding rate
of 3/5 and besides the modulation method is 256QAM and the multiple b
is 2. 0376] Where the modulation method is 256QAM, 8 (= m) bits from

among the,code,hits gre- mapped, agone tg,seme, of 256 signal
points prescribed by 256QAM. [0377] Further, where the code length N is

64,8001bits and the multiple b is 2, the memory 31 (FIGS. 16 and 17) of
the demultiplexer 25 has 16 columns for storing 8 x 2 (= mb) bits in the
row direcliongaanek:Storels:64,800/68 x&2)Chbits inthecoturan direeticn{0378]r

In the demultiplexer 25, when the code bits of the LDPC code are written
inhth e rcohimnadirectionof tlvel mémaory 8% and wwritingsdfithel 64800:=cdde:
bits (one

LDPC code is an LDPC code having a code length N of
64,800 bits and an encoding rate of 3/5 and besides the
modulation method is 256QAM and the multiple b is 2.
[0276]

Where the modulation method is 256Q0AM, 8 (= m) bits
from among the code bits are mapped as one symbel to some
of 256 signal points prescribed by 2560AM.

[0377]

Further, where the code length N is 64,800 bits and
the multiple b is 2, the memory 31 (FIGS. 16 and 17) of
The demultiplexer 25 has 16 columns for storing 8 x 2 (=
ks ) bité in the row direction and stores 64,800/(8 x 2)
"pits in the column direction.

(0378

In the demultiplexer 2%, when the code bits of the
LDPC code are written in the column direction of the
memory 31 and writing of the 64,800 code bits (one
codeword) ends, the code bits written in the memory 31

are read ocut in a unit of 8 x 2 (= mb) bits in the row

direction and supplied to the replacement section 32



codeword) ends, the code bits written in the memory 31 are read out in a
unit of 8 x 2 (= mb) bits in the row direction and supplied to the
replacement section 32 148 (FIGS. 16 and 17). [0379] The replacement
section 32 replaces, for example, thé 8% 2 (= mb) code bits bo, b1, b2,
b3, b4, b5, b6, b7, b3, b9, blot b11, b2, b13, b14 and b15 read out from
the memory 31 such that, as seen in FIG. 60C, the 8 x 2 mb) code bits bo

are allocate 8 x 2 (= mb) symbol bits yo, y1, Y2, Y3, Y4, Y5,
t@%?%% é@ 9 %3(11, Y12, y13, y14 and y15 of successive two (= b)
%@bgl}s. [0380] In particular, the replacement section 32 carries out
replacement for allocating the code bit bo to the symbol bit y15, the code

bit bl to thesypahol Dityls nthecode bit b3 1o the symbal bity13,. the.cade
bit b3 to the symbol bit y3, the code bit b4 to the symbol bit y3, the code

bit §50 the symbabbitydde the code hit b6 toghe symbel,bityg, the code
bit b7 to the symbol bit y5, the code bit b9 to the symbol bit yj,0,
g, ba, big, P11, biz, b1z, by and bys read out from the
memory 31 such that, as seen in FIG. 60C, the 8 x 2 (=
mb) code bits by to bis are allocated to 8 x 2 (= mb)
symbol bits yo, Vi, Yz, Y3, Yar Ys, Yer Y7, Yar Ysr Yio, Yil,
Vizy Yize Yis and yis of successive two (= b) symbols.
F0380]

In particular, the replacement section 32 carries
cut replacement for allocating

the code blt by to the symbol bit vis,

the code bit by to the symbol bit vyq,

the code bit b, to the symbol bit vis,

the code bit b to the symbol bit vys,

the code bit b, to the symbol bit vys,

the code bit bs to the symbol bit vy,

the code bit bg to the symbol bit vs,

the code bit by to the symbol bit ys,

the code bit bg to the symbol bit vy,

the code bit bs te the symbol bit vye,

the code bit bip to the symbol bit vy,

the code bit by to the symbol bit yq,



the code bit b9 to the symbol bit y6, the code bit b,0 to the symbol bit y4,
the code bit b11 to the symbol bit y7, 149 the code bit b12 to the symbol
bit y12, the code bit b13 to the symbol bit y2, the code bit b14 to the
symbol bit y14, and the code bit b,5 to the symbol bit yo. 0381] FIG. 61
-shows an example of the replaceme Ap?ocess of an existing method
where the LDPC code is an LDPC code having a code length N of 16,200
bits and an encoding rate of 3/5. [0382] In particular, FIG. 61A illustrates

an example:of-thereplacement methed of am existing method where the
LDPC code is an LDPC code having a code length N of 16,200 bits and

an encoding ratec 345 ang,hesidesttke dpagidation mefhod is 16QAM
and the multiple b is 2. [0383] Where the modulation method is 16QAM, 4
(= m) bits Hrom ansong thekcpdeditstare swapped as eneg symbeldo some
of 16 signal points prescribed by 16QAM. [0384] Further, where the code
length N #$186,200%itsigndis te the symbol bit ys.

[0381]

FIG. ol shows an example cf the replacement process
of an existing method where the LDPC code is an LDPC code
having a code length N of 16,200 bits and an encoding
rate of 3/5.

[0382]

In particular, FIG. 61A illustrates an example of
the replacement method of an existing method where the
LDPC code is an LDPC code having a code length N of
16,200 bits and an encoding rate of 3/5 and besides the
modulation method is 16QAM and the multiple b iz 2.

[0383]

Where the modulation method is 160QAM, 4 (= m) bits
from among the code bits are mapped as one symbol to some
of 16 signal points prescribed by 16QAM.

[0384]

Further, where the code length N is 16,200 bits and
the multiple b is 2, the memory 31 (FIGS. 16 and 17) of
the demultiplexer 25 has 8 columns for storing 4 x 2 (=

mb} bits in the row direction and stores 16,200/(4 x 2)



the multiple b is 2, the memory 31 (FIGS. 16 and 17) of the demultiplexer
25 has 8 columns for storing 4 x 2 (= mb) bits in the row direction and
stores 16,200/(4 x 2) 150 bits in the column direction. [0385] In the
demultiplexer 25, when the code bitsidfthe LDPC code are written in the
column direction of the memory 31 and writing of the 16,200 code bits
(one codeword) ends, the code bits written in the memory 31 are read

ut in a unit of 4 x ggrlnbé,bits in the row direction and supplied to the
ge tacerent Sectid (FIGECE6 BRd 17). [0386] The replacement
5@0}%1332 replaces, for example, the 4 x 2 (= mb) code bits bo, b2, b2,

, b4, b5, b6 and b7 read out from the memory 31 such that, as seen in

FIG. 61A;the A4X géﬁm@j&g@{g;}s bg to b7 are gllocated.to, 4 x 2 ((j%)the

mb) symbol bits yo, y1, y2 Y4,Y5Y6 and y7 of successive two
syimbols, [Q387} In particular, the replacement,segtion 3Z;carries quie

replacement for allocating the code bits bo to b7 to the symbol bits yo to
%3128 4R the caseiolF G 160A (described @bove. code bits (one
codeword) ends, the code bits written in the memory 31
are read out in a unit of 4 x 2 {= mb) bits in the row
direction and supplied to the replacement section 32
(FIGS. 16 and 17).
103861

The replacement section 32 replaces, for example,
the 4 x 2 (= mh) ccde bits by, b1, bz, b3, b4, bs, bs and by
read out from the memory 21 such that, as seen in FIG.
6la, the 4 x 2 (= mb) code bits by to by are allocated o
4 = 2 (= mb) symbol bits vo, vi, Y2, V3, Y4, VY5, ¥s and yy
of successive two (= b) symbols.
[03877

In particular, the replacement secticon 32 carries
out replacement for allocating the code bits by to by to
the symbel bifts yo to vy as in the case of FIG. 60A
described above.

[0388]

In particular, FIG. 61B illustrates an example of

the replacement method of an existing method where the



[0388] In particular, FIG. 61B illustrates an example of the replacement
method of an existing method where the 151 LDPC code is an LDPC
code having a code length N of 16,200 bits and an encoding rate of 3/5
and besides the modulation method jg 64QAM and the multiple b is 2.
[0389] Where the modulation method is 64QAM, 6 (= m) bits from among
the code bits are mapped as one symbol to some of 64 signal points
prescribed by 64QAM. [0390] Further, where the code length N is 16,200
hits@ndothe mwiltiple bi$2, thedmemory:8d (EIGSAE6 anddi7) afl thé
demultiplexer 25 has 12 columns for storing 6 x 2 (= mb) bits in the row
Hireétich and steres 18200164 ) ditssihdhe Eoléinn direttions 035 ] the
the demultiplexer 25, when the code bits of the LDPC code are written in

sl eorimP Birdctiorcot the MmeRTdty F1carid wrifing 6 thec16266 code bits

éone codeword) ends, the code bits written in the memory 31 are read
Ut ftra unit of 6 x 2 (= mb) bits in the row direction and supplied to the

replacement section 32 (F1¢S: 16.and 10 i« 640AM, 6 (= m) bits

from among the code bits are mapped as one symbol to some
of 64 signal points prescribed by 64QAM.
(03901

Further, where the code length N is 16,200 bits and
the multiplie b is 2, the memory 31 (FIGS. 16 and 17) of
the demultiplexer 25 has 12 columns for storing 6 x 2 (=
mb) bits in the row direction and stores 1¢,200/(6 x 2)
bits in the column direction.
(0381

In the demultiplexer 25, when the code bits of the
LDPC code are written in the column direction of the
memory 31 and writing of the 16,200 code bits (one
codeword) ends, the code bits written in the memory 31
are read out in a unit of 6 x 2 (= mdb) bits in the row
direction and supplied to the replacement section 32
(FIGS. 16 and 17).
[(03%2]

The replacement section 32 replaces, for example,

the 6 x 2 (= mb) code bits bg, by, bz, b3, be b, g, by,



[0392] The replacement section 32 replaces, for example, the 6 x 2 (=
mb) code bits bo, bl, b2, b3, b4, b5, b6, b7, 152 b3, b9, blo and bll read
out from the memory 31 such that, as seen in FIG. 61B the 6 x 2 (= mb)
code bits bo to bil are allocated to 6 5522(: mb) symbol bits yo, yi, Y2 Y3,
Y9, Ys, Ye, Y7, Ye, Y9 Yio and yii of successive two (= b) symbols.

[0393] In particular, the replacement section 32 carries out replacement
for allocating the code bits bo to bli to the symbol bits yo to yii as in the
casenf FIG,68Bddescribed@above. [0394] thpartientar, FIGL 6d6¢:h that,
illustrates an example of the replacement method of an existing method
wheretiie IDPC&ode’li8 anisDPC cotle (Faviry acode léngth Nbpfto by,
16,200 bits and an encoding rate of 3/5 and besides the modulation
Aiethéd iS286QAM: ané the multiplad) issirjos05PWhere the Ynodulations
method is 256QAM, 8 (= m) bits from among the code bits are mapped as
¥me S§fmbBFto ¥ome’tof 256 sifjrafPéints preéderibedIiE256GAM f0396] )

symbols.
.[0393}

In particular, the replacement section 32 carries
out replacement for allocating the code bits by to b to
the symbol bits yy to yvi1 as in the case of FIG. 60B
described above.

[0394)

In particular, FIG. 61C illustrates an example of
the replacement method of an existing method where the
LDPC code is an LDPC code having a code length N of
16,200 bits and an encoding rate of 3/5 and besides the
modulation method is 256Q0AM and the multiple b is 1.
[0395]

Where the modulation method is 2Z5H6Q0AM, 8 (= m) bits
from ameng the code bits are mapped as one symbol to some
of 256 signal points prescribed by 2Z560QAM.

[03%6]

Further, where the code length N is 1¢,200 bits and

the multiple b is 1, the memory 31 (FIGS. 16 and 17) of

the demultiplexer 25 has 8 columns for storing 8 x 1 (=



Further, where the code length N is 16,200 bits and the multiple b is 1,
the memory 31 (FIGS. 16 and 17) of the demultiplexer 25 has 8 columns
for storing 8 x 1 (_ 153 mb) bits in the row direction and stores 16,200/(8
x 1) bits in the column direction. [039/7] 4n the demultiplexer 25, when the
code bits of the LDPC code are written in the column direction of the
memory 31 and writing of the 16,200 code bits (one codeword) ends, the
code bits written in the memory 31 are read out in a unit of 8 x 1 (= mb)
bits irPthiesroln direetiowand suppliedto thedreptaceaserit e2fién 32 = 1)
(FIGS. 16 and 17). [0398] The replacement section 32 replaces, for
Bkample! thesg gal(@mbyésesbitsbo, bl, b2, b3, b4, b5, b5, and b7
read out from the memory 31 such that, as seen in FIG. 61C,the 8 x 1 (=
Hb%%?)he bits bo to b7 are allocated to 8 x 1 (= mb) symbol bits yo, yi, Y2,

Y3, y4, y5, y6 and y7 of successive one (= b) symbols. [0399] In
'particularI,?héP&’plgé"é?ﬁéﬁﬁ?e]c&ﬁ%ﬁ%féarri‘é?%’ut%ﬁla%@ﬁ%r#%&5 of the

ﬁw%ﬁﬂygége5§ge#¥3%%g%ﬂgifxgggﬂgyﬁgkn direction of the
memory 31 and writing of the 16,200 code bits (one
codeword) ends, the code bits written in the memory 31
are read out in a unit of 8 x 1 (= mb) bits in the row
direction and supplied to the replacement sectiocn 32
(FIGS. 16 and 17).

[0388]

The replacement section 32 replaces, for example,
the 8 x 1 (= mb) code bits by, by, b, bi, bs, bs, be, and
by read ocut from the memcry 31 such that, as seen in FIG.
61C, the 8 x 1 (= mb) code bits by to by are gllocated to
8 x 1 (= mb) symbol bits vo, Vi, Y2, V3, Vi, Vs, Ve and yy
of successive one (= b) symbols.

(03991

In particular, the replacement section 32 carries
ocut replacement for allocating

the code bit by to the symbol bit vq,

the code bit by to the symbol bit vy,

the code bit by te the symbol bit vy,

the code bit bz to the symbol bit vy,



the code bit b, to the symbol bit y3, the code bit b2 to the symbol bit y,,
the code bit b3 to the symbol bit y5, 154 the code bit b4 to the symbol bit
Y2, the code bit b5 to the symbol bit y6, the code bit b6 to the symbol bit
y4, and the code bit b7 to the symbo] it yo. [0400] Now, a replacement
process in accordance with an allocation rule (hereinafter referred to also
as replacement process in accordance with the new replacement
method) is described. [0401] FIGS. 62 to 64 are views illustrating the new
replaceniditt nistod o202} |t the hewgepkaeemeht method, the
replacement section 32 of the demultiplexer 25 carries out replacement
of mb codéditS IR aceerddrce Wit af &Ngcafion e détermined in
advance. 0403] The allocation rule is a rule for allocating code bits of an

LDPC cotedo<Syithdi bitsPm fife dittatishirite, 2oty séfthich is a

combination of a code bit L.
é%e coé% Bit by to the symbol bDit vs.

[0400]

Now, a replacement process 1in accordance with an
allcocaticn rule {(hereinafter referred to also as
replacement process in accordance with the new
replacement method) is described.

[0401]

FIGS. 62 to 64 are views lilustrating the new
replacement method.
[0402]

In the new replacement method, the replacement
section 32 of the demultiplexer 25 carries out
replacement of mb code bits in accordance with an
allocation rule determined in advance.

[0403]

The allocation rule i1s a rule for allocating code
bits cf an LDPC code to symbol bits. In the allocation
rule, a group set which is a combination c¢f a code bit
group of code bits and a symbol bit group of symbol bits
to which the code bits of the code bit group are

allocated and a bit number (hereinafter referred to also



group of code bits and a symbol bit group of symbol bits to which the
code bits of the code bit group are allocated and a bit number (hereinafter
referred to also 155 as group bit number) of code bits and symbol bits of
the code bit group and the symbol bi&g oup of the group set are
prescribed. 0404] Here, the code bits™are different in-error probability
thereamong and also the symbol bits are different in error probability
thereamong as described above. The code bit group is a group into which

the epde.bits are grauped inaccardance with theiegonprabability and <he
the symbol bit group is a group into which the symbol bits are grouped in
accardance with:the aurdrigiebalyitiyo 10405] RGo 62 ilustrates gedebitset
groups and symbol bit groups where the LDPC code is an LDPC code
hawing eecodel fenigth N of 64,800 bits and an encoding rate of 2/3 and
besides the modulation method is 256QAM and the multiple b is 2. [0406]
InPthistinstance, 8 x 2 (= mb) code bits bs to b15 read out from the

memory 31 can be grouped into five code bit groups Gb1, Gb2, Gb3, Gb4
and Gb5 4&8%eentinEICCEsAP1ts are different in error

probability thereamong and also the symbol bits are
different in error probability thereamong as described
above. The code bit group is a group into which the code
bits are grouped in accordance with the error probability
and the symbol bit group is a group into which the symbol
bits are grouped in accordance with the error probability.
[0405]

FIG. 62 illustrates code bit groups and symbol bit
groups where the LDPC code is an LDPC code having a code
length N of 64,800 bits and an encoding rate of 2/3 and
besides the modulation method is 256Q0AM and the multiple
b is 2.

[0406]

In this instance, 8 x 2 (= mb) code bits by to bis
read cut from the memcry 31 can be grouped into five code
bit groups Gb;, Gk, Gbs, Gby and Gbs as seen in FIG. 62A
in accordance with the difference in error probability.
[0407]

Here, the code bit group Gb; 1s a group in which



in accordance with the difference in error probability. [0407] Here, the
code bit group Gb1 is a group in which 156 code bits belonging to the
code bit group Gb1 have a better (lower) error probability as the suffix i
thereof has a lower value. 0408] In Flg’g 62A, to the code bit group Gb1l,
the code bit bo belongs; to the code bit group Gb2, the code bit bl
belongs; to the code bit group Gb3, the code bits b2 to b9 belong; to the
code bit group Gb4, the code bit blo belongs; and to the code bit group
Ghd: the cedebitshdintp biS belongo{0409] Wheredhe mrodulatien =
method is 256QAM and the multiple b is 2, the 8 x 2 (= mb) symbol bits
yetay1i5 (Gavwbe greuped into dauwsyibol b grobyps Gyl fGy2; GyBeard £
Gy4 as seen in FIG. 62B in accordance with the difference in error
prsbabilityve410EHere, the symbol bit group Gy is a group in which
symbol bits belonging to the symbol bit group Gy have a better error

ility as the suffix i thereof has a lower value similarly to the code bit

group. In FIG. 62A, to the code bit group Gb:, the code
bit by belongs: to the cede bit group Gb,, the code bit I
belongs; to the code bit group Ghbs, the code bits by to bs
belong; to the code bit group Gby, the code bit big
belongs; and to the code bit group Gbs, the code bits by
to bis belong.
(04097

Where the modulation method is 256Q0AM and the
multiple b is 2, the 8 x 2 (= mb) symbol bits vy to vis
can be grouped into four symbol bit groups Gyi, Gyz, Gys
and Gy: as seen in FIG. 62ZB in accordance with the
difference in error probability.
[0410]

Here, the symbol bit group Gyi is a group in which
symbol bits belonging to the symbol bit group Gy; have a
better error probability as the suffix i thereof has a
lower value similarly to the code bit group.
(0411]

In FIG. €ZB, to the symbcel bit group Gy,, the

symbol bits vy, Vi, Vs and vy belong; to the symbol bit



[0411] In FIG. 62B, to the symbol bit group Gy1, the symbol bits yo, y1,
y8 and y9 belong; to the symbol bit 157 group Gy2, the symbol bits y2,
y3, ylo and y11 belong; to the symbol bit group Gy3, the symbol bits y4,
y5, y12 and y13 belong; and to the s ol bit group Gy4, the symbol bits
y6, y7, y14 and y15 belong. [0412] FIG. 63 illustrates an allocation rule
where the LDPC code is an LDPC code having a code length N of
64,800 bits and an encoding rate of 2/3 and besides the modulation

meshed is,256QAM andihe nultiplesh js 2-,[0413]dm the allosatien syled
FIG. 63, the combination of the code bit group Gb1 and the symbol bit
groupsGydds. defined ivthe first, frarmdhe jefbefllFIGL 63 a5 pne: greup setd
Further, the group bit number of the group set is prescribed to 1 bit.

(0418 Elhcthe foklowing destrptiomeo grduptsed amdma Group Bienumberaf
the group set are collectively referred to as group set information. For
BxAmples thE” grotip sEtéf the &Rieobi group Gbl and the symbol bit
%oﬁu&(lsw and 1 bit which is the group bit number of the

FIG. 63 illustrates an allocation rule where the
LDPC code is an LDPC code having a code length N of
64,800 bits and an encoding rate of 2/3 and besides the
modulation method is 2560AM and the multiple b is 2.
[0413]

In the allocation rule of FIG. 63, the combination
of the code bit group Gbi and the symbol bit group Gygq is
defined in the first from the left of FIG. 63 as one
group set. Further, the group bit number of the group set
is prescribed to 1 bit.

(0414}

In the following description, a group set and a
group bit number of the group set are collectively
referred to as group set information. For example, the
group set of the code bit group Gb; and the symbol bit
group Gys and 1 bit which is the group bit number of the
group set are described as group set information (Gbi, Gy,
1.

10415]



group set are described as group set information (Gbl, Gy4, 1). [0415]
158 In the allocation rule of FIG. 63, group set information (Gb2, Gy4, 1) ,
(Gb3, Gy1, 3), (Gb3, Gy2, 1), (Gb3, GY3, 2), (Gb3, Gy4, 2), (Gb4,
GY3, 1), (Gb5, Gyl, 1) (Gb5, Gy2, 3).and (Gb5, Gy3, 1) is prescribed in
addition to the group set information 1, Gy4, 1) [0416] For example,
the group set information (Gb1, Gy4, 1) signifies that one code bit
belonging to the code bit group Gb1 is allocated to one symbol bit

belongingto the: symbet bit gseup Gy4. {34171 Accergjngly.;ageosding to
the allocation rule of FIG. 63, it is prescribed that, depending upon the

grouprsettinformation, (Ghd, Gy4,, 1)cene cage bitof the @ode kit group ,
Gb1 which is best in error probability is allocated to one symbol bit of the
sgimbol Bitsgrolip. Gy&whick iz fodrth béstin,erfor: prababilitypthatcy:, 1),
depending upon the group set information (Gb2, Gy4, 1), one code bit of
the>codebit grouprBH2 Vithieh i$gecond Béstiyeror probability iidition

allocated to one symbol bit
to the group set information (Gbi, Gys, 1).

(0416}

For example, the group set information {Gb:, Gyy,
1) signifies that one code bit belonging to the code bit
group Gb; is allocated to cne symbel bit belonging to the
symbel bit group Gys.
104177

Accordingly, according to the allocation rule of
FIG. 63, it is prescribed that,

depending upon the group set information (Gbi, Gy,
1), one code kit of the code bit group Gk, which is besst
in error probability is allocated to one symbol bit of
the symbol bit group Gy, which is fourth best in error
probability, that

depending upon the group set information (Gbz, Gyy,
1), cne code bit cf the code bit group Gbs; which is second
best in error probability is allocated to cne symbol bit
of the symbol bit group Gyy which is fourth best in error
probability, that

depending upon the group set information (Gbs:, Gyi,



of the symbol bit group Gy4 which is fourth best in error probability, that
depending upon the group set information (Gb3, Gy1, 159 3), three code
bits of the code bit group Gb3 which is third best in error probability are
allocated to three symbol bits of thef glbol bit group Gyi which is best in
error probability, that depending upon the group set information (Gb3,
Gy2, 1), one code bit of the code bit group Gb3 which is third best in
error probability is allocated to one symbol bit of the symbol bit group Gy2
whichtisrseconddrest in-error prokahility: that €ependingakponsthie-group
set information (Gb3, Gyi, 2), two code bits of the code bit group Gb3
wihicttisithizd Bestam eoror profyadiility is allocated 10 twe symbobbitd ofe
the symbol bit group Gyi which is third best in error probability, that
depending Upbnathe greus sebipdorpddtion: (G113, ©y4 v 2),dwolcbdeshits of
the code bit group Gb3 which is third best in error probability is allocated
- 166 syrboRBits ‘of the §f@bol bit group Gy4 which is fourth best in
error probability, that depending upon the group set information ?Gb4,

Gyi, 1), 6%&B5de bit of i’ codE bit frBlp Tha Which & fdurt? (G, Gy

1), one code bit of the code bit group Gbs which is thirxd
best in error pxobability is allocated to one symbel bit
of the symbol bit group Gyz which is second best in error
probability, that

depending upon the group set information (Gbs, Gys,
2), two code bits of the code bit group Gbz; which is third
best in error probability is allocated to two symbol bits
of the symbol bit group Gys; which is third best in error
probability, that

depending upcn the group set information (Gbs;, Gy,
2}, two code bits of the code bit group Gbs which is thizxd
best in error probabkility is allocated to two symbol bits
of the symbel kit group Gy4 which is fourth best in error
probabliliity, that

depending upcon the group set information (Gbg, Gys,
1), one code bit of the code bit group Gb; which is fourth
best in error precbability is allcocated to one symbol bit
of the symbcel bit group Gys; which 1s third best in error

probability, that



best in error probability is allocated to one symbol bit of the symbol bit
group Gyi which is third best in error probability, that 160 depending
upon the group set information (Gb5, Gyl, 1), one code bit of the code bit
group Gb5 which is fifth best in error p%gbability is allocated to one
symbol bit of the symbol bit group G)}I hich is best in error probability,
that depending upon the group set information (Gb5, Gy2, 3), three code
bits of the code bit group Gb5 which is fifth best in error probability is

allocateddetbree: symbebhits akthe:symbeldit arewp e2-whieh ish., Gy,
second best in error probability, and that depending upon the group set
information:(shs 1Gy3,01), ane code=bibotthecode ibgroup Gh5which £th
is fifth best in error probability is allocated to one symbol bit of the
symbolibit group-GyBattsth isithird best In_errar: eioliability {04 ¢8FAS bit
described above, the code bit group is a group into which code bits are
gfouped i dtedidance witvtiie @vrorprobhbility, BRd the symbalsit group
is a group into which symbol bits are grouped in accordance with the
8fBPprobability. AGcordingly, also it can be considered

depending upon the group set information (Gbs, Gy,
3), three code bits ¢f the code bit group Gbs which is
fifth best in error probability is allocated to three
symbol bits of the symbol bit group Gy, which is second
best in error probability, and that

depending upon the group set information (Gbs, Gys,
1), one code bit of the code bit group Gbs; which is f£ifth
best in error probability is allocated to one symbol bit
of the symbol bit group Gy; which i1s third best in error
probability.

(0418]

As described above, the code bit group is a group
into which code bits are grouped in accordance with the
error probability, and the symbol bit group is a group
inte which symbol bits are grouped in accordance with the
error probability. Accordingly, also it can be considered
that the allocation rule prescribes a combination of the
error probability of code bits and the error probability

of symbol bits to which the code bits are allocated.



that the allocation rule prescribes a combination of the error probability of
code bits and the error probability of symbol bits to which the code bits
are allocated. 161 [0419] In this manner, the allocation rule which
prescribes a combination of the error probability of code bits and the error
probability of symbol bits to which thé Code bits are allocated is
determined such that the tolerance to errors (tolerance to noise) is made
better, for example, through a simulation wherein the BER is measured
opthedike. 0420] It is to be noted that, even if the allocation destination of
a code bit of a certain code bit group is changed among bits of the same

symbol bit greup,dhg:tolerance ke egorsisaot {little),influgngedithereby.
[0421] Accordingly, in order to improve the tolerance to errors, group set
infermationewhichanakes: thei BERA(BIt: lsros Rate) inelviding thewgrrerdloosde
lower, in particular, combinations (group sets) of code bit groups of code
bits and symblot bit groups ob&yanbalibits tofwhichtthé codesitscofithe ch
code bit groups are to be allocated and the bit numbers (group bit
fmbersioftigs are allocated is determined such that the
tolerance to errors (tolerance to ncise) 1s made better,
for example, through a simulation wherein the BER is
measured or the like.

[0420]

It ig to ke noted that, even if the allocation
destination of a code bit of a certain code bit group is
changed amcng bits of the same symbol bit group, the
tolerance to errors is not {little) influenced thereby.
(04211

Accordingly, in order tTo improve The tolerance to
errors, Jgroup set information which makes the BER (Bit
Error Rate) including the error floor lower, in
particular, combinaticons (group sets) of code bit groups
of code bits and symbol bit groups of symbol bits to
which the ccde bits of the code bit groups are to be
allocated and the bit numbers (group bit numbers) of the
code bits ¢f the code bit grcups and the symbol bit

groups of the group sets and of the symbol kits, should

be defined as an zllocation rule, and replacement of the



code bits of the code bit groups and the symbol bit groups of the group
sets and of the symbol bits, should be defined as an allocation rule, and
replacement of the 162 code bits should be carried out such that the code
bits are allocated to the symbol bits ip accordance with the allocation
rule. [0422] However, a particular allocation method in regard to to which
symbol each code bit should be allocated in accordance with the
allocation rule need be determined in advance between the transmission
appardtus &1 andithe receptiom apparatus $2<EIGHAL[0A23] E4@e6dits
illustrates an example of replacement of code bits in accordance with the
aliscatibhatie6EFIG: 635[0424 P pariicdlar IFI6¢ 64 AdRustEate's alfirsthe
example of replacement of code bits in accordance with the allocation
fule F £1G 063 fithete the LDPC code is an LDPC code having a code
Ien%%h N of 64,800 bits and an encoding rate of 2/3 and besides the
fation method is 256QAM and the multiple b is 2. [0425]

However, a particular allocation method in regard
tc to which symbol each code bit should be allocated in
accordance with the allocation rule need be determined in
advance between the transmission apparatus 11 and the
reception apparatus 12 (FIG. 7).

[0423]

FIG. 64 illustrates an example of replacement of
code bits in accordance with the allocation rule of FIG.
63.

[0424]

In particular, FIG. 64A illustrates a first example
of replacement of code bits in accordance with the
allocation rule of FIG. 63 where the LDPC code is an LDPC
code having a code length N of 64,800 bits and an
encoding rate of 2/3 and besides the modulation method is
2560AM and the multiple b is 2.

[0425]

Where the LDPC code is an LDPC code having a code

length N cf 64,800 bits and an encoding rate of 2/3 and

besides the modulation method is 2560AM and the multiple



Where the LDPC code is an LDPC code having a code length N of
64,800 bits and an encoding rate of 2/3 and besides the modulation
method is 256QAM and the multiple 163 b is 2, in the demultiplexer 25,
code bits written in the memory 31 for (64,800/(8 x 2)) x (8 x 2) bits in the
column direction x row direction are ré&d out in a unit of 8 x 2 (= mb) bits
in the row direction and are supplied to the replacement section 32
(FIGS. 16 and 17). [0426] The replacement section 32 replaces the 8 x 2

b) code bijt t tfromt mem 1in accordance with
Phelagllo%atlérﬁ %%f%% éﬂc% “that ?hé 8 X g% ??nlbssco"&elbltseﬁ% fo? the

algc fog £ tq the,8 x 2 ( ) symbol hits,yo to y15

glf% %v%E%(f I%% saﬁ%%es%?\jle?g@%(?% ashgeen |n 8(?%4% [ 4%2% In%a%%%ular

thereplacement segtion 32sarres Qut feplagement for allocating the, .
code bit bo to the symbol bit y15, the code bit b1l to the symbol bit y7, the

eadesbit b2 tothessymbot bityd, «the cede bitihdtocthersympol bity5, the
code bit b4 to the symbol bit y5r the code bit b5 to the symbol bit y13,
supplied to the replacement section 32 (FIGS. 16 and 17).
[0426]

The replacement section 32 replaces the 8 x 2 (=
mb) code bits by to bis read ocut from the memcry 31 in
accordance with the allocation rule of FIG. 63 such that
the 8 x 2 (= mb) code bits by to bys are allocated, for
example, to the 8 x 2 (= mb) symbol bits vy to yis of two
(= b) successive symbols as seen in FIG. 64A.

[0427]

In particular, the replacement section 32 carries
ocut replacement for allocating

the code bit by to the symbol bit yis,

the code bit by to the symbol bit v+,

the code bit by to the symbol bit vy,

the code bit bs to the symbol bit vy,

the code bit bs to the symbol bit ye,

the code bit bs to the symbol bit vis,

the code bit bg to the symbol bit vy,

the code bit by to the symbol bit v,

the code blt bg to the symbol bit vs,



the code bit b6 to the symbol bit y11, the code bit b7 to the symbol bit yg,
the code bit b5 to the symbol bit y8, 164 the code bit b9 to the symbol bit
y14, the code bit blo to the symbol bit y12, the code bit b11 to the
symbol bit y3, the code bit b12 to the gymbol bit yo, the code bit b13 to
the symbol bit ylo, the code bit bl to the symbol bit y4, and the code bit
b15 to the symbol bit y2. [0428] FIG. 64B illustrates a second example of
replacement of code bits in accordance with the allocation rule of FIG. 63
where the1DRCEedE i$ ahd DPCrésdesaving acodedength N of 64,800
bits and an encoding rate of 2/3 and besides the modulation method is
256QAMEIR ﬂfédr%ugﬁibre bis £q04291 AGErHng to"FIG264B, the
replacement section 32 carries out replacement for allocating the 8 x 2 (=

mb) code'BitsBtfo BT5 rédd ot font thie/Migfhory 31 i accordance with

the all ' le.of FIG. 63 i h to allocate th de bit
ihe allocaon rle,of FIG: 63 in sychya, manger a3 o alipcate the code b

the code bit by to the symbol bit vig,s

the code bit byy to the symbol bit vy, and

the code bit by to the symbcel bit vys.

(04287

FIG. 64B illustrates a second example of
replacement ¢f code bits in accordance with the
allocation rule of FIG. 63 where the LDPC code 1s an LDPC
code having a code length N of 64,800 kits and an
encoding rate of 2/3 and besides the modulation method is
2560AM and the multiple b is 2.

