Description DATA PROCESSING APPARATUS AND DATA PROCESSING METHOD Technical Field
[0001] Embodiments of the invention relate to a data processing apparatus and a. data
processing method, and particularly to a data processing apparatus and a data processing method
which make it possible to improve the tolerance to burst errors or erasure of, for example, an LDPC
(Low Density Parity Check) code. Background Art [00021 The LDPC code has a high error
correction capacity and, in recent years, befjfiisto & ad8pted widely in transmission systems
including satellite digital broadcasting systems such as, for example, the DVB-S.2 system used in

Europe (refer to, for example, Non-Patent Do e . Eurther, it is invest] d to adopt the LDPC
code also i%z}’tié%regf{r%(fEd‘i'sg#aW%roAago%\a%%‘%iﬁb}%f t%\l{eg] n!gét% éer%}g{réf%rﬁg [%?b%]ﬁ?“%%ﬁt is being found by
recent researchithatsd peifetmiance proximate to the Shannon limit is provided by
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Embodiments of the invention relate to a data
processing eapparatus and a data processing method, and
particularly to a data processing apparatus and a data
processing methoed which make 1t possible to improve the
tolerance to burst errors or erasure of, for example, an
LDPC (Low Density Parity Check) code.

Background Art

[C002]

The LDPC code has a high error correctiocon capacity
and, in recent vears, Dbegins to ke adopted widely in
transmission svstems including satellite digital
breoadcasting systems such as, for example, the DVB-3.2Z
system used 1n Europe {(refer to, Ifor example, Non-Patent
Document 1}. Further, it is investigated to adopt the LDPC
code also 1in terrestrial digital broadcasting cf the next
generation.

[0003]
It is being found by recent research that a

performance proximate to the Shannon limit 1s 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 that it has a superior block error proba characteristic. Also it is advantageous that
a so-called error floor phenomenon which is observed in a decod characteristic of the turbo code 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 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. [00051 The LDPC code has the most significant characteris a in that a parity
check matrix Whigh defines e LBP C-66de R spare hatkir. HEFE: the sparsérimatix iy a matrix in
which the number of those elements whose value is "1" is very small (matrix in which almost all

elements are 6f [6006]°°° CBfE. £8HowE ahBxXample’ord paty chetk fnatfie H-ofn LIDPC code.

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

[C004)

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

[0005]

The LDPC code has the most significant
characteristic in that a parity check matrix which
defines the LDPC code 1s a sparse matrix. Here, the
sparse matrix is a matrix in which the number of those
elements whose value is “1” is very small (matrix in
which almost all elements are 0).

[000Co6]



[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 GHT = 0 together with a transposed
matrix HT of a parity check matrix H. Here, if the generator matrixGisaKxNmatrix, 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. Theséodevart (EBPCrdcde) preducedibythetentodimgtapparatus is
received by the reception side through a predetermined communication path_ [0010] Decoding
of the LDPC code&an!b& carfigdout using an algorithm proposed as probabilistic decoding
(Probabilistic [ﬁ@@(&ding) by the Gallager, that is, a message passing algorithm by belief propagation on
a so-called Ta 6|Japh including a variable node (also called message node) and a check node. In

the following descriptiol%e; Qeof takllgq.vtariab e n?{demar%d the check node is suitably referred to simply
as node. [0011] FIG. Zillustrates a proceduire ot decoding”of an CDPC codes #&+an™

of each column (column weight) (number of “1”) (weight)
is “3” and the weight of each row (row weight) is “6.”
[Go08]

In encoding by LDPC codes (LDPC encoeding), for
example, a generator matrix G 1s 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, 1f
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 codewcrd (LDBEC code)
produced by the encoding apparatus is received by the
reception side through a predetermined communication path.

[0010]

98]



[0012] It is to be noted that, in the following. description, 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 uoi. Further, a
message outputted from a check node is represented by uj and a message outputted from a variable
node is represented by vi. [0013] First, in decoding of an LDPC code, as seen in FIG. 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 511,
whereafter the processing advances to step 512. At step 512, mathematical operation represented by
an expression (1) (varidleatbdesmatheiaticabBperation) isacarfied oatbased oritheareception value
u; obtained by the reception of the LDPC code to determine a message (variable node message) v..
Further, math&matitdrdperation Fépresénted byairexptession {2) @heeklhbde mathematical

operation) is carried out based on the messa%)e vl to determine the message UJ [0014] [Expression 1]
d-1 (Prebabkillistic Decoding the Gallager, tha a

message passing algorithm by belief propagation on a so-
called Tanner graph inciuding a variable node (also
called message node) and a check node. In the following
description, each of the wvariable node and the check node

is suitably referred to simply as node,

[0011]

FIG. 2 illustrates a procedure of decoding of an
LDPC code.
[0012]

It is to be noted that, in the foliowing.
description, a real number value where the “07 likelihood
in the value of the nth code bit of an LDFC code {one
codeword) received by the reception side is represented
in a log likelihood ratic is suitably referred to as
reception valus up. Further, a message ocutputted from a
check node is represented by uy and a message outputted
from a variable node is represented by vy.

[0013]

First, in decoding of an LDPC code, as seen in FIG.

2, an LDPC code is received and a message (check node

message) us 1s initialized to 07 and besides a variable k



Vi =Uo(1) = [0015] [Expression 2] d-1 = | tanK 2, U;VI 1=1 [0016]

which assumes an integer as a counter of repeated
processes 1s initialized to “0” at step S11, whereafter
the processing advances to step S12. At step 312,
mathematical operation represented by an expression (1)
(variable node mathematical operaticn) is carried out
based on the recepticn value ug 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)
is carried out based on the message v; to determine the
message Uuj.

[0014]

[Expression 1]

i

Vi = Uoi + ZH:

—
-
—

J=1
[0015]

[Expression 2]

de—1
2= 11 i
umhﬂg}mf:;mﬁ{z)
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Here, dy and de In the expression (1} and the
expression (2) are parameters which can be selacted
arbitrarily and represent the number of “1s” in a

vertical direction (column) and a horizontal direction



Here, d, and d, in the expression (1) and the 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 de = 6. {0017)
It is to he 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 d" -
1lor tod, -1 because a massage inputted from an edge (line interconnecting a variable node and a
check node) from which a message is 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 advarice af tabite opa furictionlRdvd, va¥ representetlchy anexpressioh(3) defined by one
output with respect to two inputs vl and v2 and using the table successively (recursively) as
represented by&ifexpression (4)° [00X8)JExsression 3pd de = 6.

[G017]

It is to be noted that, in the wvariable node

mathematical operation of the expression {1) and the

check node mathematical ocoperation of the expression (2},

the range of the mathematical cperation is 1 to dy - 1 or

1 to do - 1 because a massage inputted from an edge (line

interconnecting a variable node and a check node) from

which a message is To be outputted is not made an object

of the mathematical operaticn. Meanwhile, the check node

mathematical operation of the expression (2) i1s carried

out by producing in advance a table of a function R{vy,

vs) represented by an expression (3] defined by cone output

with respect to two inputs v and vy and using the table

successlvely (recursively) as represented by an

expression (4}.

[0018]

[Expression 3]

x = 2tanh " {tanh(v/ 2) tanh(v2/2)} = R(v,v2) (3

00191

[Expression 4]

w = R{vi, R(va, R(vs,...R{va. - 2, va. - 1}}}) . 14D

[0G20]



x=2tanh-I{tankvi/2)taiih(,2/2)}=R(vi,v2)... (3) [0019] [Expression 4] - R(VI,R(V2, R(V3,...-R(Vck -2,V4)
[0020] At step 512, the variable Ic 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. If it is decided at step 513 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 513 that the variable k is higher than C, then the processing
advances to step 514, at which a message v as a decoding result to be outputted finally by carrying
out
At step S81Z, the variable k is incremented by “17

further, and the processing advances to step S13. At step

513, 1t 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 variable k is

not higher than C, then the processing returns to step

512, and similar processing is repeated thereafter.

[00z1]

On the other hand, 1f it is decided at step 513

that the variable k is higher than C, then the processing

advances to step S14, at which a message v; as a decoding

result to be outputted finally by carrying out

mathematical operation represented by an expression (35)

is determined and outputted, thereby ending the decoding

process of the LDPC cods.

[00Z22]

{Expression 5]

d»
> o {5)

Vi = Uoi +
J=1
Here, the mathematical operation of the expression
(%) 1s carried out, different from the variable node
mathematical operation of the expression (1), using

messages uy from all edges connecting to the variable node.



mathematical operation represented by an expression (5) is determined and outputted, thereby ending
the decoding process of the LDPC code. [0022] [Expression 5] =EU;(S) j=1 [0023] Here, the
mathematical operation of the expression (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, code length: 12)

[ooz4]

FIG. 3 1llustrates an example of the parity check
matrix H of a (3, 6) LDPC code (encoding rate: 1/2r code
length: 1Z}).

[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]

FI1G. 4 shows a Tanner graph of the parityv check
matrix H of FIG. 3.

[(0027]

Here, in FIG. 4, a gheck node is represented by
M, and a varilable ncde is represented by “=." A check
node and a variable node correspond to a row and a column
of the parity check matrix H, respectively. 2A connaction
between a check node and a variable node is an edge and
corresponds to “1” of an element of the parity check
matrix.

[0028]

In particular, where the element in the ith row of

the 1th 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.



[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 parity check matrix H of
FIG. 3. [0027] Here, in FIG. 4, a check node is represented by "+," 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. [0028] In particular, where the element in the 1 h
row of 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 corresponding 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 ncde mathematical operation and check node

mathematical cooperation are carried out repetitively.

FIG. 5 illustrates the wvariable node mathematical
cperation carried out with regard to & variable node.
[(C031]

With regard to the variable node, a message Vi
corresponding to an edge to be calculated is determined
by variable node mathematical operation of the expression
(1) which uses messages u; and u; from the remaining edges
connecting te the variable node and the reception value
ug:. Alsc a message corresponding to any other edge is
determined similarly.

[0032]

FIG. ¢ illustrates the check nods mathematical
operatiocn carried out at a check node.
00331

Here, the check ncde mathematical operation of the



The edge represents that a code bit corresponding 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 check node
mathematical cooperation are carried out repetitively. [0030] FIG. 5 illustrates the variable node
mathematical operation carried out with regard to a variable node. [0031] With regard to the
variable node, a message vi corresponding to an edge to be calculated is determined by variable node
mathematical operation of the expression (1) which uses messages ul and u2 from the remaining
edges connecting to the variable node and the reception value u04. Also a message corresponding to
any other edg@’is deferified similafy. [0032F & &L qhGo6hllistrates thetéheck riotle mathematical

operation carried out at a check node.
expression (2) into an expression (&) using the

relationship of an expression a x b = expi{ln(lal) -+
In{ibi)} x signi{a) x sign{b). It is to be noted that
sign({x} is 1 where x 2 0 but is -1 where x < 0.
00347

[Expression &)

de—1
w=2tanh™| T tanh(zJ
i=1
el de-]
=7 tanh™ exp{ Z [n[ tanh{ JD H Szgn[*;anh(z D
i=] 2 i=1

=2tanh” | exp ?%jl In 1anh ]XCﬂ i
- | sign(vi) v (8]
]

i=1 i=1
[0035]

Further, if, where x 2 0, a function o(x) is
defined as an expression ¢(x) = In{tanh(x/2)), then since
an expression ¢ (x) = 2tanh™(e™) is satisfied, the
expression (6) can be transformed into an expressicn (7).
rooze]

[Expression 7]

de —1 de—1

=g §;¢%ﬂ)x E}s@mﬁﬂ w {7

i=1 i=1
[0037]

At the check node, the check node mathematical

fuet
]



[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 of an expression a x b =
expfin(lal) In(Ib1)1 x sign(a) x sign(b). It is to be noted that sign(x) is 1 where x 3 0 but is -1 where x <
0. [0034] [Expression 6] [0035] Further, if, where x0, a function p(x) is defined as an expression p(x) =
In(tanh(x/2)), then since an expression p-1 (x)2- anh3[1(e7X) is satisfied, the

operation of the expression (2} is carried out in
accordance with the expression (7).
[0038]

In particular, at the check node, the message u:
corresponding to the edge to be calculated is determined
by check node mathematical operation of the expression
(7} using messages Vv, Va2, Vi, vy and vs from the remalning
edges connecting to the check node. Also a message
corresponding to any other edge is determined in a

similar manner.

[0G39]

It is to be noted that the function ¢(x) of the
expression (7) can be represented also as ¢{x) = In{{e™ +
1)/(e* = 1)), and where x > 0, ¢o(x) = ¢ *(x). When the

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

Neon-Patent Document 1l: DVB-35.2: ETSI EN 302 307
V1.1.2 (2006-06)
Disclosure of Invention
Technical Problem
[0041]

Although it has been known that LDPC codes exhibit

11



expression (6) can be transformed into an expression (7). [0036] [Expression 7] (ch-1dr-1 1t] =0 -1v )
xisign(v)... (7) 1 =1[=1 [0037] 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 by check node mathematical operation of the expression

a very high capacity in an AWGN (Additive White Caussian
Neise) communication path, in recent years 1t has become
clear that even in the other communication paths they
have & higher error correction capacity than conventional
convolution codes or connection codes of convelution
codegs and RS (Reed Solomen) codes.

(00427

In short, 1f a code having a good performance in an
AWGN communicaticn path is selected, then the code
frequently has a better performance than the other codes
also in other communication paths.

10043]

Incideﬁﬁglly, it has been proposed that, fqr
example, where LDPC codes are applied to terrestrial
digital broadcasting, LDPC codes perceived in the DVBR-S5.2
standards and a modulation system prescribed in the DVB-T
standards are combined and an interleaver
(bitinterleaver) for interleaving code bits of an LDPC
code 1s provided between the LDPC encoding and modulation
to Improve the performance of LDPC codes in an AWGN
communication path.

(00447
However, in a communication path supposed with

regard to ground waves, burst errors or erasure sometimes

12



(7) using messages vi, v2, v3, v4 and v5 from the remaining edges connecting to the check node. Also
a message corresponding to any other edge is determined in a similar manner. [0039] Itis to be
noted that the function c(x) of the expression. (7) can be represented also as 9(x) - In((ex 1)/(ex - 1)),
and where x > 0, p(x) = c--(x). When the functions 9(x) and c71(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-S.2: ETSI EN 302 307 171.1.2 (2006-06) Disclosure of
Invention Technical Problem [0041] Although it has been known that LDPC codes exhibit

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 0 dB (power of Undesired = echo is equal to the power

of Desired = main path), the power of a particular symbol
becomes zerc (erasure) in response to a delay of an echo

(paths other than the main path).

[0045]

Further, also in a flutter (communication path in
which an echo whose delay i1s zero and to which a Doppler
{dopper) freguency is applied is added), where the D/U is
U dB, a case wherein the power of an entire OFDM symbol
at a specific point of time is'reduced to zero by the
Deppler frequency occurs.

[0046]

Furthermore, burst errors sometimes arise from a
situation of a wiring line £rom an antenna to a reception
apparatus or instability of the power supply.

[0047]

Conventicnally, also in a communication path in
which such burst errors or erasure cccurs as described
above, an error correction code of a high performance is

used 1n an AWGN communication path.

[0048]

13



a very high capacity in an AWGN (Additive White Gaussian Noise) communication path, i.L recent
years it has become clear that even in the other communication paths they have a higher error
correction capacity than conventional convolution codes or connection codes of convolution codes and
RS (Reed Solomon) codes. [0042] In short, if a code having a good performance in an AWGN
communication path is selected, then the code frequently has a better performance than the other
codes also in other communication paths. [0043] Incident-ally, it has been proposed that, for
example, where LDPC codes are applied to terrestr digital broadcasting, LDPC codes perceived in the
DVB-S.2 standards and a modulation system prescribed in the DVB-T standards are combined and an
interleaver (bitinterleavéporinteérteaving cedecbits af arf LDPE codelissprovideddetween the LDPC
encoding and modulation to improve the performance of LDPC codes in an AWGN communication
path. [0044] VarHeleverana commanication: pathtsupposed with regarcirgrotndwaves, burst

errors or erasure sometimes ‘ .
( wherelin addition of (recepticn wvalues uy of) code

bits of an LDPC code as seen in FIG. 5 is carried out in
a column of the parity check matrix H and hence a
variable node corresponding te a code bit of the LDPC
code, i1f an error occurs with the code bit used for the
variable node mathematical operation, then the accuracy
of a message to be determined drops.

[0049)]

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
number of check nodes where (code bits of the LDPC ccde
corresponding to) a plurality of variable nodes connected
thereto exhiblt an error (including erasure) at the same
time becomes great, then the performance of the decoding
deteriorates.

[00350)

For example, 1f two or more of the variable 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

14



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 equal to the power of Desired - main path), the power of a particular symbol becomes zero
(erasure) in response to a delay of an echo (paths other than the main path). [0045] Further, also
in a flutter (communication path in which an echo 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 by the Doppler frequency occurs. [0046]
Furthermore, burst errors sometimes arise from a situation of a wiring line from an antenna to a
reception apparats orstability ofithe pewer supplyp.d0847te ealonventienally, alsblin a
communication path in which such burst errors or erasure occurs as described above, an error
correction codéxgtia high performanceis Used in ARTAWGN compiiicationpathJfoe48p
which the message of the egual probabilities does not
contribute to one cycle of decoding processing (one set
cf variable node mathematical operation and check node
mathematical operation), and as a result, an increased
number of times of repetition of decoding processing are
reguired. Conseguently, the performance of the decoding
deteriorates. Further, the power consumpticn of a
reception apparatus which carries out decoding of the
ILDPC code increases,
[0051]

Accordingly, at present, a technigue for improving
the tolerance to burst errors or erasure while the
performance in an AWGN communication path is maintained
is demanded.

[0052]

Here, 1t has been proposed that the performance of
LDPC codes in an AWGN communication path is improved by
providing an interleaver for interleaving code bits of an
LDPC code between LDPC encoding and modulation as
described hereinapove, and if the interleaver can carry

out interleave of lowering the probability that a

plurality of ones of (code bits of LDPC codes

15



Meanwhile, in decoding of LDPC codes, since variable node mathematical operation of the expression
(1) wherein addition of (reception values uoi of) code bits of an LDPC code as seen in FIG. 5 is carried
out in a column of the parity check matrix H and hence a variable node corresponding to a code bit of
the 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 determined drops. [0049] Then, since, in decoding of the
LDPC codesthermessagde determinech at tiel variableenodeeorneciing to the cheskinogleds used to

carry out c n mathemati eratign of the expression (7) at the check node, if the number of
check noder:!f%?he(%g%rg&é biitizg1 ofg t%egl%ﬁP(%gc':%c)raet%cl)?reé%éngiﬁmgtgfg p?u%rall y %?%éﬁgblg Hodes
connected therétdrextibitan error (including erasure) at the same time becomes great, then the
performanceofihe decoding deteriorates. [0050] For example, if two or more of the variable
nodes connected to the check node suffer from erasure at the same time, then the check node returns
a message that the proBab6ifity"fat the Value Fy beFD aRdhe prdbability that the kalueirhay be | are

equal to eagh ethierlte allvariable-nedes.dn thisdnstapee those sheck nedes,to.which.thg message of
the equal pgonb 'Igigs do&es not %ontribléte to one cycle of decoding processing (one set of variable
node mathématical operation and check'Hode mathematical DpaFatich), and as a result, an increased
number of firmes ot repetiiiohuofidecoding processing are required. Consequently, the performance of
the decoding,@eteriorates. Further, the power consumption of a reception apparatus which carries out
decoding of the LDPC code increases. [0051] Accordingly, at present, a technique for improving_
the tolerance to burst &fréPs 8 eEasufeewhife thé pesformanceintan AWGN:bemmuinication path is

maintained is demangled. +here is provided a data processing apparatus
which interleaves data, including re-arrangement means for
carrying out, where an LDPC (Low Density Parity Check) code
is transmitted as a symbol or symbols each formed from two
or more code bits thereof, a re-arrangement process of re-
arranging the code bits of the LDPC code such that plural
ones of the code bits corresponding to the value 1 included
in one arbltrary row of the parity check matrix are not
included in the same symbel.
[0055]
According to a second aspect of the present
invention, there is provided a data processing method for a

data
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[0052] Here, it has been proposed that the performance of LDPC codes in an AWGN
communication path is improved by providing an interleaver for interleaving code bits of an LDPC code
between LDPC encoding and modulation as described hereinabove, and if the interleaver can carry
out interleave of lowering the probability that a plurality of ones of (code bits of LDPC codes
corresponding to) variable nodes connected to a check node may exhibit an error, then the
performancesfdetoding caniberimproved: [@053]i nt e r Ilerabedimentsqf thenpresaatigvention make it

possible to improve the.tolerance. to efrors f code;bits of an LDPC code such as burst errors or
erasure. Technllécsz)al Solution [OOSﬁ] v Accoefdingatoaa fiFst %%%88t18ﬂhea&8§é‘fn tiﬁ\%nt?dn, there is

provided a Hataprbeessing appafatas whidPRiterldavesidata lingluding terartargémentmeans for
carrying out, yvherg an:DPC(Low DensityRarity, Check) cade is transmitted ﬁs A 5ymhel or symbols

each formed from two or more code bits thereof, a re-arrangement process of rearranging the code
bits of the LIFPE ¢bde SUER tht piural6rES 6 thecotle bitedirespontling o thevalueilimcluded in

one arbitraryowtof therparity-check snatrix are: notincluded ipfhe same symbel,[Q055]. . .
corresponding to the value 1 included in one arbitrary row
of the parity check matrix are not included in the same
symbol.

[005¢6]

Acceording te the first and second aspects as
described above, where an LDPC {Low Density Parity Check}
code i1s transmitted as a symbol or symbols each formed from
twe or more code bits therecof, the data processing
apparatus carries out re-arrangement of the code Dbits of
the LDPC code such that plural ones of the code bits
corresponding to the value 1 included in one arbitrary row
cf the parity check matrix are not included in the same
symbol,

[0057]

Acceording  te  a  third aspect of the present
invention, there is provided a data processing apparatus
which receives an LDPC (Low Density Parity Check) code
transmitted thereto in an interleaved form as a symbcl or

symbols each feormed from two or more code bits, including
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According to a second aspect of the present invention, there is provided a data processing method for
a data processing apparatus which interleaves data, including a step carried out by the data
processing apparatus of carrying out, where an LDPC (Low Density Parity Check) code is transmitted
as a symbol or symbols each formed from two or more code bits thereof, re-arrangement of the code
bits of the LDPC code such that plural ones of the code bits corresponding to the value 1 included in
one arbitrarygowLefthe patity-eheckumatrixrarenzot fncluded-inythe same-synshol. [9956bpc

According ta the first and second aspects as described above, where an LDPC (Low Density Parity
Cheek) code is transmitted as aciéyml%ol%r symbols eachforméd from two or ﬁ}%%g Tode bits thereof,

the data prdc&ssirfapparatus earries et réarrangementef theldtie bits of thetDPEicade such that
plural ones of the, code bits correspanding. toythe yalue 1 ineluded.in Q %@rbiggﬁyeroy‘yﬁg{ghe parity
check matrix are not included in the same symbol. [0057] According to a third aspeé?of the
present invéfitioit s Providied Yats plockRsingiishatatus which FeceivesyantbBPC(Low
Density Parity hecky cede transmiited:thereto-n an interleaved farm:as.a symbol.orsymbols each
formed frorrgitw%)‘gé’nosree code bits, includinﬁ reverse re-arrangement means for carrying out, for an
LDPC code obtained by cafrying out & ré-artangBiert proceds st te-drfandifg te 8odé bits of the
LDPC codessucinthatpiural ones of thewcade bitscof thed DPE-cade:whichecorrespond-tasthe value 1

included in gng arbjtrary jow.af.a parity check matrix are not included in the same symbol, a reverse
re-arrangement process which is (?eversaen (r'sear‘roarnggr%“e%}/%:8ﬁesopuognddilﬁ%pt% the FEAMaRgément
process, and’EDPEecoslitiy rheans ot Sarryig ot TORPE deeoding:ofdhetDP G eade for which the

reverse re-arapgement pregess is carried out. [00581
[0058]

Acceording to a fourth aspect of the present
inventicn, there is provided a data processing method for a
data processing apparatus which receives an LDPC {Low
Density Parity Check) code transmitted thereto in  an
interleaved form as a symbol or symbols each formed from
two or more code bits, including a step carried out by the
data processing apparatus of carrying out, for an LDPC code
obtained by carrying out a re—arrangement process of re-
arranging the code bits of the LDPC code such that plural
ones ©f the code bits of the LDPC code which correspond to
the value 1 included in one arbitrary row of a varity check

matrix are not included in the same



According to a fourth aspect of the present invention, there is provided a data processing method for a
data processing apparatus which receives an LDPC (Low Density Parity Check) code transmitted
thereto in an interleaved form as a symbol or symbols each formed from two or more code bits,
including a step carried out by the data processing apparatus of carrying out, for an LDPC code
obtained by carrying out a re-arrangement process of rearranging the code bits of the LDPC code
such that pRiraisres of thecasde bitstof-the 1:DREcode whitltesrrespondto the vadue: T drcluded in
one arbitraryJoyot.a payiy eheck matrxare ot included i the same,  symbol, a reverse
re-arrangement process which is reversSe re-arrangement correspon%m {o the rg-arrange’ment
process, arfd'd stép Edrfied by fie- 8&ta procédsingtippararirsteariying cutkDRCwecoding of the
LDPC code-for whiel the.reversecre-arrangerment progess isearried gut. 0959], s .., Aggording to the
third and fourth aspects as described above, for an LDPC code obtained by carrying out the
re-arrangement process, ateverse Tasairangétient protess Whick iiéverse re-arrangement
corresponding ta?the re-arrangement described above is carried out, and LDPC decoding of the LDPC
code for which the reverse rrgarrgangeﬁr’gentt|%rgce%%hag1 been §arried out is carried out. [0060]
According to a fifth aspect of the-present invention. there iS Brovided'a data pratessing apparatus
which interiéaves datd, intlating ré<arrangenient means fobcariying out; where anlDRG{Low
Density Parity.Ch i ichani lon matrix which is that portion of a parity check matrix
thereof Whi?:%yecorﬁécgg(fngdgsg&ﬁ%{f%ﬁ}aﬂo? %?{g%pfg t@h'e L[(’;aPC é%d%@éfr?g has a c?igll‘cagt?ueé%ﬁgetis
transmittedFas 4%y ibBRar-symbdls BAER f6med Sroni twb TRTRore code bitsitherebfwhereas the
symbol is foemaed &rom- thengede bits ot the-LBPC ceda,which arg written in a colump dirggtion of
storage means for storing_the code bits of the LDPC code in a row direction and the column direction
and are re&d 60t the roW dire&tionfrom the E6ragehealis 'Glumntivistiftetiease of thanging the
writing starting positicrwhen the cede bitsrof dhe EDPGC cade @re 1@ bewritten; inthe column direction
of the stor SESRNS for each column of the storage means as a re-arrangement process for
rearranging the code bits of the LDPC code.