[0425]

According to FIG. 64B, the replacement section 37
carries out replacement for allocating the 2 x 2 (= mb)
code bits b to bis read out from the memory 31 in
accordance with the allocation rule of FIG. 63 in such a
manner as to allccate

the code kit by to the symbol bit vis,

the code kit kb1 to the symbol bhit vi4,

the code bit b: to the symbol bit v,

the code bit by to The symbel kit vys,



the code bit b1 to the symbol bit y14, the code bit b2 to the symbol bit y8,
the code bit b3 to the symbol bit y5, 165 the code bit b4 to the symbol bit
y6, the code bit b5 to the symbol bit y4, the code bit b6 to the symbol bit
y2, the code bit b7 to the symbol bit y1r the code bit b8 to the symbol bit
y9, the code bit b9 to the symbol bit ¥%3> the code bit bio to the symbol bit
y12, the code bit b11 to the symbol bit y3, the code bit b12 to the symbol
bit y13, the code bit b,3 to the symbol bit ylo, the code bit b14 to the

symbol bJCt}yé) and. tf}g ccoqoe b{[ blts%to tge %WEP% b%yll 0430] Here, the
so

allocation metho he code b the symbo |t¥fy illustrated in

FIG. 64Aand ElG.648 .ohserve the allacafion;rule of FJG. 63 (follow the

allocation rule). [0431] FIG. 65 illustrates a result of a simulation of the
BER (Bit-£{rorRate) 4y @ caserwhergin araplacement process of the new

replacement system described

the code bit by to the symbol bit v,

the code bit bz to the symbol bit vy,

the code bit by to the symbol bit vq,

the code bit by to the symbol bit vy,

the cocde bit bi; te the symbol bit vy,

the code bit bi: to the symbol bit vyia,

the code bit biz; to the symbol bit vyig,

the code bit by to the symbol bit vy, and

the code blt bis to the symbol bit yi1.

[0430]

Here, the allccation methods of the code bits b; to
the symbol bits vy i1llustrated in FIG. 64A and FIG. 64B
observe the allocation rule of FIG. 63 (follow the
allocation rulé).

104311

FIG. 65 illustrates a result of a simulation of the
BER (Bit Error Rate) in a case wherein a replacement
process of the new replacement system described
hereinabove with reference to FIGS. 62 to 64 is carried
out and in another case wherein a replacement process

described hereinabove with reference to FIG. 60C from



hereinabove with reference to FIGS. 62 to 64 is carried out and in another
case wherein a replacement process described hereinabove with
reference to FIG. 60C from 166 among the existing methods is carried
out. [0432] In particular, FIG. 65 illustrates the BER where an LDPC
code which is prescribed in the DVB-52and has a code length N of
64,800 and an encoding rate of 2/3 is determined as an object and
besides 256QAM is adopted as the modulation method and 2 is adopted

asdhe multivleb; 0433] Itis £ benoted that, inHG, 65, the axis of

abscissa indicates the Es/No and the axis of ordinate indicates the BER.
fFoether, a round mark represents the BER where a replacement process
of the new replacement method is carried out, and an asterisk (star mark)

representxthe:BERwhere a replacementigroeessaktber axisting metbed an
is carried out. [0434] From FIG. 65, it can be recognized that, according
idfhe reptacementiprocessrafdhe ewdreplacementihethod, dhe enror a
floor drops significantly in comparison with that of the replacement
protess oftié eXistidg Afetiéd ardlthertoterance terrerssisdmpiovied. s

determined as an object and besides Z560AM 1s adopted as
the modulation method and 2 is adopted as the multiple b.
(104331

It is to be noted that, in FIG. 65, the axis of
abscissa indicates the E./Np and the axis of ordinate
indicates the BER. Further, a round mark represents the
BER where a replacement process of the new replacement
method 1s carried out, and an asterisk (star mark)
represents the BER where a replacement process of the
existing method is carried out.

[0434]

From ¥FIG. 65, it can be recognized that, according
to the replacement process of the new replacement method,
the error floor drops significantliy in comparison with
that of the replacement process of the existing method
and the tolerance to errors is improved.

[0435]
It is to be ncted that, while, in the present

embodiment, the replacement section 32 in the



[0435] It is to be noted that, while, in the present embodiment, the
replacement section 32 in the 167 demultiplexer 25 carries out the
replacement process for code bits read out from the memory 31 for the
convenience of description, the replacement process can be carried out
by controlling writing or reading out ot &dde bits into or from the memory
31. [0436) In particular, the replacement process can be carried out, for
example, by controlling the address (read address) for reading out a code

hit:such thats reading out of the-cadecbitsfromdhe memary3lis, cauieds
out in order of the code bits after the replacement. [0437] Now, as a

courternNeasuretor dnuprovingithen toleeanse ¢o ©Irofs, :a methaghofvenience
adopting an LDPC code which lowers the error floor is available in
additienda i theimethodwhichadoptsia teplacementprogass ef therried
replacement method which lowers the error floor. [0438] Thus, the LDPC
entoding section PLi(FHGw8) cam cary outentodingwf anl RRG<ddet s
having a code length N
into or from the memory 31.
(04361

In particular, the replacement process can be
carried out, for example, by conﬁrolling the address
(read address) for reading out a code bit such that
reading out of the code bits from the memory 31 is
carried out in order of the code bits after the
replacement.
(04371

Now, as a countermeasure for improving the
tolerance to errors, a method of adopting an LDPC code
which lowers the error floor is available in addition to
the method which adopts a replacement process of the
replacement method which lowers the error floor.
[0438]

Thus, the LDPC encoding section 21 (FIG. 8) can
carry out encoding of an LDPC code having a code length N
of 64,800 bits and an encoding rate r of 2/3 into an LDPC

code of a high performance by adopting a parity check

matrix initial wvalue table which is different from the



of 64,800 bits and an encoding rate r of 2/3 into an LDPC code of a high
performance by adopting a parity check matrix initial value table which is
different from the 168 parity check matrix initial value tables prescribed in
the DVB-S.2 standard and from Whicq gg appropriate parity check matrix
H is determined and using a parity check matrix determined from the
parity check matrix initial value table. [0439] Here, the appropriate parity
check matrix H is a parity check matrix which satisfies a predetermined
cendition fdramaking the BER (Bit EtrorRate) lower shern: @smodukationn
signal of an LDPC code obtained from a parity check matrix is transmitted
ats IOWEsNG (sigpald powen toindiserpovwer chtieper ope symbotorparity
"Er/No (signal power to noise power ratio per one bit). Further, the LDPC
E6dE"bf A high petfordaritetis @ EBPCestel vbtained froni i check
appropriate parity check matrix. [0440] The appropriate parity check
Mt l CGEht5e Hetermingamfor xartbld, 1y CarpyiKgBRE Bisiminatibhaof
the. HER when a modulation signal of an LDPC code obtained from
Variots parity Sheck matrices which satisfy a predetermined condition is
t[%qssrgi}ted at a low ES/No.

Here, the appropriate parity check matrix H is a
parity check matrix which satisfies a predetermined
cendition for making the BER (Bit.Error Rate) lower when
a modulation signal of an LDPC code obtained from a
parity check matrix is transmitted at a low E;/Ny (signal
power to noise power ratio per one symbol) or Ep/Ng
(signal power to noise power ratio per cne bit)}. Further,
the LDPC code of a high performance is an LDPC code
obtained from an appropriate parity check matrix.

(04407

The appropriate parity check matrix H can be
determined, for example, by carrying out a simulation of
the BER when a modulation signal of an LDPC code obtained
from various parity check matrices which satisfy a
predetermined condition is transmitted at a low Eg/Ng.
(04417

The predetermined condition which the appropriate

parity check matrix H should satisfy is, for example,



[04411 The predetermined condition which the appropriate parity check
matrix H should satisfy is, for example, 169 that the result of an analysis
obtained by an analysis method of a performance of a code called density
evolution is good, that the parity check matrix H does not include a loop
of elements of the value 1 called cyd@ﬁ, that the parity check matrix H
does not include the cycle 6, and so forth. [0442] Here, the density
evolution and incorporation of the same are disclosed, for example, in S.

%(hQ@U@HereQ—mE@m?ﬁ”JmJaBEbg@%)%%E\:nQ&b eaz'iOQﬁQ@ysis
Design of Low-Density Parity-Check Codes within 0.0045 dB of the

Shanpan dimi," e EE-Cemmenieatiansd.eggers: MQL. 33dMNQi 2, Feb.
2001. 0443] For example, if the variance value of noise is gradually
increased-fromszero @i, an AWGHheharnnel, ther radthiough the expeecteds
value of the error probability of an LDPC code is zero first, it becomes
differemtcfiormiezerolibthe veriancenaties obrioisé betarhes higherlthax a
certain threshold value (threshold). [0444]

cycle 4, that the parity check matrix H does not include
the cycle &6, and so forth.

[0442]

Here, the density evolution and incorporation of
the same are disclosed, for example, in S. Y. Chung, G. D.
Forney, T. J. Richardson and R. Urbanke, “On the Design
of Low-Density Parity-Check Codes within 0.0045% dB of the
Shannen Limit,” IEEE Communications Leggers, VOL. 5, NO.
2, Feb. 2001.

[0443]

For example, 1f the variance value of noise is
gradually increased from zero on an AWGN channel, then
although the expected value of the error probability of
an LDPC code 1s zero first, it becomes different from
zero 1f the variance value of noise becomes higher than a
certain threshold vailue (threshold).

[0444]
According to the density evclution, the expected

value of the error probability of the same becomes

different from zero. By comparing the threshold value of



According to the density evolution, the expected value of the error
probability of the same becomes different from zero. By comparing the
threshold value of 170 the variance value (hereinafter referred to as
performance threshold value) of noise, it can be determined whether or
not the performance of the LDPC code’ fappropriateness of the parity
check matrix) is good. Here, as the performance threshold value, the
Eb/No when the BER begins to drop (decrease). [0445] If a performance

threshold vajye, obtained by, analysis.y density evolution, regarding an
LDPC code which is defined in the DVB-S.2 standard and has a code

length, Nnof:64:800, andiam encading rate of /3 {suchy LDRC cade is

hereinafter referred to also as standard code) is represented by V, then in
thecsimtiation, @R LDPE sede dparity cheek matrixhwhichhasacogec

length N of 64,800 and an encoding rate r of 2/3 and exhibits a
perdermansertbreshotdvalue lowerthanpéd #ilt gbtainedbynadding/a is good.
predetermined margin L to V was selected as the LDPC code having a

geod pedormance: D446} G S: 681to B itlisirate biparity che&k fMatrixhen

initial value table for one of LDPC codes whose Eb/No as
the BER begins to drop (decrease).

[0445]

If a performance threshold value, obtained by
analysis by density eveolution, regarding an LDPC code
which i1s defined in the DVB-5.2 standard and has a code
length N of 64,800 and an encoding rate r of 2/3 (such
LDPC code is hereinafter referred to also as standard
code) 1s represented by V, then in the simulation, an
LDPC code (parity check matrix) which has a code length N
of 64,800 and an encoding rate r» of 2/3 and exhibits a
performance threshold value lower than V + A obtained by
adding a predetermined margin A to V was selected as the
LDPC code having a good performance.

[0446]

FIGS. 66 to 68 illustrate a parity check matrix
initial value table for one of LDPC codes whose En/Ny as
the performance threshold value is lowsr than V + A {LDPC
cede having a code length N of 64,800 and an encoding

rate r of 2/3).



the performance threshold value is lower than V + L (LDPC code having a
code length N of 64,800 and an encoding rate r of 2/3). 171 [0447] Itis to
be noted that FIG. 67 is a view continuing to FIG. 66, and FIG. 68 is a
view continuing to FIG. 67. [0448] In a parity check matrix H determined
from the parity check matrix initial valle table of FIGS. 66 to 68, neither
the cycle 4 nor the cycle 6 exist. 0449] FIG. 69 illustrates a result of the
simulation of the BER regarding an LDPC code of a parity check matrix H

termined from the parity check matrix initial value table of FIGS. 66 to
68 (such LDPC code is hereinafter referred to also as proposed code).

0450] In particylars FiG. 69 tlustrates: whete they modulation-methed Snuing
256QAM, the BER with respect to the E,/No of the standard code (in the
figurg,dhe BER ishdndicated 4y a roundqhark) @nditheBER farsthelEs/Ne7 .

of the proposed code (in the figure, the BER is indicated by a square

pErky [0451]

In a parity check matrix H determined from the
parity check matrix initial value table of FIGS. 66 to 68,
neither the cycle 4 nor the cycle 6 exist.

[0449]

FIG. 69 illustrates a result of the simulation of
the BER regarding an LDPC code of a parity check matrix H
determined from the parity check matrix initial value
table of FIGS. 66 to 68 {(such LDPC code is hereinafter
referred to also as proposed code).

[0450]

In particular, FIG. 69 illustrates, where the
modulation method is Z56QAM, the BER with respect to the
ES/NQ of the standard code (in the figure, the BER is
indicated by a round mark) and the BER for the Ei/Ny of
the proposed code (in the figure, the BER is indicated by
a square mark) .

[0451]
From FIG. 69, it can be recognized that the

proposed code is better in performance than the standard

code and that particularly the error flcor is improved



From FIG. 69, it can be recognized that the proposed code is better in
performance than the standard code and that particularly the error floor is
improved 172 significantly. [0452] It is to be noted that the predetermined
condition which the appropriate parit_yﬁweck matrix H should satisfy can
be determined suitably from such a point of view as enhancement of the
decoding performance of an LDPC code, facilitation (simplification) of a
decoding process of an LDPC code, and so forth. [0453] FIG. 70 is a
blogk idiagram: showing an example of a configuration of the reception
apparatus 12 of FIG. 7. [0454] Referring to FIG. 70, the reception
apparatus 12 is a data processing apparatus for receiving a modulation
signal from the transmission apparatus 11 (FIG. 7) and includes an
orthogonaf-démotlaldtionseetion 51t demappingeseetion s acondition
deinterleaver 53 and an LDPC decoding section 56. [0455] The
BRAGGoAIISHRBdRREGH S8CHiGH 51 Yebdiveda™mbaliFatiBn Sifial from

the transmission apparatus 11 and )
satisfy can be determined suitably from such a point of

view as enhancement of the decoding performance of an
‘LDPC code, facilitation (simplification) of a decoding
process of an LDPC code, and so forth.

[0453]

FIG. 70 is a blcck diagram showing an example of &
configuration of the reception apparatus 12 of FIG. 7.
[0454]

Referring to FIG. 70, the reception apparatus 12 is
a data processing apparatus for receiving a modulation
signal from the transmission apparatus 11 (FIG. 7) and
includes an orthogonal demodulation section 51, a
demapping section 52, a deinterleaver 53 and an LDPC
deccding section 56.

[(0455]

The orthogonal demodulation section 51 receives a
modulation signal from the transmission apparatus 11 and
carries out orthogecnal demcdulation, and then supplies
symbcls obtained as a result of the orthogonal

demodulation (values on the I and Q axes) to the



carries out orthogonal demodulation, and then supplies symbols obtained
as a result of the orthogonal demodulation (values on the | and Q axes) to
the 173 demapping section 52. [0456] The demapping section 52 carries
out demapping of converting the sigqoaggoints from the orthogonal
demodulation section 51 to code bits n LDPC code to be symbolized
symbols and supplies the code bits to the deinterleaver 53. 0457] The
deinterleaver 53 includes a multiplexer (MUX) 54 and a column twist
deimtenteaver S5and-earges out deinterleave of the symbols of the
symbol bits from the demapping section 52. [0458] In particular, the
Mudtidléxer 54 carries out a reverse replacement process (reverse
process to the replacement process) corresponding to the replacement
process Garsiedastt by the deaniftiplexér’25:efrElG: 8 fon tthéssymiols of o f
the symbol bits from the demapping section 52, that is, a reverse
replEcemeRtpldeess b Fetdriig-Tthe positions ot tive cddw bits {symbol

bits) of the LDPC codes replaced by the replacement process to the
dRgmdrlation section 51 to code bits of an LDBC code to

be symbolized symbols and supplies the code bits to the
deinterleaver 53.
[C457]

The deinterleaver 53 includes a multiplexer (MUX)
54 and a column twist deinterleaver 55 and carries out
deinterleave of the sgymbols of the symbol bits from the
demapping section 52.

[G458]

In particular, the multiplexer 54 carries cut a
reverse replacement process {reverse process to the
replacement process) corresponding to the replacement
process carried out by the demultiplexer 25 of FIG., 8 for
the symbols of the symbel bits from the demapping section
52, that is, a reverse replacement process of returning
the positions of the code bits (symbol bits) of the LDPC
codes replaced by the replacement process to the original
positions. Then, the multiplexer 54 supplies an LDPC code
obtained as a result of the reverse replacement process

to the column twist deinterleaver 55,



positions. Then, the multiplexer 54 supplies an LDPC code obtained as a
result of the reverse replacement process to the column twist
deinterleaver 55. 174 [0459] The column twist deinterleaver 55 carries out
column twist deinterleave (reverse process to the column twist interleave)
corresponding to the column twist inteffeave as the re-arrangement
process carried out by the column twist interleaver 24 of FIG. 8, that is,
for example, column twist deinterleave as a reverse re- arrangement
PEICESS of returning the arrangement of the code bits of the LDPC code
having an arrangement changed by the column twist interleave as the

re-arrangement,process;fq the gaginakarangement; forfhe LDPG code
from the multiplexer 54. [0460] In particular, the column twist deinterleaver

55 1eatriesoL eohumn twist dainterleavedyswriting theseode, bits of the ynn
LDPC code into and reading out the written code bits from the memory

for Deinterleave «heanemory: deing configured similartyitarthe memery 31
shown in FIG. 22 and so forth. [0461] It is to be noted that, in the column
twiserleave as the re-arrangement process carried out by
the column twist interleaver 24 of FIG. 8, that is,'for
example, column twist deinterleave as a reverse re-
arrangement process of returning the arrangement of the
code bits of the LDPC code having an arrangement changed
by the column twist interleave as the re-arrangement
process to the original arrangement, for the LDPC code
from the multiplexer 54.

[0460C]

In particular, the column twist deinterleaver 55
carries out column twist deinterleave by writing the code
bits of the LDPC code into and reading out the written
code bits from the memory for deinterleave, the memory
being configured similarly to the memory 31 shown in FIG.
22 and so forth.

[0461]

It is to be noted that, in the column twist
deinterleaver 55, writing of the code bits is carried out
in the row direction of the memory for deinterleave using

read addresses upon reading out the codes from the memory



deinterleaver 55, writing of the code bits is carried out in the row direction
of the memory for deinterleave using read addresses upon reading out
the codes from the memory 175 31 as write addresses. Meanwhile,
readout of the code bits is carried out in the column direction of the
memory for deinterleave using the write®addresses upon writing of the
code bits into the memory 31 as read addresses. [0462] The LDPC codes
obtained as a result of the column twist interleave are supplied from the

ealumn twist, deinterleaver 55 tathe L RRE decoding sectiop 56, 04631,

Here, while the LDPC code supplied from thé demapping section 52 to
thecdeinterleaven 33 hagheen ohiained By ihepadly inierlegye columny, -

twist interleave and replacement process carried out in this order
therefoe ithe deintetleaverisd; canies ot 0aly-a Jeyerses eplasement « ing

process corresponding to the replacement process and column twist
déinterleavedeoiresponding ta the eoltmntwist interleavel Actordinglys .
parity deinterleave corresponding to the parity interleave (process reverse
totheqdarity interleave), that is, the parity deinterleave returning the
arrangement of the code bits of the LDPC codes, whose

The LDPC codes obtained as a result of the column
twist interleave are supplied from the column twist
deinterleaver 55 to the LDPC decoding section 56.

[0463]

Here, while the LDPC code supplied from the
demapping section 52 to the deinterleaver 53 has been
obtained by the parity interleave, column twist
interleave and replacement process carried out in this
orcder therefor, the deinterleaver 53 carries out only a
reverse replacement process corresponding te the
replacement process and column twist deinterleave
corresponding te the column twist interleave. Accordingly,
parity deinterleave corresponding to the parity
interleave (process reverse to the parity interleave),
| that is, the parity deinterleave returning the
arrangement of the code bits of the LDPC codes, whose
arrangement has been varied by the parity interleave, to

the original arrangement, is not carried out.

[0464]



arrangement has been varied by the parity interleave, to the original
arrangement, is not carried out. [0464] 176 Accordingly, the LDPC code
for which the reverse replacement process and the column twist
deinterleave have been carried out but the parity deinterleave has not
been carried out is supplied from the](&@lumn twist deinterleaver 55 of
the) deinterleaver 53 to the LDPC decoding section 56. [0465] The LDPC
decoding section 56 carries out LDPC decoding of the LDPC code from

the deintﬁ@%%&%ﬁ??w?gtﬂgomféi%@%inﬁs@e%Mrixe@tay@e@ bye

carrying out at least column replacement corresponding to the parity

%%ﬂ%@éﬁn@{%h‘? partyschegk maiix K ysgd for: thesk DRC eRcoding. by

the LDPC encoding section 21 of FIG. 8, and outputs data obtained as a

restit ofdbe LRG i decading asa decoding-resyltof the ebjeskdatanas not

[0466] FIG. 71 is a flow chart illustrating a reception process carried out
by d¢he reception apparatusst-efiEl&G 7Q.4046Tel he-orthagonal i st
demodulation section 51 receives a

deinterleaver 55 of the) deinterleaver 53 to the LDREC
decoding section 56.

[0465]

The LDPC decoding section 56 carries out LDPC
decoding of the LDPC code from the deinterleaver 53 using
a conﬁersion parity check matrix, obtained by carrying
out at least column replacement corresponding to the
parity interleave for the parity check matrix H used for
the LDPC encoding by the LDPC encoding section 21 of FIG.
8, and outputs data cbhtained as a result of the LDPC
decoding as a decoding result of the object data.

[0466]

FIG. 71 is a flow chart illustrating a reception
process carried out by tThe reception apparatus 12 of FIG.
70.

[0467]

The orthogonal demodulation section 51 receives a

modulation signal from the transmission apparatus 11 at

step 5111. Then, the processing advances to step S112Z, at

which the orthogonal demodulation section 51 carries out



modulation signal from the transmission apparatus 11 at step 5111. Then,
the processing advances to step 5112, at which the orthogonal
demodulation section 51 carries out 177 orthogonal demodulation of the
modulation signal. The orthogonal demodulation section 51 supplies
signal points obtained as a result of thé’orthogonal demodulation to the
demapping section 52, whereafter the processing advances from step
S112 to step S113. [0468] At step S113, the demapping section 52 carries

Qut. demapping,of converting the signal points from.the ort %%%“.a' T

demodulation section 51 into symbols and supplies the co its to the

deinterleaver S3evhereatterherocessing advancas to.step K114 ooint s
[0469] At step S114, the deinterleaver 53 carries out deinterleave ofEche

symbelscef the symbokbits from the: demapping, sectipn:d2,whereaffer
the processing advances to step 5115. [0470] In particular, at step 5114,

tireemudtipdexer 54 inctheideintelleaver:b3 £atries el EMEFSS& sing
replacement process for the symbols of the symbol bits from the
demmapping dectionsB2and slpplies SDPE ¢ddeobtained as a
[0468]

At step S113, the demapping section 52 carries out
demapping of converting the signal points from the
orthogonal demodulation section 51 into symbols and
supplies the code bits to the deinterlieaver 53,
whereafter the processing advances to step $114.

[0469]

At step 5114, the deinterleaver 53 carries out
deinterleave of the symbols of the symbol bits from the
demapping section 52, whereafter the processing advances
to step S115.

[0470]

In particular, at step $114, the multiplexer 54 in
the deinterleaver 53 carries out a reverse replacement
process for the symbols of the symbol bits from the
demapping section 52 and supplies LDPC code obtained as a
result of the reverse replacement process to the column

twist deinterleaver 55,

10471]



result of the reverse replacement process to the column twist
deinterleaver 55. [0471] 178 The column twist deinterleaver 55 carries out
column twist deinterleave for the LDPC code from the multiplexer 54 and
supplies an LDPC code obtained as a result of the column twist
deinterleave to the LDPC decoding setion 56. [0472] At step 5115, the
LDPC decoding section 56 carries out LDPC decoding of the LDPC code
from the column twist deinterleaver 55 using a conversion parity check

mattx obfainge by £ATYNg.AUL A 16355 COLI [eplacement, . .

corresponding to the parity interleave for the parity check matrix H used

forithed DRG encading by the LRPE, enceding geetion,21 ot FlG. 8;and
outputs data obtained by the LDPC decoding as a decoding result of the

ebject datacThereafigr the pracessing.isiended.[047 3} 1 1is 1o, be noted:
that the reception process of FIG. 71 is carried out repetitively. [0474]

AdsonintF IS 76h ghe-pliltiplexerisd far canrying edtthedeverse 1.orC
replacement process and the column twist

decoding section 56.

(0472]

At step S115, the LDPC decoding section 56 carries
out LDPC decocding of the LDPC code from the column twist
deinterleaver 55 using a conversion parity check matrix
obtained by carrying out at least column replacement
corresponding to the parity interleave for the parity
check matrix H used for the LDPC encoding by the LDPC
encoding section 21 of FIG. 8, and outputs data obtained
by the LDPC decoding as a decoding result of the object
data. Thereafter, the processing is ended.

[0473]

It is to be noted that the reception process of FIG.
71 is carried out repetitively.

[0474]

Also in FIG. 70, the multiplexer 54 for carrying
out the reverse replacement process and the column twist
deinterleaver 55 for carrying out the column twist
deinterleave are configured separately from each other

for the convenience of description similarly as in the



deinterleaver 55 for carrying out the column twist deinterleave are
configured separately from each other for the convenience of description
similarly as in the 179 case of FIG. 8. However, the multiplexer 54 and
the column twist deinterleaver 55 can be configured integrally with each
other. 0475] Further, where the transmission apparatus 11 of FIG. 8 does
not carry out the column twist interleave, there is no necessity to provide
the column twist deinterleaver 55 in the reception apparatus 12 of FIG.

4 the LD di t the L PC d
é(egct%on SGNC%\%IG §7O ﬁ?ur%?ecro dlenscr?%;%? z'f%y ¢ I§C d%c(;%lnngg
seation-56 of F1G 40 fauiesoutL.DPE decoding 92%% &gb%%gode for

which the reverse replacement process and the column einterleave

have been carred guithutithe parity deinterleave has not been carried
out, from the column twist deinterleaver 55 as described above using a

corversion parity check matrix obtained by carrying out at least column
replacement corresponding to the parity interleave for the parity check
matrix H Bsed farithe RRE encedingdstheddRE apparatus 11 of FIG.

8 does not carry out the column twist interleave, there
is no necessity to provide the column twist deinterleaver
55 in the reception apparatus 12 of FIG. 70.
(04761

Now, the LDPC decoding carried out by the LDPC
decoding section 56 of FIG. 70 is further described.
[0477]

The LDPC decoding section 56 of FIG. 70 carries out
LDPC deceding of an LDPC code, for which the reverse
replacement process and the column twist deinterleave
have been carried out but the parity deinterleave has not
been carried out, from the column twist deinterleaver 55
as described above using a conversion parity check matrix
obtained by carrying out at least column replacement
corresponding to the parity interleave for the parity
check matrix H used for the LDPC encoding by the LDPC
encoding section 21 of FIG. 8.
[0478]

Here, LDPC decoding which can suppress the



encoding section 21 of FIG. 8. [0478] Here, LDPC decoding which can
suppress the 180 operation frequency within a sufficiently implementable
range while suppressing the circuit scale by carrying out the LDPC
decoding using the conversion parity check matrix has been proposed
formerly (refer to, for example, JapahéSe Patent Laid-Open No.
2004-343170). [0479] Thus, the formerly proposed LDPC decoding which
uses a conversion parity check matrix is described first with reference to

Flas, {240 7§r%‘§é¥l&'ﬁw§%ﬁﬁ}9w§ an,exarnle,of 10e panty.check. 1 o

matrix H of an LDPC code whose code length N is 90"and encoding rate

19:2/3= [QAB81] dt istg penoted thatyin BFIG.J2: O is Jepresented. By & ng out
period (.) (this similarly applies also to FIGS. 73 and 74 hereinafter

described). [0482) imtheparity cheek suwmattix HafdnGs 42: the parityk

matrix has a staircase structure. [0483]

matrix has been proposed formerly (refer to, for example,
Japanese Patent Laid-Open No. 2004-343170).

[0479]

Thus, the formerly proposed LDPC decoding which
uses a conversion parity check matrix is described first
with reference to FIGS. 72 to 75.

(04801

FIG. 72 shows an examplie of the parity check matrix
H of an LDPC code whose code length N is 80 and encoding
rate is 2/3.

[0481]

It is to be noted that, in FIG. 72, 0 1s
represented by a period (.} (this similarly applies also
to FIGS. 73 and 74 hereinafter described).

104827

In the parity check matrix H of FIG. 72, the parity
matrix has a staircase structure.
[0483]

FiG. 73 illustrates a pariity check matrix H'
obtained by applying row replacement of an expression

(11) and column replacement of an expression {(12) to the



FIG. 73 illustrates a parity check matrix H' obtained by applying row
replacement of an expression (11) and column replacement of an
expression (12) to the 181 parity check matrix H of FIG. 72. [0484] Row
replacement: 6s+t+Ith row -. 5t+s+Ith row (11) 0485] Column
replacement: 6x+y+6lth column , 5y+x36lth column (12) [0486] However,
in the expressions (11) and (12), s, t, x andy are integers within the
ranges of 0<-s<5,0<-t <6,0<x<5and0<_t<86, respectively.

Bﬁﬁ]@c%‘?{é‘m Hpatit‘lglrgwe(ggclgg@@ntpj the expression (11), the

replacément is carried out in such a manner that the 1st, 7th, 13th, 19th
apd 2bth rows each of whose numbers indicates a remainder of 1 where
it is divided by 6 are replaced to the 1st, 2nd, 3rd, 4th and 5th rows, and
the 2nd, 8thy 14tk 120tk angt26tl sows eachof whose: nembers ingicates

a remainder of 2 where it is divided by 6 are replaced to 6th, 7th, 8th, 9th
and 10th rows. (11
[0485]

Column replacement: &xty+6lth column - Sy+x+61th

column

1048¢6]

However, in the expressions (11} and (12}, s, &, x
and y are integers within the ranges of 0 £ s < 5, 0 £ t
< 6, 0 £ x<5and 0 £t < 6, respectively.
[0487]

According to the row replacement of the expression
{11), the replacement is carried out in such a manner
that the 1lst, 7th, 13th, 18%th and 25th rows each of whose
numbers indicates a remainder of 1 where it 1s divided by
6 are replaced to the 1st, 2Znd, 3rd, 4th and bth rows,
and the 2nd, 8th, l4th, 20th and 2eth rows each of whose
numbers indicates a remainder of 2 where it 1s divided by
6 are replaced to 6th, 7th, &th, 9th and 10th rows.
[0488]

On the cother hand, according tc the cclumn

replacement of the expression (12), the replacement 1is



[0488] On the other hand, according to the column replacement of the
expression (12), the replacement is 182 carried out for the 61st and
succeeding columns (parity matrix) such that the 61st, 67th, 73rd, 79th
and 85th columns each of whose numbers indicates a remainder of 1
where it is divided by 6 are replaced t#°61st, 62nd, 63rd, 64th and 65th
columns, and the 62nd, 68th, 74th, 80th and 86th columns each of whose
numbers indicates a remainder of 2 where it is divided by 6 are replaced

10,66th, §71, 68t 69ih.and 70th colu ”écLQ‘@?L@ r@%tiwlég'r’ggﬁ

carrying out replacement of the rows a the columins for

mati b of; FlG. €2 is apaditysehack matrix H-of FG. 73,0490k Here,

even if the row replacement of the parlty check matrix H is carried out,

this daes net have anwitdlyence ondhe arrangement oftheseade bits-otthe;
LDPC code. [0491) Meanwhile, the column replacement of the

expression (1) cotrespands/togarity: interaavewhen thel informatien 63:xd,
length K, the unit column number P of the

64th and 65th columns, and the 62nd, 6&th, 74th, 80th and
86th cclumns each of whose numbers indicates a remainder
of 2 where it is divided by ¢ are replaced to 66th, €7th,
68th, €9th and 70th columns.

{0489}

A matrix obtained by carrvying out xeplaceﬁent of
the rows and the columns for the parity check matrix H of
FIG. 72 is a parity check matrix H' of FIG, 73.

[049G]

Here, even if the row replacement of the parity
check matrix H is carried out, this does not have an
infiluence on the arrangement of the code bits of the LDPC
code.

[0491]

Meanwhlle, the column replacement of the expression
{12) corresponds to parity interleave when the
information length K, the unit column number P of the
cyclic structure and the devisocr g (= M/P) of the parity

length M (here, 30) in the parity interleave of

interleaving the K+gx+y+lth code bit to the position of



cyclic structure and the devisor q (= M/P) of the parity length M (here, 30)
in the parity interleave of interleaving the K+gx+y+lth code bit to the
position of 183 the K+Py+x+lth code bit are set to 60, 5 and 6,
respectively. [0492] If the parity check matrix H' (hereinafter referred to
suitably as replacement parity check h¥atrix) of FIG. 73 is multiplied by a
result of replacement same as that of the expression (12) for the LDPC
code of the parity check matrix H (hereinafter referred to suitably as

orjgingl payiy chegk i) oL FIG. 72, dhen fhe,Q vertorg utputed. in
particular; where a row vector obtained by applying the columh
E%’é%%‘ﬂ%}teqf;ﬁhe expression (12) for the row vector ¢ as the LDPC code
(one codeword) of the original parity check matrix H is represented by c',
singe HCT becomes the 0 vector on the basis of the characteristic of the
parity check matrix, also H'c'T naturally becomes the 0 vector. [0493]

From the faregoing dhe €pnversion parityichegk matixeHrefftler 78cferred
becomes the parity check matrix of an LDPC code c' obtained by carrying

out theicolirhn eeplacgmentofdthe expreéssion:(12) fonthed BDPCedde s .
gg is multiplied by a result of replacement same as that
of the expression (12} for the LDPC code of the parity
check matrix H (hereinafter referred to suitably as
original parity check matrix) of FIG. 72, then the 0
vector 1s outputted. In particular, whers a row vector
obtained by applying the column replacement of the
expression (12) for the row vector c¢ as the LDPC code
(one codeword) of the original parity check matrix H is
represented by c¢’, since Hc' becomes the 0 vector on the
basis of the characteristic of the parity check matrix,
also H'¢’’ naturally becomes the 0 vector.

[0493]

From the foregoing, the conversion parity check
matrix H' of FIG. 73 becomes the parity check matrix of
an LDPC code ¢’ obtained by carrying out the column
replacement of the expression {12) for the LDPC code ¢ of
the original parity check matrix H.