According to a fifth aspect of the present

invention, there is provided a data processing apparatus
which interleaves data, including re-arrangement means for
carrying out, where an LDPC (Low Density Parity Check) code
in which an information matrixzx which is that portion of a
parity check matrix thereof whiich cerresponds to
information bits of the LDPC code and has a cyclic
structure is transmitted as a syvmbol or symbols each formed

from two or more code bits thereof whereas
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[0061] According to a sixth aspect of the present invention, there is provided a data processing
method for a data processing apparatus which interleaves data, including a step carried out by the
data processing apparatus of carrying out, where an LDPC (Low Density Parity Check) code in which
an information matrix which is that portion of a parity check matrix thereof which corresponds to
information bits of the LDPC code and has a cyclic structure is transmitted as a symbol or symbols
each formedtfrons iy of mbse dodenbits thereof wihereasithe symbolds formedfram thescede bits of
the LDPC hi re Wri in a.column_direction of storage meanps for storing the code bits of
the LDPC g@ggéi% a%r%\% (%ig%ﬁr?é%heacofuoniﬁ %?regt%ornegr?g are r%gd outinthe rdtw irdction from
the storageifi€ans t6sliitth twiseintereave bt ehangihg theawrifidg Startingposition shern:the code bits
of the LDP@ code-are to beawritten indhe column direction of the storage means for, each column of
the storage means as a re-arrangement process for rearranging the code bits oft the LDPC code.
[0062] " A&cordingto thetifth ahdsixtt ASpects as#RcribetFalsove, colummiwistintetleave of
changing thenweiting stasting’ pasitionswhen the-codebits,ef the: LPPG, code-areto pe wiitten in the
column diregtion gg}lhee torage means for each column of the storage means is carried out as a
re-arrangement process 1or re-arranging the ‘cod& Bit§ ofthe LB Godér j0oes} in  Meeording to a
seventh aspedtuofithelpresent inventiont theresiscproyided a:-data processing apparatus Which receives
an LDPC ( Density Parity, ) code transmitted thereto in an interleaved form as a symbol or
symbols e;tgﬁlvéor%nn%?%r% twntl)%logr?1 (r;izﬁkoréf1 Code bits, including reverse rRIarrangement meatis for
carrying out \Whérelthe L'DPCsste BidreLDPC-é6dé PWhiohdan information matrix which is that
portion of the £.DPC code which corresponds to information bits of the LDPC code in a parity check
matrix of the LDPC code has a cyclic structure and the symbol is formed from the code bits of the
LDPC code which aré\WfifteA+-a coltfnn directidri bF storstjeemieansfor storing thve eode bits of the
LDPC code inva rew direction aad the selumm diregtionand gre,readsoutingthe row directign from said

storage me?ag élfor an LDPC code obtained by carrying out column twist interleave of changing the

writing starfing poSition when the€6de Bits 8f the 1 DPE it &2 18 e Riitten in'theicblamn direction
of said storagesineians-for eaeti calumn bf saichstorageaneans assa fergrrangamant process of

re-arranging [{395539 g§ kits.of the LDP lgog reverse re-arrange ent process which is reverse
re-arrangem%nt cqrresponding to the%e-arrg)ﬁgerrg\féﬁﬁ pro%régé“, égnag1 Eﬁbgydg eo%d nfeAs for carrying
out LDPC décoting 6f the LDPO tbdé fomwhieh the: revieisegirearrangiementprocess iscagried out.

parity check matrix therecof which corresponds to
information Dbits of the LDPC code and has a cyclic
structure is transmitted as a symbol or symbols each formed
from two or more code bits thereof whereas the symbol 1is
formed from the code bits of the LDPC code which are
written in & column direction of storage means for storing

the code bits of the LDPC code in a row
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[0064] According to an eighth aspect of the present invention, there is provided a data
processing method for a data processing apparatus which receives an LDPC (Low Density Parity
Check) code transmitted thereto in an interleaved form as a symbol or symbols each formed from two
or more code bits, including a step carried out by the data processing apparatus of carrying out,
where the LDPC code is an LDPC code in which an information matrix which is that portion of the
LDPC codecWhiehtcorrespoids teinforimationchitssofither DPE cade inra parity.check matrix of the

LDPC codehgs a gyqlic strygiure and the symbol js formed from the code bits of the LDPC code which
are written in a column direction of storage means for s{%%ng the code bits of the LDPE-&de in a row

direction and’th@ ddtanh dirbctidhrand are read odt intthedrovw irettion fromethieistorage aneans, for an

LDPC code:ohtaingd by carrying out glumpwist.interleave of changing the writing starting position
when the codifbits of the LDPC code are to be written in the column direction of the storage means for

Cofthe storagé ni&inss aTeSarfHmyehiént Process o6f fe-dtparyint theeode bits of the

each column

LDPC code; lacreverse rgrarrangementprocess whieh is reyerse. rearsangement ¢grrespanding to the

re-arrangement process, and a step.carried ou the data processing apparatus of carrying out
'%?ra% %ﬁ:%g&gfbl{ 9 % %

LDPC decoding of the LD 61 wihich thé Teverde te aftarigement process is carried out. [0065]

According tbthéskventh and eighth aspects as described above, a reverse re-arrangement process

which is reverse re- grrangement correspanding qu]sgijre-arr%ngememyprocess is carried out for an
LDPC code obtained by carrying:%I out column twist interleave as a rse%éirFange%sgﬁtcﬁr%cesass, and LDPC

decoding of tHerEDPE cotle FoF whieh tHE feversesiearkaigementprocesss hasbeencarried out is

carried out.{0066Lg stk is ta.be petedithatthedata processing.apparatus may be an.jpdependent

apparatus or may be an internal block which composes one apparatus.
code” are to be written 1n the column direction of the

storage means for each column of the storage means is
carried out as a re-arrangement process for re—-arranging
the code bits of the LDPC code.

[0Ce3]

According to a seventh aspect of the present
invention, there is provided a data processing apparatus
which receives an LDPC (Low Density Parity Check) code
transmitted thereto in an interleaved form as a symbcl or
symbols each formed from two or more code bits, including
reverse re-arrangement means for carrying out, where the
LDPC code 1s an LDPC code in which an information matrix

which is that portion of the LDPC code which corresponds
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Advantageous Effect [0067] With the first to eighth aspects of the present invention, the
tolerance to errors of code bits of an LDPC code can be improved. Brief Description of Drawings .
[0068] [FIG. IJFIG. 1 is a view illustrating a parity check matrix H of an LDPC code.. [FIG. 2]FIQ. 2isa
flow chart illustrating a decoding procedure of an LDPC code. [FIG. 3]FIG. 3 is a view illustrating an

example of a
to information bits of the LDPC code in a parity check

matrix of the LDPC code has a cyclic structure and the
symbol 1s formed from the code bits of the LDPC code which
are written In a column direction of storage means for
storing the code bits of the LDPC code in a row direction
and the ceolumn direction and are read out in the row
direction from said storage rmeans, for an LDPC code
obtained by carrying out column twist interleave of
changing the writing starting position when the code bits
of the LDPC code are to be written in the column direction
of said storage means for each column of said storage means
as a re-arrangement process of re-arranging the code bits
of the LDPC code, a reverse re-arrangement process which is
reverse re-arrangement corresponding to the re-arrangement
process, and LDPC decoding means for carryving out LDPC
decoding of the LDPC code for which the reverse re-
arrangement process is carried out,

[0064]

According to an  eighth aspect of the present
invention, there is provided a data processing method for a
data processing apparatus which receives an LDPC (Low
Density Parity Check) code transmitted thereto in an
interleaved form as a symbol or symbols each formed from

two or more code bits, including a step carried out
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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. 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 present invention is applied. [FIG. 8] FIG. 8 is a block diagrgm
showing an example of a. configuration of a transmission apparatus 11. [FIG. 9] FIG. 9 is a view
illustrating & pafifycchéekamatrigcfRIGL10] FiG 216 is:a viel Hastrating aparity wattix: [FIG. 11] FIG.

11 is a view fustrating.a parity, checkJpatrix of an L OPC; code_and,column weights prescribed in the
DVB-S.2standard.

which 1is that portion of the LDPC code which corresponds to
information bits of the LDPC code in a parity check matrix
cf the LDPC code has a cyclic structure and the symbol 1s
formed from the code bits of the LDPC code which are
written in a column direction of storage means for storing
the code bits of the LDPC code in a row direction and the
column direction and are read out in the row direction from
the storage means, for an LDPC code obtained by Carrying
out column twist interleave of changing the writing
starting position when the code bits of the LDPC code are
to be written in the column direction of the storage means
for each column of the storage means as a re—-arrangement
process of re-arranging the code bits of the LDPC code, a
raverse re-arrangement process which is reverse re-
arrangement corresponding to the re-arrangement process,
and a step carried out by the data processing apparatus of
carrying out LDPC decoding of the LDPC c¢ode for which the
reverse re-arrangement process is carried out.
[0G65]

According to the seventh and eighth aspects as
described above, a reverse re-arrangement process which is

reverse re-—



[FIG.10]FIG. arrangement of 12 is 16QAM. a view illustrating

arrangement corresponding to the re-arrangement process is
carried out for an LDPC code obtained by carrying out
column twist interleave as a re-arrangement procass, and
LDPC decoding of the LDPC c¢ode for which the reverse re-
arrangemenltl process has been carried out is carried out.
100661

It is te be noted that the data processing
apparatus may be an independent apparatus or may be an
internal block which composes one apparatus.

Advantageous Effect
[0067)

With the first to eighth aspects of the present
invention, the tolerance to errors of code bits of an LDPC
code can be improved.

Brief Description of Drawings

[0068]

[FIG. 1] FIG. 1 1s a view illustrating a parity check
matrix H of an LDPC code,

[FIG. 2] FIG., 2 1s a flow chart illustrating a decoding
procedure of an LDPC code.

[FIG. 23] FIG. 3 is a view illustrating an example of a
parity error matrix of an LDPC code.

[FIG. 4] ¥IG. 4 1s a view showing a Tanner graph of a

parity check matrix.
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a signal point [FIG.3]FIG. arrangement of 13is 64QAM. a view illustrating a

[FIG. 51 FIG. 5 is a view showing a variable node.

[F'IG. €] FIG. 6 1s 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 present invention is applied.

[FIG. 8] FIG. 8 1s a block diagram showing an example of
a configuration of a transmission apparatus 11.

[FIG. 8] FIG. 9 1is a view 1llustrating a parity check
matrix.

[FIG. 101 FIG. 10 is a view illustrating a parity matrix.

[FIG. 11} FIG. 11 1s a view illustrating a parity check

[

matrix of an LDPC code and column weights prescribed in
the DVB~5.2 standard.

[FIG. 12] FIG. 12 is a view illustrating a signal point
arrangement of 1GCAM,

[FIG. 13] FIG. 13 1s a view illustrating a signal point
arrangement of GA4QAM,

[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 G40QAM,

[FIG. 16] FIG. 16 1s a view illustrating processing of a
demultiplexer 25.

[FIG. 17] FIG. 17 is a view 1llustrating processing of
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signal point [FIG.14]FIG. arrangement of 14is 64QAM. a view illustrating a signal

the demultiplexer 25.

[FIG. 18] FIG. 18 1s a view showing a Tanner graph
regarding decoding of an LDPC code.

[FIG. 187 FIG. 192 is a view showing a parity matrix He
having a stalrcase structure and a Tanner graph
corresponding to the parity matrix He.

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

[FIG. 21] FIG. 21 is a view illustrating a conversion
parity check matrix.

[FIG. 22] FPIG. 22 1s a view illustrating processing of a
column twist.interleavez 24. i

[FIG. 23] FIG. 23 is a view illusgtrating column numbers
of a memory 31 necessary for the column twist
interleaving and addresses of writing starting positions.
[FIG. Z4] FIG. 24 is a view illustrating column numbers
of the memcry 31 necessary for the column twist
interleaving and addresses of writing starting positions.
[FIG. 25] FIG. 25 is a flow chart illustrating a
transmission process.

[FIG. 2Z6] FIG. 26 1s a view showing a model of a

communication path adopted in a2 simulation.

]

ELIG. 27] FIG. 27 is a view illustrating a relationship



point [FIG.15]FIG. arrangement of 15is 64QAM. a view illustrating a signal point

between an error rate cobtained by the simulation and a
Doppler freguency fg4 of a flutter.

[FIG. 28] FIG. 28 is a view 1llustrating a relationship
between an error rate obtained by the simulation and a
Doppler freguency fy of a flutter.