[0494]

Acccrdingly, by carrying cut the column replacement



the original parity check matrix H. [0494] Accordingly, by carrying out the
column replacement 184 of the expression (12) for the LDPC code c of
the original parity check matrix H, decoding (LDPC decoding) the LDPC
code c' after the column replacement Lés'ng the parity check matrix H' of
FIG. 73 and then carrying out reverset placement to the column
replacement of the expression (12) for result of decoding, a decoding
result similar to that obtained where the LDPC code of the original parity

sheek matip H-is slespded psing-the: parityeheck suatrix H ean he
obtained. [0495] FIG. 74 shows the conversion parity check matrix H' of
FG g1 wheseina spacesisipravided:-betweer ubis 0f5 (X brnatiicesding)
[0496] In FIG. 74, the conversion parity check matrix H' is represented by
Blreonbifatiorrdba uhitafateix ofiex Soelementsranotherematrixsing the
(hereinafter referred to suitably as quasi unit matrix) which corresponds to
EHEC Wit riratixivieseréremEnt of eltifients df draretdhaingedrinyd ag out
element or elements of 0, a further matrix (hereinafter referred to suitably
5§%ﬁﬁ§ﬁaﬂ%8¥ﬁﬂ@ﬁe“t to the column replacement of the

expression (12) for result of decoding, a decoding result
similar to that obtained where the LDPC code of the
original parity check matrix H is decoded using the
parity check matrix H can be cobtained.
[0495]

FIG. 74 shows the conversion parity check matrix Hf
of FIG. ?3.wherein a space is provided between units of 5
x 5 matrices.
[0496]

In FIG. 74, the conversion parity check matrix Hf
1s represented by a combination of a unit matrix of 5 x 5
elements, ancther matrix (hereinafter referred to
suitably as guasi unit matrix) which corresponds to the
unit matrix whose element or elements of 1 are changed
into an element or elements of 0, a further matrix
{(hereinafter referred to suitably as shift matrix} which
corresponds to the unit matrix or gquasi unit matrix after
it is cyclically shifted (cyclic shift), a still further

matrix (hereinafter referred to suitably as sum matrix)



corresponds to the unit matrix or quasi unit matrix after it is cyclically
shifted (cyclic shift), a still further matrix (hereinafter referred to suitably
as sum matrix) 185 of two or more of the unit matrix, quasi unit matrix and
shift matrix, and a 0 matrix of 5 x 5 elements. [0497] It can be regarded
that the conversion parity check mattiXH' of FIG. 74 is composed of a
unit matrix, a quasi unit matrix, a shift matrix, a sum matrix and a 0

matrix of 5 x 5 elements. Therefor, the matrices of 5 x 5 elements which

cempose the gonversion parity check matrix H crﬁf §§1€r8&@§§%£}e€§r{§d %4

as component matrices. [0498] For decodlng of an LDPC code

Eepresented:by.a pariy check mateix represented by,a matrix of P x P
components, an architecture which carries out check node mathematical

operdatipn and variable node mathematical operation simultaneously for P
check nodes and P variable nodes can be used. [0499] FIG. 75 is a block
diagram showing arsexampleiefia wonfigutationof-acdecodingapparatusheck
which carries out such decoding as just described. [0500]

matrix H' of FIG. 74 is composed of a unit matrix, a
quasi unit matrix, a shift matrix, a sum matrix and a 0
matrix of 5 x 5 elements. Therefor, the matrices of 5 x 5
elements which compese the conversion parity check matrix
H’ are hereinafter referred to as component matrices.
[0498]

For decoding of an LDPC code represented by a
parity check matrix represented by a matrix of P x P
components, an architecture which carries out check node
mathematical operaticn and variable node mathematical
operation simultaneously for P check nodes and P variable
nodes can be used.

[0489]

FIG. 75 is a block diagram showing an example of a
configuration of a decoding apparatus which carries out
such decoding as just described.

[056C]
In particular, FIG. 75 shows an example of a

configuration of a decoding apparatus which carries ocut

decoding of LDPC codes of the original parity check



In particular, FIG. 75 shows an example of a configuration of a decoding
apparatus which carries out decoding of LDPC codes of the original parity
check 186 matrix H of FIG. 72 using the conversion parity check matrix
H' of FIG. 74 obtained by carrying out at least the column replacement of
the expression (12). [0501] The decoditfy apparatus of FIG. 75 includes
an edge data storage memory 300 including six FIF'Os 3001 to 3006, a
selector 301 for selecting the FIFOs 300; to 3006, a check node
cglgg%ﬁa}go}g sggtige (.;3.02,7 0 gx{%lic sl ift circu@g 3O§O%nd 308, an edge
data storage memory 304 inc U(%ng 8 FIFOs §034] to ?ﬁffB% selector
305 for, selecting e, FIRQs 3041 10 30418, a teception data memory, 306

for storing reception information, a variable node calcualation section 307,

grdecodedwordgalclation, segtion 309, a reception-data se-arrangement

section 310, and a decoded data re-arrangement section 311. [0502]

Firsty ajstorage method of data into the edge data storage memories 300
and 304 is described. [0503] The edge data storage memory 300 includes
the six FiIR@s 3004 da:3906the numbercof wiiich is7Téqualdiq ades an edge

data storage memory 300 including six FIFOs 300, to 300,
a selector 301 for selecting the FIFCs 200: to 300, a
check node calculation secticn 30Z, two cyclic shift
circuits 203 and 308, an edge data storage memory 304
including 18 FIFOs 3047 to 3043, a selector 305 for
selecting the FIFCs 304, to 30415, a reception data memory
306 for storing reception information, a variabkle node
calculation section 307, a decoded word calculation
section 30%, a reception data re—-arrangement secticon 310,
and a decoded data re-—-arrangement section 311.
[C502]

First, & storage method of data into the edge data
storage memories 300 and 304 1s described.
[0503]

The edge data storage memory 300 includes the six
FIFOs 3001 to 300s the number of which is egual to a
quotient when the row number 30 of the conversion parity
check matrix H’ of FIG. 74 is divided by the row number 5

of the component matrices. Each of the FIFOs 300, (y = 1,



quotient when the row number 30 of the conversion parity check matrix H'
of FIG. 74 is divided by the row number 5 of the component matrices.
Each of the FIFOs 300, (y = 1, 187 2, ..., 6) has a plurality of stages of
storage regions such that messages corresponding to five edges whose
number is equal to the number of rows!and the number of columns of the
component matrices can be read out from or written into the storage
regions of each stage at the same time. Further, the number of stages of

LZhe stor%qre e ioc_[]s quelggbiFlFOO Oosytig réine (\gVPiCShCiS tge éna}:xém%nns
namber o 1sa(Tg—Iam ing Welg%%j inthe I’O\% d'lsrectlon of)tjf:legconveqrsmn

pafty eheck mauixof FIG. 74, Q3041 in the EIFQ 3001, data (massages

v; from variable nodes) corresponding to the positions of the value 1 in

theqfiest to Hifth sows of the cenversion parity check matrix it of FlB.14 o ¢

are stored in a closed form in the horizontal direction in the individual
Fwskin dhe form whergin, A 4s ignesed): Jaarticulays if aneelement in-dhe or

j row of the ith column is represented as (], i), then in the storage regions
at-the:first stage afitbe skIEE: 380k datarcorrespending ia the:pesitions:of
the value 1 of the unit matrix of 5 x 5 elements from (1, 1) to (5, 5) of the
cemgersiomeparity checkmatrixeH'rareber of stages of the storage
regions of each FIFO 300, is nine which is the maximum
number of 1s (Hamming weight) in the row direction of the
conversion parity check matrix of FTIG. 74.

[0504]

In the FIFO 300,, data (messages vy from variable
nodes) ccrresponding te the positions of the value 1 in
the first to fifth rows cf the conversion parity check
matrix H’ ¢f FIG. 74 are szstored in a closed form in the
horizontal direction in the individual rows {in the form
wherein 0 1s igncred}. 1In particular, if an element in
the i row of the ith column is represented as (3, i),
then in the storage reéions at the first stage of the
FIFO 300:;, data corresponding tc the positions of the
value 1 of the unit matrix of 5 x 5 elements from (1, 1)
to {5, 5) of the conversion parity check matrix H' are
~stored. In the storage regions at the second stage, data

corresponding to the positions of the value 1 of a shift

matrix frem (1, 21) tTo (5, 25) of the conversion parity



stored. In the storage regions at the second stage, data corresponding to
the positions of the value 1 of a shift matrix from (1, 21) to (5, 25) of the
conversion parity 188 check matrix H' (a shift matrix obtained by cyclically
shifting the unit matrix of 5 x 5 elemengs; by three in the rightward
direction) Also in the storage regions at the third to eighth stages, data
are stored in an associated relationship with the conversion parity check
matrix H' . Then, in the storage regions at the ninth stage, data
%@ﬁ@§p5ﬁ&|ﬁ@>fo Hhe positibrs of tHevaltie O6Fa SRifmatrixof41 186)-toY
(5, 90) of the conversion parity check matrix H' (a shift matrix obtained by
FEHAEHETHE VRIGE . GnTRE Rist réw of the unft IRARR “6f B¥ 5-deffents

W|th the value 0 then cyclically shiftin nit matrlx after the,
Ao RERL B A b 1Efard InSEIR B SGia BEoeT TR bS5

FIFO 3002 dgta car %sﬁ%ondln%to the, positions of the va}#_'ue 1 from the

S|x6fh F h FOWS OF the conversion parlty chieck méﬁﬁ% o? F?(% 74 are

%% ;‘% &'Qtp"’}{“%‘é'i‘%%” 108, ﬁ@éa%%%g'%@t the, st stage phihe BIFQ o o

ta correspon ing to the positions of the value 1 of a first Shlft

mati which forms,a sum Matix 1om {61)10410n3) @thene ninth

stage, data corresponding to the positions of the value
of a shift matrix of (1, 86) to (5, %0) of the conversion
parity check matrix H’ {(a shift matrix obtained by
replacing the value 1 in the first row of the unit matrix
of 5 x 5 elements with the value 0 and then cyclically
shifting the unit matrix after the replacement by one in
the leftward direction} are stored.

[0505]

In the FIFO 300,, data corresponding to the
positions of the value 1 from the sixth to tenth rows of
the conversion parity check matrix H' of FIG. 74 are
stored. In particular, in the storage region at the first
stage of the FIFO 300,, data corresponding to the
positions of the value 1 of a first shift matrix which
forms a sum matrix from {6, 1) to (10, 5} of the
conversion parity check matrix H’ (a sum matrix which is
the sum of a first shift matrix obtained by cyclically

shifting the unit matrix of 5 x 5 elements by one in the



conversion parity check matrix H' (a sum matrix which is the sum of a first
shift matrix obtained by cyclically shifting the unit matrix of 5 x 5 elements
by one in the 189 rightward direction and a second shift matrix obtained
by cyclically shifting the unit matrix of 5 x 5 elements by two in the
rightward direction) are stored. Furthé® in the storage region at the
second stage, data corresponding to the positions of the value 1 of the
second shift matrix which forms the sum matrix from (6, 1) to (10, 5) of

thgqﬁ% nversion parlty check matix b are storg f@?@gw‘l %‘BH'&& With 1

regard to a component matrix whose Welght IS £ Or more, W ere the

EQ“PP@&N matiy is. Jepreseated nthe farm of the sum ok plufalness py

from among a unit matrix of P x P elements having the weight 1, a quasi

Rl matrixpehich corregpends to-theiunit matrix whose®ne eLmorR r, in
elements having the value 1 are replaced with 0 and a shift matrix

ohtained by qyclicallyoshiftingrthe uniapatiix-ardihe guasiunit matrix, data
corresponding to the positions of the value 1 of the unit matrix, quasi unit
matix op shift matrbcwhaose preight isrls(méssagescotrespondingtb e
edges belonging to the unit matrix, quasi unit matrix or shift matrix) are
storedd shift matrix which forms the sum matrix from (&,
1y to (10, 5) of the conversion parity check matrix HY
are stored.

[0506]

In particular, with regard tc a component matrix
whose weight is 2 or more, where the component matrix is
represented in the form of the sum of plural ones from
among a unit matrix of P x P elements having the weight 1,
a quasi unit matrix which corresponds to the unit matrix
whose one or more elements having the value 1 are
replaced with 0 and a shift matrix obtained by cyclically
shifting the unit matrix or the gquasi unit matrix, data
corresponding to the positions of the value 1 of the unit
matrix, quasi unit matrix or shift matrix whose weight is
1 (messages corresponding to edges belonging to the unit
matrix, quasil unit matrix or shift matrix) are stored
into the same address (same FIFO from amcng the FIFOs 3004

to 300g) .

[0507]



into the same address (same FIFO from among the FIFOs 3001 to 3006)
[0507] 190 Also in the storage regions at the third to ninth stages, data
are stored in an associated relationship with the conversion parity check
matrix H'. [0508] Also the FIFOs 3003 to 3006 store data in an associated
relationship with the conversion parity ¢heck matrix H'. [0509] The edge
data storage memory 304 includes 18 FIFOs 304, to 30418 the number of
which is equal to the quotient when the column number 90 of the
conversi%g%rit}/nch%k rSnaCt)r}iﬁx H{'%isrdividggsby atjglegrhoelgu ny Qecg 5qofn h
the componeéent matrix. ach é&fe da{%géorage memory x%( e

yo 48 Inclugdes.a i£i) ra%té’o%%a%s %Stgé%%ec{%%@Hs’r%rida@féﬁ%%‘?b%r

corr§spond|ng to five edges the number of which Is equal to the numbe

Qf rows-and %\F@ﬂqgnofﬂqrgps of the, canwversionparity check matrix

H' can be read out from or written’into the storage regions of each stage
apthegsame time. [0510] In the FIFO 3041, data corresponding to the

Also the FIFOs 3005 to 3005 store data in an
associated relationship with the conversion parity check
‘matrix H'.

[0509]

The edge data storage memory 304 includes 18 FIFOs
304, to 20458 the number of which is squal to the guotient
when the column number 90 of the conversion parity check
matrix H' 1s divided by the <olumn number 5 of the
component matrix. FEach edge data storage memory 304y (x =
Ty 2, . 18) includes a plurality of stages of storage
regions, and messages corresponding to five edges the
number of which is equal to the number of rows and the
number of coclumns of the conversion parity check matrix
H’ can be read out from or writfen intoc the sTorxage
regions of each stage at the same time.

[0510]

In the FIFC 304;, data corresponding to the
positions of the value 1 from the first to fifth columns
of the conversion parity check matrix H' of FIG. 74

{messages uy from the check nodes) are stored in a clesed



positions of the value 1 from the first to fifth columns of the conversion
parity check matrix H' of FIG. 74 (messages uj from the check nodes) are
stored in a closed 191 form in the vertical direction in the individual
columns (in the form wherein O is ignored). In particular, in the storage
regions at the first stage of the FIFO 8641, data corresponding to the
positions of the value 1 of the unit matrix of 5 x 5 elements from (1, 1) to
(5 5) of the conversion parity check matrix H' are stored. In the storage

5 1 . seoarl isge. ol consseondng (o s posiions o

matrix Iéh orms a sum matrlx rom tO

giﬁheg ertical parity.check matrix H'(a sumymatrix which.is; H?ﬁé%m ofi2 e

rst shift matrix obtained by cyclically shifting the unit matrix of 5 x 5

slements by-enetosthe: rightand asecond shiftynatrixobtainedyy , data

cyclically shifting the unit matrix of 5 x 5 elements by two to the right) are
stored sburthem in the stoeageregions-al tbe thitd stagesdata of the unit

corresponding to the positions of the value 1 of the second shift matrix
mdtichi forms the subn ematrixifrom £6,01) t01(10,15) afdhe vertical parityhe
check matrix H'. [0511] In particular, with regard to a component matrix
conversicn parity check matrix H’ are stored. In the
storage regions at the second stage, data corresponding
to the positions of the value of a flrst shift matrix
which forms a sum matrix from {6, 1) tc (10, 5) of the
vertical parity check matrix H' (a sum matrix which is
the sum of a first shift matrix obtained by cyclically
shifting the unit matrix of 5 x 5 elements by one to the
right and a second shift matrix obtained by cyclically
shifting the unit matrix of 5 x 5 elements by two to the
right) are stored. Further, in the storage regions at the
third stage, data corresponding to the positions of the
value 1 of the second shift matrix which forms the sum
matrix from (6, 1} to (10, 5) of the vertical parity
check matrix H'.
[0511]

In particular, with regard tc a component matrix
whose weight 1s 2 or more, where the component matrix is

represented in the form of the sum of plural ones from

among a unit matrix of P x P elements having the weight 1,



whose weight is 2 or more, where the component matrix is represented in
the form of the sum of plural ones from among a unit matrix of P x P
elements having the weight 1, 192 a quasi unit matrix which corresponds
to the unit matrix whose one or more elements having the value 1 are
replaced with 0 and a shift matrix obthfved by cyclically shifting the unit
matrix or the quasi unit matrix, data corresponding to the positions of the
value 1 of the unit matrix, quasi unit matrix or shift matrix whose weight is

1 (messages corrasponding fo 819988};?’?&0%%%%’ the unit, matrx, %Uﬁ%ix

_unit matrix or shift matrix) are stored into the same address (same

fremsamong the RIEOs 304l Lo, 3041.8),[051 2} Alsoyith,tegard fq the

storage regions at the fourth and fifth stages, data are stored in an

asgociated telationshipwith the conveesion Rariycheskmatix H;-The.a11 v

number of stages of the storage regions of the FIFO 3041 is 5 which is a
glaximumonumberofitheraiimber ofist (Hamming weight) indhe rew da+a

direction in the first to fifth columns of the conversion parity check matrix
Hb r[0518p Adsonthetfl FOs=3@42 and 304 3csforerdatadrl ap assofiated unit
relationship with lthe cpnversion parity chepk
matrix, quasl unit matrix or shift matrix whose weight is
1 (messages corresponding to edges belonging to the unit
matrix, quasi unit matrix or shift matrix) are stored
into the same address {same FIFO from among the FIFOs 304,
to 304:g).
[05127

Alsc with regard te the storage regions at the
fourth and fifth stages, data are stored in an associated
relationship with the conversion parity check matrix H’.
The number of stages of the storage regions of the FIFO
304, 15 5 which iz a maximum number of the number of 1s
(Hamming welght) in the row direction in the first to
fifth columns of the conversion parity check matrix Hf.
[0513]

Also the FIFOs 304, and 2045 store data in an
assoclated relationship with the conversion parity check
matrix H’ similarly, and each length (stage number) of

the FIFOs 304; and 3043 is 5. Alsc the FIFOs 304; tc 304,

store data in an assoclated relationship with the



matrix H' similarly, and each length (stage number) of the FIFOs 3042
and 3043 is 5. Also the FIFOs 3044 to 30412 store data in an associated
relationship with the 193 conversion parity check matrix H' similarly, and
each length of the FIFOs 3044 to 30412 is 3. Also the FIFOs 30413 to
30418 store data in an associated relatignship with the conversion parity
check matrix H' similarly, and each length of the FIFO5 30413 to 30418 is
2. [0514] Now, operation of the decoding apparatus of FIG. 75 is

ribed. [0515] The edge data storage memory 300 includes the six,
g?égg 3001 to %B%Lé/n(ﬁ}?lggsﬂnn %%Cﬁi dat'_salérle t%rkr;ey ’stc?rrelé] are~"
selectad from.among the, FIEQs 3001-49,3006 in 35_‘.‘3‘3%%%0‘3%‘1’1@1 FIFOs
information (Matrix data) D312 representiing to which row of the
gonversign paity chesk -matrpxHi five,messages D314 sppplied from, the

cyclic shift circuit 308 at the preceding stage belong. Then, the five

messages Daddaresteredoliectively apd i ardekinto the selegted,, and
FIFOs. Further, when data are to be read out, the edge data storage

mernory=30fr teads ol fivermessages D300 13imaqrdersfrom the FIFO 3001
and supplies the five messages D3001 to the selector 301 at
[0514]

Now, operation cof the decoding apparatus of FIG. 75
is described.
[0515]

The edge data storage memory 300 includes the six
- FIFCs 300; to 300, and FIFOs intc which data are to be
stored are selected from among the FIFCs 300; to 300; in
accordance with information (Matrix data) D312
representing to which row of the conversion parity check
matrix H' five messages D311 supplied from the cyclic
shift circuit 308 at the preceding stage belong. Then,
the five messages D311 are stored collectively and in
order into the selected FIFCs. Further, when data are to
be read out, the edge data storage memory 300 reads out
five messages D300; in order from the FIFO 300; and
supplies the five messages D300; to the selector 301 at
the succeeding stage. After the reading out of the

messages from the FIFO 3C0; ends, the edge data storage

memory 300 reads out the messages in order also from the



the succeeding stage. After the reading out of the messages from the
FIFO 3001 ends, the edge data storage memory 300 reads out the
messages in order also from the 194 FIFOs 3302 to 3006 and supplies
the read out messages to the selector 301. [0516] The selector 301
selects the five messages from that F#EO from which data are currently
read out from among the FIFOs 3001 to 3006 in accordance with a select
signal D301 and supplies the five messages as messages D302 to the

ck n calculation section 302. [0517] The check node calculation
ggg?c%n %%?%nagladgtg%nvg %ﬁegl? ﬁgglé %alc%%?or‘g 196 3028 ant ©° t°
cauries.out .the chggk node mathematical operation in accordance with
the expression (7) using the messages D302 (D3021 to D3025)
(messages v of the expression (7) ) supplied thereto through the selector
301. Then, the check node calculation section 302 supplies five

messagesia302 (R303L: ted3035){messages yjiofihe expression:(7d)
obtained as a result of the check node mathematical operation to the
cyclic shiffcireuit803h[0518hdbe cyelic shift cirewit 303 syalically shiftsithe
among the FIFCs 300, to 300 in accordance with a select
signal D301 and supplies the five messages as messages
D302 to the check node calculation section 302.

[0517]

The check node calculation section 302 includes
five check node calculators 302; to 3025 and carries out
the check node mathematical operation in accordance with
the expressiocn (7) using the messages D302 (D302, to
D302s} (messages v; of the expression (7)) supplied
thereto through the selecter 301. Then, the check node
calculation section 302 su@plies five messages D303 (D303,
to D303s5) (messages us of the expression (7)) obtained as
& result of the check node mathematical operation to the
cyciic shift circuit 303.

{0518}

The cyclic shift circuit 303 cyclically shifts the
five messages D303; To 3035 determined by the check node
caiculation section 302 based on information (Matrix

data) D305 regarding by what number of original unit



five messages D3031 to 3035 determined by the check node calculation
section 302 based on information (Matrix data) D305 regarding by what
number of original unit 195 matrices the corresponding edges are '
cyclically shifted in the conversion parity check matrix H', and supplies a
result of the cyclic shift as a messagel B304 to the edge data storage
memory 304. [0519] The edge data storage memory 304 includes 18
FIFOs 3041 to 30418. The edge data storage memory 304 selects a

T jniowhich data 9&%&%@%%0(59% i aﬁPé‘gc@SéELFa% ACHESAS

0418 in accordance with'the information D305 regarding to Which row o

the eenversiopnarity, check matrixiti the fiye messages Q@%&'ﬂgﬁ' ieds o

from the cyclic shift circuit 303 at the preceding stage belong an
callectivelysstoras thedivednessages:R304 iardescintosthe selegted cdge
FIFO. On the other hand, when data are to be read out, the edge data
storage memmaory 3R4nreads: out five messages D3061 in -order from the
FIFO 3041 and supplies the messages D3061 to the selector 305 at the
$0Eceeding stage. After the reading out of data from the FIFO 3041 ends,
the edge data storage memory 304 reads out messages in order also

from the FIRO 3042 46 304 %8 andy suppliesthie mMéssagestddiie s8lecidiOs

305.
304; to 304,s. The edge data storage memory 304 selecis a

FIFG into which data are to be stored from among the
FIFOs 3044 to 304, in accordance with the information
0305 regarding to which row of the conversion parity
check matrix H' the five messages D304 supplied from the
cyclic shift circuit 303 at the preceding stage belong
and ccllectively stores the five messages D304 in order
into the selected FIFC., On the other hand, when data are
to be read out, the edge data storage memory 304 reads
out five messages D306; in ocrder from the ¥FIFO 304, and
supplies the messages D306; to the selector 305 at the
succeeding stage. Affter the reading out of data from the
FIFC 304, ends, the edge data storage memcry 304 reads out
messages in order alsoc from the FIFCOs 304, tce 304,35 and
supplies the messages to the selector 305.
[0520]

The selector 305 selects the five messages from the

FIFO from which data are currently read out from among



05201 The selector 305 selects the five messages from the FIFO from
which data are currently read out from among 196 the FIFOs 3041 to
30418 in accordance with a select signal D307 and supplies the selected
messages as messages D308 to the variable node calculation section
307 and the decoded word calculaticrP$ection 309. [0521] On the other
hand, the reception data re- arrangement section 310 carries out the
column replacement of the expression (12) to re-arrange an LDPC code

P§%3§?%%%T%¢%?%%p%g@?wqﬁ“%%ggygggé@dwsﬂgﬂ§8§g§ect.signal

re-arrange code 3 as reception data D314 to the reception

dateymemory 306; The reception data. memary 306 caleulates and.stores, o

a reception LLR" (logarithmic likelihood ratio) from the reception data

b3ldsupplied tharete kam theregeption,dataser anangement,section
310 and collects and supplies every five ones of the reception LLRs as

recepion viades D309 utothe varigbleiede caleulation section 307 and
the decoded word calculation section 309. [0522] The variable node

¢alsaltion section 307 includes five variable node calculators 3071 to
3075 and carries
' On the other hand, the reception data re-
arrangement section 310 carries out the column
replacement of the expression {(12) to re-arrange an LDPC
code D313 received thrcugh a communication path and
supplies the re-arranged LDPC code D313 as reception data
D314 to the reception data memory 306. The recepticn data
memory 306 calculates and stores a reception LLR
(logarithmic likelihood ratio) from the reception data
D314 supplied thereto from the reception data re-
arrangement section 310 and coilects and supplies every
five cnes of the recepticn LLRs as reception values D309
to the variable ncde calculation secticn 307 and the
decoded word calculétion section 309.
(05227

The variable node calculation section 307 includes
five variable node calculators 307, tce 307; and carries
out variable node mathematical operation in accordance

with the expression (1) using the messages D308 {308; to

3085) (messages uy of the expression (1)} supplied thereto



out variable node mathematical operation in accordance with the
expression (1) using the messages D308 (3081 to 3085) (messages uj of
the expression (1) ) supplied thereto 197 through the selector 305 and the
five reception values D309 (reception values uc of the expression (1))
supplied thereto from the reception datd memory 306. Then, the variable
node calculation section 307 supplies messages D310 (D3011 to D3105)
(messages v of the expression (1)) obtained as a result of the

mathematical opgration: to-they syglig:shift cireyit, 308 (09231 Jhe cyclic
shift circuit 308 cyclically shifts messages D310, to D31.05 calculated by

theovariable spde cealculatien sectionr3Q7 baseden infornation regarding: ed
by what number of original unit matrices the corresponding edge is

eyclicalty shifted inithe eenversionr-patily cheekaaatrixdd, antisuppliesa
result of the cyclic shifting as a message D311 to the edge data storage
menicry 3002 J0524EBy caryingrowtdhe sequénde efipperationsiessages
described above, decoding in one cycle of an LDPC code can be carried
autl fn tHeldecoding Bpparatusteisria 75, aftefat LBPCsogs iston (1))
decoded by a predetermined number of times, a final decoding result is
8&fefm ByPthe result of the mathematical operation to the
cyclic shift circuit 308.

[0523]

The cyclic shift circuit 308 cyclically shifts
messages D310; to D310s calculated by the variable node
calculation section 307 based on information regarding by
what number of original unit matrices the corresponding
edge is cyclically shifted in the conversion parity check
matrix H', and supplies a result of the cyclic shifting
as a message D311 to the edge data storage memory 300.
[0b24]

By carrying out the sequence cf operations
described above, decoding in one cycle of an LDPC code
can be carried out. In the decoding apparatus of FIG. 75,
after an LDPC code iz decoded by a predetermined number
of times, a final decoding result is determined by the
deccded word calculation section 309 and the decoded data

re-arrangement section 311 and then ocutputted.

[0525]



decoded word calculation section 309 and the decoded data
re-arrangement section 311 and then outputted. [0525] 198 In particular,
the decoded word calculation section 309 includes five decoded word
calculators 3091 to 3095 and acts as a final stage in a plurality of cycles
of decoding to calculate a decoding feSult (decoded word) in accordance
with the expression (5) using the five messages D308 (D3081 to D3085)
(messages uj of the expression (5)) outputted from the selector 305 and

the five rec tlon val S D3 reception values yo of he ressmn
? §? chule %%g 8 % dea ﬁ?G E action

(5)) outputted from the recéption data memory en eco e

wosd calculation %cy@né&é’oégepk%rﬁe%ogfgﬁa&@assl%%@a"%%d as 8

“result of the calculation to the decoded data re-arrangement section”311.

0346k The decoded data resaranggment '99%%@9% tégv%rge
replacement to the column replacement of the expression (12) for the

decoded data-D315 supplied therete fromthedacoded ywordcalculation in
section 309 to re-arrange the order of the decoded data D315 and
autpritsldhe ¢esartangedadecoded data D315 jasa degoding result D316.
nessages D308 (D308; to D308y) (messages uy; of the
expression (5)) outputited from the selector 3205 and the
five reception values D309 (reception values ug of the
expression (5)} outputted from the recepticn data memory
306. Then, the decoded word calculation section 309
supplies decoded data D315 obtained as a result of the
calculation to the deccded data re-arrangement section
311.

[0526]

The decoded data re-arrangement section 311 carries
out reverse replacement o the column reglacement of the
expression (12) for the decoded data D315 supplied
thereto from the decoded word calculation section 309 to
re-~arrange the order of the decoded data D315 and outputs
the re-arranged decoded data D315 as a decoding result
D316.

{05277
As described above, by applying one or both of row

replacement and column replacement to & parity check



[0527] As described above, by applying one or both of row replacement
and column replacement to a parity check 199 matrix (original parity
check matrix) to convert the parity check matrix into a parity check matrix
(conversion parity check matrix) whichsean be represented by a
combination of a unit matrix of P x P elements, a quasi unit matrix which
corresponds to the unit matrix whose element or elements of 1 are
changed into an element or elements of 0, a shift matrix which
weltrespondstotheauhitmatrixorcdgast unittmatik after dpisveycticallye
shifted, a sum matrix of two or more of the unit matrix, quasi unit matrix
BAE Shift MadHE dFrlt B10imitiv of PRePidiemehicas Bedcibed above, it
becomes possible to adopt for LDPC code decoding an architecture
WHEH EdifieS bub BRER nBHE Mrathdkiatical BpéfFatioreandFarisieé widgeted

%nathematical operation simultaneously for P check nodes and P variable

8dés “EOnsEGIertly, B GriYing oliftheode mathematical "GpEratior

simultaneously foQP,non%i IS possible to suppres the operation,_ .
uasl unit- matrix wiilc crresponas to qﬁjﬁ.lt MaLrix
ﬁequency within an implementable rang% tocarry ou decoding.

Qre8LThe LREG decoding segtian 56 whigh. compoases dne ¢ o 4

element or elements of 0, a shift matrix which
corresponds to the unit matrix or gquasi unit matrix after
it is cyclically shifred, a sum matrix of two or more of
the unit matrix, quasi unit matrix and shift matrix, and
a 0 matrix of P x P elements as described above, 1t
becomes possible to adopt for LDPC code decoding an
architecture which carries out check node mathematical
operation and variable node mathematical operation
simultaneously for P check nodes and P variable nodes.
Consequently, by carrying out the node mathematical
operation simultaneously for P nodes, it is possgible to
suppress the operation frequency within an implementable
range to carry out LDPC decoding.
[05281

The LDPC decoeding section 56 which composes the
reception apparatus 12 of FIG. 70 carries out check node
mathematical operation and variable node mathematical

operation simultaneously for P check nodes and P variable



reception apparatus 12 of FIG. 70 carries out check node mathematical
operation and variable node mathematical operation simultaneously for P
check nodes and P variable 200 nodes to carry out LDPC decoding
similarly to the decoding apparatus of FIG. 75. [0529] In particular, it is
assumed now to simplify description‘that the parity check matrix of an
LDPC code outputted from the LDPC encoding section 21 which
composes the transmission apparatus 11 of FIG. 8 is, for example, the

padily.check matrix H wherein the parity matrixhas a staircase structure

shown in FIG. 72 In this instance, the parity interleaver 23 of the

ransmissi R, BPRALALYS; 11 eafries outsparity interleave for interleaving the
K+gx+y+].th code bit to the position of the K+Py+x+lth code bit with the

mfermation length K set to 60, with the unit column number P of the cyclic
structure set to 5 and with the devisor q (= M/P) of the parity length M to

6. 0530] Since:thisi parity intetleave cagespentisiowthe ccalumpl i £y
replacement of the expression (12), the LDPC decoding section 56 need
faetcarry bubthetdolumnh replacementbithe expressiony@2)n LDPC code
cutputted from the LDPC encoding section 21 which
composes the transmissicon apparatus 11 of FIG. 8 is, for
example, the parity check matrix H wherein the parity
matrix has a stalrcase structure shown in FIG. 72. In
this instance, the parity interleaver 23 of the
transmission apparatus 1l carries out parity interleave
for interleaving the K+gx+y+lth code bit to the position
of the K+Py+x+1lth code bit with the information length K
set tc 60, with the unit column number P of the cyclic
structure set to 5 and with the devisor g (= M/P) of the
parity length M to 6.

[0530]

Since this parity interleave corresponds to the
column replacement of the expression (12), the LDPC
decoding section 56 need not carry out the column
replacement of the expression (12).