[FIG. 29] FIG. 29 is a block diagram showing an example
of a configuration of a recepticn apparatus 12.

[FIG. 30] FIG. 30 is a flow chart illustrating a

reception process,

S

¢

[FTIG. 31] FIG. 31 is a wview illustrating an example of a
parity check matrix of an LDEC code.

tFIG. 32] FIG. 32 is a view illustrating a matrix
(conversion parity check matrix) obtained by applying row
replacement and column replacement to a parity check
matrix.

[FIG. 331 FIG. 33 is a view illustrating a conversion

parity check matrix divided into a unit of 5 x 5 bits.

1

[F1G. 34] FIG. 34 1s a block diagram showing an example

T

of a configuration of a decoding apparatus in which node
mathematical operation is carried out collectively for P
nodes.

[FIG. 35] FIG. 35 is a block diagram showing an example

of a configuraticn of a LDPC decoding section 56.

[FIG. 36] FIG. 36 is a block diagram showing an example

27



[FIG. 16] FIG. 16 is a view illustrating processing of a demultiplexer 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 structure and a Tanner graph corresponding to the parity matrix I-11 [FIG. 20] FIG. 20 is a
view showing the parity matrix HT of a parity check matrix H corresponding to the LDPC code after
parity interleaving. [FIG. 21] FIG. 21 is a view illustrating a conversion parity check matrix. [FIG. 22]
FIG. 22 is a view illustrating processing of a column twist interleaver 24.

of a configuration of an embodiment of a computer to

which the present invention is applied.

[FIG. 37] FiG. 37 1s 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. 38] FIG. 38 is a view 1lllustrating an exampie of a

parity check matrix initial value table of an encoding

rate of 2/3 and a code length of 64,800.

[F'IG. 391 FIG. 39 is a view illustrating the example of

the parity check matrix initial wvalue table of the

encoding rate of 2/3 and the code length of 64,800.

[FIG. 4C] FIG. 40 is a view iliustrating the exampie of

the parity check matrix initial value table of the

encoding rate of 2/3 and the code length of &4,800.

[FIG. 41] TFIG. 41 is a view 1llustrating an example cf a

parity check matrix initial value table of an encoding

rate of 3/4 and a code length of 16,200.

[(FIG. 42] FIG. 42 is a view illustrating an example cf a

parity check matrix initial wvalue table of an encoding

rate of 3/4 and & code length of 64,800.

[FIG. 43] FIG. 43 is a view illustrating 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. 44] FIG. 44 is a view illustrating the example of
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[FIG. 23] FIG. 23 is a view illustrating column numbers OE 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 of the memory 31 necessary for the column twist interleaving and addresses of
writing starting positions. [FIG. 25] FIG. 25 is a flow chart illustrating a transmission process. [FIG. 26]
FIG. 26 is a view showing a. model of a communication path adopted in a simulation. [FIG. 27] FIG. 27
is a view illustrating a relationship between an error rate obtained by the simulation and a Doppler
frequency fd 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 fd of a flutter. [FIG. 29] FIG. 29 is a block diagram
showing an exXdtfipler G-corfigtratioredfa eceplion apparatys 12 FiG. 30] FIG: 30 is a flow chart

illustrating a reception process. [FIG. 3FIG. 31 is a view illustrating an example of a
encoding rate of 3/4 and the code length of 64,800.

[FIG. 451 FIG. 45 is a view lllustrating 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. 4¢] FIG. 46 1s 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. 477 FIG. 47 1s a view 1llustrating an example of a

parity check matrix initial value table of an encoding

rate of 4/5 and a code length of 64,800.
[FIG. 48] FIG. 48 is a view illustrating the example of

the parity check matrix %nitial value table of the
encoding rate of 4/5 and the code length of 64,800,
[FIG. 49] FIG. 48 is a view i1llustrating 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. 50} FIG. 50 1s a view illustrating the example of
the parity check matrix initial wvalue table of the
encoding rate of 4/5 and the code length of 64,800.
[FIG. 51] FIG. 51 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. 52} FIG. 52 is a view illustrating an example of =
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parity check matrix of an LDPC code. [FIG. 32] FIG. 32 is a view illustrating a matrix (conversion parity
check matrix) obtained by applying row replacement and column replacement to a parity check matrix.
[FIG. 33] FIG. 33 is a view illustrating a conversion parity check matrix divided into a unit of 5 x 5 bits.

. 34] FIG. 34 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. 35] FIG. 35 is a block
diagram showing an example of a configuration of a LDPC decoding section 56. [FIG. 36] FIG. 36 is a
block diagram, showing an example of a configuration of an embodiment of a. computer to which the
present invention is applied. [FIG. 37] FIG. 37 is a view illustrating an example of a parity check matrix
initial value tabkerefan ehcoding fdte of 2i3:and alcodellergthasf 16,200, afFIGn88IRIG; 38 is a view

illustrating an example of agarity check matrix initial value table of an encoding rate of 2/3 and a code
Iengﬂwof648€@?e of 5/6 and a code length of 64,800.

[FIG. 53] FIG. 53 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. 54] FIG. 54 is a view i1llustrating the example of
the parity check matrix initial wvalue table of the
encoding rate of 5/6 and the code length of 64,800.

LFIG. 55] FIG. 55 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 5/¢ and the code length of 64,800.

FFIG. 561 FIG. 56 is a view illustrating an example of a
parity check matriz initial value table of an enching
rate of 8/9 and a code length of 16,200.

[FIG. 57] FIG. 57 1ls a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 8/% and the code length of 64,800.
[EFIG. 581 FIG. 58 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 8/92 and the code length of 64,800.
PFIG. 591 FIG. 59 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. 60] FIG. 60 is a view illustrating the example of
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[FIG. 39] FIG. 39 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. 40] FIG. 40 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. 41] FIG. 41 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. 42] FIG. 42 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 64,800. [FIG.
43] FIG. 43 is a view illustrating 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. 44] FIG. 44 is a view illustrating the example
of the parity cheekgaatiix initidlavaluentabie of theienicedingerate: of 3l4landthet¢ade length of 64,800.
[FIG. 45] FIG. 45 is a view illustrating the example of the parity check matrix initial value table of the
encoding rate<5t 374 aRd the e6de ferigftt of 84,800¢ [FIGLU6} FIG A6 isfa Gievi Mibistrating an example

of a parity check matrlx initial value table of an encodlng] rate of 4/5 and a code length of 16,200.
TF 6l] FIG. 61 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. 621 FIG. €2 is a view 1llustrating 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. 63} FPIG. 63 1s a view 1llustrating 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. €4] FIG. 64 1s 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 64,300.
[FIG. 651 FIG. €5 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 64,800,

[FIG. 66] FIG. 66 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. ©7] FIG. ¢7 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.

[FIG. 8] FIG. 68 1is a view 1lllustrating the example of
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[FIG. 47] FIG. 47 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 64,800. G. 48] FIG. 48 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. 49] FIG. 49 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. 50] FIG. 50 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.
IG. 51] FIG_ 51 is a view illustrating an example of a pa ty check matrix initial value table of an encod
rate of 5/6 and a code length of 16,200. [FIG. 52] FIG. 52 is a view illustrating an example of a parity
check matrix ihitial valaé tablelofan ercoding rate 6f 5/6 armlla.ccodedéngthiof84:800, [FIG. 53] FIG.
53 is a view illustrating the example of the parlty check matrix initial value table of the encoding rate of
5/6 and the cSiEeAGiHFof 648005 [FIG? 5A1RIG B4 ksl fiewAllgstrating thé eXafmple of the parity

check matrix initial value table of the encoding rate of 5/6 and the code length of 64,800.
[FIG. €8] FIG. 69 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 €4,800.

[FIG. 70] FIG. 70 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 64,800.

[FIG. 71} FIG. 71 is a wview i1llustrating an example of a
parity check matrix initial value table of an encoding
rate of 1/2 and a code length of 64,800.

[(FIG. 721 FIG. 72 is a view illustrating the example of
the parity check matrix initialuyalue table of the
encoding rate of 1/2 and the code length of 64,800.

[FIG., 73] FIG. 73 1s 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. 74] FIG. 74 is a view illustrating an example of 3
parity check matrix initial value table of an encoding
rate of 3/5 and a code length of 64,800.

[FIG. 75] FIG. 75 is a view illustrating the exanple of
the parity check matrix initial value table of the
enceding rate of 3/5 and the code length of 64,800.

[FIG. 7¢] FIG. 76 1s a view illustrating the example of
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[FIG. 55] FIG. 55 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. 56] FIG. 56 is a view illustrating an example
of a parity check matrix initial value table of an encoding rate of 8/9 and a code length of 16,200. [FIG.
57] FIG. 57 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. 58] FIG. 58 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. 59] FIG. 59 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. 60] FIG. 60 is a view illustrating the example
of the parity cHeekmpaatrikinitiaiaaiuetable of theldricodingerate of 8/9land thetdotle length of 64,800.
[FIG. 61] FIG. 61 is a view illustrating an example of a. parity check matrix initial value table of an
encoding rateS6t 9?10 afid Bdctietength-of 84800 2 [FIei 6 2] Efe 62 i3fa Viewdiistrating 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. 63] FIG. 63 {&"a viély iIfusfatin theexanigla"df the PartycheeR mdtrikZIVaie tdble 6f the

parity check matrix initial wvalue table of an encoding
rate of 1/4 and a code length of 16,200.

[FIG. 78] FIG. 78 is a view 1llustrating an example of

ol

parity check matrix initial value table of an encoding
rate of 1/3 and a code length of 1€,200.

[FIG. 79] FIG. 79 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 16,200.

PFIG. 80] FIG. 80 is a view illustrating an example of &
parity check matrix initial value table of an encoding
rate of 1/2 and a code length of 1¢,200.

[FIG. 81} FIG. 81 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. 821 FIG. 82 is a view Zllustrating another example
of the parity check matrix initial wvalue table of the
encoding rate of 3/5 and the code length of 16,200.

[FIG. 83] FIG. 83 i3 a view 1llustrating a method of
determining a parity check matrix H from a parity check
matrix initial table.

[FIG. 84] FICG. 84 is a view illustrating an example of
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encoding rate of 9/10 and the code length of 64,800. [FIG. 64] FIG. 64 is a view illustratingthe example
of the parity check matrix initial value table of the encoding rate of 9/10 and the code length of 64,800.
[FIG. 65] FIG. 65 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 64,800. [FIG. 66] FIG. 66 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. 67] FIG. 67 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. [FIG. 68] FIG. 68 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 64,800.
[FIG. 69] FIG.B&is &odmriliustiatingn éxdmple of a parity check matrixvalue table of an encoding
rate of 2/5 and - code length of 64,800. [FIG. 70] FIG. 70 is a view illustrating the example of the parity
check matrix initiafvaliie tabfelstthé ‘encdding Tafeiof 2/b amdthe Eode denyth of 6478000 1

of replacement of code bits.

[FIG. 86] FIG. 86 is a view illustrating a further
example of replacement of code bits.

[FIG. 87] FIG. 87 is a view illustrating a still further
examplie of replacement of code bits.

[FIG. 88] FIG. 88 is a view illustrating a simulation
result of the BER.

FFIG. 89] FIG. 89 is & view illustrating another
simulation result of the RER.

[FIG. 90] FIG. %0 is a view illustrating a further

.
o]

simulation result of the BER.
[FIG. 91] FIG. 91 is a view illustrating a still

simulation result of the RER.

r
i

&

IG. 921 FIG. 92 is a view illustrating an example of
replacement of code bits.

[FIG. 93] FIG. 93 is a wview illustrating another example
of replacement of code bits.

further

&)

(BTG, 947 T©IG. 94 is a wview illustrating
example of replacement of code bits.
[FIG. 95] FIG. 95 is a view l1llustrating a still further
example of replacement of code bits.

[FIG. 96} FIG. 96 1s a view illustrating a yet further
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[FIG. 71] FIG. 71 is a view illustrating an example of a parity check matrix initial value table of an
encoding rate of 1/2 and a code length of 64,800. [FIG. 72] FIG. 72 is a view illustrating she example
of the parity check matrix initial value table of the encoding rate of 1/2 and the code length of 64,800.
[FIG. 73] FIG. 73 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. 74] FIG. 74 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.
75] FIG. 75 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 64,800. [FIG. 76] FIG. 76 is a view illustrating the example
of the parity cheekaatrix initizf vafuestaple-ofthe @pe6ding rate of 3/5 and the code length of 64,800.
[FIG. 77] FIG. 77 is a view illustrating an example of a parity check matrix initial value table of an
encoding ratel6t174 aid’a cbd& ierrcgfh of 16,2005 Y[FiG.178] Fiat 78 % & visi illistratiig 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.
79] FIG. 79 isBGidW ifustratingF A 6xaipie &ta ﬁéﬁ% cR&ER matrix initial value table of an encoding

rate of 2/5 an(ﬂ&%oﬁdeglgﬁlgtl%ggil‘.G,ggOis a view illustrating a yet further

example of replacement of code bits.

[FIG. 99] FIG. 99 is a view illustrating a yet further
example of replacement of code bits.

[FIE. 1007 FIG. 100 is a wview illustrating a yet further
example of replacement of code bits.

[FIG., 1011 FIG. 1061 is & view illustrating a yet further
example of replacement cf code bits.

[FIG. 102] FIG. 102 is a wview illustrating a yet further

example of replacement of code bits.

[FIG. 10317 FIG. 103 is a view 1llustrating a yet further
example of replacement of code bits.
[FIG. 104] FIG. 104 is =z view illustrating processing of

a maltiplexer 54 which composes a deinterleaver 53.

[FIG. 10517 FIG. 105 is a view 1llustrating processing of
a column twist deinterleaver 55.

[FIG. 10e] FIG. 106 is a block diagram showing another
gxample of a configuration of the reception apparatus 12.
[FIG. 107} ¥rIG. 107 is a block diagram showing a first

example of a configuration of a reception system which

can be applied to the reception apparatus 12.
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[FIG. 80] FIG. 80 is a view illustrating an example of a parity check matrix initial value table of an
encoding rate of 1/2 and a code length of 16,200. [FIG. 81] FIG. 81 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.
82] FIG. 82 is a view illustrating another example of the parity check matrix initial value table of the
encoding rate of 3/5 and the code length of 16,200. [FIG. 83] FIG. 83 is a view illustrating a method of
determining a parity check matrix H from a parity check matrix initial table. [FIG. 84] FIG. 84 is a view
illustrating an example of replacement of code bits. [FIG. 85] FIG. 85 is a view illustrating another
example of replacement of code bits. [FIG. 86] FIG. 86 is a. view illustrating a further example of
replacement oficode bit§5! FIG. 108 is a block diagram showing a second

example of the configuration of the reception system

which can be applied to the reception apparatus 12.

[FIG. 109] FIG. 109 is a block diagram showing a third

example of the configuraticn of the reception system

which can be applied to the reception apparatus 12.

Explanation of Reference Symbols

100697

11 Transmission apparatus, 12 Reception apparatus,

21 LDPC enceding section, 22 Bit interleaver, 23 Parity

interleaver, 24 Column twist interleaver, 25

Demultiplexer, 26 Mapping section, 27 Orthogonal

modulation section, 31 Memory, 32 Replacement sectiocn, 51

Crthogonal demodulation section, 52 Demapping section, 53

Deinterleaver, 54 Multiplexer, 55 Column twist

intérleaver, 56 LDPC decoding section, 300 KEdge data

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 section, 308 Cyclic shift

circuit, 209 Decoded word calculaticn section, 210

Reception data re-arrangement section, 311 Decoded data

re-arrangement section, 401 Bus, 402 CPU, 403 ROM, 404

RAM, 405 Hard disk, 406 Cutputting section, 407 Inputting
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[FIG. 87] FIG. 87 is a view illustrating a still further example of replacement of code bits. [FIG. 88] FIG.
88 is a view illustrating a simulation result of the BER. [FIG. 89] FIG. 89 is a view illustrating another
simulation result of the BER. [FIG. 90] FIG. 90 is a view illustrating a further simulation result of the
BER. [FIG. 91] FIG. 91 is a view illustrating a still simulation result of the BEE. [FIG. 92] FIG. 92 is a
view illustrating an example of replacement of code bits. . 93] FIG. 93 is a view illustrating another
example of replacement of code bits. [FIG. 94] FIG. 94 is a view illustrating a further example of
replacement of code bits. [FIG. 95] FIG. 95 is a view illustrating a still further example of replacement
of code bits.

secticon, 408 Communication section, 409 Drive, 410

Input/output interface, 411 Removable recording medium,

1001 Reverse replacement section, 1002 Memory, 1011

Parity deinterleaver, 1021 LDPC decoding section, 1101

Acguisition section, 1101 Transmission line decoding

processing section, 1103 Information source decoding

processing section, 1111 Outputting section, 1121

Recording section

Best Mode for Carrying Out the Invention

[0070]

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 plurality of apparatus irrespective of
whether or not the individual component apparatus are
included in the same housing).

[CO71]

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

[oc72]
The transmission apparatus 11 1s, for example, an

apparatus which carries out transmission of a television

broadcasting program and transmits object data which are
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[FIG. 96] FIG. 96 is a view illustrating a yet further example of replacement of code bits. [FIG. 97] FIG.
97 is a view illustrating a yet further example of replacement of code bits. [FIG. 98] FIG. 98 is a view
illustrating a. yet further example of replacement of code bits. [FIG. 99] FIG. 99 is a view illustrating a
yet further example of replacement of code bits. [FIG. 100] FIG. 100 is a example of replacement of
[FIG. 101] FIG. 101 is a example of replacement of [FIG. 102] FIG. 102 is a example of replacement of
[FIG. 103] FIG. 103 is a example of replacement of code bits. [FIG. 104] FIG. 104 is a view illustrating
processing of a multiplexer 54 which composes a deinterleaver 53. [FIG. 105] FIG. 105 is a view
illustrating processing of a column twist deinterleaver 55. [FIG. 106] FIG. 106 is a block diagram
showing anotlier eXanspsié of & configaration of the radeption apparatds 12, [HGuLO7RIG: 107 is a
block diagram showing a first example of a configuration of a reception system which can be applied to
therecepﬂonéﬁﬁa@ﬁu§92ﬁh as a television broadcasting program, for

example, through a satellite channel or ground waves.
[0073]

The reception apparatus 12 is, for example, a tuner
or a television receiver for receiving a television
broadcasting program, and recelves object data
transmitted thereto from the transmission apparatus 11.
00747

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

[C075]

Referring to FIG. 8, the transmission apparatus 11
inciudes an LDPC encoding section 21, a bit interleaver
22, a mapping section 26 and an orthogonal modulation
section 27.

[C076]

To the LDPC encoeding section 21, cbiect data are
supplied.
[0077]

The LDPC encoding section 21 carries out LDPC
encoding of the object data supplied thereto in
accordance with a parity check matrix in which a parity

matrix which is a portion corresponding to parity bits of
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[FIG. 108] FIG. 108 is a block diagram showing a second example of the configuration of the
reception. system which can be applied to the reception apparatus 12. [FIG. 109] FIG. 109 is a block
diagram showing a third example of the configuration of the reception system which can be applied to
the reception apparatus 12. Explanation of Reference Symbols [0069] 11 Transmission
apparatus, 12 Reception apparatus, 21 LDPC encoding section, 22 Bit interleaver, 23 Parity
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 interleaver, 56 LDPC decoding
section, 300 Edgeldata stordge 'memory;301rSeleetor:302-Cheek aode calculation:section, 303
Cyclic shift circuit, 304 Edge data storage memory, 305 Selector, 306 Reception data memory, 307
Variable nodelcatulativitséttivh =308 Tyeli®shiftcirciitt30® becddéd word tafoulation section, 310
Reception data rearrangement section, 311 Decoded data re-arrangement section, 401 Bus, 402
CPU, 403 ROM. 204 /RAM, 405 Hard disk, 406 Outputting section, 407 Inputting section, 408
Communication section, 409 Drive, 410 Input/output interface, 411 Removable recording medium,
1001 Reverse replacer%gntpsaercﬁéﬁ,“fd’d?’ M%ﬂ?or@?f&lfﬁ&ﬁt@%%t@ﬁ@é&é’r? 1621 EBPE-Gécoding
section, 1101 @ggu' glip@ 5&@8[}: :},L1101O¥raenscrjniasion l % decocjing progq_s§in,gfsection, 1103
information source decoding broc%sging sec?loﬁ, 1i'th u?pu?ﬁ)nfge e“ct% “112 1?féc%f}ding section

Best Mode forL%%gyiggé%utﬁQgé%%igg [OQZ%QJ @}i]arﬁé% 7 show,%gen %ﬂ@@eéﬁ a configuration of
\ e ke S the == g 1

an embodiment of a transmission system to which resént’invention'is applied (the term system

signifies a logicakaggregate.ofa plurality of appasistus irespective.qfwhether ar notthe individual
component apparatus are included in the same housing).
of the LDPC encoding.
[007¢]

Here, the LDPC code prescribed in the DVB-3.2
standard is an IRA (Irregular Repeat Accumulate) code,
and the parity matrix in the parity check matrix of the
LDPC code has a staircase structu;e. The parity matrix
and the staircase structurs are hereinafter described.
Further, the IRA code is described, for example, in
“Irregular Repeat-Accumulate Codes,” H. Jin., A.
Khandekar, and R. J. McEliece, in Proceedings cof Znd
International Symposium on Turbo codes and Related Topics,
pp.1-8, Sept. 2000,
[0080]

The LDPC code cutputted from the LDPC encoding
section 21 1is supplied to the bit interleaver 22.

0081}

The bit interleaver 22 is a data processing
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[0071] Referring to FIG. 7, the transmission system includes a transmission apparatus 11 and a
reception apparatus 12. [0072] The transmission apparatus 11 is, for example, an apparatus
which carries out transmission of a television broadcasting program and transmits object data which
are an object of transmission such as image data, sound data and so forth as a television
broadcasting program, for example, through a satellite channel or ground waves. [0073] The
reception apparatus 12 is, for example, a tuner or a television receiver for receiving a. television
broadcasting program, and receives object data transmitted thereto from the transmission apparatus
11. [0074] FIG. 8 shows an example of a configuration of the transmission apparatus 11 of FIG.
7.[0075] apparatus for interleaving data and includes a parity
interleaver 23, a column twist interleaver 24 and a
demultiplexer (DEMUX) 2b.
[0082]
The parity interleaver Z3 carries out parity
interleave of interleaving parity bits of the LDPC code
from the LDPC encoding section 21 to positions of other
parity bits and supplies the LDPC code after the parity
interleave to the column twist interieaver 24.
[0083]
The column twilst interleaver 24 carries out column
twist interleave for the LDPC code from the parity
interieaver 23 and supplies the LDPC code after the
column twist interleave tTo the demultiplexer 25.
[0084]
In particular, the LDPC code is transmitted after
two or more code bits thereof are mapped to one symbol of
orthogonal modulaticon by the mapping section 26
hereinafter described.
(0085
The column twist interleaver 24 carries out, for
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 interleaver 23 such
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Referring to FIG. 8, the transmission apparatus includes an LDPC encoding section 21, a bit
interieaver 22, a mapping section 26 and an orthogonal modulation section 27. [0076] To the
LDPC encoding section 21, object data are supplied. [0077] The LDPC encoding section 21
carries out LDPC encoding of the object data supplied thereto in 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 information bits, [0078]
In paicular, the LDPC encoding section 21 carries out LDPC encoding of encoding the object data into
o 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 mapped to one symbol.
(00861
The demultiplexer 25 carries out a replacing
process of replacing the positions of twoe or more code
bits of the LDPC code from the column twist interleaver
24 which are mapped to a symbol to obtain an LDPC code
whose tolerance to AWGN is reinforced and supplies the
LDPC code to the mapping section 26.
[G087]
The mapping section Z6 maps two or more code bits
of the LDPC code from the demultiplexer 25 to signal
polnts determined by a modulation method of orthogonal
modulation (multi-value modulation) carried out by the
orthogonal modulation secticn 27.
[CCBE]
In particular, the mapping section 26 symbelizes
the LDPC code from the demultiplexer 25 into a symbol
(symbol value), represented by a signal point determined
by the modulation system, on an IQ plane (IQ

constellation) defined by an I axis representative of an

I component which is in phase with a carrier and a Q axis



LDPC code prescribed, for example, in the DVB-S.2 standards and outputs an LDPC code obtained as
a result of the LDPC encoding.. [0079] Here, the LDPC code prescribed in the DVB-S.2 standard
is an IRA (Irregular Repeat Accumulate) code, and the parity matrix in the parity check matrix of the
LDPC code has a staircase structure. The parity matrix and the staircase structure are hereinafter
described. Further, the IRA code is described, for example, in "Irregular Repeat-Accumulate Codes,"
H. Jin., A. Khandekar, and R. J. McEliece, in Proceedings of 2nd International Symposium on Turbo
codes and Related Topics, pp.1-8, Sept. 2000. [0080] The LDPC code outputted from the LDPC
encoding section 21 is supplied to the bit interleaver 22. [0081] The bit interleaver 22 is a data
processing apparatusfor ifterieavidg data andrineludes avlparity interleaver28da tofumn twist
interleaver 24 and a demultiplexer (DEMUX) 25. [0082]
the carrier wave.
[0089]
Here, as the modulaticn method of orthogonal
modulation carried out by the corthogonal modulation
section 27, modulation methods including, for example, a
modulation method defined in the DVB~T standards, that is,
for example, OPSK (Quadrature Phase Shift Keying), 16Q0AM
(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 transmissiocn 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).
[0080]
The symbol obtained by the mapping section 26 is
supplied tTo the orthogonal modulation section 27.
tooell
The orthegonal modulation section 27 carries out

orthogonal modulation of & carrier in accordance with the

symbol from the mapping section 26 and transmits a
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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 other parity bits and supplies the LDPC code after the
parity interleave to the column twist interleaver 24. [0083] 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. [0084] In particular, the LDPC code
is transmitted after two or more code bits thereof are mapped to one symbol of orthogonal modulation
by the mapping section 26 hereinafter described. [0085] The column twist interleaver 24 carries
out, for example, such colust interleave as hereinafter described as a re-arranging process of
re-arranging coee bits of thie EDPTéodefromrthe parity interfeaver 23suthmiat 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‘th8 1DPC encoding section 21 are not mapped to one symbol.