[C531]

Therefore, in the reception apparatus 12 of FIG. 70,

an LDPC code for which parity deinterleave has not been



[0531] Therefore, in the reception apparatus 12 of FIG. 70, an LDPC
code for which parity deinterleave has not been 201 carried out, that is,
an LDPC code in a state wherein the column replacement of the
expression (12) is carried out, is supplied from the column twist
deinterleaver 55 to the LDPC decodinglsection 56 as described above.
The LDPC decoding section 56 carries out processing similar to that of
the decoding apparatus of FIG. 75 except that the column replacement of

the expression (12) is_not carried _qut. X0532] In particular, FIG, 76 shows
A SRARDIEOr s EbAohAtor Bt e FoRc foatinty Sidtoh ShGFeeS. the

£9. [0533] Referring to FIG. 76, the L DPC decoding section 56 is . :
f::onle[Igure(:]e r%%r ?%ont a%%f t&edgé{é}dﬁr?gs sarﬁgélra?gsf of FIG. 75 Eiggpto‘lt’

that §%§qg%i09%a fearangement, seqliog 310 ol FIG, /2 0t . o, e

providéd and carries out processing similar to that of the decoding
apparatiss.of HlG. {2 except that the celumnieplacement of the. ppc

expression (12) iIs not carried out. Therefore, description of the LDPC
deceding sestion beqs omitted hereinout processing similar to
that of the decoding apparatus of FIG. 75 except that the

column replacement of the expression (12) is not carried

out.

In particular, FIG. 76 shows an example of a
configuration of the LDPC decoding section 56 of FIG. 70.
[0533]

Referring to FIG. 76, the LDPC decoding section 56
is configured similarly to that of the decoding apparatus
of FIG. 75 except that the reception data re-arrangement
secticn 310 of FIG. 75 is not provided and carries out

rocessing similar to that of the decoding apparatus of
FIG. 75 except that the column replacement of the
expression {12} is not carried out. Therefore,
description of the LDPC decoding section 56 is omitted
herein.
[0534]
Since the LDPC decoding section 56 can be

configured without including the reception data re-



[0534] Since the LDPC decoding section 56 can be configured without
including the reception data re 202 arrangement section 310 as described
above, it can be reduced in scale in comparison with the decoding
apparatus of FIG. 75. [0535] It is to bejioted that, while, in FIGS. 72 to 76,
it is assumed that the code length N of the LDPC code is 90; the
information length K is 60; the unit column number P (row number and
column number of a component matrix) of the cyclic structure is 5; and
e devisvreq t(=sMR).of the Igaritye letgytls M is<B] feiosimmplified description,
the code length N, information length K, unit column number P of the
EPERCSIFuctiiresaid thel W evisep (&P )aré hot ivdiviggaiiihitdited to the
specific values given above. [0536] In particular, while the LDPC encoding
3BEfidiT 2 E-5inthe trdhsmission apparatus 11 of FIG. 8 outputs an LDPC
{cn%g wherein, for example, the code length N is 64,800 or 16,200, the
ation length Kis N - Pg (=N - M), the unit column number P of the

cyclc strygiue is, 360 and the deviser 4 i MIP, the LDRG decoging , ¢,
it is assumed that the code length N of the LDPC code is
90; the information length K is 60; the unit column
number P (row number and column number of a component
matrix) of the cyclic structure is 5; and the devisor g
(= M/P) of the parity length M is 6, for simplified
descripticn, the code length N, information length K,
unit column number P of the cyclic structure and the
devisor g (= M/P) are not individually limited to the
specific values given above.

[0536]

In particular, while The LDPC encoding section 21
in the transmission apparatus 11 of FIG. 8 outputs an
LDPC code wherein, for example, the code length N is
64,800 or 16,200, the information length K is N - Pg (= N
- M), the unit column number P of the cyclic structure is
360 and the devisor g is M/P, the LDPC decoding section
56 ¢f FIG. 76¢ can be applied alsc where LDPFC decoding is
carried out by carrying out the check node mathematical

operation and the variable node mathematical operation



56 of FIG. 76 can be applied also where LDPC decoding is carried out by
carrying out the check node mathematical operation and the variable
node mathematical operation 203 simultaneously for P check nodes and
P variable nodes in regard to such an LDPC code as just described.
[0537] While the series of processes 4é&cribed above can be executed
by hardware, it may otherwise be executed by software. Where the series
of processes is executed by software, a program which constructs the

R e avami o e foLiaton ofar ebadimbnt BT~ "

WS a examp acon guratlono n embo mento

compyterinto, Wéwha%ptqgé@mégaee%u?ﬁ%W%a%r&sl%femocesses

described hereinabove is installed. [0539] The program can be recorded
iadvance on a hard disk 705 or in a ROM 703 as a recording medium
built in the computer. [0540] Or, the program can be stored (recorded)

temporarity: 01 petinaneathy er o in a remeyable reeerding snedivAEllan
such as a flexible disk, a CD-ROM (Compact

be executed by hardware, 1t may otherwise be executed by
software. Where the series of processes 1s executed by
software, a program which ceonstructs the software is
installed intc a computer for universal use or the like.
[0538]

FIG. 77 shows an example c¢f a configuration of an
embodiment of a computer into which a program for
executing the series of processes described hereinabove
ig installed.

[0539]

The program can be recorded in advance on a hard
disk 705 or in a ROM 703 as a recording medium built in
the computer.

(05407

Or, the program can be stored (recorded)
temporarily or permanently on or in a removable recording
medium 711 such as a flexible disk, a CD-ROM {(Compact
Disc Read Only Memory), an MO (Magneto Optical) disc, a
DVD (Digital Versatile Disc), a magnetic disc or a

semiconductor memory. Such a remcvable recording medium



Disc Read Only Memory), an MO (Magneto Optical) disc, a DVD (Digital
Versatile Disc), a magnetic disc or a semiconductor memory. Such a
removable recording medium 204 711 as just described can be provided
as so-called package software. [0541] It is to be noted that the program
not only can be installed from such af&movable recording medium 711
as described above into the computer but also can be installed into the
hard disk 705 built in the computer where it is transferred thereto and
re ived b)(lgtco mun.i%%jggnc%%:tigg] 708. In@isdinstance, th%%rocgram

as 3C = rowvide a3 So-Ca 2
may be trénsferre%l to]iﬁe computer by ﬁlll’deSS communlca(flon roma

88‘&’95@ sitethrough an artificial satellite for digital satellite broadcasting
or transterred to the computer by wire communication through a network
sdchyas a LAN (Local Area Network) or the Internet. [0542] The computer
has a CPU (Central Processing Unit) 702 built therein. An input/output

interface 741Qds connectad-tothe:GRU 02 -3 bHs{0le 8ndiifidn can be
instruction is inputted to the CPU 702 through the input/output interface
73@ whensan inputing:sectionrdbvable recording medium 711 as
described above into the computer kut also can be
installed into the hard disk 705 built in the computer
where it is transferred thereto and received by a
communication section 708. In this instance, the program
may be transferred to the computer by wireless
communication from a downlcoad site through an artificial
satellite for digital satellite broadcasting or
transferred to the computer by wire communication through
a network such as a LAN {(Local Area Network) or the
Internet.
[0542]

The computer has a CPU (Central Processing Unit)
702 built therein. An input/output interface 7410 is
connected to the CPU_702 by a bus 701, and if an
instruction is inputted to the CPU 702 through the
input/output interface 710 when an inputting section 707
configured from a keyboard, a mouse, a microphone and so
forth is operated by a user or in a like case, the CPU

702 executes the program stored in the RCM (Read Cnly



configured from a keyboard, a mouse, a microphone and so forth is
operated by a user or in a like case, the CPU 702 executes the program
stored in the ROM (Read Only 205 Memory) 703. Or, the CPU 702 loads
a program stored on the hard disk 705, a program transferred from a
satellite or a network, received by the ggmmunication section 708 and
installed in the hard disk 705 or a program read out from the removable
recording medium 711 loaded in a drive 709 and installed in the hard disk
705 into a RAM (Random Access Memory) 704 and executes the
pfdlrar! Cohsequently,” e ©PU 782 chrfiesodt grocessify im-ored on
ccordance with the _flow chart described hereinabove or processin .
o0t ByARS CURTGuFatoh SHTHE bigR WA feadiibdt S2tellice
herejinabgve. Then, the CPU.702 outputs a result of the processing fr
g% o%tglu%ﬁg geétigne%é‘ %%%fi%&/re% ?or%o%nﬁ%bca}&lﬁg fr?/gt% i

Display)sa speaker;and s forth .and transmigs the er%ﬁagpgfae%@y oM+

the communication section 708 through the input/output interface 710 or

iecords the progessingdesult 9ndhe hayd disk,708 as pggasign demands; .

[0543] Here, in the present specification, processing steps which describe
theopregran:fer-eausiag the eompuiardtocaRy Qutvarious IOeessesrandon

need not necessarily be

Access Memory) 704 and executes the program. Consequently,
the CPU 702 carries out processing in accordance with the
flow chart described hereinabove or processing carried
out by the configuraticn of the block diagram described
hereinabove. Then, the CPU 702 outputs a result of the
processing from an outputting section 706 configured from
an LCD (Liguid Crystal Display), a speaker and sc forth
and transmits the processing result from the
communication section 708 through the input/output
interface 710 or records the processing result on the
hard disk 705 as occasion demands.

[0543]

Here, in the present specification, processing
steps which describe the program for causing the computer
Lo carry out various processes need not necessarily be
processed in a time series in accordance with the order

described as a flow chart but include those processes to

be executed in parallel or individually (for example,



processed in a time series in accordance with the order described as a
flow chart but include those processes to be executed in parallel or
individually (for example, 206 parallel processes or processes by an
object). [0544] Further, the program may be processed by a single
computer or may be processed by distfibuted processing by a plurality of
computers. Further, the program may be transferred to and executed by a
computer at a remote place. [0545] Now, a process for LDPC encoding

B B e B e Lo

descr r example, in the DV standard, LDPC
epeading of the two different code lengths N of 64,800 bits and 16,200
bits are prescribed. [0547] And, for the LDPC code whose code length N

is 64,80@-bits;-the 11-eRcqding ratesrldd, H3, Yool 38, 23, 3/414(81 <
5/6, 8/9 and 9/10 are prescribed, and for the LDPC code whose code

tength Neis 16200 bits,dhe r 10 ensedingyratesski4i bidi 265, 14235235 by
3/4, 415,

a plurality of computers. Furthexr, The program may he
transferred to and executed by a computer at a remote
place.

[0545]

Now, a process for LDPC encoding by the LDPC
encoding section 21 of the transmission apparatus 11 is
described further.

[0548]

For example, in the DVB-S.Z standard, LDPC encoding
of the two different code lengths N of 64,800 bits and
16,200 bits are prescribed.

[0h47]

And, for the LDPC code whose code length N is
64,800 bits, the 11 encoding rates 1/4, 1/3, 2/5, 1/2,
3/5, 2/3, 3/4, 4/5, 5/6, 8/9 and 9/10 are prescribed, and
for the LDPC code whose code length N is 16,200 bits, the
10 encoding rates 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5,
5/6 and 8/9 are prescribed.

[0548]

The LDPC encoding ssectilon 21 carries out encoding



5/6 and 8/9 are prescribed. [0548] The LDPC encoding section 21 carries
out encoding 207 (error correction encoding) into LDPC codes of the
different encoding rates whose code length N is 64,800 bits or 16,200 bits
in accordance with a parity check matrix H prepared for each code length
N and for each encoding rate. [0549% W particular, the LDPC encoding
section 21 stores a parity check matrix initial value table hereinafter
described for producing a parity check matrix H for each code length N

[ 0550 re, int VB-S.2 st , LDPC
10 covedng e, OSSPl 0 e g

odes of the two |f?erent co eO bits

are-prescriped as descrbed heteipabave, and.the 11 diffefent.encoding,

rates are prescribed for the LDPC code whose codelength N'is 64,800

Bits and-the 4 Odifferent .engoding-rates Are preseribed forthe L.DRE code
whose code length N is 16,200 bits. [0551] Accordingly, where the

frapsmissiopapparadus tbis ancapparatusiwhigh icarries QU Rrecessing
in compliance

encoding rate.

[0549]

In particular, the LDPC encoding section 21 stores
a parity check matrix initial value table hereinafter
described for producing a parity check matrix H for each
code length N and for each encoding rate.

[0550]

Here, in the DVB-5.2 standard, LDPC codes of the
two different code lengths N of 64,800 bits and 16,200
bits are prescribed as described hereinabove, and the 11
different encoding rates are prescribed for the LDPC code
whose code length N 1s 64,800 bits and the 10 different
enceding rates are prescribed for the LDPC code whose
code length N is 16,200 bits.

[0551]

Accordingly, where the transmission apparatus 11 is
an apparatus which carries out processing in compliance
with the DVB-3.2 standard, parity check matrix initial
value tables individually corresponding to the 11

different encoding rates for the LDPC code whose code



with the DVB-S.2 standard, parity check matrix initial value tables
individually corresponding to the 11 different encoding rates for the LDPC
code whose code 208 length N is 64,800 bits and parity check matrix
initial value tables individually corresponding to the 10 different encoding
rates for the LDPC code whose codeZf&hgth N is 16,200 bits are stored in
the LDPC encoding section 21. [0552] The LDPC encoding section 21
sets a code length N and an encoding rate r for LDPC codes, for

%%fg@iw TESRQNSE,tP @ operatio %f;&%peaﬁ&%km%%gg% length. N,

and the encoding rate r set by the LDPC encoding section 21 are

hereinatteryelerred,ioisuitably as set codedengih N apd sef,engoeding rate

r, respectively. [0553] The LDPC encoding section 21 places, based on

ther parbheheckamatrixgnitiat valuedablescorrespording tg Htheset sade
length N and the set encoding rate r, elements of the value 1 of an

indergnation matrixxHAC cormespondiag ta andrformation: lengtt KeENBEng
code length N - parity length M) corresponding to the set code length N
and theoset’éncoding rate r in a period of 360 columns (unit column

number P of the cyclic structure) in
[G552]

The LDPC encoding section 21 sets a code length N
and an encoding rate r for LDPC codes, for example, in
respense to an operation of an operatcor. The code length
N and the encoding rate r set by the LDPC encoding
section 21 are hereinafter referred to suitably as set
code length N and set encoding rate r, respectively.
[0553]

The LDPC encoding section 21 places, based on the
parity check matrix initial value tables corresponding to
the set code length N and the set encoding rate r,
elements of the valus 1 of an information matrix Ha
corresponding to an information length K (= Nr = code
length N — parity length M) corresponding to the set code
length N and the set encoding rate r in a period of 360
columns (unit column number P of the cyclic structure) in
the column direction to produce a parity check matrix H.
[0554]

Then, the LDPC encoding section 21 extracts



the column direction to produce a parity check matrix H. [0554] Then, the
LDPC encoding section 21 extracts 209 information bits for the
information length K from object data which are an object of transmission
such as image data or sound data s ied from the transmission
apparatus 11. Further, the LDPC encoding section 21 calculates parity
bits corresponding to the information bits based on the parity check
matrix H to produce a codeword (LDPC code) for one code length. [0555]
im6thenavards, thedl=DPCrendodingsectiont2iosuceessively cdrries aubiect
mathematical operation of a parity bit of the codeword ¢ which satisfies
e folldwing expression {0566 ET =@ 65874 Here, mthe expressior
above, c indicates a row vector as the codeword (LDPC code), and CT
fiticates inversorlaftheTebvecer € JoB58]\Where from Withimthe row

vector ¢ as an LDPC code (one codeword), a portion correspondin% to
fparatus 11. Further, the LDPC encoding section 21

calculates parity bits corresponding to the information
bits based on the parity check matrix H to produce a
codeword {LDPEC coée) for one code length.
[0555]

In other words, the LDPC encoding section 21
successively carries ocut mathematical operation of a
parity bit of the codeword ¢ which satisfies the

following expression.

(05561

He™ = 0
[0557]

Here, in the expression above, ¢ indicates a row
vector as the codeword (LDPC code), and ¢' indicates

inversion of the row vector c.
[0558]

Where, from within the row vector ¢ as an LDPC code
(one codeword), a portion corresponding to the
information bits i1s represented by a row ﬁector A and a
portion corresponding to the parity bits is represented

by a row vector T, the row vector ¢ can be represented by



information bits is represented by a row vector A and a portion
corresponding to the parity bits is represented by a row vector T, the row
vector ¢ can be represented by 210 an expression ¢ = [AIT] from the row
vector A as the information bits and the row vector T as the parity bits.
[0559] Meanwhile, the parity check nvatfix H can be represented, from the
information matrix HA of those of the code bits of the LDPC code which
correspond to the information bits and the parity matrix HT of those of the

cade bits of the,LDPC.cqde which, carrespond {9 the parity Rits by.an,

expression H = [HAIHT] (matrix whereln the elements of the information
mattix-HAare-elements, qn the Jeft side,and the elements of the-parityy,  « = |

matrix HT are elements on the right side). [0560] Further, for example, in
thesBYB-S.2 standard, the parity check matrix HT of the parity check

matrix H = [HAIHT] has a staircase structure. [0561] It is necessary for

the parityMsheckimatsix Hiandetheirow veetokcm[AITkasian i DRE code

to satisfy the expression HcT = 0, and where the parity matrix HT of the
pantycheck enatrik +om [EIAdHT] hasasstaivcasesdtrictui®, of those of
the code bits of the LDPC code which correspond to the
informaticn bits and the parity matrix He of those of the
code bits of the LDPC code which correspond to the parity
bits by an expression H = [HalHy] (matrix wherein the
glements of the information matrix Hy are elements on the
left side and the elements of the parity matrix Hr are
elements on the right side).

[0560]

Further, for example, in the DVB-S.2 standard, the
parity check matrix Hy of the parity check matrix H =
[Ha|He]l has a stailrcase structure.

[G561]

It is necessary for the parity check matrix H and
the row vector ¢ = [A[T] as an LDPC code to satisfy the
expression Hc' = 0, and where the parity matrix He of the
parity check matrix H = [Hay]H;] has a staircase structure,
the row vector T as parity bkits which configures the row

vector ¢ = [A|T] which satisfies the expression Hc' = 0

can be determined seguentially by setting the elements of



the row vector T as parity bits which configures the row vector ¢ = [AIT]
which satisfies the expression HcT = 0 can be determined sequentially by
setting the elements of 211 each row to zero in order beginning with the
elements in the first row of the column vector HcT in the expression HcT
= 0. [0562] If the LDPC encoding sectiéf 21 determines a parity bit T for
an information bit A, then it outputs a codeword c = [A;T] represented by
the information bit A and the parity bit T as an LDPC encoding result of

the.information bit A, [0563),As Qe%%%?x%b&gew h&#@%g neoding ¢ 5y,

section 21 stores the parity check matrix initial value tab

epuresnonding 4o, thercede. lengths N apd-ths encading, rates rin advange |

therein and carries out LDPC encoding of the set code length N ‘and the
set eacoding rate r using a parity check matrix H produced from the parity
check matrix initial value tables corresponding to the set code length N
ahd4he set encoding rate r. 0564] Each parity check matrix initial value
table is a table which represents the position of elements of the

If the LDPC encoding section 21 determines a parity
bit T for an information bit A, then it outputs a
codeword ¢ = [A|T] represented by the information bit A
and the parity bit T as an LDPC encoding result of the
information bit A.
105631

As described above, the LDPC encoding section 21
stores the parity check matrix initial value tables
corresponding to the cede lengths N and the encoding
rates r in advance therein and carries out LDPC encoding
of the set code length N and the set encoding rate r
using a parity check matrix H produced from the parity
check matrix initial value tables corresponding to the
set code length N and the set encoding rate r.
[05864]

Bach parity check matrix initial value table is a
table which represents the position of elements of the
value 1 of the information matrix Hy corresponding to the

information length K corresponding to the code length N

and the encoding rate r of the LDPC code of the parity



value 1 of the information matrix HA corresponding to the information
length K corresponding to the code length N and the encoding rate r of
the LDPC code of the parity 212 check matrix H (LDPC code defined by
the parity check matrix H) for every 360 rows (unit column number P of
the periodic structure), and is produgég in advance for a parity check
matrix H for each code length N and each encoding rate r. [056511 FIGS.
78 to 123 illustrate the parity check matrix initial value tables for

Preducing variqus; patity:check, matdess, Hinglyding patity. eheck matrix
initial value tables prescribed in the DVB-S.2 standard. [0566] In

particulan: FIG - #8 shews the parity; sheck, matdy jnitial valug.table fora e
parity check matrix H prescribed in the DVB-S.2 standard and having a

codeéclehgthsN0fdi6,200 pits:andian erceding ratert of 2(3.1[Q56{} FIGS.
79 to 81 show the parity check matrix initial value table for a parity check
atiik H preschibed ir the I1DVIB:S .2:standardantshaving & codée leagth N
of 64,800 bits and an encoding rate r of 2/3. [0568]

encoding rate r.

[0565]

FIGS. 78 to 123 illustrate the parity check matrix
initial value tables for producing various parity check
matrices H including parity check matrix initial value
tables prescribed in the DVB-5.2 standard.

[0566]

In particular, ¥FIG. 78 shows the parity check
matrix initial value table for a parity check matrix H
prescribed in the DVB-5.2 standard and having a code
length N of 16,200 bits and an encoding rate r of 2/3.
[0567]

FIGS. 79 to 81 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-8.2 standard and having a code length N of 64,800
bits and an encoding rate r of 2/3.

10568]
It is to be noted that FIG. 80 is a view continuing

from FIG. 72 and FIG. 8l is a view continuing from FIG.

80.



It is to be noted that FIG. 80 is a view continuing from FIG. 79 and FIG.
81 is a view continuing from FIG. 80. 213 [05691 FIG. 82 shows the
parity check matrix initial value table for a parity check matrix H
prescribed in the DVB- S.2 standard and having a code length N of 16,200
bits and an encoding rate r of 3/4. [0%17'5] FIGS. 83 to 86 show the parity
check matrix initial value table for a parity check matrix H prescribed in
the DVB-S.2 standard and having a code length N of 64,800 bits and an
encading rate r of 3/4. [0571] It is to be noted that FIG. 84 is a view
continuing from FIG. 83 and FIG. 85 is a view continuing from FIG. 84.

Further, FiG. 8&i3 asviewscamiuing-fFom kHge 8b. Q8 F2LFIG: 87:shows, 1 e
the parity check matrix initial value table for a parity check matrix H
pegscribedin the BVB: 5.2 staridard tant-having-a code dengthrN 0f 461200~
bits and an encoding rate r of 4/5. [0573] FIGS. 88 to 91 show the parity
checlkmmaudrinitiglnd having a code length N of 16,200 bits
and an encoding rate r of 3/4.

[0570]

FIGS. 83 to 86 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-S8.2 standard and having a code length N of 64,800
bits and an encoding rate r of 3/4.

[0571]

It is to be noted that FIG. 84 is a view continuing
from FIG. 83 and FIG. 85 is a view continuing from FIG.
84. Further, FIG. 86 is a view continuing from FIG. 85.
105721

FIG. 87 shows the parity check matrix initial value
table for a parity check matrix H prescribed in the DVE-~
5.2 standard and having a code length N of 16,200 bits
and an encoding rate r of 4/5.

[0573]

FIGS. 88 to 91 show the parity check matrix initial

value table-fo; a parity check matrix H prescribed in the

DVB-5.2 standard and having a code length N of 64,800

bits and an encoding rate r of 4/5.



value table for a parity check matrix H prescribed in the DVB-S.2
standard and having a code length N of 64,800 bits and an encoding rate
r of 4/5. 214 [0574] It is to be noted that FIG. 89 is a view continuing from

FIG. 88 and FIG. 90 is a view continyj %from FIG. 89. Further, FIG. 91 is
a view continuing from FIG. 90. [057%5?I IG. 92 shows the parity check

matrix initial value table for a parity check matrix H prescribed in the DVB-
S.2 standard and having a code length N of 16,200 bits and an encoding
rate r40f 5/6. [0576] FIGS. 93 to 96 show the parity check matrix initial

value table for a parity check matrix H prescribed in the DVB-S.2
standardiandikaving laecodecledgttnNof64:80(% bits and ani ercading fatei ng
r of 5/6. [0577] It is to be noted that FIG. 94 is a view continuing from FIG.
93andtEIG. IBiscnvieRicontilingfronVERS: 94 FurthernBIG.138usia G -
view continuing from FIG. 95. [057811 FIG. 97 shows the parity check

atrix THitanedlue Fibble fok alFarity Chetk aedtist MipregciBsdinfthe DVB-

[0575]

FIG. 92 shows The parity check matrix initial value
table for a parity check matrix H prescribed in the DVB-
3.2 standard and having a code length N of 16,200 bits
and an enccoding rate r of 5/6.

[057¢]

FIGS. 93 to 96 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB;S.2 standard and having a code length N of 64,800
bits and an encoding rate r of 5/¢.

(05777

It is to be noted that FIG. %4 is & view continuing
from FIG. 93 and FIG. 95 is a view continuing from FIG.
94, Further, FIG. %¢ is a view continuing from FIG. &5,
[0578]

FIG. 97 shows the parity check matrix initial value
table fof a parity check matrix H prescribed in the DVB-
S.2 standard and having a code length N of 16,200 bits
and an encoding rate r of 8/9.

[0579]



S.2 standard and having a code length N of 16,200 bits and an encoding
rate r of 8/9. [0579] 215 FIGS. 98 to 101 show the parity check matrix
initial value table for a parity check matrix H prescribed in the DVB-S.2
standard and having a code length N of 64,800 bits and an encoding rate
r of 8/9. [0580] It is to be noted that FIG 99 is a view continuing from
FIG. 98 and FIG. 100 is a view continuing from FIG. 99. Further, FIG. 101
is a view continuing from FIG. 100. [0581] FIGS. 102 to 105 show the

parity cheglsmatrix iniiahvalue trhle for-a parity:gheckdpatrixH r 1 x
prescribed in the DVB-S.2 standard and having a code length N of 64,800

bits andlanyanceding rate rof 9/10.o[0682) Itds éa:-hedoted that FIG. 103
is a view continuing from FIG. 102 and FIG. 104 is a view continuing
froos EKG LEOB. IFurtties, BIG3-1052is srweveoohtianimg faomrfd Ga 104de
[0583] FIGS. 106 and 107 show the parity check matrix

length N of 64,800 bits and an encoding rate r of B8/9.
[G580]

It is to be noted that FIG. 99 is a view continuing
from FIG., 98 and FIG. 100 is a view continuing from
FIG. 99. Further, FIG. 101 is a view continuing from FIG.
100,

[0581]

FIGS. 102 to 105 show the parity check matrix
initial value table for a parity check mafrix H
prescribed in the DVB-5.2 standard and having a code
length N c¢f 64,800 bits and an enceding rate r of 9/10.
ros8z]

It is to be noted that FIG. 103 is a view
continuing from FIG. 102 and FIG. 104 is a view
continuing from FIG. 103. Further,_FIG. 105 is a view
continuing from FIG. 104.

10583}

FIGS. 106 and 107 show the parity check matrix

initial value table for a parity check matrix H

prescribed in the DVB-S.Z standard and having a code

length N of 64,800 bits and an encoding rate r of 1/4.



initial value table for a parity check matrix H prescribed in the DVB-S.2
standard and having a code length N of 64,800 bits and an encoding rate
r of 1/4. 216 [0584] It is to be noted that FIG. 107 is a view continuing
from FIG. 106. [0585] FIGS. 108 and2]¥069 show the parity check matrix
initial value table for a parity check matrix H prescribed in the DVB-S.2
standard and having a code length N of 64,800 bits and an encoding rate
r of 1/3. [0586] It is to be noted that FIG. 109 is a view continuing from
FiG£108. [0587] FIGS. 110 and 111 show the parity check matrix initial
value table for a parity check matrix H prescribed in the DVB-S.2
standardiandikavingteecode: 4ehgth N-0f64;800Q bits and=anyercoding rate
r of 2/5. [0588] It is to be noted that FIG. 111 is a view continuing from
FiG110.10589kFIGS 1EL2 td£14 show the parity check matrix

[0585]

FIGS. 108 and 109 show the parity check matrix
initial value table for a parity check matrix B
pfescribed in the DVB-5.2 standard and having a code
length N of 64,800 bits and an encoding rate r of 1/3.
[0586] |

It 1s to be noted that FIG. 109 is a view
continuing from FIG. 108.

[0587]

FIGS, 110 and 111 show the parity check matrix
initial value table for a parity check matrix H
prescribed in the DVBE-S.2Z standard and having a code
length N of 64,800 bits and an encoding rate r of 2/%.
[0588]

It is to be noted that FIG. 111 is a view
continuing from FIG. 110.

[0589]

FIGS, 112 te 114 show the parity check matrix
initial wvalue table for a parity check matrix H
prescribed in the DVB-5.2 standard and having a code

length N of 64,800 bits and an encoding rate r of 1/2.



initial value table for a parity check matrix H prescribed in the DVB-S.2
standard and having a code length N of 64,800 bits and an encoding rate
r of 1/2. 217 [0590] It is to be noted that FIG. 113 is a view continuing
from FIG. 112 and FIG. 114 is aviewzg ntinuing from FIG. 113. [0591]
FIGS. 115 to 117 show the parity chéck matrix initial value table for a
parity check matrix H prescribed in the DVB-S.2 standard and having a
code length N of 64,800 bits and an encoding rate r of 3/5. [0592] It is to
pbegwted that FIG. 116 is a view continuing from FIG. 115 and FIG. 117 is
a view continuing from FIG. 116. [0593] FIG. 118 shows the parity check
matrix inifial valuectabte forasparity €he€k thatiix B preseribedin the
DVB-S.2 standard and having a code length N of 1_6,200 bits and an
entsdding rate rofw4F[0594] FIG antd shéws e pastyachaickvmatrix initial
value table for a parity check matrix H prescribed in the

continuing from FIG. 113

[0591]

FIGS. 115 to 117 show the parity check matrix
initial value table for a parity check matrix H
prescribed in the DVB-5.2 standard and having a code
length N of 64,800 bits and an encoding rate r of 3/5.
[0592]

It is to be noted that FIG. 116 is a view
continuing from FIG. 115 and FIG. 117 is a view
continuing from FIG. 116.

[0583]

FIG. 118 shows the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-8.2 standard and having a code length N of 16,200
bits and an encoding rate r of 1/4.

[0594]

FIG. 119 shows the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB~5.2 standard and having a code length N of 16,200

bits and an encoding rate r of 1/3.

[0595]



DVB-S.2 standard and having a code length N of 16,200 bits and an
encoding rate r of 1/3. [0595] 218 FIG. 120 shows the parity check matrix
initial value table for a parity check matrix H prescribed in the DVB-S.2
standard and having a code length N f816'200 bits and an encoding rate
r of 2/5. [0596] FIG. 121 shows the p% ity check matrix initial value table
for a parity check matrix H prescribed in the DVB-S.2 standard and
having a code length N of 16,200 bits and an encoding rate r of 1/2.

[0597] FIE1d 22 showsntheparity check matrixiaitial rvalue table foras 1
parity check matrix H prescribed in the DVB-S.2 standard and having a
vedetengih Nooff 16,200 phits agd ancerncodingrate Hob35s 0598 FIGn the
123 shows the parity check matrix initial value table for a parity check
midtrix HZhaviag ascodles fehgth W-0f716, 200 dits hadanentading faté ¢ of
3/5, which can be used in place of the parity check matrix initial value

bable opEIG 212 21[g599ng rate r of 2/5.

(05967

FIG. 121 shows the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-5.2 standard and having a code length N of 16,200
bits and an encoding rate ¥ of 1/2.

[G597]

FIG. 122 shows the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-8.2 standard and having a code length N of 16,200
bits and an encoeding rate r of 3/5.

[0588]

FIG. 123 shows the parity check matrix initial
value table for a parity check matrix H having a code
length N of 16,200 bits and an encoding rate r of 3/5,
which can be used in place of the parity check matrix
initial value table of FIG. 122.

[0599]

The LDPC encoding section 21 of the transmission

apparatus 11 determines a parity check matrix H in the

following manner using the parity check matrix initial



The LDPC encoding section 21 of the transmission apparatus 11
determines a parity check matrix H in the following manner using the
parity check matrix initial 219 value tables. [0600] In particular, FIG. 124
illustrates a method for determining a parity check matrix H from a parity
check matrix initial value table. [0601] It is to be noted that the parity
check matrix initial value table of FIG. 124 indicates the parity check
matrix initial value table for a parity check matrix H prescribed in the
P¥B18.2 dtahdiard and having a code length N of 16,200 bits and an
encoding rate r of 2/3 shown in FIG. 178. [0602] As described above, the
égﬁ@/oc}heck matrix initial value table is a table which represents the
position olf elements oﬁrthe value 1 qf a information matrix HA

corresponding s tHEin 8??1"1at?c§"i1(5'l'em’g%ﬁl KcotteshbRbifng o Bretdofe for
e S
row of the; parity gheck;matrix initial value table, a number of row

[0601]

It is to be noted that the parity check matrix
initial value table of FIG. 124 indicates the parity
check matrix initial value table for a parity check
matrix H prescribed in the DVB-S.2 standard and having a
code length N of 16,200 bits and an encoding rate r of
2/3 shown in FIG. 178.

[0602]

As described above, the parity check matrix initial
value table is a table which represents the position of
elements of the value 1 of a information matrix H
corresponding to the information length K corresponding
to the code length N and the encoding rate r of the LDPC
code for every 360 columns {(for every unit column number
P of the cyclic structure}, and in the first row of the
parity check matrix initial value table, a number of row
numbers of elements of the value 1 in the 1+360x(i-1)th

column ©f the parity check matrix H (row numbers where

the row number of the first row of the parity check



numbers of elements of the value 1 in the 1+360x(i-1)th column of the
parity check matrix H (row numbers where the row number of the first row
of the parity check 220 matrix H is 0) equal to the number of column
weights which the 1+360x(1-)th colymn has. [0603] Here, it is assumed
that the parity matrix HT of the parity check matrix H corresponding to the
parity length M has a staircase structure and is determined in advance.
According to the parity check matrix initial value table, the information
rBEIHA cofréspoRdingto tthetihformatios Terfyth FOfroTwitlia 3Ré Harity
check matrix H is determined. 0604] The row number k+l of the parity

vehigek rhdtix inmtfdl Vakielthble diffétE'depétitling upon the information
length K. [0605] The information length K and the row number k+| of the

heck matrix initial value table satisfy a relationship given by the
fO||OWinq{%)§%r,eS§Lign.i[g6gg L§m2e -{I%I' %('%:qgeoggyity matrix He of
the parity check matrix H corresponding to the parity
length M has a staircase structure and is determined in
advance. According to the parity check matrix initial
value table, the information matrix Hp corresponding to
the information length K from within the parity check
matrix H is determined.

[Ce04]

The row number k+1 of the parity check matrix
initial value table differs depending upon the
information length K.

[66051

The information length K and the row number k+1 of
the parity check matrix initial wvalue table satisfy a
relationship given by the following expression.