Now, FIG. 9 illustrates a parity check matrix H
used in LDPC encoding by the LDPC encoding section 21 of
FIG. 8.

[0093]

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

[0054]

Here, the bitf number of information bits and the
it number of parity bits from among code bits of one
LbrC code {(one codeword) are referred to as information
length K and parity length M, and the bit number of code
bits of cne LDPC code 1s referred to as code length N (=
K o+ M),

[0085]

The information length K and the parity length M
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[0086] The demultiplexer 25 carries out a replacing process of replacing the positions of two or
more code bits of the LDPC code from the column twist interleaver 24 which are mapped to a symbol
to obtain an LDPC code whose tolerance to AWGN is reinforced and supplies the LDPC code to the
mapping section 26. [0087] The mapping section 26 maps two or more code bits of the LDPC
code from the demultiplexer 25 to signal points determined by a modulation method of orthogonal
modulation (multi-value modulation) carried out by the orthogonal modulation section 27. [0088]
In particular, the mapping section 26 symbolizes the LDPC code from the demultiplexer 25 into a
symbol (symbol value), represented by a signal point determined by the modulation system, on an IQ
plane (IQ constetlatich) defined by=ih kaxis regresentative: ohan ¢ dempeneniwhichds arphase with a
carrier and a Q axis representative of a Q component which is orthogonal to the carrier wave. [0089]

upon the encoding rate. Meanwhile, the parity check

matrix H 1s a matrix whose rows x columns are M x N. Then,

the information matrix Hy is an M x K matrix and the

parity matrix He is an M x M matrix.

10096]

FIG. 10 illustrates the parity matrix Hy of the

parity check matrix H of an LDPC code prescribed in the

DVE~S5.2 standard.

The parity matrix Hy of the parity check matrix H
of the LDPC code prescribed in the DVB-5.2 standard has a
stéircase structure wherein elements Qf the wvalue 1 are
arranged like a staircase as seen 1in FIG. 10. The row
welght of the parity matrix He 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
the last column but is 2 with regard tc all of the
remaining columns.
[ooeg]

Ag described above, the LDPC code of the parvity
check matrix H wherein the parity matrix H.s has a
staircase structure can be produced readily using the

parity check matrix H.
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Here, as the modulation method of orthogonal modulation carried out by the orthogonal modulation
section 27, modulation methods including, for example, a modulation method defined in the DVB-T
standards, that is, for example, QPSK (Quadrature Phase Shift Keying), 16QAM (Quadrature
Amplitude Modulation), 64QAM, 256QAM, 1024QAM, 4096QAM and so forth are available. What
modulation method should be used for orthogonal modulation to be carried out by the orthogonal
modulation sec-non 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). [0096]°

The symbol obtained by the mapping section 26 is supplied to the orthogonal

modulation section 27. [0091]  The orthogonal modulation section 27 carries out orthogonal
modulation of a carrier i aEécrllafice #ith thée symblel ffefithe PRdpping sEetich 26 and transmits a
modulation signal obtained by the orthogonal modulation. [0092] Now, FIG. 9 illustrates a. parity

check matrix H USeQIR LDBC 8Hcdding by the LDPCE efiBotifg sedtihi2T of ERE. 8.

obtained by transposing the row vector is represented by
C*. Further, a portion of information bits from within
the row vector ¢ which i1s an LDPC ceode is represented by
an row vector A and a portion of parity bits is
represented by a row vector T.
[0100]

Here, in this instance, the row vector ¢ can be
presented by an expression ¢ = [A|T] from the row vector

A as 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).

[0101]

It is necessary for the parity check matrix H and

the row vector ¢ = [A|T] as the LDPC code to satisfy an

expression Hc' = 0, and where the parity matrix H. of the

parity check matrix H = [HalHy] has such a staircase

structure as shown 1n FIG. 10, the row vector T as parity

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
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[0093] The parity check matrix H has an LDGM (Low-Density Generation Matrix) structure and
can be represented by an expression H = [HAL1HT] from an information matrix HA of a portion
corresponding to information bits and a parity matrix HT corresponding to parity bits from among code
bits of the LDPC code (matrixwhich elements of the information matrix HA are elements on the left
side and elements of the parity matrix HT are elements on the right side). [0094] Here, the bit
number of information bits and the 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 M). [0095] The information length K and the
parity length M fdyafdifg aheBPCcode dflcceriain codetength Nodependaporvtietenicoding rate.

Meanwhile, the parity check
Hc' in the expression Ho = 0 to zero.

[(0102]

l“Tj

FIG. 11 illustrates the parity check matrix H of an
LDPC code and column weilghts defined in the DVBE-S.2
standard.

[0103]

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

(0104]

With regard to KX columns from the first column of
dthe 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
welght 1s 1.

[0105]

Here, KX + K3 + M~1 + 1 1s equal to the code length
N.

10108]

In the DVE-S8.2 standard, the column numbers KX, K3
and M (parity length) as well as the column weight X are

prescribed in such a manner as seen in B of FIG., 11.
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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 HT is an M x M matrix. [0096] FIG. 10 illustrates the parity matrix HT
of the parity check matrix H of an LDPC code prescribed in the DVB-S.2 standard. [0097] The
parity matrix HT of the parity check matrix H of the LDPC code prescribed in the DVB-S.2 standard
has a staircase structure wherein elements of the value 1 are arranged like a staircase as seen in FIG.
10. The row weight or the parity matrix HT 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 the last column but is 2 with
regard to all of the remaining columns. [0098] As described above, the LDPC code of the parity
check matrix H Wiheféin the parity matrix HT has a staircase structure can be produced readily using

the parity check matrix H. [0099]
In particular, B of FIG. 11 illustrates the column

numbers KX, K3 ana M as well as the column weight X
regarding different encoding rates of LDPC codes
prescribed in the DVB-S$.2 standard.

[0108]

In the DVB-5.2 standard, LDPC ccdes of the code
lengths N of 64,800 bits and 16,200 bits are prescribed.
[0109]

And as seen in B of FIG. 11, for the LDPC 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 encoding rates 1/4,
i/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/%, 5/6 and 8/9 are
prescribed.

[0110]

Regarding LDPC codes, it is known that code bits
corresponding to a column of the parity check matrix H
which has a higher column weight exhibits a lower error
rate.

T0111]
The parity check matrix M prescribed in the DVRB-5.2

standard and illustrated in FIG. 11 has a tendency that a
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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  Further, a portion of information bits from
within the row vector ¢ which is an LDPC code is represented by an row vector A and a portion of
parity bits is represented by a row vector T. [0100] Here, in this instance, the row vector c can be
presented by an expression ¢ = [AFT] from the row vector A as 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). [0101] It is necessary for the
parity check matrix H and the row vector ¢ = [AT] as the LDPC code to satisfy an expression HcT = 0,
and where thecparitymateix HT of thetgarity: ehe’cke mdtrix( B e fHALHT] hasssuch a.istaircase structure
as shown in FIG. 10, the row vector T as parity bits which forms the row vector ¢ = [Ali'] which satisfies
the expressiofr HETE 0ahBe detetfiined séquentially by SuECessiely seting theefements in the

rows beginning with the elements in the first row of the column vector Hc- in the expression HcO to
zero. [0102] -° 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 1s lower in tolerance to an error.
(0112]

FIG. 12 illustrates an arrangement of (signal
pecints corresponding to) 16 symbols on the 10 plane where
160AM 1s carried out by the orthogonal modulation section
27 of FIG. 8.

[0113]

-t

In particular, A of FIG. 12 illustrates symbols of
160AM,
[0114]

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 symbels in the I
direction x @ direction centered at the origin of the IQ
nlane.
[C115]

Now, if 4 bits represented by one symbol of 160Q0AM
are represented by vg, vi, vz and yz in order from the most

significant bit, then where the modulation system 1s the
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FIG. 11 illustrates the parity check matrix H of an LDPC code and column weights defined in the
DVB-S.2 standard. [0103] In particular, A of FIG. 11 illustrates the parity check matrix H of an
LDPC code defined in the OVB-S.2 standard. [0104] 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 I. [0105] Here, KX + K3 + M-1 + 1 is equal to the code length

N. [0106]
160AM, 4 code bits of the LDPC code are mapped to a
symbol of the 4 bits yg to ys; which coincide with the 4
bits by the mapping section 26 (FIG. 8).
[011e]

B of FIG. 12 indicates bit boundaries regarding the
4 bits yg to y: represented by the symbol of the 160QAM.
[01177

Here, a bit boundary regarding a bit y; (in FIG. 12,
i =0, 1, 2, 3) signifies a boundary between a symbol
whose bit y; is 0 and another symbol whose bit y; is 1.
[0118]

As seen 1n B of FIG. 12, as regards the most
significant bit yy from among the 4 bits Yo TO ys
represented by the symbol of 16QAM, only cne location of
the Q0 axis on the 10 plane makes a bit boundary, and as
regards the second bit y; {second from the most
significant bit), only one location of the I axis on the
IQ plane makes a bit boundary.

[0119]

Further, as regards the third bit vyi, 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.

[01Z20]
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In the DVB-S.2 standard, the column numbers KX, K3 and M (parity length) as well as the column

weight X are prescribed in such a manner as seen in B of FIG. 11. [0107] n particular, B of FIG.
11 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.2 standard. [0108] In the DVB-S.2

standard, LDPC codes of the code lengths N of 64,800 bits and 16,200 bits are prescribed. [0109]

And as seen in B of FIG. 11, for the LDPC 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 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 FJo110F rmo Regaiding ¢ DRC eodés: ithis kndWwnithat code biscorrésponding to

a column of the parity check matrix H which has a higher column weight exhibits a lower error rate.
two locaticns between the first and second rows and

between the third and fourth rows of the 4 » 4 symbols
makes a boundary.
[01217

The kit y; represented by a symbcel is less likely
to become erroneous as the number of symbols spaced away
from a bit boundary increases but is more likely to
become erroneous as the number of symbols positioned
nearer to a bit boundary increases.
[(0122]

If &2 bit which is less likely to become erronecus
{is tolerant to an erro;) is referred to as “strong bit”
but a bit which is more likely to become erroneous (is
less tolerant tc an error) is referred to as “weak bit,”
then as regards the 4 bits vyg to ys represented by symbols
of 160QAM, the most significant bit yy; and the second bit
vy are strong bits and the third bit vy, and the fourth bit
vy are weak bilts.
[0123]

FIGS. 13 te 15 d1llustrate arrangements of (signal
points correspending to) 64 symbols on the IQ plane where
640AM 1s carried out by the orthogonal modulation section

27 of FTIG. 8.
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[0111] The parity check matrix 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 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. [0112] FIG. 12 illustrates an arrangement of (signal points
corresponding to) 16 symbols on the IQ plane where 16QAM is carried out by the orthogonal
modulation section 27 of FIG. 8. [0113] In particular, A of FIG. 12 illustrates symbols of 16QAM.
(01247
In 640AM, one symbol represents 6 bits, and 64 (=
2% symbols exist. Then, the &4 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
rlane,
[0125]
Now, 1f 1t is assumed that the ¢ bits represented
by one symbol of 64QAM are represented as v, Vi, VY2, Vi,
ve and ys in corder from the most significant kit, Chen
where the modulation system ig 64QAM, © code bits of the
LDPC code are mapped to a symbol of 6 bits yy to ys
coingident tc the 6 bits.
[012¢]
Here, FIG. 13 indicates bit boundaries regarding
the most significant bit yo and the second bit y; from
among the 6 bits yp to ys represented by symbols of G40AM;
FIG. 14 indicates bit boundaries regarding the third bit
va and fhe fourth bit vys; and FIG. 15 indicates bit
voundaries regarding the fifth bit y, and the sixth bit vys.
[G127]
As seen in FIG. 13, the number of bilt boundaries

with regard to each of the most significant bit vy and the

second bit y; 1s one. Meanwhile, as seen in FIG. 14, the
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[0114] In 16QAM, one symbol represents 4 bits, and 16 (- 2 ) symbols exist. Then, the 16 symbols are
disposed such that they form a square shape of 4 x 4 symbols in the | direction x Q direction centered
at the origin of the IQ plane. [0115] Now, if 4 bits represented by one symbol of 16QAM are
represented by yo, yl, Y2 and Y3 n order from the most significant bit, then where the modulation
system is the 16QAM, 4 code bits of the LDPC code are mapped to a symbol of the 4 bits yo to y3
which coincide with the 4 bits by the mapping section 26 (FIG. 8). [0116] B of FIG, 12 indicates bit
boundaries regarding the 4 bits yo to y3 represented by the symbol of the 16QAM. [0117] Here, a bit

boundary regarding a. bit yi (in FIG. 12,
number of bit boundaries with regard to each of the third

bit and the fourth bit v: is two, and as seen in FIG.

g
)

15, the number of bit boundaries with regard to each of
the fifth bit ys and the sixth bit ys is four.
[0128)]

Accordingly, among the 6 bits yy to vy represented
by symbols of ©64QAM, the most significant kit vy and the
second bit y; are the strongest bits, and the third bit y.
and the fourth bit y:; are the second strongest bits. Then,
the fifth bit ys and the sixth bit y: are the weakest bits.

[0129]

bt

From FIG. 12 and further from FIGS. 13 to 15, it

can be seen that, as regards 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.
10130}

Here, as described hereinabove with reference to
FIG. 11, an LDPC code ocutputted from the LDPC encoding
section 21 (FIG. 8) incliludes code bhits which are tolerant
to errors and code bits which are less tolerant to errors.
[0131]

Meanwhile, as described hereinabove with reference

to FIGS. 12 to 15, bits of symbols of orthogonal

52



-0, 1, 2, 3) signifies a boundary between a symbol whose bit yi is 0 and another symbol whose bit yi is
1.[0118] As seen in B of FIG, 12, as regards the most significant bit yo from among the 4 bits yo
to y3 represented by the symbol of 16QAM, only one location of the 0 axis on the 1Q plane makes a bit
boundary, and as regards the second bit yi (second from the most significant bit), only one location of

the | axis on the 1Q plane makes a bit boundary. [0119] Further, as regards the third bit y3, 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. [0120] Furthermore, as regards the fourth bit

y3, each of two locations between the first and second rows and between the third and fourth rows of
the 4 x 4 symbsls makesca boandarg J022E] by tTre nit yirepresehted by dssynibol is less likely to
become erroneous as the number of symbols spaced away from a bit boundary increases but is more
likely to becoriié efrorieots as'the hiifhber BPBYmBbIsEsitibned Heareritd-a bit boundary increases.

[0132]

ccordingly, 1f mapping of allocating a code bit of
the LDPC code which is low in tolerance to an error toc a
weak bit of a symbol of orthogonal modulation is carried,
then the tolerance tc an error drops as a whole.
[G133]

Therefore, an interleaver has been proposed which
interleaves code bits of an LDPC code such that mapping
of allocating code bits of the LDPC code which are low in
tolerance Lo an error to strong bits of a symbol of
orthogonal modulation is carried out,

[0134]

The demultiplexer 25 of FIG. 8 carriss out
processing of the interleaver.
[0135]

FIG. 16 is a view illustrating processing of the
demultiplexer 25 of FIG. 8.
r013e]

In particular, A of FIG. 16 shows an example of a
functicnal configuration of the demultiplexer 25,

[0137]

The demultiplexer 25 includes a memory 31 and a
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[0122] If a bit which is less likely to become erroneous (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 bits yo to y3 represented by symbols of 16QAM, the most
significant bit yo and the second bit yi are strong bits and the third bit y2 and the fourth bit y3 are weak
bits. [0123] 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 section 27 of FIG. 8.
F01241 In 64QAM, one symbol represents 6 bits, and 64 (- 26) symbols exist. Then, the 64 symbols
are arranged such that they make a square of 8 x 8 symbols in the | direction x Q direction centered at
the origin of theci) plapes[0125fction 32,

roisg]

To the memory 31, an LDPC code is supplied.
[0139]

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
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.

(0140}

Here, m represents the bil number of co@e bits of
an LDPC code to be mapped to one symbol, and b is a
predetermined positive integer and is a multiple to bhe
used for multiplying m by the integer. Meanwhile, N (=
information length K + parity length M) represents the
code length of the LDPC code as described hereinabove.
[(0141]

A of FIG. 16 shows an example of a configuration of
the demultiplexer 25 where the modulation system is 640QAM,
and accordingly, tThe bit number m of code bits of the
LDPC code to be mapped to one symbol is 6 bits.

10142]

54



Now, if it is assumed that the 6 bits represented by one symbol of 64QAM are represented as yo, Yip
y2,y3, Y4 and y5 in order from the most significant bit, then where the modulation system is 64QAM, 6
code bits of the LDPC code are mapped to a symbol of 6 bits yo to y5 coincident to the 6 bits. [0126]
Here, FIG. 13 indicates bit boundaries regarding the most significant bit yo and the second bit yi from
among the 6 bits yo to y5 represented by symbols of 64QAM; FIG. 14 indicates bit boundaries
regarding the third bit y2 and the fourth bit y3; and FIG. 15 indicates bit boundaries regarding the fifth
bit y4 and the sixth bit y5. [0127] As seen in FIG. 13, the number of bit boundaries with regard to
each of the most significant bit yo and the second bit yi is one. Meanwhile, as seen in FIG. 14, the
number of bit boundari€s WithaBgaid:tchedch ofthe thifd bity2 dmdthemedrtbit ois té.cand as
seen in FIG. 15, the number of bit boundaries with regard to each of the fifth bit y4 and tp?glxth bit yo

is four. accovd;ng v, the memory 31 has a storage capacity of
x 1) x {6 x 1% bilts in the column direction x row
direction.

[143]

Here, a storage reglon 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 A of FIG. 16, the memory 31 includes six (= 6
*x 1) columnmns.

[0144]

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

(01457

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

[0146]

(3]
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[0128] Accordingly, among the 6 bits yo to y5 represented by symbols of 64QAM, the most
significant bi Yo and the second bit Yl are the strongest bits, and the third bit Y2 and the fourth bit y3
are the second strongest bits. Then, the fifth bit y4 and the sixth bit y5 are the weakest bits. [0129]
From FIG. 12 and further from FIGS. 13 to 15, it can be seen that, as regards 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. [0130] Here, as described hereinabove with reference to FIG. 11, an LOPS code
outputted from the LOPS encoding section 21 (FIG. 8) includes code bits which are tolerant to errors
and code bits which are less tolerant to errors. [0131] Meanwhile, as described hereinabove with
reference to FIGS. 12 t8!15, bits of spmbols of<orthogonak modulatioh cartied out by the orthogonal

modulation section 27 include strong bits and weak bits.
replacement process of replacing the positien of code

bits of 6 bits from the memory 31 and outputs the 6 bits
obtained by the replacement as © bilts vy, Vi, V2, Vi, Y
and ys representative of one symbol of S4Q4M,

[0147]

In particular, if the 6 code bits read out in the
row direction from the memory 31 are represented as by, bi,
P2, Dbz, bs and by in order from the most significant bit,
then from a relationship of the column weight described
hereinabove with reference to FIG. 11, the code bit
positioned in the direction of the bit by is a code bit
high in tolerance to an error while the code bit in the
direction of the bit b: is a code bit low in tolerance to
an error.

[0148]

The replacement section 32 carries ocut a
repiacement process of replacing the positicon of the 5§
code bits by to bs from the memory 31 such that a code bit
which 1s low in tolerance to an error from among the 6
code bits by to bs from the memory 31 may be allocated to
a bit which is high in tolerance from among the 6 bits yg
Lo ys; representative of one symbol of G4QAM.

[0149]



[0132] Accordingly, if mapping of allocating a code bit of the LDPC code which is low in tolerance
to an error to a weak bit of a symbol of orthogonal modulation is carried, then the tolerance to an error
drops as a whole. [0133] Therefore, an interleaver has been proposed which interleaves code bits

of an LDPC code such
tolerance to an error to

that mapping of allocating code bits of the LDPC code which are low in
strong bits of a symbol of orthogonal modulation is carried out. [0134] The

demultiplexer 25 of FIG. 8 carries out processing of the interleaver. [0135] FIG. 16 is a view
illustrating processing of the demultiplexer 25 of FIG. 8. [0136]

Here, for a replacement method for replacing the 6

code bits by to bs from the memory 31 so as to be

allocated to the 6 bits yg to ys representative of one

symbol

of 64QAM, various systems have been proposed.

B of FIG. 16 illustrates a first replacement

method; C of FIG. 16 illustrates a second replacement

method;
method.

(01511

and D of FIG. 16 illustrates a third replacement

In B of FIG. 16 to D of FIG. 16 (similarly also in

FIG. 17 hereinafter described), a line segment

interconnecting the bits by and ¥y signifies that the code

bit by

is aliocated to the bit y; of the symbol (is

replaced into the pesition of the bit yi).

[0152]

As the first replacement method of B of FIG. 16, it

1s propesed to adopt one of three kinds, and as the

second

replacement method of C of FIG. 16, it is proposed

to adopt one of two kinds.

[0153]

As the third replacement method of D of FIG. 16, it

18 proposed to select and use six kinds in order.

[0154]
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In particular, A of FIG. 16 shows an example of a functional configuration or the demultiblexer 25.
[0137] The demultiplexer 25 includes a memory 31 and a replacement section 32 [0138] To the _
memory 31, an LDPC code is supplied. [0139] 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 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. [0140]

FIG. 17 illustrates an example of a configuration
of the demultiplexer 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 the multiple b is 2, and a fourth
replacement method.

[0155]

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

[0156]

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

[0157]

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 21 (in the column
direction) beginning with a left side column toward a
right side column as described hereinabove with reference

to FIG. leo.

Then, 1f the writing of code bits ends with the

lowermost bit in the rightmost column, then the code bits
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m represents the bit number of code bits of an LDPC code to be mapped to one symbol, and b is a
predetermined positive integer and is a multiple to be used for multiplying m by the integer. Meanwhile,
N (= information length K 4- parity length M) represents the code length of the LDPC code as
described hereinabove. [0141] A of FIG. 16 shows an example of a configuration of the
demultiplexer 25 where the modulation system is 64QAM, and accordingly, the bit number m of code
bits of the LDPC code to be mapped to one symbol is 6 bits. [0142] Further, in A of FIG. 16, the
multiple b is 1, and accordingly, the memory 31 has a. storage capacity of N/(6 xxx 1) bits in the
column direct on x row direction. [0143] Here, a storage region of the memory 31 which extends
in the column directicrrand includes onechitined to the replacement section 32

in & 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.

(01597

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 ©40QAM, in particular, as 6 bits vs, vi, V2,
Y3, Yg¢ and ys representative of one symbol of 640AM and 6
bits vy, vi, Yzr Y3 V4 and ys repressentative of a next one
symbol.

[(0160]

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

[0161]

It is to be noted that which replacement method is
optimum, that is, which replacement method provides the
best error rate in an AWGN communicatiocn path, differs
depends upon the enceding rate of LDPC coded and so forth.

[0162]



the row direction is hereinafter referred to suitably as column. In A of FIG. 16, the memory 31 includes
six (= 6 x 1) columns. [0144] The demultiplexer 25 carries out writing of the code bitg of the LDPC
code in a downward direction from above of a column which forms the memory 31 (in a cqlumn N
direction) beginning with a left side column toward a right side column. [0145] T_hen, if the writing
of the code bits ends with the lowermost bit in the rightmost column, then the code bits are reqd 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. [0146]

Now, parity interleave by the parity interleaver 23
of FIG., 8 is described with reference to FIGS. 18 to 20.
[0183]

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

[01e4d]

If a plurality of {(code bits corrvesponding to)
variable nodes connecting to a check node such as two
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
probablility that the value may pe 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 same check node are placed into an erasure state or
the like at the same time, then the performance in
decoding is deteriorated.

[0165]

Incidentally, an LDPC code outputted from the LDPC
encoding section 21 of FIG. 8§ and prescribed in the DVBE~
.2 standard is an IRA code, and the parity matrix H; of
the parity check matrix H has a staircase structure as

shown in FIG. 10.
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The replacement section 32 carries out a. replacement process of replacing the position of code bits of
6 bits from the memory 31 and outputs the 6 bits obtained by the replacement as 6 bits yo, ya, 174,
Y3, Y4 and y5 representative of one symbol of 64QAM. [0147] In particular, if the 6 code bits read
out in the row direction from the memory 31 are represented as bo, bi, b2, bo, b4 and b5 in order from
the most significant bit, then from a relationship of the column weight described hereinabove with
reference to FIG. 11, the code bit positioned in the direction of the bit bp is a code bit high in tolerance
to an error while the code bit in the direction of the bit b5 is a code bit low in tolerance to an error.
[0148] The replacement section 32 carries out a replacement process of replacing the position of the 6
code bits bo ta B5%fom the memory 31 such that a code bit which is low in tolerance to an error from
among the 6 code bits bo to PR from the memory 31 may be allocated to a bit which is high in
tolerance from among e bits yo to y5 répresantativé bt biie Efmbolof 640AM 10129]

stalrcase structure and a Tanner graph corresponding to
the parity matrix Hs.
[01e7]

In particular, A of FIG. 19 illustrates a parity
matrix Hy having a stalrcase structure and B of FIG. 19
shows a Tanner graph corresponding to the parity matrix He
of A of FIG. 189.

[01leg]

Where the parity matrix He has a stalrcase
structure, in the Tanner graph of the parity matrix Hg,
variable ﬂodgs of the LDPC code which correspond to a
column of an element of the parity matrix Hy having the
value of 1 and whose message is determined using adjacent
code bits (parity bits) are connected to the same check
node.

[0169]

Acecordingly, 1f the adiacent 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 determined using parity
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Here, for a replacement method for replacing the 6 code bits b5 to b5 from the memory 31 so as to be
allocated to the 6 bits yo to y5 representative of one symbol of 64QAM, various systems have been
proposed. [0150] B of FIG( 16 illustrates a first replacement method; C of FIG. 16 illustrates a
second replacement method; and D of FIG. 16 illustrates a third replacement method( [0151] InB
of FIG. 16 to O of FIG. 16 (similarly also in FIG. 17 hereinafter described), a line segment
interconnecting the bits bi and yj_signifies that the code bit bi is allocated to the bit yj of the symbol
replaced into the position of the bit [0152] As the first replacement method of B of FIG. 16, it is
proposed to adopt one of three kinds, and as the second replacement method of C of FIG. 16, it is
proposed to a@éptonec6ftwo kinds [0 3}ge A the thid reéplacermentimeétiiod of D of FIG. 16, is

proposed to select and use six kinds in order. [0154]
representing that the probability that the value may be 0

and the probability that the value is 1 may be equal to
each other to the variable nodes connecting toe the check
node, the performance of the decoding deteriorates. Then,
where the burst length (number of bits which are made an
error by & burst) 1s great, the performance of the
deceding further detericrates.