[0606]

K= (k + 1) x 360
[0607]

Here, 360 in the expression above i1s the unit

column number P of the cyclic structure.

[CelB8]



Here, 360 in the expression above is the unit column number P of the
cyclic structure. [0608] 221 In the parity check matrix initial value table of
FIG. 124, 13 numerical values are listed in the first to third rows, and
three numerical values are listed in the . fourth to k+lth (in FIG. 124, 30th)
rows. [0609] Accordingly, the number of column weights in the parity
check matrix H determined from the parity check matrix initial value table
of FIG. 124 is 13 in the first to 1+360x(3-1)-Ith rows but is 3 in the
1+360x(3)thrie K taws.J0616] The fitst rowiof the. pant chetkmatrix £
initial value table of FIG. 124 includes 0, 2084, 1613, 1548, 1286, 1460,
13106, 4297, 248183691 38451 v4626: and 2622 1 apecthistindieatesithat; ifk©
the first column of the parity check matrix H, the elements in rows of the
FOWIAumMBEs of0C2084; 6 1315481386, U605 3196, 4297 So48T: the
3369, 3451, 4620 and 2622 have the value 1 (and besides the other
ERméhs Ve thelvalde of 16611 Meanihild, th8E&cond row of the

p{)ggi%(ﬁh%k

Accordingly, the number of column weights in the
parity check matrix H determined from the parity check
matrix initial value table of FIG. 124 is 13 in the first
to 1+4360x(3-1)-1th rows but is 3 in the 1+360x(3-1)th to
Kth rows.
[0610]

The first row of the parity check matrix initial
value table of FIG. 124 includes 0, 2084, 1613, 1548,
1286, 1460, 3196, 4297, 2481, 3369, 3451, 4620 and 2622,
and this indicates that, in the first column of the
parity check matrix H, the elements in rows of the row
numbers of 0, 2084, 1613, 1548, 1286, 1460, 31%6, 4297,
2481, 3369, 3451, 4620 and 2622 have the value 1 (and
besides the other elements have the value 0).
[0611]

Meanwhile, the second row of the parity check
matrix initial value table of FIG. 124 includes 1, 122,
1516, 3448, 2880, 1407, 1847, 3799, 3529, 373, 971, 4358

and 3108, and this indicates that, in the 38ist (=



matrix initial value table of FIG. 124 includes 1, 122, 1516, 3448, 2880,

1407, 1847, 3799, 3529, 373, 971, 4358 and 3108, and this indicates

that, in the 361st (= 222 1+360x(2-1)th) column of the parity check matrix

H, the elements in rows of the row ngmbers of 1, 122, 1546, 3448, 2880,
1407, 1847, 3799, 3529, 373, 971, 4358 and 3108 have the value 1.

[0612] As given above, the parity check matrix initial value table

represents the position of elements of the value 1 of the information

hath% HA of tHeparity etk OhatriieH Fef-évery 360CoIuMAS [0613] the
Each of the columns of the parity check matrix H other than the

b FBOREZL) coRifith, Hhat'is SeachioftHEPETEMAS from 2#360xt 45th to? 48
360xith gSolumns, intzludes elem§nts of tgg value of 1 9 t%%led b

Tytiically “SHitting thé eleménts ofthe vallie’sf 1 df the T o%‘?ylﬁﬁ%
£

glyglr%}\évhi%pa %%eqd upon the parity check matrix initial value table
periodicaﬁy In"the’downward direction (in the downward direction of the
F%’f} ) in accordance with the parity length M. [0614] In patrticular, for
example, the 2+360x(i-1)th

As given above, the parity check matrix initial
value table represents the position of elements of the
value 1 of the information matrix Ha of the parity check
matrix H for every 360 columns.

[0613]

Each of the columns of the parity check matrix H
other than the 1+360x(i-1)th column, that is, each of the
columns from 2+360x{(i-1)th to 360xith columns, includes
elements of the value of 1 obtained by cycilically
shifting the elements of the value of 1 of the 1+360x (i~
1yth column which depend upon the parity check matrix
initial value table periodically in the downward
direction {in the downward direction of the column) in
accordance with the parity length M.

[0614]

In particular, for example, the 2+360x(i-1)th
column is a column obtailned by cyclically shifting the
1+360x {i~1)th column in the downward direction by M/360

(= qgj, and the next 3+340x(i-1)th 1s a column cbtained by



column is a column obtained by cyclically shifting the 1+360x(1-1)th
column in the downward direction by M/360 (= q), and the next
3+360x(i-1)th is a column obtained by 223 cyclically shifting the
1+360x(1-1)th column in the downward,direction by 2 x M/360 (=2 x q)
and then cyclically shifting the cyclically shifted column (2+360x(i-l)th
column) in the downward direction by M/360 (= q) 06151 Now, if itis
assumed that the numeral value in the jth column (jth from the left) in the
thaowd(ith rows froft ahgve)ef the patity; checktmatrixlinitial value rtable is
represented by b ,j and the row number of the jth element of the value 1
irthewthicolumecofite parity chedkmatrix-H i5 reprasemted by d; |, then
the row number Hw_j of the element of the value 1 in the wth column-
uirichl 4$ & leolum i Btherthahehe 14360R(-1)th=Colurha Bf e ety
check matrix H can be determined in accordance with the following
expre’iont 10616] KW L = paod{Ri, M PnGHTRRT Y xH; ME Co627] Heérdl/ 360
r{nod(>)<,y) signifies a remainder when x is divided by vy.

= q .
[0615]

Now, if it is assumed that the numeral value in the
ith column (jth from the left) in the ith row (ith row
from above) of the parity check matrix initial wvalue
table is represented by bi,y and the row number of the jth
element of the value 1 in the wth column of the parity
check matrix H is represented by Hu, then the row number
Hy-y of the element of the value 1 in the wth column which
is a column other than the 1+360x (i-1)th column of the
parity check matrix H can be determined in accordance
with the following expression.

[06l6]

Hy-4+ = mod{hi,s + mod({w-1),P) x g,M}
[0617]

Here, modi{x,y) signifies a remalinder when x i1s
divided by vy.
(06181l

Meanwhile, P iz a unit number of columns of the

cyclic structure described hereinabove and is, for



[06181 Meanwhile, P is a unit number of columns of the cyclic structure
described hereinabove and is, for 224 example, in the DVB-S.2 standard,
360. Further, q is a value M/360 obtained by dividing the parity length M
by the unit column number P (= 360),6f,the cyclic structure. [0619] The
LDPC encoding section 21 specifies the row number of the elements of
the value 1 in the 1+360x(i- 1)th column of the parity check matrix H from
the parity check matrix initial value table. [0620] Further, the LDPC
engoding section2d daterfingsstherdnwrdumBéOHw Fof theselement of a
the value 1 in the wth column which is a column other than the
1#360x{-AjthC colubani obtheparity cheék enatibe Hoard. prodiees Epatity v
check matrix H in which the elements of the row numbers obtained by the
foregBinthaveltHarvaiE e [062 1] Rowe Varigtiond 6f theméthodtgfacture.
replacement of code bits of an LDPC code in the replacement process by
acement section 32 of the demultiplexer 25 in the transmission

apparatus 11, that is, of the allocation pattern (hereinafter referred to as
bﬁ%ﬂocaﬁgﬁ LDPC encodf%g sectfgn iﬁ(specﬁéﬁes %%e row

rnumber of the elements of the value 1 in the 1+360x(i-
1yth column of the parity check matrix H from the parity
check matrix initial value table.

[0620]

Further, the LDPC encoding section 21 determines
the row number H,4 of the element of the value 1 in the
wth column which is a column cther than the 1+360x{i~1)th
column of the parity check matrix H and produces a parity
check matrix H in which the elements of the row numbers
obtained by the foregoing have the value 1.

[0621]

Now, variations of the method of replacement of
code bits of an LDPC code in the replacement process by
the replacement section 32 of the demultiplexer 25 in the
traﬁsmission apparatus 11, that is, of the allocation
pattern {(hereinafter referred to as bit allocation
pattern) of code bits of an LDPC code and symbol bits
representative of a symbol, are described.

[0622]



pattern) of code bits of an LDPC code and symbol bits representative of a
symbol, are described. [0622] 225 In the demultiplexer 25, the code bits

of the LDPC code are written in the column direction of the memory 31,
which stores (N/(mb)) x (mb) bits in the £olumn direction x row direction.
Thereafter, the code bits are read out in a unit of mb bits in the row
direction. Further, in the demultiplexer 25, the replacement section 32
replaces _the mb code bits read out in the row direction of the memory 31
and deteffineSthdode ot 8f6the SreplateniéittasTmb Syribot bits bf F©

ésuccessive%hb sgmbols.. [0623] In particular, the replacer;;ent section 32 31
Risiniinés the'ikftfi it for e ostEigniticaRtsit of' the mb Cod& By >4/

read out in the row direction of the. memory 31 as.the code bit b and .
ﬁ% cg St Mﬁ%ﬁﬁﬂgﬂl mﬂp E&t% in ! ug% g%ﬁﬁ%tl@ﬁ

termines the i+ the' most significant bit 6f the m ym ItS

of 106 DieHeersalye) syphols.as e symiol Bl and thex, teplages fe:

mb code bits bo to bmh_1 in accordance with a predetermined bit

Alocatign; patiern, [0624] £1G,, 129 shows an-example of a bit allgeation;
pattern which can be adopted where the LDPC code is an

the demultiplexer 25, the replacement section 32 replaces
the mb code bits read out in the row direction cf the
memory 31 and determines the code bits after the
replacement as mb symbol bits of {(successive} b symbols.
[0623]

In particular, the repiacement section 32
determines the i+1lth bit from the most significant bit of
the mb code bits read out in the row direction of the
memory 31 as the code bit b: and determines the i+1th bit
from the mosi significant bit of the mb symbol bits of
the b (successive) symbols as the symbol bit y;, aend then
replaces the mb code bhits ke To bp-: 1n accordance with a
predetermined bit allocation pattern.

[0624]

FIG. 125 shows an example of a bit allocation
pattern which can be adopted where the LDPC code is an
LDPC code whose code length N is 64,800 bits and whose
encoding rate is 5/6 or 9/10 and besides the modulation

method is 40960AM and the multiple b is 1.



LDPC code whose code length N is 64,800 bits and whose encoding rate
is 5/6 or 9/10 and besides the modulation method is 4096QAM and the
multiple b is 1. 226 [0625] Where the LDPC code is an LDPC code whose
code length N is 64,800 bits and wh encoding rate is 5/6 or 9/10 and
besides the modulation method is 4 AM and the multiple bis 1, in

the demultiplexer 25, the code bits written in the memory 31 for storing
(64,800/(12 x 1)) x (12 x 1) bits in the column direction x row direction are
readout in a unit of 12 x 1 (= mb) bits in the row direction and supplied to
the replacement section 32. [0626] The replacement section 32 replaces
12 x 1 (mvmby ecade:=bitlpy ta-blfesuch that therl?2 xdde= mbysedebits b0
to bll to be read out from the memory 31 may be allocated to the 12 x (=
mbhysymbioliktsayo, 0y 1of tene (= by sypmbokas:seemin EHG.c125; [66Z7]or
In particular, according to FIG. 125, the replacement section 32 carries

DUt Owith Fedrard 16 both 'of andicDRPEtdote Rty theleéndddirtg tatessib/6he
and an LDPC code having the encoding rate of 9/10 from among LDPC
modeshbviny the chdellBnglkeN d¥B4 g00Pditgier 25, the code bits

written in the memory 31 for storing (64,800/(12 x 1)) x
(12 % 1) bits in the column direction x row direction are
read out in a unit of 12 x 1 (= mb) bits in the row
direction and supplied to the replacement section 32.
[0626]

The replacement section 32 replaces 12 x 1 (= mb)
code bits by to by such that the 12 x 1 (= mb) code bits

by to b1 to be read out from the memory 31 may be

allocated to the 12 x 1 (= mb) symbol bits yp to vy of
one (= b) symbol as seen in FIG. 125.
[0627]

In particular, according to FIG. 125, the
replacement section 32 carries out, with regard to both
of an LDPC code having the encoding rate of 5/6 and an
LDPC code having the encoding rate of 9/10 from among
LDPC codes having the code length N of 64,800 bits,
replacement for allocating

the code bit by to the symbol bit vys,

the code bit by to the symbol bit vy,



replacement for allocating the code bit bo to the symbol bit y8, the code
bit b, to the symbol bit y~, 227 the code bit b2 to the symbol bit y5, the
code bit b3 to the symbol bit y" the code bit b4 to the symbol bit y4, the
code bit b5 to the symbol bit y5, the que bit b5 to the symbol bit y2, the
code bit b7 to the symbol bit y3, the ¢dde bit b3 to the symbol bit y7, the
code bit b9 to the symbol bit yla, the code bit b-_o to the symbol bit y1-,
and the code bit b,2 to the symbol bit y9. [06281 FIG. 226 shows an
example ofa hitakocationppatiernwhichean-he peepted where the LDPC
code is an LDPC code whose code length N is 64,800 bits and whose
encodingtiate i6/6 @ri%/10 andbesides ¢hesmbdualkation: method is
4096QAM and the multiple b is 2. [0629] Where the LDPC code is an
LDPC codeswhiostecdde: IengthoNtis 64:800-bits and whoese encoding rate
is 5/6 or 9/10 and besides the modulation method is 4096QAM and the
multiple 5752 GAdke demdttiplexef 25, thatéoee Bist Vs,

the code pit bg to the symbol bit v,

the code bit b; tc the symbol bit vy,

the code bit beg to the symbol bit vy,

the code kit bs to the symbol bit vig,

the code bit bip to the symbol bit yii;, and

the ccde bit Iy, to the symbol bit vye.

[0628]

FIG. 226 shows an exanmple of a bit allocation
pattern which can be adopted where the LDPC code is an
LDPC code whose code length N is 64,800 bits and whose
encoding rate is 5/6 or $/10 and besides the modulation
method is 4086QAM and the multiple b is 2.

[0629]

Where the LDPC code is an LDPC code whose code
length N is 64,800 bits and whese encoding rate is 5/6 or
9/10 and besides the modulation method i1s 40%96CAM and the
multiple b is 2, in the demultiplexer 25, the code bits
written in the memory 31 for storing (64,800/(12 x 2}) x
(12 x 2) bits in the column direction x row directicon are

read out in a unit of 12 x 2 (= mb) bits in the row



written in the memory 31 for storing (64,800/(12 x 2)) x (12 x 2) bits in the
column direction x row direction are read out in a unit of 12 x 2 (= mb) bits
in the row 228 direction and supplied to the replacement section 32.
[0.630] The replacement section 32 replaces 12 x 2 (= mb) code bits bo
to b23 such that the 12 x 2 (=mb) c bits bo to b23 to be read out from
the memory 31 may be allocated to the 12 x 2 (= mb) symbol bits yo to
Y23 of two (= b) successive symbols as seen in FIG. 126. [0631] In
Particylar, according 1o, FIG 4126, the replacement section 32 cafries out,
with regard to both of an LDPC code having the encoding rate of 5/6 and
afs 1PC code having the encoding rate of 9/10 from among LDPC
codes having the code length N of 64,800 bits, replacement for allocating
the coderbit be 4@ the-synhel kitye,: the sade bip b2teshe symbpl bit yoi)
the code bit b4 to the symbol bit y6, the code bit b6 to the symbol bit y1,
d¢heleode bit b ta thessynshot ity tthereodelbitbld tdthelsymbotibit yb s
the code bit b12 to the symbol bit y2,
by to bos to be read out from the memory 31 may be

allocated to the 12 % 2 (= mb) symbol bits yg to yuz of
two (= b) successive symbols as seen in FIG. 126.
[0631]

In particulér, according to FTG. 12¢, the
replacement section 32 carries cut, with regard to both
of an LDPC code having the encoding rate of 5/6 and an
LDPC code having the encoding rate of 9/10 from among
LDPC codes having the code length N of 64,800 bits,
replacement for allocating

the code bit by to the symboel bit v,

the code bit by to the symbel bit ya,

the code bit by to the symbol bit vy,

the code bit bg to the symbol bit yi,

the code bit bg to the symbol bit vy,

the code bit big to the symbcel bit ys,

the code Dit by to the symbol bit vy,

the code bit biy to the symbol bit ys,

the code bit big to the sympol bit vs,

the code bit bie to the symbol bit vyig,



the code bit b14 to the symbol bit y3, the code bit b16 to the symbol bit
y7, the code bit b19 to the symbol bit ylo, 229 the code bit b23 to the
symbol bit y11, the code bit b22 to the symbol bit ys, the code bit bl to
the symbol bit y20, the code bit b3 to the symbol bit Y12, the code bit b5
to the symbol bit y1g, the code bit b74d the symbol bit y13, the code bit
b9 to the symbol bit y15, the code bit b11 to the symbol bit y17, the code
bit b13 to the symbol bit y14, the code bit b15 to the symbol bit y15, the

code bith, 2tothe s ol bit , C it b19 to the symbol bit y22,
the code ﬁte b f}%% tr)ég gyn%%%l%#y%%%a%ﬁﬁcogﬁgbi 623 to the symbol
bit y2,. [0632] Hete . the bit allacation pattern,of Fi.-126 utilizes the bit
allocation pattern of FIG. 125 wherein thé multiple b is 1 without any
modificatien. Inparticutaryin FIG.26, heslacation of the code bits bo,

b2, ..., b22 to the symbol bits y and the allocation of the bl, b3, ..., b23 to
the symbal bitsyjiare-similey tedhehe symbol bit yis,

the code bit by to the gsymbcel bit vig,

the code bit b; to the symbol bit yis,

the code bit be to the symbol bit vie,

the code bit bi; fo the symbol bit viq,

the code bit biz to the symbol bit via,

the code bit bis to the symbol bit vis,

the code bit by tQ the symbol bilt vie,

the code bit bjys to the symbol bit vy,

the code bit by to the symbol bit yz:, and

the code bit by to the symbol bit ysi.

[0632]

Here, the bit allocation pattern of FIG. 126
utilizes the bit éllocation pattern of FIG. 125 wherein
the multiple b is 1 without any modification. In
particular, in FIG. 126, the allocation of the code bits
bo, bs, .., bz to the symbol bits y; and the allocation of
the b1, bs, .., D23 to the symbol bits y; are similar to the
allocation of the code bits by to by to the symbol bits y:
of FIG. 125.

[0633]



allocation of the code bits b5 to b11 to the symbol bits y1 of FIG. 125.
[0633] 230 FIG. 127 shows an example of a bit allocation pattern which
can be adopted where the modulation method is 1024QAM and the
LDPC code is an LDPC code whose code length N is 16,200 bits and
whose encoding rate is 3/4, 5/6 or 88*8nd besides the multiple b is 2 and
also where the modulation method is 1024QAM and the LDPC code is an
LDPC code whose code length N is 64,800 bits and whose encoding

enath s 3%, /6.1 AUt a0d hesides the multinle hie 2, DGR WWhere

_ the LDPC code’is an e whose co e length N Is 16,200 bits and

g.8ncoding rate is 3/4, ,5(8 ?)&:8&9 fRd-the medylation methed igethod
024QAM and besides the multiple b is 2, in the demultiplexer 25, the

code bits yyrittenin themempry 3Lder staring, (16200418 2N 6E 0062):

bits in the column direction x row direction are read out in a unit of 10 x 2
(= mp)nbits insthegpmodirection andisupplied terthe seplacement sectign ,
32. [0635] On the other hand, where the LDPC code is an LDPC

5/6 or 8/9 and besides the multiple b is Z and also where
the modulation method is 1024QAM and the LDPC code is an
LDPC code whose code length N is 64,800 bits and whose
encoding length is 3/4, 5/6 cr 9/10 and besides the
multiple b is 2.

[0634]

Where the LDPC code is an LDPC code whose code
length N is 16,200 bits and whose encoding rate is 3/4,
5/6 or 8/9 and the modulation method is 1024QAM and
besides the multiple b is 2, in the demultiplexer 25, the
code bits written in the memory 31 for storing
(16,200/(10 = 2)) x (10 x 2} bits in the column direction
x row direction are read out in a unit of 10 x 2 (= mb)
bits in the row direction and supplied to the replacement
section 32.

[0635]

On the other hand, where the LDPC code is an LDPEC

code whose code length N is 64,800 bits and whose

encoding rate is 3/4, 5/6 or 9/10 and the modulation

method is 1024QAM and besides the multiple b is 2, in the



code whose code length N is 64,800 bits and whose encoding rate is 3/4,
5/6 or 9/10 and the modulation method is 1024QAM and besides the
multiple b is 2, in the 231 demultiplexer 25, the code bits written in the
memory 31 for storing (64,800/(10 x 2)) x (10 x 2) bits in the column
direction x row direction are read outdda unit of 10 x 2 (= mb) bits in the
row direction and supplied to the replacement section 32. [0636] The
replacement section 32 replaces 10 x 2 (= mb) code bits no to b19 such
hat the.10,x 2 (& mh) cade bits e 10,b19 1o.be tead qut frgm the menory;
C% mayJE])p % cated to the 1<Gt X2 (= jr‘n% symbol bits yo to y19 of tv?il)g
) Suceessiy %ﬁsyr@@obs@@s/ﬁ%n in PIG. 127, {0637] in particula agepeding

to FIG. 127, the replacement section 32 carries out, with regard to all of
the LRPC codes haying thegngedingrate.of3/4, LLRRE sodes havingithe
encoding rate of 5/6 and LDPC codes having a further encoding rate of
819 fromcamong LR ChLeades having the eods leagth. oh16,200 bitsaki d
well as LDPC code having the encoding rate of 3/4, LDPC codes having
tlhe eheoding rate=of5/6 anelttDPE cotles having a. further encoding rate

of 9/10 from among LDPC codes
[0636]

The replacement section 32 replaces 10 x 2 (= mb)
code bits by to bis such that the 10 x 2 (= mb) code bits

bg to bis to be read out from the memory 31 may be

allocated to the 10 x 2 (= mb) symbcl bits vy to yis of
two (= b) successive symbols ag seen in FIG. 127.
[0637]

In particular, according to FIG. 127, the
replacement section 32 carries out, with regard to all of
the LDPC codes having the encoding rate of 3/4, LDPC
codes having the encoding rate of 5/6 and LDPC codes
having a further encoding rate of 8/% from among LDPC
codes having the code length of 16,200 bits as well as
LDPC code having the encoding rate of 3/4, LDPC codes
having thé encoding rate of 5/6 and LDPC codes having a
further encoding rate of 8/10 from among LDPC codes
having another code length N of 64,800, replacement for
allcocating

the code bit bg to the symbol bit vy,



having another code length N of 64,800, replacement for allocating the
code bit be to the symbol bit y8, 232 the code bit b1 to the symbol bit y3,
the code bit b2 to the symbol bit y7, the code bit b3 to the symbol bit ylo,
the code bit b4 to the symbol bit y1g,, {he code bit b5 to the symbol bit y4,
the code bit b6 to the symbol bit y9, the code bit b7 to the symbol bit ys,
the code bit b8 to the symbol bit y17, the code bit b9 to the symbol bit y6,
the code bit blo to the symbol bit y14, the code bit b11 to the symbol bit
yl1, theodeditiel2ia the symbohbit y2pitle cbdé bit:p13 to the symbol
bit y18, the code bit b14 to the symbol bit y16, the code bit b15 to the
symbol bithyel 5;ctie dotle it bi® tbltke sSymibol-bibyb, The code bit b,7 to
the symbol bit y1, the code bit b,e to the symbol bit y13, and the code bit
b,9 to the&-Bymbersit 12, 10638] Eie 128" $HovPai eXample of a bit

allocation ) )
the code bit by to the symbol bit vise,

The code bit bs to the symbol bit vys,

the code bit bg to the symbol bit vy,

the code bit by To the symbol bhit vs,

the code bit bg te the symbol bit viy,

The code bit by Lo the symbol it vs,

the code bit bjg to the symbol bit vig,

the code bit by; to the symbol bit yii,

the code bit bjp; to the symbol bit vya,

the code bit bz to the symbol bit vis,

the code bit byy fto the symbol bit vis,

the code it bis to the symbel bit vis,

the code bit bys to the symbol bit vya,

the code bit bj;; tc the symbol bit vy,

the code bit by to the symbol bit vy, and

the code bit big to the symbol bit vyis.
[0638]

FIG. 128 shows an example of a bit allocation
pattern which can be adopted where the modulaticn method
is 40960QAM and the LDPC code is an LDPC code whose code

length N is 16,200 bits and whose encoding rate is 5/6 or



pattern which can be adopted where the modulation method is 4096QAM
and the LDPC code is an LDPC code whose code length N is 16,200 bits
and whose encoding rate is 5/6 or 233 8/9 and besides the multiple b is 2
and also where the modulation method is 4096QAM and the LDPC code
is an LDPC code whose code lengti MNis 64,800 bits and whose

encoding rate is 5/6 or 9/10 and besides the multiple b is 2. [0639] Where
the LDPC code is an LDPC code whose code length N is 16,200 bits and

whose encoding rate is 5/6 ot 8/9 and the mqdulation method is .
Si&eaﬁmba‘?ﬁ&%%déiﬁméw%&ﬁs@% k|3s Zl,slnc%hea aéjm%rfﬂ]ﬁp?efg}ez%% tﬁ’g‘ ©
ngodbis witern fne memory.34,for Soring.(16,2001(12 % 2)ox (12 % Zc

bits in‘the Column direction x row direction are read oGt in a unit of 12 X 2

{54ub) bits.in the fow, dirsetion;and syppligthto fhe Jeplagement section
32. 0640] On the other hand, where the LDPC code is an LDPC code

auhose code-length N is £4,800 bits and whose sercoding, rateiis 816,08
9/10 and the modulation method is 4096QAM and besides the multiple b
1% 2pin the demultiplexer 25, the code bits written in the memory 31 for
storing (64,800/(12 x 2)) x (12 x 2) bits in the

[0639]

Where the LDPC code is an LDPC code whose code
length N is 16,200 bits and whose encoding rate is 5/6 or
8/9 and the modulation method is 4096QAM and besides the
multiple b is 2, in the demultiplexer 25, the code bits
written in the memory 31 for storing (16,200/(12 x 2)) x
(12 x 2) bits in the column direction x réw direction are
read out in a unit of 12 x 2 (= mb) bits in the row
direction and sﬁpplied to the replacement section 32.
[0640]

On the other hand, where the LDPC code is an LDPC
code whose code length N is 64,800 bits and whose
encoding rate is 5/6 or 9/10 and the modulation method is
40960AM and besides the multiple b is 2, in the
demultiplexer 25, the code bits written in the memory 31
for storing (64,800/{(12 x 2)) x (12 x 2) bits in the
column direction x row direction are read out in a unit

of 12 x 2 (= mb) bits in the row direction and supplied

to the replacement section 32.



column direction x row direction are read out in a unit of 12 x 2 (= mb) bits
in the row direction and supplied to the replacement section 32. 234
[0641] The replacement section 32 replaces 12 x 2 (= mb) code bits bo to
b23 such that the 12 x 2 (= mb) bits to be read out from the memory 31
may be allocated to the 12 x 2 (= mk)3gymbol bits yo to y23 of two (= b)
successive symbols as seen in FIG. 128. 0642] In particular, according to
FIG. 128, the replacement section 32 carries out, with regard to all of the
LDPC codes having the encoding rate of 5/6 and LDPC codes having the
éﬂég&hg rate of 8/9 from among LDPC codes having the code length of

16,200 b% as wel&as LDP codeg.havi%%the en_LcogIEianSq rﬂe of 2/6 gn%b)
LDPC codés ﬁgxﬁna?ﬁ’g‘%% oéiﬁﬁ rate of 9/10 Frort among LDP

codes
havi th h f 64,800, t for [ h
gc%élggﬁa%gsto%[%ce%g; n}!%%?%u%‘ho t%elgl% ), feplacement for f%!%?c?tgfgst 5%0 be

it ylo, the code bit bl to the symbol bit'y,,5,

the,code bit be 10 the symbel bit yv4; the code bitib3 to.the sympal it v, «

the code bit b4 to the symbol bit y21,
2 (= mb) symbol bits yg to yz3 ¢of two (= b) successive

symbols as seen in FIG. 128.
[0642]

In particular, according tTe FIG. 128, the
replacement section 32 carries out, with regard to all of
the LDPC codes having the encoding rate of 5/6 and LDPC
codes having the encoding rate of 8/9 from among LDPC
codeg having the code length of 16,200 bits as well as
LDPC cedes having the enceding rate of 5/6 and LDPC codes
having the encoding rate of 9/10 from among LDPC codes
having ancther code length N c¢f 64,800, replacement for
allocating

the code bit bg te the symboel bit vig,

the code bit by to the symbol bit vyis,

the code bit b; to the symbol bit vy,

the code bit bz tc the symbol bit yis,

the code bit bs to the symbol bit va,

the code bit by to the symbel bit vie,

the code bit bs to the symbol bit yas,

the code bit by toe the symboi bit vis,



the code bit b5 to the symbol bit y16, the code bit b6 to the symbol bit
y23, the code bit b, to the symbol bit y18, 235 the code bit b8 to the
symbol bit y11, the code bit b9 to the symbol bit y14, the code bit blo to
the symbol bit y22, the code bit b11 to the symbol bit y5, the code bit b12
to the symbol bit y6, the code bit b1330d the symbol bit y17, the code bit
b14 to the symbol bit y13, the code bit b15 to the symbol bit y20, the
code bit b16 to the symbol bit y1, the code bit b17 to the symbol bit y3,

the code bit b,8 to the sy bol bit y9, the c%del tbl9 to the symbol bit y2,
the code Bt bB1E the & sy T)OTT%II > theé'co bltlb Y15 the symbol bit

y8, thec de blt% 2 1o th symbo ty12 dlt@)eigo eblt y23 to the
symbol bi yo “0 33ﬁ&técibralngtk e bit a a ocation pa térns shown in

FIGS. 12E5Pé 128, thg same bit allacation patigrn can be, adopted for a

plurality o |nds LDPC codes and besides, the tolerance to errors can
be setta.gdesited pit by, to the symbol bit ys,

the code bit b to the symbcel bit ve,

the code bit bz to the symbol bit viv,

the code bit by to the symboel bit via,

the code bit bis to the symbol bit yoo,

the code bit b:s to the symbol bit vy,

the code bit bi; to the symbol bit ys,

the code bit bie to the symbol bit yg,

the code bit bis to the symbol bit ys,

the code bit bsy to the symbol bit yq,

the code bit bm_to the symbol bit ys,

the code bit bs; to the symbol bit yip, and

the code bit ys3 to the symbel bit yo.
[0643]

According to the bit allocation patterns shown in
FIGS. 125 to 128, the Saﬁe bit allocation patitern can be
adopted for a plurality of kinds of LDPC codes, and
besides, the tolerance to errcrs can ke set to a desired
performance with regard to all of the plural kinds of
LDPC codes.

[(0644]



performance with regard to all of the plural kinds of LDPC codes. [0644]

236 In particular, FIGS. 129 to 132 illustrates results of simulations of the
BER (Bit Error Rate) where a replacement process is carried out in
accordance with the bit allocation patterns of FIGS. 125 to 128. 0645] It is
to be noted that, in FIGS. 129 to 132, the axis of abscissa represents

Es/Np (signal power to noise power ratio per one symbol) and the axis of
ordinate represents the BER. [0646] Further, a solid line curve represents
the BER! wheté alreplatement processlis ‘carrietfodt arttart Hierndig s £
long and short dash line represents the BER where a replacement

Broces¥ st ¥africd ot DeA7TT FIG 1o g finstrates the BER Whefe a
7[%%IJ;';Icement process in accordance Wgh th% bit allocation pattern o{ tgl%he
1259 n

SIS obif for TDPC todas Whose dode 18ngtH RIS 64 8003
phose ancoding faig s o(0.a0d 2c10-pdopting 40380 as the
modulation method and se ting the multiple b to 1.

[0645]

it is to be noted that, in FIGS. 129 ﬁo 132, the
axis of abscissa represents Es/Ng (signal power to noise
power ratioc per one symbol) and the axis of ordinate
represents the BER.

{06467

Further, a solid line curve represents the BER
where a replacement process i1s carried out and an
alternate long and short dash line represents the BER
where a replacement process is not carried out.

[0647]

FIG, 129 illustrates the BER where a replacement
process in accordance with the bit allocation pattern of
FIG. 125 is carried out for LDPC codes whose code length
N is 64,800 and whose encoding rate is 5/6 and 9/10
adopting 40960Q0AM as the modulation method and setting the
multiple b to 1.

[0648]
FIG. 130 illustrates the BER where a replacement

process in accordance with the bit allocation pattern of



[0648] FIG. 130 illustrates the BER where a replacement process in
accordance with the bit allocation pattern of 237 FIG. 126 is carried out
for LDPC codes whose code length N is 64,800 and whose encoding rate
is 5/6 and 9/10 adopting 4096QAM as the modulation method and setting
the multiple b to 2. [0649] It is to be noted that, in FIGS. 129 and 130, a
graph having a triangular mark applied thereto represents the BER
regarding the LDPC code having the encoding rate of 5/6, and a graph
having an asterisk applied thereto represents the BER regarding the
TBPC ¢6de havinythecencoding ate’dt 971 ¢: 706501 FIes A 31 Gstisteg t

e BER where a replacement process in accordance with the bit

the

RllocatfohpatterA'st FIRS SR798 Caffié ool LDPC £6dés Whose tode
length N is 16, and whose encoding rate is 3/4, 5/6 and 8/9 and for

fg %&%s% gvﬁggemgzo%% Ié:r%gethlﬁ\?%ugg,gfﬁ%nr&e %v}h%geae%%oa%‘ggrﬁ?g isthe
I%{l tS{6 Qdk?”ﬁ% opting 1024QAM as the modulation method and
séeffing‘the multiple b to 2. [0651] It is to be noted that, in FIG. 131, a

gbaéo@@aving

It is to be noted that, in FIGS. 129 and 130, a
graph having a triangular mark appiied thereto represents
the BER regarding the LDPC code having the encoding rate
of 5/6, and a graph having an asterisk applied thereto
represents the BER regarding the LDPC code having the
encoding rate of 9/10.

[0650]

FIG. 131 illustrates tThe BER where a replacement
process in accordance with the bit allocation pattern of
FIG. 127 is carried cut for LDPC codes whose code length
N is 16,200 and whose encoding rate is 3/4, 5/¢ and 8/9
and for LDPC codes whose code length N is 64,800 and
whose encoding rate is 3/4, 5/6 and 9/10 adepting 10240QAM
as the modulation method.and setting the multiple b to Z.
[0651]

It is to be noted that, in FIG. 131, a graph having
an asterisk applied thereto represents the BER regarding
the LDPC code having the code lencth N of 64,800 and the

encoding rate of 9/10, and a graph having an upwardly



an asterisk applied thereto represents the BER regarding the LDPC code
having the code length N of 64,800 and the encoding rate of 9/10, and a
graph having an upwardly 238 directed triangular mark applied thereto
represents the BER regarding the LDPC codes having the code length N
of 64,800 and the encoding rate of 5/GgFurther, a graph having a square
mark applied thereto represents the BER regarding the LDPC code
having the code length N of 64,800 and the encoding rate of 3/4. [0652]

Further, in FIG. 131, a graph having a round mark applied thereto
Pépresbhts the BERegardiRg therEDPES Rodé hindihg the 688 Féridth Ne
of 16,200 and the encodiié% rate of 8/9, and a graELh having a downwardly

Hfirdclerf triahdtfar-MarBpplicc thereto Tépredentsttns BER regdfding ©*
he C cade having the code length N.o ,200, and the encoding rate
B S uor 4 oy & T A0S Fark piied tordibrepre i the
BER _regarding the LDPC caode having.the code length N of 16,200 a

8 SHGoiing 156 9 TooRa PG Agm it St The B whevd & o8

replagement .pracesssia aceardance,with the bit allocaion pattern gf: FIG.
128 is carried out for LDPC codes whosSe code length

64,800 and the encoding rate of 3/4.

[0652]

Further, in FIG., 131, a graph having a round mark
applied thereto represents the BER regarding the LDEC
code having the code length N of 16,200 and the encoding
rate of 8/9, and a graph having a downwardly directed
triangular mark appiied thereto represents the BER
regarding the LDPC code having the code length N of
16,200 and the encoding rate of 5/6. Further, a graph
having a plus mark applied theretoc represents the BER
regarding the LDPC code having the code length N of
16,200 and the encoding xrate of 3/4.

(06537

FIG. 132 illustrates the RBER where a replacement
process in accordance with the bit allocation pattern of
FIG. 128 is carried out for LDPC codes whose code length
N is 16,200 and whose encoding rate is 5/6 and 8/9 and

for LDPC codes whose code length N is 64,800 and whose

encoding rate is 5/6 and 9/10 adopting 40960AM as the



N is 16,200 and whose encoding rate is 5/6 and 8/9 and for LDPC codes
whose code length N is 64,800 and whose encoding rate is 5/6 and 9/10
adopting 4096QAM as the 239 modulation method and setting the
multiple b to 2. [0654] It is to be noted that, in FIG. 132, a graph having
an asterisk applied thereto represen?s3t%e BER regarding the LDPC code
having the code length N of 64,800 and the encoding rate of 9/10, and a
graph having an upwardly directed triangular mark applied thereto

fepreseptsthe, BER regardingthe LRPEcodes having.the cadedength N
of 64,800 and the encoding rate of 5/6. [0655] Further, in FIG. 132, a

graph having a round mark applied thereto represents the BER regarding
the LDPC code having the code length N of 16,200 and the encoding

rate of 8/9; and a-graiph havirg adownwardlyrditectéd 2triangulas pharkaving
applied thereto represents the BER regarding the LDPC code having the
zode dergth N oh 16,200l aht the encodings ars6f5/61 06B6T Aceording i
FIGS. 129 to 132, the same bit allocation pattern can be adopted with
rogardB@ phutalityaf kidscofLBDPEccodesd Besites tHedtofdranggd the

encoding rate of 9/10, and a graph having an upwardly
directed triangular mark applied thereto represents the
BER regarding the LDPC codes having the code length N of
64,800 and the encoding rate of 5/6.

[0655]

Further, in FIG. 132, a graph having a round mark
applied thereto represents the BER regarding the LDPC
code having the code length N of 16,200 and the encoding
rate of 8/9, and a graph having a downwardly directed
triangular mark applied thereto represents the BER
regarding the LDPC code having the code length N of
16,200 and the encoding rate of 5/6.

[0656]

According to FIGS. 129 to 132, the same bit
allocation pattern can be adopted with regard to a
plurality of kinds of LDPC codes. Besides, the tolerance
to errors can be set to a desired performance with regard
to all of the plural kinds of LDPC codes.

[0657]



to errors can be set to a desired performance with regard to all of the
plural kinds of LDPC codes. [0657] 240 In particular, where a bit
allocation pattern for exclusive use is adopted for each of a plurality of
kinds of LDPC codes which have different code lengths and different
encoding rates, the tolerance to an &ft8r can be raised to a very high
performance. However, it is necessary to change the bit allocation pattern
for each of a plurality of kinds of LDPC codes. [0658] On the other hand,

according,tq the, hitallocatiopr patterns;of F1GS: 425 a 428 the-same bl

allocation pattern can be adopted for a plurality of kinds of LDPC codes
<which-haxe different codedenrgths anddifferentt encpdingratesy and theénds
necessity to change the bit allocation pattern for each of a plurality of
ckindspf LRRE codes as inavease whersima bitallocatow patermndor
exclusive use is adopted for each of a plurality of kinds of LDPC codes is
delininated. [@653]Further aaccordingdothe. bit allocation patterhs céf can
FIGS. 125 to 128, the tolerance to errors can be raised to a high
Qayﬂahﬁg@eﬁﬂﬂmwghﬁmskgmﬂeperfozmance. However, it 1Ls
necessary to change the bit allocation pattern for gach
of a piurality of kinds of LDPC codes.
10658]

On the other hand, according to the bit allocation
patterns of FIGS. 125 to 128, the same bit allocation
pattern can be adopted for a plurality of kinds of LBPC
codes which have different code lengths and different
encoding rates, and the necessity to change the bit
allocation pattern for each of a plurality of kinds of
LDPC codes as in a case wherein a bit allocation pattern
for exclusive use is adopted for each of a plurality of
kinds of LDPC codes is eliminated.

[0659]

Further, according to the bit allocation patterns
of FIGS. 125 to 128, the tolerance to errors can be
raised to a high performance although it is a little
lower than that where a bit allocation pattern for

exclusive use is adopted for each of a plurality of kinds

of LDPC codes.



lower than that where a bit allocation pattern for exclusive use is adopted
for each of a plurality of kinds of LDPC codes. 241 [0660] In particular, for
example, where the modulation method is 4096QAM, the same bit
allocation pattern in FIG. 125 or 126 can be used for all of the LDPC
codes which have the code length Raf 64,800 and the encoding rate of
5/6 and 9/10. Even where the same bit allocation pattern is adopted in
this manner, the tolerance to errors can be raised to a high performance.
[0661] Further, for example, where the modulation method is 1024QAM,
[thetshme bit allocation pattern of FIG. 127 can be adopted for all of the

LDPC codes which have the, code length N of 16,200.and th [

rate of 314 58 and 819 hnd thé Lﬁﬁ@%gﬁés Vv%h?&ehﬁleetr%égccg'gg%g%%\

N of 64,800 ncoding rate of 3/4, 5/ /10, T if the-
H?a*r‘%‘é) %itlaﬁloggt?oérgg’l\aﬁt’te%fig a%%%?e Tr? thgisﬁ%?g%]%r%%ﬁe o%g}a%%%ntg hee.

18JEOrS cap, L%iﬁ]e%éo ahighperformance. (0662}, Meanwhilesfofn i cn

example, where the modulation method is 4096QAM, the same bit

rallocation pattern OLEIG1128 of 64,800 and the encoding rate of

5/6 and 9/10. Even where the same bit allocation pattern
is adopted in this manner, the tolerance to errors can be
raised to a high performance.
[0661]

Further, for example, where the modulation method
is 10240AM, the same bit allcocation pattern of FIG. 127
can be adopted for all of the LDPC codes which have the
code length N of 16,200 and the encoding rate of 3/4, 5/6
and 8/9 and the LDPC codes which have the code length N
of 64,800 and the encoding rate of 3/4, 5/6 and 9/19.
Then, even if the same bit allocation pattern is adopted
in this manner, the tolerance to errors can be raised to
a high performance.
[0662]

Meanwhile, for example, where the modulation method
is 40960QAM, the same bit allocation pattern of FIG. 128
can be adopted for all of the LDPC codes which have the
code length N of 16,200 and the encoding rate of 5/6 and

8/9 and the LDPC codes which have the code length N of



can be adopted for all of the LDPC codes which have the code length N
of 16,200 and the encoding rate of 5/6 and 8/9 and the LDPC codes
which have the code length N of 242 64,800 and the encoding rate of 5/6
and 9/10. Then, even if the same bit allocation pattern is adopted in this
manner, the tolerance to errors can Bé zaised to a high performance.
[0663] Variations of the bit allocation pattern are further described. [0664]
FIG. 133 illustrates an example of a bit allocation pattern which can be

_adopted where the LDPC code is any LDRC code which has the code
TngiN D600 67 64860 bitaiid Sho o e oG ot R "

g fates for the

%L;g,g%ecode defined bth darity check aé%Hi%foga%gdcefaf example,

anysoafr%ﬁe pa‘r’ltyac eck matrix initial value Tables shown in FIGS. 78

10 123 oth t ingra 5 idest qdulation
r%relt%%?j’isg g;a@%{r]l%]% eSr%lT%%Ieé%gig fé [O%QG%]bI\?VéherfleS {nDPC code?sh

@0 LRPE-code which has the code length N of 16,200 or 64,800 bits and
has the encoding rate other than 3/5 and besides the modulation

[0663]

Variations of the bit allocation pattern are
further described.
(06641

FIG. 133 illustrates an example of a bit allocation
pattern which can be adopted where the LDPC code is any
LDPC code which has the code length N of 16,200 or 64,800
bits and one of the encoding rates for the LDPC code
defined by a parity check matrix H produced, for example,
from any of the parity check matrix initial value tables
shown in FIGS. 78 to 123 other than the encoding rate of
3/5 and besides the modulation method is QPSK and the
multiple b is 1.

[0665]

Where the LDPC code is an LDPC code which has the
code length N of 16,200 or 64,800 bits and has the
encoding rate other than 3/5 and besides the modulation
method is QPSK and the mgltiple b is 1, the demultiplexer
25 reads out code bits written in the memory 31 for

storing (N/(2 x 1)} » (2 x 1) bits in the column



method is QPSK and the multiple b is 1, the demultiplexer 25 reads out
code bits written in the memory 31 for storing (N/(2 x 1)) x (2 x 1) bits in
the column 243 direction x row direction in a unit of 2 x 1 (= mb) bits in
the row direction and supplies the read out code bits to the replacement
section 32. [0666] The replacement 3éction 32 replaces the 2 x 1 mb)
code bits bo and bl read out from the memory 31 in such a manner that
the 2 x 1 (= mb) code bits no and bl are allocated to the 2 x 1 (= mb)
symbol bits yo and yl of one (= b) symbol as seen in FIG. 133. [0667] I
barficiiar actorditig 10 TG "15%, the F‘ep“l%%e?né)r% gectio% 3 _caEF%SS 83%2 ®
replacement for. allocating the code bi o the symbal kit yo and the- .
code'bit Bt t é%?/?n%blo rlgitayrl. [0668 E%to“bee n%%% that, i this
tlréstgg%e,ﬁaelgg(jitc' Rossihle to consiger tha_t replacement is not carried

out and the'code bits bo and b; are determined as they are as the symbol
p@tgé/@}and yi, respectively. [0669]

The replacement section 32 replaces the 2 x 1 (=

mb) code bits by and by read cut from the memory 31 in

such a manner that the 2 x 1 (= mb) code bits by and by
are allocated to the 2 x 1 (= mb) symbol bits yp and yi of
one (= b) symbol as seen in FIG. 133.

[0667]

In particular, according to FIG. 133, the
replacement section 32 carries out replacement for
allocating

the code bit by to the symbol bit yp and

the code bit by to the symbol bit y:.

[0668]

Tt is to be noted that, in this instance, also it
is possible to consider that replacement is not carried
cut and the code bits by and by are determined as they are
as the symbol bits yp and yi., respectively.

[0669]

FIG. 134 shows an example of a bit allocation

pattern which can be adopted where the LDPC code 1s an

1,OPC code which has the code length N of 16,200 or 64,800



FIG. 134 shows an example of a bit allocation pattern which can be
adopted where the LDPC code is an LDPC code which has the code
length N of 16,200 or 64,800 244 bits and has the encoding rate other
than 3/5 and besides the modulation method is 16QAM and the multiple b
is 2. [0670] Where the LDPC code is%h LDPC code which has the code
length N of 16,200 or 64,800 bits and has the encoding rate other than
3/5 and besides the modulation method is 16QAM and the multiple b is 2,

the dem éj/( Iex 2o reads s out th%g%%e bits, writtepin the ememory, 31 fok 5

S?torlngr(l X 2 x (4 X 5) Bits ih the “column direction X row diréction in a

Pt ot 4 x 2, l&kb its-in he fow diregtion and supplies theiead qut 2.

code bits to the replacement section 32. [0671] The replacement section
rﬁ;ﬁlaces the 4 x 2 mb) code bits bo to b7 read out from the memory 31
|n such a manner that the 4 x 2 (= mb) code bits are allocated to the 4 x

2 (= mb),symholbits yiotecy Z-eftwoi (= b}, successiveisymbalsiasiseentine
FIG. 134. [0672] In particular, according to FIG. 134, the replacement
Segtion 32pafries eut neplacement fér, 600 bits and has the
encoding rate other than 3/5 and besides the modulation
method is 16QAM and the multiple b is 2, the
demultiplexer 25 reads out the code bits written in the
memory 31 for storing (N/(4 x 2)) »x (4 x 2} bits in the
column direction x row direction in a unit of 4 x 2 (=
mb) bits in the row direction and supplies the read out
code bits to the replacement section 32.

[Ce71]

The replacement section 32 replaces the 4 % 2 (=
mb) code bits by to by read out from the memory 31 in =such
a maﬁn@r that the 4 x 2 (= mb) code bits are allocated to
the 4 % 2 (= mb) symbol bits yp to yy of two (= b)
successive symbols as seen in FIG. 134.

(06721

In particular, according to FIG. 134, the
replacement section 32 carries out replacement for
allocating

the code bit by to the symbol bit yq,

the code bit by to the symbol bit vyi,



allocating the code bit bo to the symbol bit y-, the code bit bl to the
symbol bit yi, 245 the code bit b2 to the symbol bit y9, the code bit b3 to
the symbol bit y2, the code bit b4 to the symbol bit y5, the code bit b5 to
the symbol bit y3, the code bit b6 to the symbol bit y6, and the code bit b7
to the symbol bit yo. [0673] E'IG. 135 Shows an example of a bit
allocation pattern which can be adopted where the modulation method is
64QAM and the LDPC code is an LDPC code whose code length N is

16,200 or, 64,800 bits.and whose encodingyate 1ig any, pther than 3/5 and
besides tﬁg mt%tlple blis 27 0674] Wherg}?ﬁe LDPC cg)(/gI)'e is an LDPC code

whose code length Niis 16,209 ar/64,8QQ.bits apd whese encoding rate
is any other than 3/5 and the modulation method is 64QAM and besides

the multiple bds 2. im-the demudtiplexer 2bqthe code bjts written in the
memory 31 for storing (N/(6 x 2)) x (6 x 2) bits in the column direction x
row diregtionasadead oubin acdunitef Gx@(=Imb)ibitsin the row direction
and supplied to the replacement section

the code bit bs tc the symbol bit vy, and

the code bit by to the symbol bit vys.

[0673]

FIGC. 135 showe an example of a bit allocation
pattern which can be adopted where the modulation method
is 640AM and the LDPC code is an LDPC code whosa code
length N is 16,200 or 64,800 bits and whose encoding rate
is any other than 3/5 and besides the multiple D is 2.
[0674]

Where the LDPC code is an LDPC code whose code
length N is 16,200 or 64,800 bits and whose encoding rate
is any other than 3/5 and the modulation method is 64QAM
and besides the multiple b is 2, in the demultiplexer 25,
the code bits written in the memory 31 for storing (N/(6
x 2)) % (6 x Z) bits in the column direction x row
direction are read out in a unit of 6 x 2 (= mb) bits in
the row direction and supplied to the replacement section
32.

[0675]

The replacement section 32 replaces the &6 x 2 (=



32. [0675] The replacement section 32 replaces the 6 x 2 (_ 246 mb)
code bits bo to b11 read out from the memory 31 such thatthe 6 x 2 (=
mb) code bits bo to b11 may be allocated to the 6 x 2 (= mb) symbol bits
yo to y11 of two (= b) successive symbols as seen in FIG. 135. [0676] In
particular, according to FIG. 135, the4 feplacement section 32 carries out
replacement for allocating the code bit bo to the symbol bit y11, the code
bit b1 to the symbol bit y~, the code bit b2 to the symbol bit y3, the code
bit b3 to the s mSgc: bit ylp, the cogzle bit b e sympol hit.y6 5 the;code
1Bt BEADThE %g% b‘ft%% thé 6o e%llltgbé: %!(l)%t e symbol bit %, the code
bit b7 to th s¥m€ol bit th% §ode pit.be.to the %\{mb@ﬁi%@, thecode=q
tBﬁ%9tt%efh§ symi o|<bit‘§§? the code bit blo to the symbol bit y4, and the
+code bit p11 t the symbolbityg: (9678 v, to vi, of two (= b)

successive symbols as seen in FIG. 135.
[0676]

In particular, according to FIG. 135, the
replacement section 32 carries out replacement for
allocating

the code bit by to the symbol bit vii,

the code bit by to the symbol bit yq,

the code bit b, to the symbol bit vys,

the code bit by to the symbol bit Vyie,

the code bit by to the symbol bit vs,

the code'bit by, to the symbol bit ya,

the code bit bg to the symbol bit yg,

the code bit bs to the symbel bit ys,

+he code bit bg to the symbol bit yl;

the code bit bs to the symboel bit vs,

the code pit by to the symbol bit y., and

the code bit bi; to the symbol bit yo.

(06771

FIG. 136 shows an example of a bit allocation

pattern which can be adopted where the modulaticn method

is 256QAM and the LDPC code ig an LDPC code whose code



FIG. 136 shows an example of a bit allocation pattern which can be
adopted where the modulation method is 256QAM and the LDPC code is
an LDPC code whose code 247 length N is 64,800 bits and whose
encoding rate is any other than 3/5 and besides the multiple b is 2. [0678]
Where the LDPC code is an LDPC ¢éde whose code length N is 64,800
bits and whose encoding rate is any other than 3/5 and the modulation
method is 256QAM and besides the multiple b is 2, in the demultiplexer

125, ihe gode bits iien.in the memory 3L T siaing, (4. 800(@ X 2 (8

n difection X fow direction are read out in a unit of 8
X2 (= m%bit in the row direction.and supplied {Q.the replacement
Ogggt%ont‘ 7[ éfg]alrhde ;%% acement section 32%eplaces the 8 x 2 mb)
EB r%e8 Pits do to b15 read out from the memory 31 such thatthe 8 x 2 (=
mb) code bits bo to b15 may be allocated to the 8 x 2 (= mb) symbol bits

yo to y15.0f twouzb); siecessive symbels as seenda £1Gh136. [0686] In
particular, according to FIG. 136, the replacement section 32 carries out
1teplagementdfok4, 800 bits and whose encoding rate is any
other than 3/5 and the modulation method is 256QAM and
besides the multiple b is 2, in the demultiplexer 25, the
code bits written in the memory 31 for storing (64,800/(8
x 2)) x {8 x 2) bits in the column direction x row
direction are read out in a unit of 8 x 2 (= mb) bits in
the row direction and supplied to the replacement section
32.

106797

The replacement section 32 replaces the 8 = 2 (=
mb) code bkits by to bis read out from the memory 31 such
that the 8 x 2 (= mb) code bits bg to bis may he allocated
to the 8 x 2 (= mb} symbol bits yo TO Vis of two {= b)
successive symbols as seen in FIG. 136.

[0680]

In particular, according to FIG. 136, the
replacement section 32 carries out replacement for
allecating

the code bit by to the symbel bit yis,

the code bit b; to the symbol bit yi,



allocating the code bit bo to the symbol bit y15, the code bit b, to the
symbol bit y1, 248 the code bit b2 to the symbol bit y13, the code bit b3
to the symbol bit y3, the code bit b4 to the symbol bit ye, the code bit b5
to the symbol bit yll, the code bit b6 to the symbol bit y9, the code bit b7
to the symbol bit ys, the code bit bs46 the symbol bit ylo, the code bit b9
to the symbol bit y6, the code bit blo to the symbol bit y4, the code bit
b11 to the symbol bit y7, the code bit b12 to the symbol bit y12, the code

- bit b13 t%é%% iér@bobgi£y%, ”}egc%%% b%gg‘% C;[gl tlggéyr}rﬂk%ol bit y14, and

the code S the symf)o ityo. [ G. 137 shbws an example

of a bit allgcation, patfern which can be.adepted where the modulation
method Is 256QAM and the LDPC code is an LDPC code whose code

length Niig 16,200-bits; and whose-encading rateis any; other than 3/5 and
besides the multiple b is 1. [0682]

the code bit bs to the symbol bit yii,

the code bit bs to the symbcel bit vy,

the code bit by to the symbol bit ys,

the code bit beg to the symbol bit via,

the code bit bg to the symbol bit ys,

the code bit bip to the symbol bit vy,

the code bit by to the symbol bit ys,

the code bit bis to the symbol bit viz,

the code bit bz to the symbol bit vy,

the code bit bis to the symbol bit v, and

the code bit bys to the symbol bit vp.
[06817

FIG. 137 shows an example of a bit allccation
pattern which can be adopted where the modulation methed
ig 2560AM and the LDPC code is an LDPC code whose code
length N is 16,200 bits and whose encoding rate 1s any

other than 3/5 and besides the multiple b is 1.

Where the LDPC code i1s an LDPC code whose code
'length N is 16,200 bits and whose encoding rate is any

other than 3/5 and the modulation method is 2560AM and



Where the LDPC code is an LDPC code whose code length N is 16,200
bits and whose encoding rate is any other than 3/5 and the modulation
method is 256QAM and 249 besides the multiple b is 1, in the
demultiplexer 25, the code bits written in the memory 31 for storing
(16,200/(8 x 1)) x (8 x 1) bits in the gélimn direction x row direction are
read out in a unit of 8 x 1 (= mb) bits in the row direction and supplied to
the replacement section 32. [0683] The replacement section 32 replaces

the 8 x 1 mb) code hits bo to b~ read out from the memo ch tha
oRaiie e ENbJeode Bits bd t%%ﬁmaly%egg%c%tee%de%o@ %r%%%élg(? r?{b)IChe
symbol bits yo to y7 of one (5 b) symhal as-seen.in v [0684pIn
Cﬁ%drﬁc?ﬂé ,Saé:%% ing to HG%??F{%; % p?&em@rﬁ s%:%%or]?r %3 cg?r%es ogt/ .

replacement for allogating the cogle bit,bolo, the: sunbaldit ye~cdhe code
)bitgéi‘)to the@symb@l b%%%%g%e% code bit b2 to the symbol bit y" t%e code bit

D3 tothe symhal bity thecode bit b fo thessymbolbity2,mp) bits in
the row direction and supplied to the replacement section
32.

[0683]

The replacement section 32 replaces the 8§ x 1 (=
mb) code bits by to by read out from the memory 31 such
that the 8 x 1 {= mb) code bits by to by may be allocated
to the 8 x 1 (= mb) symbol bits yo to y7 of one (= Db)
symbol as.seen in FIG. 137.

(06841

Tn particular, according to FIG. 137, the
replacement section 32 carries out replacement for
allocating

the code bit by to the symboel bit yq,

+he code bit b; to the symbol bit ys,

the code bit b, to the symbol bit vi,

the code bit bs to the symbol bit vys,

the code bit bs to the symbol bit ya,

the code bit bs to the symbol bit ve,

the code bit bg to the symbol bit yi, and

the code bit by to the symbol bit vys.



the code bit b5 to the symbol bit y6, the code bit b6 to the symbol bit y4,
and the code bit b7 to the symbol bit yo. 250 [0685] FIG. 138 shows an
example of a bit allocation pattern which can be adopted where the LDPC
code is an LDPC code whose code length N is 16,200 or 64,800 bits and
whose encoding rate is any other thah 3/5 and besides the modulation
method is QPSK and the multiple b is 1. [0686] Where the LDPC code is
an LDPC code whose code length N is 16,200 or 64,800 bits and whose
encoding rate is any other than 3/5 and besides the modulation method
i§ @IﬁéK and the multiple b is 1, in the demultiplexer 25, the code bits

written in_the m%%or hSl for storin}gagl\llgkze xolf)) % (Z % 1).hits ip the column
ire o]

direction'X fow ction‘are Tead out m a unit of 2 X | (= mb) bits in the

row, direction.and supplied tg the replacement section- 32. [0687] Thearn

pr%bla%ément section 32 replaces the 2 x 1 mb) code bits b0 and b, read

qubdrom the memary Hssuch, fating 20 1{7 mbhcode Bis boand it s
may be allocated to the 2 x 1 (= mb) symbol bits yO and yi of one (= b)

and whose encoding rate is any other than 3/5 and besides
the modulation method is QPSK and the multiple b is 1.
[0686]

Where the LDPC code is an LDPC code whose code
length N is 16,200 or 64,800 bits and whose encoding rate
is any other than 3/5 and besides the modulation method
is QPSK and the multiple b is 1, in the demultiplexer 25,
the code bits written in the memory 31 for storing (N/(2
x 1)) x (2 x» 1) bits in the column direction x row
direction are read out in a unit of 2 x 1 (= mb) bits in
the row direction and supplied to the repiacement section
32.

[0687]

The replacement sectilon 32 replaces the 2 x 1 (=
mb} code bits bg and b; read cut from the memory 31 such
that the 2 x 1 (= mb) code bits by and by may bhe zllocated
to the 2 % 1 {= mb) symbol bits yy and y1 of one (= Db)
symbol as seen in FIG. 138.

[0688]

In particular, according to FIG. 138, the



symbol as seen in FIG. 138. [0688] In particular, according to FIG. 138,
the 251 replacement section 32 carries out replacement for allocating the
code bit bo to the symbol bit y2, and the code bit b, to the symbol bit Y2 0
68 9] It is to be noted that, in this instance, also it is possible to consider
that replacement is not carried out &nd the code bits bo and bl are
determined as they are as the symbol bits y3 and yi, respectively. [0690]
FIG. 139 shows an example of a bit allocation pattern which can be
adopted where the LDPC code is an LDPC code v¥hose code Iiength N is
r6, 8O0 B En SR AGLE Tentodiitf faté s /5 and besidss the modulation
method is 16QAM and the multiple b is 2. (0691] Where the LDPC code
3is HFEHPEIcode whose code length N is 64,800 bits and whose

the mUBE 6 57 1 the dermciiiiavor S5 he code B o inthe
memoryt%efoégﬁi@i@%éogg‘l 1),(1"?&:)) §ymbol Dit vz
[0689]

It is to be noted that, in this instance, also it
is possible to consider that replacement is not carried
out and the code bits by and b, are determined as they are
as. the symbol bits yo and yi, respectively.

[0690]

©7G. 139 shows an example of a bit allocation
pattern which can be adopted where the LDPC code is an
LDPC code whose code length N is €4,800 bits and whose
encoding rate is 3/5 and besides the modulation method is

160AM and the multiple b is 2.

[06691]

Where the LDPC code is an LDPC code whose code
length N is 64,800 bits and whose encoding rate is 3/5
and besides the modulation method is 16QAM and the
multiple b is 2, in the demultiplexer 25, the code bits
written in the memory 31 for storing (64,800/(4 x 2})) X
(4 x 2) pits in the column direction x row direction are
read out in a unit of 4 x 2 {= mb) bits in the row

direction and supplied to the replacement section 32.



(4 x 2) bits in the column direction x row direction are read out in a unit of
4 x 2 (= mb) bits in the row direction and supplied to the replacement

section 32. 252 0692] The replacement section 32 replaces the 4 x 2 mb)

code bits bo to b7 read out from the memory 31 such thatthe 4 x 2 (=
mb) code bits bo to b7 may be allocateg to the 4 x 2 (= mb) symbol bits
yo to y7 of two (= b) successive symbols as seen in FIG. 139. [0693] In
particular, according to FIG. 139, the replacement section 32 carries out
replacement for allocating the code bit bo to the symbol bit yo, the code
bit b to the symbol bitys, the code bit b2 to the symbol bit y1, the code
bit b3 to the symboal bit y2, the code bit b4 to the symbol bit y4, the code
bit b5 to thesyriBoIIHETE the To0E Bitb5'to thesyniot bity3, and the'™
code bit b7 to.the symbol bit Y6- [06941 FIG. 140 shows an example of
B AGERTon baton vich 5 it

alloCatfon b%\fte A wWhich tah éjaablpted%v%lerié e TDPC tode is'an
that the 4 x 2 (= mb) code bits k¢ to by may be allocated
to the 4 x Z {= nb) symbol bits yg to yy of two (= b)

successive symbols as seen in FIG. 139.
[0693]

In particular, according to FICG. 139, the
replacement section 32 carries out replacement for
allocating

the code bit by to the symbol bit g,

the code bit by to the symbol bit vy,

the code bit b; to the symbol bit vy,

the code bit by to the symbol bilt vys,

the code bit by to the symbol bit v,

the code bit bs to the symbol bit vy,

the code bit bg to the symbol bit yi;, and

the code bit by to the symbol kit ys.

[0694] |

FIG. 140 shows an example of a bit allocation
pattern which can be adopted where the LDPC code is an
LDPC code whose code length N is 16,200 bits and whose
encoding rate is 3/5 and besides the modulation method

16QAM and the multiple b is 2.

is



LDPC code whose code length N is 16,200 bits and whose encoding rate
is 3/5 and besides the modulation method is 16QAM and the multiple b is
2. 253 0695] Where the LDPC code is an LDPC code whose code length
N is 16,200 bits and whose encoding rate is 3/5 and besides the
modulation method is 16QAM and thes pultiple b is 2, in the demultiplexer
25, the code bits written in the memory 31 for storing (16,200/(4 x 2)) x (4
X 2) bits in the column direction x row direction are read out in a unit of 4
X 2 (= mb) bits in the row direction and supplied to the replacement
Eeéfion 32. [0696] The replacement section 32 replaces the 4 x 2 mb)

code bits bo to b7 read out from the memory 31 such that the 4 x 2 %
mb) cod&BisE Bo'td b 7MEY b%oﬁﬁ)chFedarfo%P%P % xZEEmby 3§mbor Bits

yo to of two (= p) successive s bols as seen |n FIG. 240, 0697]
%?t(?c‘{ﬁ rN a%:éordorfg t(g FI%l%l %ne V‘?gﬁl‘oécemeni)se&%n ?f L(L‘:arlrlseséou

ree{) Eemegt for Ilocatl 1089%%%0%9@% sygwbiyd, the code
the sy symb %It 1

multiple b is 2, in the demultiplexer 25, the code bits
written in the memory 31 for storing (16,200/(4 x 2)) x
(4 x 2} kits in the column direction x row direction are
read out in z unit of 4 x Z (= mb) bits in the row
direction and supplied to the replacement section 32.
[0686]

The replacement section 32 replaces the 4 x 2 (=
mb) code bits by to by read out from the memory 31 such
that the 4 x 2 (= mb) code bits by to by may be allocated
to the 4 x 2 (= mb) symbol bits vy to y; of twe (= b)
successive symbols as seen in FIG. 240.

106971

In particular, according to FIG. 140, the
replacement section 32 carries out replacement for
allocating

the code bit by to the symbol bit vy,

the code bit bi; to the symbol bit yi,

the code bit bz to the symbol bit vy,

the code bit bs to the symbol bit vy,

the code bit by to the symbel bit ys,



the code bit b2 to the symbol bit y9, the code bit b3 to the symbol bit y2,
the code bit b to the symbol bit y5, 254 the code bit b5 to the symbol bit
y3, the code bit b6 to the symbol bit y6, and the code bit b7 to the symbol
bit yo. 0698] FIG. 141 shows an example of a bit allocation pattern which
can be adopted where the modulatiopgpethod is 64QAM and the LDPC
code is an LDPC code whose code length N is 64,800 bits and whose
encoding rate is 3/5 and besides the multiple b is 2. [0699] Where the
LDPC code is an LDPC code whose code length N is 64,800 bits and
whose eri¢oding fatelis B/%:ar¢ thé:matitiidtion meéthod:is 64QAM and
besides the multiple b is 2, in the demultiplexer 25, the code bits written
in the meri6ry 3L forlstdrinty (54,8006 A XL (6% ©) Bits ifFHe column
direction x row direction are read out in a unit of 6 x 2 (= mb) bits in the
row direltith GRGSuppliedio tre répiadefhBit'settibon¥s2. [0700] The

re§,l%%ement section 32 replaces the 6 x 2 mb) code bits bo to b11 read
6UPHSMm the memory 31 such

FIG. 141 shows an example of & bit allocation
pattern which can be adopted where the modulation method
is ©640AM and tﬁe LDPC code is an LDPC code whose code
length N ié 64,800 bits and whose encoding rate is 3/5
and besides the multiple b is Z.

[0699]

Where the LDPC code is an LDPC code whose code
length N is 64,800 bits and whose encoding rate is 3/5
and the modulation method is 640AM and besides the
multiple b is 2, in the demultiplexer 25, the code bits
written in the memory 31 for storing (64,800/(6 x 2)) x
(6 x 2) bits in the column direction x row direction are
read out in a unit of 6 x 2 (= mb) bits in the row
directiocn and supplied to the replacement section 3Z2.
[07C0]

The replacement section 32 replaces the 6 x 2 (=
mb) code bits by to by read ocut from the memory 31 such
that the 6 x 2 (= mb) code bits by to by may be allocated
to the 6 x 2 (= mb) symbol bits vyg te yi1 of two (= b)

successive gsymbols as seen in FIG. 141.



that the 6 x 2 (= mb) code bits bo to b11 may be allocated to the 6 x 2 (=
mb) symbol bits yo to y11 of two (= b) successive symbols as seen in
FIG. 141. 255 [0701] In particular, according to FIG. 141, the
replacement section 32 carries out replacement for allocating the code bit
bo to the symbol bit y2, the code bit 4 to the symbol bit y7, the code bit
b2 to the symbol bit y6, the code bit b3 to the symbol bit y9, the code bit
b4 to the symbol bit yo, the code bit b5 to the symbol bit y3, the code bit
b6 to the symbol bit y1, the code bit b7 to the symbol bit ye, the code bit
[ Beddlthe symbol bit yg, the code bit bg to the symbol bit y11, the code bit

blo to the symbol bit y5, and the code bit b1l to th
[0702] FiG. RE2tSHdws an exafple’
be adopted where the mod
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142 shows an example of a bit allocation

pattern which can be adopted where the modulation method

is 64QAM and the LDPC code is an LDPC code whose code

length N is 16,200 bits and whose encoding rate is 3/5

and besides the multiple b is 2.

[0703]

Where the LDPC code is an LDPC code whose code



and besides the multiple b is 2. [0703] Where the LDPC code is an LDPC
code whose code 256 length N is 16,200 bits and whose encoding rate is
3/5 and the modulation method is 64QAM and besides the multiple b is
2, in the demultiplexer 25, the code I%s6 written in the memory 31 for
storing (16,200/(6 x 2)) x (6 x 2) bits in the column direction x row
direction are read out in a unit of 6 x 2 (= mb) bits in the row direction
and supplied to the replacement section 32. [0704] The replacement
1sectioh 32 replacesahé 6 2smis) codediits b3rtodalinkeatkout fiom thHe
memory 31 such that the 6 x 2 (= mb) code bits bo to b11 may be
sgidcatet 1o thel 6112 (= mb) syrhbot bits ybio yid ofewddeh)the
successive symbols as seen in FIG. 142. [0705] In particular, according to
MGt 1ddete keplacement SectithBl Earies bt réplacémentfore bits
allocating the code bit b2 to the symbol bit y11, the code bit b1 to the

Gymietbit'y7, “he CEIRBivh2 to e syrhBbIBity3, Lthe?clde bit H34o the

aynp%;ﬁ%ﬁ%% in the column direction x row direction are
read out in a unit of © x 2 (= mb) bits in the row
direction and supplied to the replacement section 32.
[0704]

The replacement secticn 32 replaces the 6 x 2 (=
mb) code bits by to b read cut from the memory 31 such
that the 6 x 2 (= mb) code bits by to b1 may be allocated
to the 6 x 2 (= mb) symbol bits vy to yi;; of two (= b)
successive symboels as seen in FIG. 142,

[0705)]

In particular, according to FIG. 142, the
replacement section 32 carries out replacement for
allocating

the code bit by to the symbol bit vyii,

the code bit b; to the symbol bit v.,

the code bit b:; to the symbol bit ys,

the code bit by o tThe symbol bit vig,

the code bit by to the symbol bit vs,

the code bit by to the symbol bit vy,

the code bit bg to the symbol bit vs,



the code bit b4 to the symbol bit y6, the code bit b5 to the symbol bit y2,
the code bit b6 to the symbol bit yg, 257 the code bit b7 to the symbol bit
y;, the code bit b8 to the symbol bit y1, the code bit b9 to the symbol bit
y8, the code bit b10 to the symbol bit y4, and the code bit b11 to the
symbol bit yo. [0706] FIG. 143 shows®an example of a bit allocation
pattern which can be adopted where the modulation method is 256QAM
and the LDPC code is an LDPC code whose code length N is 64,800 bits

and who enccégin rate is 3%) d besides the multiple b is 2. [0707]
Where tr?e% EDPC goggef‘% gﬁ LDP n%%d%yw oosie]: (?old%e éngth N is 64,800

bits and %ngoqﬂgog}&g g%teg% 3@1 & ﬁOM@ti ] method is
256QAM and besides the muitiple b'is 2, in the demultiplexer 25, the

code bits- ywittensin ﬁ@?ﬂ“%’;”ct% 3for §%§891(6%1§@0§(88, X 2)) X (8x2)
bits in the column direction x row direction are read out in a unit of 8 x 2

(= mb) bits.in therow, idirestion and supplied-teithe replacement section
32. [0708]

the code bit bi; to the symbol bit vys.
[0706]

FIG. 143 shows an example of a bit allccation
pattern which can be adopted where the modulation method
is 2560AM and the LDPC code is an LDPC code whose code
length N is 64,800 bits and whose encoding rate is 3/5
and besides the multiple b is 2.

[6707]

Where the LDPC code is an LDPC code whose code
length N is 64,800 bits and whose encoeding rate is 3/5
and the modulation method is 2560AM and besides the
multiple b is 2, in the demultiplexer 25, the code bits
written in the memory 31 for storing (64,800/{(8 x 2)) x
(8 x 2) bits in the column direction x row direction are
read out in a unit of 8 x 2 (= mb) bits in the row
direction and supplied to the replacement section 32.
(07087

The replacement section 32 replaces the 8 x 2 (=

mb} code bits by to bis read out from the memory 31 such

that the 8 x 2 (= mb) code bits by to bys may be allocated



The replacement section 32 replaces the 8 x 2 mb) code bits be to b15
read out from the memory 31 such that the 8 x 2 (= mb) code bits bo to
b15 may be allocated 258 to the 8 x 2 (= mb) symbol bits yo to y15 of two
(= b) successive symbols as seen in FIG. 143. [0709] In patrticular,
according to FIG. 143, the replacem%?ﬁ% section 32 carries out
replacement for allocating the code bit on to the symbol bit y2, the code
bit b1 to the symbol bit y11, the code bit b2 to the symbol bit y3, the code
it B3, to the,symha hity4,sthecode bit 94% theg Sy{E'kabiExV@’ the gode
bit b5 to the symbol bit y9, the code bit b6 to the symbol bit yi, the code
itk sthessysnhe) ditye, stheseade; bit boda thesymbol bit ylo, the code

bit b9 to the symbol bit y13, the code bit b,o to the symbol bit y7, the
code djt b11 to the symbol bit y14, the code bit b12 to the symbol bit yo,
the code bit b13 to the symbol bit y15, the code bit b14 to the symbol bit
y5,and In particular, according to FIG. 143, the

replacement section 372 carries out replacement for

allocating
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the code bit b15 to the symbol bit y12. [0710] FIG. 144 shows an example
of a bit allocation 259 pattern which can be adopted where the
modulation method is 256QAM and the LDPC code is an LDPC code
whose code length N is 16,200 bits and whose encoding rate is 3/5 and
besides the multiple b is 1. [0711] Wheke the LDPC code is an LDPC code
whose code length N is 16,200 bits and whose encoding rate is 3/5 and
the modulation method is 256QAM and besides the multiple b is 1, in the

g eé‘é%'%‘ lgwxf%%% %"er;f%jeeb.gictfoﬁ’%rg?”ﬁﬂé?e memory 31, for,sINng. ..« 1 oq

200/( its in"the column direction X row direction are

eadout ina it of 8.x A(5-mb).aits inthe fowpdirection.ang supplieg to

the replacement section 32. [0712] The replacement section 32 replaces

1the8:x lymb) codehits bo tosb7 repd,auifrom the memory=-3ksych ihat
the 8 x 1 (= mb) code bits bo to b7 may be allocated to the 8 x 1 (= mb)

Symbal bitsye tons efane (3 b) symbol as seen in FIG. 144. [0713] In
particular, according to FIG. 144, the
[0711]

Where the LDPC code is an LDPC code whose code
length N is 16,200 bits and whose encoding rate is 3/5
and the medulation methoed is 2560Q02AM and besides the
multipie.b is 1, in the demultiplexer 25, the code bits
written in the memory 31 for storing (16,200/(8 x 1)) x
(8 x 1) bits in the column direction x row direction are
read out in a unit of 8 x 1 = mbh) bits in the row
direction and supplied to the replacement section 32.
[0712]

The replacement secticn 32 replaces the 8 x 1 (=
mb) code bilts by to by read cut from the memory 31 such
that the 8 x 1 {= mb) code bits by to by may be allocated
to the 8 x 1 (= mb}) symbol bits vy to y; of one (= b)
symbol as seen in FIG., 144.

[0713]

In particular, according to FIG. 144, the

replacement sectlion 22 carries out replacement for

aliocating

the code bit by Lo the symbol bit vy,



replacement section 32 carries out replacement for allocating the code bit
bo to the symbol bit y7, 260 the code bit b1 to the symbol bit y3, the code
bit b2 to the symbol bit yl, the code bit b3 to the symbol bit y5, the code
bit b4 to the symbol bit y2, the code bit b5 to the symbol bit y6, the code
bit b6 to the symbol bit y4, and the édde bit b7 to the symbol bit yo.

[0714] Now, the deinterleaver 53 which composes the reception
apparatus 12 is described. [0715] FIG. 145 is a view illustrating

processing of the, multipl exer 54 hlch composes. the deinterleaver 53.
[0716] In@[%artléular I%ép 1435A shows an’ er%amp% of &' Tunctional

configuraian of he myliplexer 54, (07471 The muliplerer 54 s

composed of a reverse replacement section 1001 and & memory 1002.
[0718] The multiplexey; 34 deteunings sypholbitg of

the code bit by to the symbol it v,

the code bit bs to the symbol bit vy,

the code bit bg to the symbol bit y;, and

the code bit by to the symbol bit vg.

(07141

Now, the deinterleaver 53 which composes the
reception apparatus 12 is described.
[0715]

FIG. 145 is a view illustrating processing of the
multiplexer 54 which composes the deinterleaver 53.
10716]

In particular, FIG. 145A shows an example of a
functional configuration of the multiplexer 54.

(07177

The multiplexer 54 is composed of a reverse
replacement section 1001 and a memory 1002.

(07181

The multiplexer 54 determines symbel bits of
symbols suppliied from the demapping section 52 at the
preceding stage as an cobject of processing.thereof and

carries out a reverse replacement procesg corresponding



symbols supplied from the demapping section 52 at the preceding stage
as an object of processing thereof and carries out a reverse replacement
process corresponding 261 to the replacement process carried out by the
demultiplexer 25 of the transmission apparatus 11 (process reverse to the
replacement process), that is, a revefse replacement process of returning
the positions of the code bits (symbol bits) of the LDPC code replaced by
the replacement process. Then, the multiplexer 54 supplies an LDPC

t¢pdg,abtained.as.3 Lesult of {he reverse, replacement progess to the

column twist deinterleaver 55 at the succeeding stage. [0719] In

cRarticwlar, in the-mudtiplexanpd, mb symbok bifs Yo%l rat ¥, 1 of b
symbols are supplied in a unit of b (successive) symbols to the reverse

replacement «section 1001t {720l Jheseverse replasement segtien 1001 5
carries out reverse replacement of returning the arrangement of the me
rsymahal bitseyoltaymbe 4 o the osginab arrasgementiof theemivedde bits of
bo, b1l, ..., bb-, (arrangement of the code bits bo to br'b_1 before the
replavedterit bythe sgplacément sectién B2awhiclComposes ¢ aced by
demultiplexer 25 on the
the replacement process. Then, the multiplexer 54
supplles an LDPC code obtained as a result of the reverse
replacement process to the column twist deinterleaver 55
at the succeeding stage.
[071¢9]

In particular, in the multiplexer 54, mb symbol
bits vo, Vi, «y Yme-1 0f b symbols are supplied in a unit
cf b (successive) symbols to the reverse replacement

section 1001.
(67207

The reverse replacement section 1001 carries out
reverse replacement of returning the arrangement of the
mb symbol bits yg to ym-1 to the original arrangement of
the mb code bits by, by, .., bm-1 {@rrangement of the code
bits by to b1 before the replacement by the replacement
section 32 which composes the demultiplexer 25 on the
transmission apparatus 11 side is carried out). The
reverse replacement sectiocn 1001 outputs code bits by to

bmp-1 Obtalned as a result of the reverse replacement.



transmission apparatus 11 side is carried out) The reverse replacement
section 1001 outputs code bits bo to bb_1 obtained as a result of the
reverse replacement. 262 [0721] The memory 1002 has a storage
capacity of storing mb bits in the row (horizontal) direction and storing
N/(mb)bits in the column (vertical) d#&étion similarly to the memory 31
which composes the demultiplexer 25 of the transmission apparatus 11
side. In other words, the reverse replacement section 1001 is configured
{r@p} mb columns each of which stores N/(mb) bits. [0722] However, in
he memory 1002, writing of the code bits of LDPC codes outputted from

the reverseseplacement osection100L is.carded oything Qge%tl@%@é’i‘ﬁiﬁtj
|

reading out of code bits from the memory 31 of the demultiplexer 25 of

ithe Frapsmissiom appatatusdi is sarded oyt andresding-eutof cpdepits
written in the memory 1002 is carried out in a direction in which writing of

eodabjtsuntosthermemory 3lusicarries-aut: 40723]inparticitars the 1arly
multiplexer 54 of the reception apparatus 12 successively carries out
writingeofrcoder bits of aniLkDPC codesautpuited flomitheireverser 25 of
the transmission apparatus 11 side. In other words, the
reverse replacement section 1001 is configured from mb
columns each of which stores N/{(mb) bits.

[0722]

However, in the memory 1002, writing of the code
bits of LDPC codes outputted from the reverse replacement
section 1001 is carried out in a directicn in which
reading out of code bits from the memory 31 of tChe
demultiplexer 25 of the transmission apparatus 11 is
carfied out, and reading out of code bits written in the
memory 1002 is carried cut in & direction in which
writing of code bits intce the memory 31 is carried out.
[O723j.

In particular, the multiplexer 54 of the reception
apparatus 12 successively carries out writing of code
Lits of an LDPC code outputted from the reverse
replacemant section 1001 in a unit of mb bits in the row

direction beginning with the first row of the memory 1002

toward a lower low as seen 1in FIG. 145A.



replacement section 1001 in a unit of mb bits in the row direction
beginning with the first row of the memory 1002 toward a lower low as
seen in FIG. 145A. 263 [0724] Then, when the writing of code bits for one
code length ends, the multiplexer S%g%ads out the code bits in the
column direction from the memory 1 and supplies the code bits to the
column twist deinterleaver 55 at the succeeding stage. [0725] Here, FIG.
145B is a view illustrating reading out of the code bits from the memory
(10024 07261 The multiplexer 54 carries out reading out of code bits of an
LDPC code in a downward direction (column direction) from above of a
column Whieh,compasesithe wmemory 1902deginning withcer lefteostode
column toward a right side column. [0727] Now, processing of the column
st ‘deirtefleaver 85 hidH Berposes the- geifdterieaver B8 ofthle bits
reception apparatus 12 is described with reference to FIG. 146. [0728]
G126 5how an ex8mbleesr & EfigUratiseBPine 1002 and supplies

the code bits to the column twist deinterleaver 55 at the
succeeding stage.
[0725]

Here, FIG. 145B is a view illustrating reading out
cf the code bits from the memcry 1002Z.
[0726]

The multiplexer 54 carries out reading out of code
bits of an LDPC cecde in a downward direction (column
direction) from above of a column which composes the
memory 1002 beginning with a leftmost column toward a
right side column.

[0727]

Now, processing of the column twist deinterleaver
55 which composes the deinterleaver 53 of the reception
apparatus 12 is described with reference to FIG. 146.
[0728]

FI1G. 146 shows an example of a configuration of the
memcry 1002 of the multiplexer 54,

[0729]

The memory 1002 has a storage capacity for storing



memory 1002 of the multiplexer 54. [0729] The memory 1002 has a
storage capacity for storing 264 me bits in the column (vertical) direction
and stores N/(mb) bits in the row (horizontal) direction and is composed
of mb columns. [0730] The column twist deinterleaver 55 writes code bits
of an LDPC code in the row directior¥#to the memory 1002 and controls
the position at which reading out is started when the code bits are read
out in the column direction to carry out column twist deinterleave. [0731]

f} pafticular, the, column fwist deinterioayer 53 Ce?é@%%ﬁ“ta%%e‘é 3%cs
re-arrangement process o SUIta%}fy c%anglngjtﬁe reading out starting

Wpesition awhich,regding gyt of cade bits with regard to £ach ofa ; o

plurality of columns is to be started to return the arrangement of code bits

Ferarranged-by the eQlumptwist interleave to the original arrangement.
[0732] Here, FIG. 146 shows an example of a configuration of the

neemoeny 1002 where the modulation method is 16QAM and the multiple b
is 1. Accordingly, the bit number m of
The column twist deinterleaver 55 writes code bits

of an LDPC code in the row direction into the memory 1002
and controls the position at which reading out is started
when the code bits are read out in the chumn direction
te carry out column twist deinterleave.

(07311

In particular, the column twist deinterleaver 55
carries out a reverse re-arrangement process of suitably
changing the reading out starting position at which
reading out of code bits with regard to each of a
plurality of columns is to ke started to return the
arrangement of code bits re-arranged by the column twist
interleave to the original arrangement.

[0732]

Here, FIG. 146 shows an example of a configuration
of the memory 1002 where the modulation method is 16QAM
and the multiple b is 1. Accordingly, the bit number m of
one symbeol 1s 4 bits, and the memory 1002 includes four
(= mb) columns.

[0733]



one symbol is 4 bits, and the memory 1002 includes four (= mb) columns.
[0733] 265 The column twist deinterleaver 55 carries out (in place of the
multiplexer 54), writing of code bits of an LDPC code outputted from the
replacement section 1001 in the row direction successively into the
memory 1002 beginning with the first¥ow toward a lowermost row. 0734]
Then, if writing of code bits for one code length ends, then the column
twist deinterleaver 55 carries out reading out of code bits in the downward

direCtionT(E@UH&ﬂQiﬁﬁCt{Q@sfﬁorHéiEQQé}flt%%W@@’ 1002 heginning with
a leftmost column toward a right side column. [0735] However, the

colwan dwist deinterleaver Sa-carges outreading out of the: cede bits frogy
the memory 1002 determining the writing starting position upon writing of
ithecode ditsdythecobdma twist interleaver 24car the deansmission0l in
apparatus 11 side to a reading out starting position of the code bits.
{0236]dn particutarn ifthe address. okthe positiontdfe memory 1002
beginning with the first row toward a lowermost row.
r0734]

Then, if writing of code bits for cne code length
ends, then the columﬁ twilist deinterleaver 553 carries out
reading out of code bits in the downward direction
{column direction) from a tor of the memory 1002
beginning with a leftmost column toward a right side
column.

[0735]

However, the column twist deinterleaver 55 carries
out reading out cof the code bits from the memory 1002
determining the writing starting position upon writing of
the code bits by the column twist interleaver 24 on the
transmission apparatus 11 side to a reading out starting
position of the code bits.

[0736]

In particular, if the address of the position of

the top of each column is determined as 0 and the address

of each position in the column direction is represented

by an integer given in an ascending order, then where the



the top of each column is determined as 0 and the address of each
position in the column direction is represented by an integer given in an
ascending order, then where the 266 modulation method is 16QAM and
the multiple b is 1, the column twist deinterleaver 55 sets the reading out
starting position for the leftmost colufififto the position whose address is
0, sets the reading out starting position for the second column (from the
left) to the position whose address is 2, sets the reading out starting

ROsition-for the, third colymm tothe position, whose address s 4, and sefs,

the reading out starting position for the fourth column'to the position

whese, address ig/s 1@ E37dLisdo besnated that,with £egardtoeach of

those columns whose reading out starting position has an address other

dhan 0; reading out ef.cade bits.is cardedoeut suchithat, affer suchreadingn
out is carried out down to the lowermost position, the reading out position

wsaeturagd te thre top (posiwnawhose addréssds 0):af theaealumn and the
reading out is carried out downwardly to the position immediately
fprecéding td the kdating oat StartihgpositibnoThén,cafler that, readihg out
is carried out from the next (right) column.

position whose address is 2, sets the reading out
starting position for the third column to the position
whose address is 4, and sets the reading cutf starting
position for the fourth column to the position whose

address 1is 7.
F0737]

It is to be noted that, with regard to each of
those columns whose reading out starting position has an
address other than 0, reading out of code bits is carried
out such that, after such reading out is carried out down
to the lowermost position, the reading out position is
returned to the top (position whose address is 0) of the
column and the reading out 1s carried out downwardly to
the position immediately preceding to the reading out
starting position. Then, after that, reading out is
carried cut from the next (right) column.

(0738
By carrying out such column twist interleave as

described abceve, the arrangement of the code bits re-



[0738] By carrying out such column twist interleave as described above,
the arrangement of the code bits re 267 arranged by the column twist
interleave is returned to the original arrangement. [0739] FIG. 147 is a
block diagram showing another example of the configuration of the
reception apparatus 12. [0740] Referrfng to FIG. 147, the reception
apparatus 12 is a data processing apparatus which receives a
modulation signal from the transmission apparatus 11 and includes an

I odulati ti a: ing,sectio N
Cedoay 53 an| BRC. deinb secton 1601 [oPEi] Ths" =©

arthagengk demodulation sectien 51 receives a modulation signal from
the transmission apparatus 11, carries out orthogonal demodulation and

supphes symbols (values in the | and Q axis directions) obtained as a
result of the orthogonal demodulation to the demapping section 52. 0742]

The demappinglgéction 52 carsies eltdemappingefing another example
of the configuration of the reception apparatus 12.
[0740]

Referring to FIG. 147, the reception apparatus 12
is a data processing apparatus which receives a
modulation signal from the transmission apparatus 11 and
includes an orthogonal demodulation section 51, a
demapping section 52, a deinterleaver 53 and an LDPC
decoding section 1021.

[07471)]

The orthogeonal demodulation section 51 receives a
modulation signal from the transmission apparatus 11,
carries out orthegonal demodulation and supplies symbols
(values in the I and Q axis directions) obtained as a
result of the orthogonal demcdulation to the demapping
section 52.

[0742]

The demapping section 52 carries out demapping of
converting the symbols from the orthogonal demodulation
sectlon 51 into code bits of an LDPC code and supplies

the code bits to the deinterleaver 53.



converting the symbols from the orthogonal demodulation section 51 into
code bits of an LDPC code and supplies the code bits to the deinterleaver
53. 268 0743] The deinterleaver 53 includes a multiplexer (MUX) 54, a
column twist deinterleaver 55 and a parity deinterleaver 1011 and carries
out deinterleave of the code bits of the"LDPC code from the demapping
section 52. 0744] In particular, the multiplexer 54 determines an LDPC
code from the demapping section 52 as an object of processing thereof
@g@gaj,rries out a reverse replacement process corresponding to the
replacement process carried out by the demultiplexer 25 of the

transmissien apparatus: 41-{gverse procass e the raplacementnrocess),
that is, a reverse replacement process of returning the positions of the

wpde:bits-reptaced.dystheseplacement-precess tanthe:originalpositions.
Then, the multiplexer 54 supplies an LDPC code obtained as a result of
dhéneverseareptacemantyirdcess toithe columu dwist deinterieaver 5ohe
[0745] The column twist deinterleaver 55 determines the LDPC code from
thdeidtiplexerf 54 fas anlobjecicofe pfocessingantecarries out celamirntwist, .
deinterleave
(0744}

In particular, the multiplexer 54 determines an
LDPC code from the demapping section 52 as an object of
processing thereof and carries out a reverse replacement
process corresponding to the replacement process carried
out by the demultiplexer 25 of the transmission apparatus
11 (reverse process to the replacement process), that is,
a reverse replacement process of returning the positions
cf the code bits replaced by the replacement process to
the original positions. Then, the multiplexer 54 supplies
an LDPC code obtained as a result of the reverse
replacement process to the column twist deinterleaver 55.
(07451

The column twist deinterleaver 55 determines the
LDPC code from the multiplexer 54 as an object of
precessing and carries out column twist deinterleave
corresponding to the column twist interleave as a re-

arrangement process carried out by the column twist

interleaver 24 of the transmission apparatus 11.



corresponding to the column twist interleave as a re- arrangement process
carried out by the column twist interleaver 24 of the transmission
apparatus 11. 269 [0746] The LDPC code obtained as a result of the
column twist deinterleave is supplied from the column twist deinterleaver
55 to the parity deinterleaver 1011. {§%47] The parity deinterleaver 1011
determines the code bits after the column twist deinterleave by the
column twist deinterleaver 55 as an object of processing thereof and
gr'%a out parity deinterleave corresponding to the parity interleave
carried out by the parity interleaver 23 of the transmission apparatus 11

(reverseracesspto theparityinterlegve), thatis parity deinterleave of

returning the arrangement of the code bits of the LDPC code whose

Brrangemeantwas ehangediby. the-padty interleavietothe @Hginal i s+
arrangement. [0748] The LDPC code obtained as a result of the parity

dleintedeave isssupplieddrarn éhe parity deistesleavee 4041 todhe LDPC
decoding section 1021. [0749] Accordingly, in the reception apparatus 12
pF747]

The parity deinterleaver 1011 determines the code
pits after the column twist deinterleave by the column
twist deinterleaver 55 as an object of processing thereof
and carries out parity deinterleave corresponding to the
parity interleave carried out by the parity interleaver
23 of the transmission apparatus 11 (reverse process to
the parity interleave}, that ig, parity deinterleave of
returning the arrangement of the code bits of the LDPC
code whose arrangement was changed by the parity
interieave to the original arrangement.

07487

The LDPC code obtained as a result of the parity
deinterleave is supplied from the parity deinterleaver
1011 te the LDPC decoding section 1021.

[G749)]

Accordingly, in the reception apparatus 12 of
#IG. 147, the LDPC code for which the reverse replacement
process, column twist deinterleave and parity

deinterleave have been carried out, that is, an LDPC code



FIG. 147, the LDPC code for which the reverse replacement process,
column twist deinterleave and parity deinterleave have been carried out,
that is, an LDPC code 270 obtained by LDPC coding in accordance with
the parity check matrix H, is supplied to the LDPC decoding section
1021. [0750] The LDPC decoding se€tin 1021 carries out LDPC
decoding of the LDPC code from the deinterleaver 53 using the parity
check matrix H itself used for LDPC encoding by the LDPC encoding

Section 21 of the transmission, apparatus,14.0r.2 coryersignparity. check

matrix obtained by carrying out at least column conversion corresponding

dadbe paddy-inierieaveforthe-parity check matipbe Thendhe kDRG ¢ i on
decoding section 1021 outputs data obtained by the LDPC decoding as a
decoding result of the object data. [0751] Here, in the reception apparatus
12 of FIG. 147, since an LDPC code obtained by LDPC encoding in
deeodfdance with the parity check matrix H is supplied from the (parity
deinterleaver 1011 of) the deinterleaver 53 to the LDPC decoding section
1021, whére the LDRE cdgetiotingef-thed:DRC £bdeds tarried-out Usiiy

the parity

decoding of the LDPC code from the deinterleaver 53 using
the parity check matrix H itself used for LDPC encoding
by the LBPC encoding section 21 of the transmission
apparatus 11 or a conversion parity check matrix obtained
by carrying ocut at least column conversion corresponding
to the parity interleave for the parity check matrix H.
Then, the LDPC decoding sectiocn 1021 outputs data
obtained by the LDPC decoding as a deceoding result of the
object data.

[0751]

Here, in the reception apparatus 12 of FIG. 147,
since an LDPC code obtained by LDPC encoding in
accordance with the parity check matrix H is supplied
from the (parity deinterleaver 1011 of} the deinterleaver
53 to the LDPC decoding section 1021, where the LDPC
decoding of the LDPC code is carried out using the parity
check matrix H itself used for the LDPC enceding by the

LDPC enceding section 21 of the transmission apparatus 11,

the LDPC decoding section 1021 can be configured, for



check matrix H itself used for the LDPC encoding by the LDPC encoding
section 21 of the transmission apparatus 11, the LDPC decoding section
1021 can be configured, for 271 example, from a decoding apparatus
which carries out LDPC decoding in accordance with a full serial
decoding method wherein mathemati¢al operation of messages (check
node messages and variable node messages) is carried out for one by
one node or another decoding apparatus wherein LDPC decoding is

LREred aut in.agcordancewith @ full parallel.degoding method.wherein 1 ppe
mathematical operation of messages are carried out simultaneously (in

(ataliel) foriall nedes: 404221 frurther where LRRG decadingafan HRRGoq
code is carried out using a conversion parity check matrix obtained by
Wasyingoutatieasticoamnaeplasce ment cdoriespending todhe paritysde
interleave for the parity check matrix H used in the LDPC encoding by the
I RE cericading secticib2t of thietrarsmisson) apparatusrlk dhe utDPEr
decoding section 1021 can be confirmed from a decoding apparatus of an
@rehitectwresvhied caprie 60t tive: chieckonada mativamatical opeeatiom

and the variable node mathematical operation simultaneously for P (or a
deVisor 8f POther thart By chedk mddesiandPvafdpiece with a full

parallel decoding method wherein mathematical operation
of messages are carried out simultaneously (in parallel)
for all nodes.

[0752]

Further, where LDPC decoding of an LDPC code is
carried out using a conversion parity check matrix
obtained by carrying out at least column replacement
correSponding to the parity interleave for the parity
check matrix H used in the LDPC encoding by the LDPC
enceding section 21 of the transmission apparatus 11, the
LDPC deceding section 1021 can be confirmed from a
decoding apparatus of an architecture which carries out
the check nede mathematical operation and the variable
node mathematical opefation simultanecusly for P (or a
devisor of P other than 1) check nodes and P variable
nodes and which has a reception data re-arrangement
section 310 for carrving cut column replacement similar

to the column replacement for obtaining a conversion



nodes and which has a reception data re-arrangement section 310 for
carrying out column replacement similar to the column replacement for
obtaining a conversion 272 parity check matrix for the LDPC code to
re-arrange the code bits of the LDPC codes. [0753] It is to be noted that,
while, in FIG. 147; the multiplexer 54 for carrying out the reverse
replacement process, column twist deinterleaver 55 for carrying out the
column twist deinterleave and parity deinterleaver 1011 for carrying out

Jhe parity deinierieave are Jgg@figﬂrgdﬁ?ﬁgraﬁg%ﬂ% each %{?SE]%% the,.
t , colimn

convenience of description, two or more of the multiplexer

Awist deinterleaver,95 ang paritydeinterleaver 1011 can be configured
integrally similarly to the parity interleaver 23, column twist interleaver 24

ags glemultiplexer 25 of the transmission apparatus 11. [0754] FIG. 148
is a block diagram showing a first example of a configuration of a

receptiori systentwhieh carche applied tothe receptionapparatus 1Zne
[0755] Referring to FIG. 148, the reception system includes an acquisition
wectiop 140% ra frinSmissiemligeng cut the reverse replacement
process, column twist deinterleaver 55 for carrying out
the column twist deinterleave and parity deinterleaver
1011 for carrying cut the parity deinterleave are
configured separately from each other for the convenience
of description, two or more of the multiplexer 54, column
twist deinterleaver 55 and parity d@imt@rleaﬁer 1011 can
be configured integrally similarly to the parity
interleaver 23, column twist interleaver 24 and
demultiplexer 25 of the transmission apparatus 11.

r0754]

FIG. 148 is a block diagram showing a first example
of a configuration of a reception system which can be
applied to the reception apparatus 12.

[0755]

Referring to FIG. 148, the reception system
includes an acquisition section 1101, a transmission line
decoding processing section 1102 and an information
source decodling processing section 1103.

[G756]



decoding processing section 1102 and an information source decoding
processing section 1103. [0756] 273 The acquisition section 1101
acquires a signal including an LDPC code obtained at least by LDPC
encoding object data such as image data and music data of a program
through a transmission line such as,QfESlBexample, terrestrial digital
broadcasting, satellite digital broadcasting, a CATV network, the Internet
or some other network. Then, the acquisition section 1101 supplies the

acquired:gignal tg,the fransmission ling deceding-processing sectign

1102. [0757] Here, where the signal acquired by the acquisition section
k0118 breadeast.ifor examplefram g droadcasting stafionrthrough-oding

ground waves, satellite waves, a CATV (Cable Television) or the like, the
@actitsitiaisectioncll Qlsisieonfiguted froamal tunes,ian QTR (5et Fop Box)
or the like. On the other hand, where the signal acquired by the
racquisition:sectiophl B0 1t isa tram$tiechinia multioash state asan the XM ¢,
(Internet Protocol Television), for example, from a web server, the
geristionisectibhalil sledrifigided fromma netwdk IR {interifaceRr duch

as, for example, an NIC (Network

broadcasting, a CATV network, the Internet or some other
network. Then, the acquisition section 1101 supplies the
acquired signal to the transmission line decoding
processing section 1102.

[0757]

Here, where the signal acguired by the acguisition
section 1101 is broadcast, for example, from a
brecadcasting station through ground waves, satellite
waves, a CATV {(Cable Television) or the like, the
acqgulsition section 1101 is configured from a tuner, an
STB (Set Top Box) or the like. On the other hand, where
the signal acquired by the acguisition section 1101 is
transmitted in a multicast state as in the IPTV (Internet
Protocel Television), for example, from a web server, the
acguisition section 11 is configured from a network I/F
(Inter face) such as, for example, an NIC (Network
Interface Card).

[0758]

The transmlissicn line decoding processing section



Interface Card). [0758] The transmission line decoding processing section
274 1102 carries out a transmission line decoding process including at
least a process for correcting errors produced in the transmission line for
the signal acquired through the tranirgission line by the acquisition
section 1101, and supplies a signal obtained as a result of the
transmission line decoding process to the information source decoding
processing section 1103. 0759] In particular, the signal acquired through
ithe2trapsmissiondine by thesacquisitionsection:110L isiarsignal.ehiained
by carrying out at least error correction encoding for correcting errors
iprodludechin the fraasmissignline;andffor such assignal@sgjustrs
described, the transmission line decoding processing section 1102
roarries ott atransmidsion fine detodingiprocéss stbk asi foreXamipte iaed
error correction process. [0760] Here, as the error correction encoding,
FOF eXample; SLBPE eitbirg Redd: Solomdn enésding ahll ‘<o forthcareon

available. Here, as the error correction encoding, at least LDPC encoding
%%%g”@H%M§upplles a signal obtained as a result of the

transmission line decoding process to the information
source decoding processing section 1103.
[0759]

In particular, the signal acguired through the
transmission line by the acguisition section 1101 is a
signal cobtained by carrving out at least error correction
encoding for correcting errors produced in the
transmission line, and for such a signal as just
described, the transmission line decoding processing
section 1102 carries out a transmission line decoding
process such as, for example, an error correction process.
[0760]

Here, as the error correction encoding, for example,
LDPC encoding, Reed-Sclomon encoding and so forth are
available. Here, as the error correction encoding, at
least LDPC encoding is carried out.

[0761]
Further, the transmission line decoding process

sometimes includes demodulation of a modulation signal



[0761] Further, the transmission line decoding process sometimes
includes demodulation of a modulation signal 275 and so forth. [0762]
The information source decoding processing section 1103 carries out an
information source decoding process -ipcluding at least a process for
decompressing compressed information into original information for the
signal for which the transmission line decoding process has been carried
out. [0763] In particular, the signal acquired through the transmission line
dythecacuisition section 1101 has sometimes been processed by
compression encoding for compressing information in order to reduce the
dat&“dmount such as images, sound and so forth as information. In this

instance, the information source decoding processing section 1103
carries oTﬁ AnfiRforrTATioR SOURE HeRobRigProtes LPIRIFAS Affosess 1on
decompressmn process) for decompressing the compressed information

ntdorfinalifforimatiofi for-& SRTAR forWhih tHe HrafSRissiod liRgocess

£E€?g5§ugoggsiQgggegnﬁfggg%gu%ogﬂgekompressing compressed

information into original information for the signal for
which the transmission line deccding process has been
carried out.

[0763]

In particular, the signal acguired through the
transmission line by the acquisition section 1101 has
sometimes been processed by compression encoding for
compressing information in order to reduce the data
amount such as images, sound and so forth as information.
In this instance, the information source decoding
processing section 1103 carries ocut an information source
decoding process such as a process (decompression
process) for decompressing the compressed information
into criginal information for a signal for which the
transmission line decoding process has been carried out.
[0764]

It is to be noted that, where the signal acgquired
through the transmission line by the acquisition section

1101 has not been carried out compression encoding, the



It is to be noted that, where the signal acquired through the transmission
line by the acquisition section 1101 has not been carried out compression
encoding, the 276 information source decoding processing section 1103
does not carry out the process of decompressing the compressed
information into the original informati%ﬂ5[0765] Here, as the
decompression process, for example, MPEG decoding and so forth are
available. Further, the transmission line decoding process sometimes

sinelydes ﬂ%ﬁ?@@@%@e irb%@@@@%&? %@%Q%@H‘Ef%@@tﬁ@ﬁeﬁ%o 07661 5
In the reception system configured in such a manner as described above,

1be agquisition.section t101Jeceives asignabobtained;bycarying-oulssed
compression encoding such as MPEG encoding for data of, for example,
iimagesaisound andosa: tosthcand;furtier Camying=oLit@tror correction
encoding such as LDPC encoding for the compression encoded data
throeigh a transmission line: The signal is supplied to the transmission line
decoding processing section 1102. [0767] In the transmission line
decoding ptotessingt Bectibie 2102, rrocessasrsimilasto those wadried out,

for
MPEG deccding and so forth are available. Further, the

transmission line decoding process sometimes includes
descrambling in addition to the decompression process.
[0766]

In the reception system configured in such a manner
as described above, the acguisition section 1101 receives
a signal cbtained by carrying oult compression encoding
such as MPEG encoding for data of, for example, images,
sound and so forth and further carrying out error
correction encoding such as LDPC encoding for the
compression encoded data through a transmission liﬁe. The
signal is supplied to the transmission line decoding
processing section 1102.

[0767]

In the transmission line deccding processing
section 1102, processes similar to those carried out, for
example, by the orthogonal demodulaticn section b1,
demapping section b2, deinterleaver 53 and LDPC decoding

section 56 (or LDPC decoding section 1021) are carried



example, by the orthogonal demodulation section 51, demapping section
52, deinterleaver 53 and LDPC decoding section 56 (or LDPC decoding
section 1021) are carried 277 out as the transmission line decoding
process for the signal from the acquisition section 1101. Then, a signal
obtained as a result of the transmissfon’line decoding process is supplied
to the information source decoding processing section 1103. [0768] In the
information source decoding processing section 1103, an information

soureesdeceding pragess.such asMPEG-decading iscarded pyt.forthe

signal from the transmission line decoding processing section 1102, and
andmagerexsoungobtainedas adesult et therinformationrdeeqding s i gnal
process is outputted. [0769] Such a reception system of FIG. 148 as
desetibed above carzbe applied Hor example; ta:adelevision twee forg
receiving television broadcasting as digital broadcasting and so forth.
$O7P1Q]dtisite beipptedatatit is-pessiblédomenfigurestheracquisitionling
section 1101, transmission line decoding processing section 1102 and
Iifofmatan ot rcetdecoding 3 -

[0768]

In the information source decoding processing
section 1103, an information source decoding process such
as MPEG decoding is carried out for the signal from the
transmission line decoding processing section 1102, and
an image or sound obtained as a result of the informaticn
decoding process 1s outputted.

[0769]

Such a reception system of FIG. 148 as described
above can be applied, for example, to a television tuner
for receiving television broadcasting as digital
broadcasting and so forth.

(07707

It is to be noted that it is possible to configure
the acguisition section 1101, transmission line decoding
processing section 1102 and information source decoding
processing section 1103 each as an independent apparatus
{hardware (IC {Integrated Circuit) or the like) or a

software module).



processing section 1103 each as an independent apparatus (hardware
(IC (Integrated Circuit) or the like) or a software module). 278 [07711
Further, as regards the acquisition section 1101, transmission line
decoding processing section 1102 and information source decoding
processing section 1103, a set of thé E%quisition section 1101 and
transmission line decoding processing section 1102, another set of the
transmission line decoding processing section 1102 and information
seuree decoding processing section 1103 or a further set of the
acquisition section 1101, transmission line decoding processing section

1102 angrinferaatjon: SopEce; decoding pé@%ﬁ%ﬂ'l@:&%@ﬂ%l;&%ﬁaﬂ be1,
configured as a single independent apparatus. ,0772] FIG. 149 is a block
hiegrent shdwing la secensk @xample ob thesecanfigusation efthelreceptien
system which can be applied to the reception apparatus 12. [0773] It is to
‘bethoted thatn incElG.ck 9 eleriénts porespanding thaselinnFIGL A48 are
denoted by like reference numerals, and description of them is suitably
onitted inf e followdrigidésariptiention 1101 and transmission line
decoding processing section 1102, another set of the
transmission line decoding processing section 1102 and
infeoermation source decoding processing section 1103 or a
further set of the acquisition section 1101, transmission
line decoding preocessing section 1102 and information
source decoding processing section 1103 can be configured
as a single independent apparatus.

(07721

FIG. 149 is a block diagram showing a second
example of the configuration of the reception system
which can be applied tc the reception apparatus 12.
[0773]

It is to be neted that, in FIG. 149, slements
corresponding those in FIG. 148 are dencted by like
reference numerals, and description of them is suitably
omitted in the following description.

(07741

The reception system of FIG. 149 is common to that

of FIG. 148 in that it includes an acquisition section



0774] The reception system of FIG. 149 is common to that of FIG. 148 in
that it includes an acquisition section 279 1101, a transmission line
decoding processing section 1102 and an information source decoding
processing -section 1103 but is different from that of FIG. 148 in that it
newly includes an outputting section4A41. [0775] The outputting section
1111 is, for example, a display apparatus for displaying an image or a
speaker for outputting sound and outputs an image, a sound of the like

122 signal putputted from the information seprge (decading pacessing

section 1103. In other words, the outputting section 1111 displays an

limage-QI-outputs, seund{04A6kSuch-a receptionsystem of £1Gn 349 as
described above can be applied, for example, to a TV (television

seceiver) for feceiving adelevisien broadcastas aadigiidl broadcastgain
radio receiver for receiving a radio broadcast and so forth. [0777] Itis to
theihoted thaty Wwhere the Sigmak acquirgd: by theg asquisition section 1101

is not in a form wherein
[0775]

tThe outputting section 1111 is, for example, a
display apparatus for displaying an image oY a speaker
for outputting sound and ocutputs an image, a scund of the
like as a signal outputted from the information source
deccding processing section 1103. In other words, the
ocutputting section 1111 displays an image or outputs
sound.

[0776]

Such a reception system of FIG. 149 as described
above can be applied, for example, to a TV (television
recelver) for recelving a television broadcast as a
digital broadcast, a radio receilver for receiving a radio
brecadcast and so forth.

[0777]

It is to be noted that, where the signal acquired
by the acquisition section 1101 is not in a form wherein
compression encoding is not applied, a signal outputted
from the transmission line decoding processing section

1102 is supplied to the outputting section 1111,



compression encoding is not applied, a signal outputted from the
transmission line decoding processing section 1102 is supplied to the
outputting section 1111. 280 0778] FIG. 150 is a block diagram showing a
third example of the configuration of the reception system which can be
applied to the reception apparatus 198 ?0779] It is to be noted that, in FIG.
150, corresponding elements to those of FIG. 148 are denoted by like
reference numerals, and in the following description, description of them
8 -pifably omitted. [0780] The reception system of FIG. 150 is common to
that of FIG. 148 in that it includes an acquisition section 1101 and a

transmisgion linesdecading precessing. sections1302x07811 Howeverdhe 1«
reception system of FIG. 150 is different from that of FIG. 148 in that it

doesHotcinckide thedatormationrsoures: deeading preeessing, seetienn be
1103 but newly includes a recording section 1121. [0782] The recording
=ecliond 12 reterds«starespa apparatus 12.

[0779]

It is to be noted that, in FIG. 150, corresponding
elements to those of FIG. 148 are denoted by like
reference numerals, and in the feollowing description,
description of them is suitably omitted.

107801
The recepticn system of FIG. 150 is common to that

of FIG. 148 in that it includes an acguisition section
1101 and a transmission line decoding processing section
1102.

0781]

However, the reception system of FIG. 150 is
different from that of FIG. 148 in that it does not
include the information szource deccoding processing
section 1103 but newly includes a recording section 1121.
(07827

The recording section 1121 records (stores) a
signal (for example, 2 T3 packet of a TS of MPEG)
outputted from the transmission line decoding processing

section 1102 on or into a recerding (steorage) medium such



signal (for example, a TS packet of a TS of MPEG) outputted from the
transmission line decoding processing section 1102 on or into a recording
(storage) medium such 281 as an optical disk, a hard disk (magnetic disk)
or a flash memory. [0783] Such a regggtion system of FIG. 150 as
described above can be applied to a recorder for recording a television
broadcast or the like. [0784] It is to be noted that, in FIG. 150, the
reception system may include the information source decoding

Fyogessing seetioni1 103 such that assigral afteyan: information saurge
decoding process has been carried out by the information source
decodingeprocegssing section 1103, that is, an image or sound obtained by
decoding, is recorded by the recording section 1121. [0785] It should be
intferstood by those skilled in the art that various modifications,

combinations, sub- combinations and alterations may occur depending on
design réqfirerdem8 @itother factorstinsdTar a§ theyarez withfrethel bed

scope of the appended claims or the equivalents thereof.
above can be applled to a recorder for recording a

television broadcast or the like.
[0784]

It is to be noted that, in FIG. 150, the reception
system may include the information source decoding
précessing section 1103 such that a signal after an
information source decoding process has been carried out
by the information source decoding processing section
1103, that 1s, an image or sound obtained by decoding, is
recorded by the recording section 1121.

[0785]

It should be understood by those skilled in the art
that variocus modifications, combinations, sub-
combinations and alterations may occur depending on
design regquirements and other factors insofar as they are
within the scope of the appended claims or the

eguivalents thereof.



282 Claims A data processing apparatus, wherein: where code bits of an
LDPC (Low Density Parity Check) code having a code length of N bits are
written in a column direction of storage means for storing the code bits in
a row direction and the column direction and m bits of the code bits of the
LDPC code read out in the row direétion are set as one symbol, and
besides a predetermined positive integer is represented by b, said
storage means stores mb bits in the row direction and stores N/(mb) bits
in the column direction; the code bits, of the LDPC code being written in
the column direction of said storage means and read out in the row

direction; said:data:-progessing @P@@r%@é&?mi&”gﬂﬁ%@@%mem means
for replacing, where the mb code bits read out in the row direction of said

storage means sebas esyrabals, the mbreoderbits suchdhatthegodebits

after the replacement form the symbol bits representative of the symbols;
the PP C cdde heing:an L DRC codewhiah ist presetibeddn the/bVB:-8:2 in
or DVB-T.2 standard and which

a column direction of storage means for storing the ccde
bits in a row direction and the column directicn and m
bits of the code bits of the LDPC code read out in the

row direction are set as one symbol, and besides

a predetermined positive integer is represented by

sald storage means stores mb bits in the row
direction and stores N/ (mb) bits in the column direction;

the code bits of the LDPC code being written in the
column direction of said storage means and read out in
the row direction;

sald data processing apparatus comprising
replacement means for replacing,

where the mb code bits read ocut in the row
direction of said storage means set as b symbols,

the mb code bits such that the code bits after the
replacement form the symbol bits representative of the
symbols;

the LDPC ccde being an LDPC code which is

prescribed in the DVB-S.2 or DVB-T.2 standard and which



283 has a code length N of 64,800 bits and has an encoding rate of 2/3;
the m bits being 8 bits while the integer b is 2; the 8 bits of the code bit
being mapped as one symbol to ones of 256 signal points prescribed in
256QAM; said storage means havin ég columns for storing 8 x 2 bits in
the row direction and storing 64,800/(8 x 2) bits in the column direction;
said replacement means carrying out, where the i+lth bit from the most
significant bit of the 8 x 2 code bits read out in the row direction of said

rsterageJneans isrepresenied as hitdl, and-thedrithh b feom dhe most 4
significant bit of the 8 x 2 symbol bits of successive two symbols is
gepeesented as bit y , replacement for allocating the bit ba to the bit y15,
the bit b, to the bit y7, the bit b2 to the bit y1, the bit b3 to the bit y5, the
bit b4 to the bit y6] tthe ibitibEitotthie bity 18; ithe bibk6 tothesbit yR1; the ;
bit b7 to the bit yo, the bit b8 to the bit y6,

the 8 bits of the code bit being mapped as one
symbol to ones of 256 signal points prescribed in 256QAM;

sald storage means having 16 columns for storing 8
x 2 bits in the row direction and storing ©4,800/(8 x 2)
bits in the column direction;

said replacement means carrying out,

where the 1+1th bit from the most significant bit
of the 8 x 2 code bits read out in the row direction of
said storage means 1s represented as bit b; and the i+l1th
bit from the most significant bit of the 8§ x 2 symbol
bits of successive two symbols 1s represented as bit vy;,

replacement for allocating

the bit by to the bit yis,

the bit b; to the bit yq,

the bit bz to the bit vy,

the bit b; to the bit ys,

the bit b, to the bit vy,

the bit bs to the bit yis,

the bit bg to the bit vis,

the bit by to the bit vys,

the bit bg to the bit vy,



284 the bit b9 to the bit y14, the bit blo to the bit y12, the bit b11 to the
bit y3, the bit b12 to the bit yo, the bit b1,3 to the bit y10, the bit b14 to
the bit y4, and the bit b15 to the bit y2. 2. A data processing method,
wherein: where code bits of an LDPG {LLow Density Parity Check) code
having a code length of N bits are written in a column direction of storage
means for storing the code bits in a row direction and the column
direction and m bits of the code bits of the LDPC code read out in the

row diredtivh &retsét-as onélsynibiol, and,besides a predetermined positive
integer is represented by b, said storage means stores mb bits in the row
direction‘arfl Stores N/(Rh) bit§ iR tie otumn direction; the code bits of
the LDPC code being written in the column direction of said storage
means andSedd odtiin te F\ diteEtichy said data processing apparatus
gamﬁrizgggz\ilvg%la}g%m%gt st%g f%rig:epﬁlfa;cflng, where the mb code bits read

the bit bis to The kit vig,

the bit by to the bit vyi, and

the bit bis To the bit vya.

2. A data processing method, wheresin:

where code bits of an LDPC (Low Density Parity
Check) code having a code length of N bits are written in
a celumn direction of storage means for storing the code
bits in a row direction and the column direction and m
bits of the code bits of the LDPC code read out in the
row direction are set as one symbol, and besides

a predetermined positive integer is represented by

said storage means stores mb bits in the row
direction and stores N/ (mb) bits in the column direction;

the code bits of the LLDPC code besing written in the
column direction cof sald storage means and read out in
the row dirsction;

sald data processing apparatus comprising a
replacement step for replacing,

where The mb code bits read ocut in the row



285 direction of said storage means set as b symbols, the mb code bits
such that the code bits after the replacement form the symbol bits
representative of the symbols; the LDPC code being an LDPC code
which is prescribed in the DVB-S.2§r VB-T.2 standard and which has a
code length N of 64,800 bits and ha g encoding rate of 2/3; the m bits
being 8 bits while the integer b is 2; the 8 bits of the code bit being
mapped as one symbol to ones of 256 signal points prescribed in

ROEQAM; saidsstorage means having:16; calumnsfor stofingA 2 bits in
the row direction and storing 64,800/(8 x 2) bits in the column direction;
said replacement step=castying sut;iwheredhe idthchitérom the mostr the
significant bit of the 8 x 2 code bits read out in the row direction of said

rStoragedaneans iscneprésentedrasdit yiang theg+itts chit kvnvtheanoste
significant bit of the 8 x 2 symbol bits of two successive symbols is

Fepresented as bit y , replacement for allocating the bit b0 to the bit y;,

the bit b, to the bit y7, the bit b2 to the bit y1,
the LDPC code being an LDPC code which is

prescribed in the DVB-S3.2 or DVB-T.2 standard and which
has a code length N of 64,800 bits and has an encoding
rate of 2/3;

the m bits being 8 bits while the integer b is 2;

the 8 bits of the code bit being mapped as one
symizol to ones of 256 signal points prescribed in 2560AM;

sald storage means having 16 columns for storing 8
x 2 bits in the row direction and storing 64,800/(8 x 2)
bits in the cclumn direction;

sald replacement step carryving out,

where the i+lth bit from the most significant bit
of the 8 x 2 code bits read out in the row direction of
said storage means i1s represented as bit b; and the i+lth
bit from the mest significant bit of the 8 x 2 symbol
bits of two successive symbols is represented as bit v,

replacement for allocating

the bit by to the bit vis,

the bit bk to the kit vy,

the bit bg to the bit Yir



286 the bit b3 to the bit y5, the bit b4 to the bit y6, the bit b5 to the bit
Y13, the bit b6 to the bit y11, the bit b7 to the bit y9, the bit b3 to the bit
yQ, the bit b9 to the bit y14, the bit blo to the bit y12, the bit b11 to the
bit y3, the bit b12 to the bit yo, the bit b13 to the bit ylo, the bit b14 to
the bit y4, and the bit b15 to the bit §§.63. An encoding apparatus for
carrying out encoding by an LDPC (Low Density Parity Check) code,
comprising: encoding means for carrying out encoding by an LDPC code

which has,a cgde I@qg@bof@ﬂﬁgqpit%@nd an encoding rate of 2/3; a
parity check matrix of the LDPC code being configured such that

elements pfthe valge k ef ancinformagign matrix, which corresponds to
the code length of the parity check matrix and an information length
corresporiging tocthe-eneoding rate; decided by a parity check matrix
initial value table representative of the

the bit bg to the bit vii,

the bit by to the bit ve,

the bit by to the bit ys,

the bit by to the bit via,

the bit biy to the bit vy,

the bit by; to the bit vy,

.the bit by to the bit v,

the bit b1z To the kit vio,

the bit b;y to the bit v, and

the it bys to the bit v..

3. An encoding apparatus for carrying out encoding
by an LDPC (Low Density Parity Check) code, comprising:

encoding means for carrying out encoding by an LDEC
code which has a code length of 64,800 bits and an
encoding rate of 2/3;

a parity check matrix of the LDPC code being
configured such that elements of the value 1 of an
infermation matrix, which corresponds to the code length
of the parity check matrix and an information length

corresponding to the encoding rate, decided by a parity

check matrix initial value table representative of the



287 positions of the elements of the value 1 of the information matrix are
arranged in a period of every 360 columns in the column direction; the
parity check matrix initial value table being formed from 317 2255 2324
2723 3538 3576 6194 6700 9101 10§§i 12739 17407 21039 1958 2007
3294 4394 12762 14505 14593 146 6522 17737 19245 21272 21379
127 860 5001 5633 8644 9282 12690 14644 17553 19511 19681 20954
21002 2514 2822 5781 6297 8063 9469 9551 11407 11837 12985 15710

p202:36:20393:4565,3106 46881492616430:-6882 4343 842015785 16434
16727 19884 21325 706 3220 8568 10896 12486 13663 16398 16599

QAT BrEOT7 81N 20625 20961 2 1:335:4257%11044% 12406 4456 16049y 360
16522 17214 18029 18033 18802 19062 19526 20748 412 433 558 2614
297815716584 9320 116831816t1i3024 14486 16860 777 5906 7403
8550 8717 8770 11436 12846 13629 14755 15688 16392 16419 4093
5045 603772888683 97FCk0260 10809 11826 12p72ue table being

formed from

317 2255 2324 2723 3538 3576 6194 €700 9101 10057 12739
17407 21039

1958 2007 3294 4384 12762 14505 14593 14082 16522 17737
19245 21272 21379

127 860 5001 5633 8644 9282 12690 14644 17553 19511 19681
20954 21002

2514 2822 5781 6297 8063 9469 9551 11407 11837 12985
15710 20236 20393

1565 3106 4659 4926 6495 6872 7343 8720 15785 16434 16727
19884 21325

706 3220 8068 10896 12486 13663 16398 165992 19475 19781
20625 20961 21335

4257 10449 12406 14561 16049 16522 17214 18029 18033
18802 18062 19526 20748

412 433 558 2614 2978 4157 6584 9320 11683 11819 13024
14486 16860

777 5906 7403 8550 8717 8770 11436 12846 13629 14755
15688 16382 16419_

4093 5045 6037 7248 8633 9771 10260 10809 11326 12072



288 17516 19344 19938 2120 2648 3155 3852 6888 12258 14821 15359
16378 16437 17791 20614 21025 1085 2434 5816 7151 8050 9422
10884 12728 15353 17733 18140 18729 20920 856 1690 12787 6532
7357 9151 4210 16615 18152 11494 14036 17470 2474 10291 10323
1778 6973 10739 4347 9570 187489989 11942 20666 3868 7526
17706 8780 14796 18268 160 16232 17399 1285 2003 18922 4658
17331 20361 2765 4862 5875 4565 5521 8759 3484 7305 15829 5024

TR0 17879, 708442346 15024 179 6365 11352

2120 2648 3155 3852 6888 12258 14821 15359 16378 16437
17721 20614 21025
1085 2434 5816 7151 8050 9422 10884 12728 15353 17733
18140 18729 20820
gb6 1690 12787
6532 7357 9151
4210 leeld 181562
114%4 14036 17470
2474 10291 10323
1778 6973 10739
4347 9570 18748
2189 11942 20666
3868 7526 17706
8780 14796 18268
160 16232 173908
1285 2003 18%22
4658 17331 20361
2765 4862 5875
4565 5521 8759
3484 7305 15829
5024 17730 17879
7031 12346 15024

179 6365 11352



289 2490 3143 5098 2643 3101 21259 4315 4724 13130 594 17365
18322 5983 8597 9627 10837 15102 20876 10448 20418 21478 3848
12029 15228 708 5652 13146 5998 7534 16117 2098 13201 18317
9186 14548 17776 5246 10398 18 3083 4944 21021 13726 18495
19921 6736 10811 17545 100845%?%114432 1064 13555 17033 679
9878 13547 3422 9910 20194 3640 3701 10046 5862 10134 11498
5923 9580 15060 1073 3012 16427

2490 3143 5098

2643 3101 21259

4315 4724 13130

594 17365 18322

5983 8587 9627

10837 15102 20876

10448 20418 21478

3848 12029 15228

708 5652 13146

5998 7534 16117

2098 13201 18317

8186 14548 17776

5246 10398 18597

3083 4944 21021

13726 18495 19921

6736 10811 17545

10084 12411 14432

1064 13555 17033

679 9878 13547

3422 9910 20194

3640 3701 10046

5862 10134 114¢@s8

5923 9580 15060

1073 3012 16427



290 5527 20113 20883 7058 12924 15151 9764 12230 17375 772 7711
12723 555 13816 15376 10574 11268 17932 15442 17266 20482 390
3371 8781 10512 12216 17180 4309 14068 15783 3971 11673 20009
9259 14270 17199 2947 5852 20101 3965 9722 15363 1429 5689
16771 6101 6849 12781 3676 934718761 350 11659 18342 5961
14803 16123 2113 9163 13443 2155 9808 12885 2861 7988 11031
7309 9220 20745 6834 8742 11977

5h27 20113 20883
7058 12924 15151
8764 12230 17375
772 7711 12723
555 13816 15376
10574 11268 17832
15442 17266 20482
390 3371 8781
16512 12216 17180
4309 14068 15783
3971 11673 20009
9259 14270 17189
2947 5852 20101
3965 9722 15363
1429 5689 16771
6101 6849 12781
3676 9347 18761
350 11659 18342
5961 14803 16123
2113 9163 13443
2155 9808 12885
2861 7988 11031
7309 9220 20745

6834 8742 11877



291 2133 12908 14704 10170 13809 18153 13464 14787 14975 799
1107 3789 3571 8176 10165 5433 13446 15481 3351 6767 12840
8950 8974 11650 1430 4250 21332 6283 10628 15050 8632 14404
16916 6509 10702 16278 15900 16395 17995 8031 18420 19733 3747
4634 17087 4453 6297 16262 2792 3513 17031 14846 20893 21563
17220 20436 21337 275 4107 10497 3536 7520 10027 14089 14943
19455 1965 3931 21104 2439 11565 17932

2133 12908 14704
10170 13809 18153
13464 14787 14975
799 1107 3789
3571 8176 10165
5433 13446 15481
3351 6767 12840
8950 8974 11650
1430 4250 21332
6283 10628 15050
8632 14404 16916
6509 10702 16278
15500 16395 17995
8031 18420 19733
3747 4634 17087
4453 6297 16262
2792 3513 17031
14846 20893 21563
17220 20436 21337
275 4107 10497
3536 7520 10027
14089 14943 19455
1965 3931 21104

2439 11565 17932



292 154 15279 21414 10017 11269 16546 7169 10161 16928 10284
16791 20655 36 3175 8475 2605 16269 19290 8947 9178 15420 5687
9156 12408 8096 9738 1471.1 4935 8093 19266 2667 10062 15972
6389 11318 14417 8800 18137 18434 5824 5927 15314 6056 13168
15179 3284 13138 18919 13115 17259 17332. 4. An encoding method
for an encoding apparatus which carries out encoding by an LDPC (Low
Density Parity Check) code, comprising: a step carried out by said
encogingapparatus of carrying out encoding by an LDPC code which has
a code length of 64,800 bits and an encoding rate of 2/3; a parity check

Toatrix of the LDPS ¢ede being
7169 10161 16928
10284 16751 20655
36 3175 8475

2605 16269 19290
8947 9178 15420
5687 9156 12408
8096 9738 14711
4935 B093 19266
2667 10062 15972
6389 11318 14417
8800 18137 18434
5824 5927 15314
6056 13168 15179
3284 13138 18919
13115 17259 17332.

4. An encoding methed for an encoding apparatus
which carries out encoding by an LDPC (Low Density Parity
Check) code, comprising:

a step carried out by =aid encoding apparatus of
carrying out encoding by an LDPC code which has a code
length of €4,800 bits and an encoding rate of 2/3;

a parity check matrix of the LDPC code being



293 configured such that elements of the value 1 of an information
matrix, which corresponds to the code length of the parity check matrix
and an information length corresponding to the encoding rate, decided by
a parity check matrix initial value tab| §epresentative of the positions of
the elements of the value 1 of the information matrix are arranged in a
period of every 360 columns in the column direction; the parity check
matrix initial value table being formed from 317 2255 2324 2723 3538
3hv616194:670Q S 04 HOOST 1 b3 9: 4 7407 21039008 20073204 4394
12762 14505 14593 14692 16522 17737 19245 21272 21379 127 860
15004r5633. 86449282:,26801 146440k 75531951 1968 20954<21002gth
2514 2822 5781 6297 8063 9469 9551 11407 11837 12985 15710 20236
20393=1565-3106 4659 49R616495 6872 7843 87201578511 643416727
19884 21325 706 3220 8568 10896 12486 13663 16398 16599 19475
Cr9781520893 20962 BB APETI0MT $5406 1456126049 185221ty

17214 1802918033 18802 19062 19526 20748
check matrix initial value table representative of the

positions of the elements of the value 1 of the
information matrix are arranged in a period of every 360
columns in the column direction;

the parity check matrix initial value table being
formed from
317 2255 2324 2723 3538 3576 6194 6700 9101 10037 12739
17407 21039
1958 2007 3294 4394 12762 14505 14593 14692 16b22 17737
19245 21272 21379
127 860 5001 5633 8644 9282 12690 14644 17553 15511 19681
20954 21002
2514 2822 5781 6297 8063 94689 9551 11407 11837 12985
15710 20236 20393
1565 3106 4659 4926 6495 6872 7343 8720 15785 16434 16727
19884 213265
706 3220 8568 10896 12486 13663 16398 16599 19475 19781
20625 20961 21335
4257 10449 12406 14561 16049 16522 17214 18029 18033

18802 19062 19526 20748



294 412 433 558 2614 2978 4157 6584 9320 11683 11819 13024 14486
16860 777 5906 7403 8550 8717 8770 11436 12846 13629 14755 15688
16392 16419 4093 5045 6037 7248 8633 9771 10260 10809 11326
12072 17516 19344 19938 2120 2648 3155 3852 6888 12258 14821
15359 16378 16437 17791 20614 74025 1085 2434 5816 7151 8050
9422 10884 12728 15353 17733 18140 18729 20920 856 1690 12787
6532 7357 9151 4210 16615 18152 11494 14036 17470 2474 10291

440323 17786973 10 139 4347 Db 7D 187 483 24 8911942, 20666 3868,
7526 17706 8780 14796 18268 160 16232 17399 1285 2003 18922
14658:17331:20361 2765 4862 5875

777 5906 7403 8550 8717 8770 11436 12846 13629 14755
15688 16392 16419

4093 5045 6037 7248 8633 9771 10260 10809 11326 12072
17516 19344 19938

2120 2648 3155 3852 6888 12258 14821 15359 16378 16437
17791 20614 21025

1085 2434 5816 7151 8050 9422 10884 12728 15353 17733
18140 18729 20920

856 1690 12787

6532 7357 9151

4210 16615 18152

11494 14036 17470

2474 10291 10323

1778 6973 10739

4347 9570 18748

2189 11942 20666

3868 7526 17706

8780 14796 18268

160 16232 17399

1285 2003 18922

4658 17331 20361

2765 4862 b85S



295 4565 5521 8759 3484 7305 15829 5024 17730 17879 7031 12346
15024 179 6365 11352 2490 3143 5098 2643 3101 21259 4315 4724
13130 594 17365 18322 5983 8597 9627 10837 15102 20876 10448
20418 21478 38481202915228'??%?65213146 5998 7534 16117
2098 13201 18317 9186 14548 17 5246 10398 18597 3083 4944
21021 13726 18495 19921 6736 10811 17545 10084 12411 14432
1064 13555 17033 679 9878 13547

4565 5521 8759

3484 7305 15829
5024 17730 17879
7031 12346 15024
179 6365 11352
2490 3143 5098
2643 3101 21259
4315 4724 13130
594 17365 18322
5983 8587 9627
10837 15102 20876
10448 20418 21478
3848 12029 15228
708 5652 13146
5998 7534 16117
2098 13201 18317
9186 14548 17776
5246 10398 18597
3083 4944 21021
13726 18495 19921
6736 10811 17545
10084 12411 14432
1064 13555 17033

679 9878 13547



296 3422 9910 20194 3640 3701 10046 5862 10134 11498 5923 9580
15060 1073 3012 16427 5527 20113 20883 7058 12924 15151 9764
12230 17375 772 7711 12723 555 13816 15376 10574 11268 17932
15442 17266 20482 390 3371 878]3?1 512 12216 17180 4309 14068
15783 3971 11673 20009 9259 14 17199 2947 5852 20101 3965
9722 15363 1429 5689 16771 6101 6849 12781 3676 9347 18761 350
11659 18342 5961 14803 16123

3422 8910 20154
3640 3701 10046
5862 10134 11498
5923 9580 15060
1073 3012 16427
5527 Z0113 20883
7058 129%24 15151
9764 12230 17375
772 7711 12723
555 13816 15376
16574 11268 17832
15442 17266 20482
390 3371 8781
10512 12216 17180
4309 14068 15783
3971 11673 20009
9259 14270 17199
2947 5852 20101
3965 9722 15363
1429 5689 16771
6101 ©84%¢ 12781
3676 9347 18761
350 11659 18342

5961 14803 16123



297 2113 9163 13443 2155 9808 12885 2861 7988 11031 7309 9220
20745 6834 8742 11977 2133 12908 14704 10170 13809 18153 13464
14787 14975 799 1107 3789 3571 8176 10165 5433 13446 15481
3351 6767 12840 8950 8974 11650 1430 4250 21332 6283 10628
15050 8632 14404 16916 6509 10762 16278 15900 16395 17995 8031
18420 19733 3747 4634 17087 4453 6297 16262 2792 3513 17031
14846 20893 21563 17220 20436 21337

2113 9163 13443
2155 9808 12885
2861 7988 11031
7308 9220 20745
6834 8742 11977
2133 12908 147C4
10170 13809 18153
13464 14787 14975
799 1107 3789
3571 8176 10165
5433 13446 15481
3351 6767 12840
8950 8974 11650
1430 4250 21332
6283 10628 15050
8632 14404 16816
6508 10702 16278
15900 16395 17985
8031 18420 19733
3747 4634 17087
4453 6297 16262
2792 3513 17031
14846 20893 21563

17220 20436 21337



298 275 4107 10497 3536 7520 10027 14089 14943 19455 1965 3931
21104 2439 11565 17932 154 15279 21414 10017 11269 16546 7169
10161 16928 10284 16791 20655 36 3175 8475 2605 16269 19290
8947 9178 15420 5687 9156 12408 5896 9738 14711 4935 8093 19266
2667 10062 15972 6389 11318 14417°8800 18137 18434 5824 5927
15314 6056 13168 15179 3284 13138 18919 13115 17259 17332.

275 4107 10497
3536 7520 10027
14089 14543 19455
1965 3931 21104
2439 11565 17932
154 15279 21414
10017 11269 1654¢
7169 10161 16928
10284 16791 20655
36 3175 8475

2605 16269 19290
8947 5178 15420
5087 9156 12408
8086 9738 14711
4935 8093 19266
2667 10062 15972
6389 11315 14417
8800 18137 18434
5824 5927 15314
6056 13168 15179
3284 13138 18919

13115 17259 17332.