[0170]

Therefore, in order to prevent the deterioration in
performance of decoding described above, the parity
interleaver 23 (FIG. 8) carries out interlieave of
interleaving parity bits of the LDPC code from the LDPC
encoding section 21 to positions of other parity bits.
[0171]

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.
o172z}

Here, the information matrix Ha of the parity check
matrix H corresponding to the LDPC code prescribed in the
DVB-5.Z standard and cutputted from the LDPC encoding

section 21 has a cyclic structure.
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FIG. 17 illustrates an example of a configuration of the demultiplexer 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 the multiple b is 2, and a fourth replacement method.
[0155] 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 column direction x row direction and includes 12 (= 6 x 2) columns. [0156] A of FIG. 17
illustrates a writing order of an LDPC code into the memory 31. [0157] The demultiplexer 25
carries out writing of code bits of an LDPC code in a downward direction from above
[0173]
The cyclic structure signifies a structure wherein
a certaln column coincides with another column in a
cyclically operated state 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 a value
which increases in preportion to a value g obtained by
dividing the parity length M. In the following, the
number ¢f P columns in a c¢yclic structure is hereinafter
referred to sultably as a unit column number of the
cyclic structure.
[0174]
As an LDPC code prescribed in the DVEB-3.2 standard
and outputted from the LDPC encoding section 21, two LDPC
codes are avallable including those whose code length N
is 64,800 bits and 16,200 bits as described hereinabove
with reference toc FIG. 11.
[0175]
Now, if attention is paid to the LDPC code whose
code length N i1s 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
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of a column which forms the memory 31 (in the column direction) beginning with a left side column
toward a right side column as described hereinabove with reference to -,. 16. [0158] 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. [0159] 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 64QAM, in particular, as 6 bits
Yo, Yi, Y2, Y3 YaCcahd 5 kepresertative obBRE symbel ot 6AGANCarTd 6 dits Yo, YIf¥2, Y3, y4 and

ys representatlve of a next one symbol.
04,800 bits as described hereinabove with reference to

With regard to LDPC codes whose code length N is
64,800 bits and which have the eleven different encoding
rates, it is prescribed in the DVB-35.Z standard that the
column number P of the cyclic structure is prescribed to
360 which is cne of divisors of the parity length M
except 1 and M.

[0177]

Further, with regard to LDPC codes whose code
_l@ngth N igs €4,80¢ b}ts and which have the eleven
different encceding rates, the parity length M has a valus
other than prime numbers and represented by an expression
M= g x P =g x 360 using the value g which is different
depending upon the encoding rate. Acceordingly, alsc the
value g 1s one of the divisors of the parity length M
except 1 and M similarly to the column number P of the
cvclic structure and is cobtained by dividing the parity
length M by the column number P of the cvclic structure
{the product of P and g which are diviscrs of the parity
length M is the parity length M).

[0178]



[0160] Here, B of FIG. 17 illustrates the fourth replacement method of the replacement process
by the replacement section 32 of FIG. 17. [0161] It is to be noted that which replacement method
is optimum, that is, which replacement method provides the best error rate in an AWGN
communication path, differs depends upon the encoding rate of LDPC coded and so forth. [0162]

Now, parity interleave by the parity i iterleaver 23 of FIG. 8 is described with reference to FIGS, 18 to
20. [0163] FIG. 18 shows (par of) a Tanner graph of the bality check matrix of the LDPC code.
[0164] If a plurality of (code bits corresponding to) variable nodes connecting to a check node
such as two variable nodes suffer from an error such as erasure at the same time as shown in FIG. 18,
then the check node refitisea éssade of @A equial probability'repFeserting thath® prébability that

the value may be 0 and the probability that the value may be 1 are equal to each other to all variable
nodes connecétify tdthe the&ie hodd STiierefdralif 3 phirality B Sariabe hodestonnecting to the same

check node are placed into an erasure st?te or the like at th%same time, thera the fger{ormance
decodMgisdéﬁﬁ%ﬁﬂgﬁﬁed by x while an Integer hilgher Than bu ower

than g is represented by vy, the parity interleaver Z3
interleaves, as parity interleave, the K+gxty+lth code
bit from among parity bits which are K+lth 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+lth code bit.
[017¢]

According to such parity interleave, since the
(parity bits corresponding to) variable nodes connecting
to the same check node are spaced by a distance
c?rresponding to the column number P of the cycliic
structure, here, by 360 bits, where the burst length is
smalier than 360 bits, such a situation that a plurality
of variable nodes connecting 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 ilmproved.
01801

It 18 to be noted that the LDPL code after the
parity interleave by which the K+gx+y+ith code bit is
interleaved to the position of the E+4Py+x+1lth code bit
coincides with the LDPC code of a parity check matrix

(hereinafter referred to alsc as conversion parity check



[0165] Incidentally, an LDPC code outputted from the LDPC encoding section 21 of FIG. 8 and
prescribed in the DVBS.2 standard is an T RA code, and the parity matrix NT of the parity check matrix
H has a staircase structure as shown in FIG. 10. [0166] FIG. 19 illustrates a parity matrix HT
having a staircase structure and a Tanner graph corresponding to the parity matrix [0167] In
particular, A of FIG, 19 illustrates a parity matrix HT having a staircase structure and B of FIG. 19
shows a Tanner graph corresponding to the parity matrix HT of A of FIG. 19. [0168] 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*wh&$& message is deteymired-Using aljezenticute ifs (parihkils)ars tonnected to
the same check node. [0169] o _ ,

Krgx+y+ith column of the original parity check matrix H

into the E+Py+x+ith column.

Further, in the parity metrix of the conversion
parity check matrix, a pseudce cyclic structure whose unit
ig P columns {in FIG. 20, 360 columns) appears as sesn in
FIG. 20.

[01g2]

Here, the pseudo cycllic structure signifies a
structure which has a portion having a cyclic structure
except part therecf. 1In a conversion parity check column
cbtained by applying column replacement corresponding to
parity interlileave to the parity check matrix of the LDPC
code prescribed in the DVB-S5.2 standard, a portion of 360
rows x 360 columns (shift matrix hereinafter describesd)
at a right corner portion is short of one element of 1
{(which has the wvalue of 0). Therefore, the conversion
parity check matriz does not have a (complete) cyclic
structure but has a pseudo cyclic structure.

[0183]

It is to be noted That the conversion parity check

matrix of FIG. 20 1s a matrix to which also replacement

of rows {(row replacement) for configuring the conversion
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Accordingly, if the adjacent parity bits described 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 nodes whose message are to be
determined using parity bits) returns a message of an equal probability representing that the
probability that the value may be 0 and the probability that the value is 1 may be equal to each other to
the variable nodes connecting to 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 deteriorates. [0170] Therefore, in order to prevent the deterioration in
performance fadecbding described abové the pariteinferteaver 231(FIG.t8)icarries out interleave or
interleaving parity bits of the LDPC code from the LDPC encoding section 21 to positions of other
parity bits. [017a] & MG ROdfGstiatEs & patity Riatrbe F T of alparity theék matih Hidarresponding to
the LDPC code after the parity interleave carried out by the parity interleaver 23 of FIG. 8. [0172]

Here, the infofm&tioh W%Frﬁ%ﬁAbejtﬁe Pty cHEek hathik H E6rte&pbnthiy- - HBUBPC code
prescribed in the DVB-S.2 standard and outputted from the LDPC encoding section 21 has a cyclic
structure. [0173]° " THE Gy RS EiTctlre Sighitics a’ ShriicthiWferein a certain column coincides with

another columlrbifga}l ?yclically operated state 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 calymns &gﬂgat&x&@@eq;&g\g} column 5](Ljére ti %_bg gr\/aar{u% rngjlcah increases in
proportion to a value q obtained by dividing the parity length M. In the following, thé number of P

columns in a gyclie syyciure is.pereinafter, referred to spitably a5 a-unit columprpumper: of the cyclic
structure.

described with reference to FIGS. 21 to 24.

[0185]

In the transmission apparatus 11 of FIG. 8, two or
mere of the code bits of the LDPC code are transmitted as
one symbol as described hereinabove in order to improve
the utilization efficiency of fregquencies. In particular,
for example, where 2 bits of the code bits are used to
form one symbol, for example, QPSK is used as the
modulaticn method, but where 4 bits of the code bits are
used to form cne symbol, for example, 160AM i1s ussad as
the modulation method.

[0186]

Where two or more ones of the code bits are
transmitted as one symbol in this manner, if erasure or
the like cccurs with a certain symbol, the all of the
code bits of the symbol become an error (erasure).

101877
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[0174] As an LDPC code prescribed in the DVB-S.2 standard and outputted from the LDPC
encoding section 21, two LDPC codes are available including those whose code length N is 64,800
bits and 16,200 bits as described here nabove with reference to FIG. 11. [0175] 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 he einabove
with reference to FIG. 11. [0176] With regard to LDPC codes whose code length N is 64,800 bits
and which have the eleven different encoding rates, it is prescribed in the DVB-5.2 standard that the
column number P of théegelicistiuctire isipresciibedto 3604ehich issome obdivisbrs of thesparity
length M except 1 and M. [Ol??% Further, with regard to LDPC codes whose code length N is
64,800 bits aritl Whichhaveithe eleVenifféreht er€odifg rated the patity lengieM Kas a value other
than prime numbers and represented by an expression N =gxp-gx360 using the valueqwhich is
different depeR@mGuPor the Entoding ratd ActERGEnGy S al60 WETalid g i bnest thé Wivisors of the

parity length M except 1 and M similarly to the column number E of the cyclic structure and is obtained
by dividing thé parity1ength M'by the Columi fumbet BPSFRE cybie StRlctare @R broduct of P and q

which are diViégargoocIjFpl% Pa“:engéh Meicsetgggz?{/itytlgngg‘owgf the variable nodes
corresponding to code bits of one symbol from connecting
to the same check node.
[olsg]

Meanwhile, in the parity check matrix H of an LDPC
code prescribed in the DVB-S.Z standard and outputted
from the LDPC encoding section 21, the informaticn matrix
Hea has a cycllic structure and the parity matrix Hr has a
stalrcase structure as @esczibed hereinabov@. Then, in a
conversion parity check matrix which is a parity check
matrix of the LDPC code after parity interleave, a cyclic
structure (accurately, & pseudo cyclic structure as
described hereinabove) appears also in the parity matrix
as described in FIG. Z20.

[G189]

FIG. 21 shows a conversicn parity check matrix.
[019G)

In particular, A of FIG. 21 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
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[0178] Where the information 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 q 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 + Ni = N) nits of the LDPC code from the LDPC encoding section 21 to
the position of the K+Py+x+Ith code bit. [0179] According to such parity interleave, since the
(parity bits corresponding to) variable nodes connecting to the same check node are spaced by a
distance corresponding 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 connecting to
the same cheék:h6de Are fehdeféd erroneous at the same time can be prevented. As a result, the
tolerance to a burst error can be improved. [0180] It is to be noted that the LDPC code after the
parity interleavé by Wwhich the K+gx+y+Ith code bit is interleaved to the position of the K+Py+x+lth code
bit coincides with the LDPC code of a parity check matrix (hereinafter referred to also as conversion

parity check matrix)by c3lumi replatemeént of TepleRity the®™  Silth BolGini 6f the GHigiiat parity
check matrix Hinto the K-46By4x+th calumn, [0181 Further,the parity matrix of the conyersion
indicated by a dot (-}.
[0192]

In B of FIG. Z1, a process carried out by the
demultiplexer 25 [FIG. 8) for the LDPC code of the
conversion parity matrix of A of FIG. 21, that is, the
ILDPC code after the parity interleave.

[0193]

In B of ¥FIG. 21, the code bits of the LDPC code
afte; the parity interle@ve are writfen in the column
directicn in four columns which form the memory 31 of the
demultiplexer 25 using 160AM as the modulation method.
01947

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

[01e5]

In this instance, the 4 code bits By, B:, Bz and BEs

which make one symbol sometimes make code bits

corresponding to 1 and included in one arbitrary row of
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parity check matrix, a pseudo cyclic structure whose unit is P columns (in. FIG. 20, 360 columns)
appears as seen in FIG. 20. [0182] 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 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 one element of 1 (which has the value
of 0). Therefore, the conversion parity check matrix does not have a (complete) cyclic structure but has
a pseudo cyclic structure. [0183] It is to be noted that the conversion parity check matrix of FIG.
20 is a matrix td-which-alsu replaceément of rowsi(k6w réplacement for-configurihg e EdhAversion
parity check matrix from a configuration matrix hereinafter described is applied to the original parity
check matrix Hin additionto the- Soltiidptacenyeit WihidtF cafesorieis o parity mtérteave. [0184]
Now, column twist interleave as a re-arrangement process by the column twist interleaver 24 of FIG. 8

is described with-refétehcetd EIG'S: 2%t0 24, [@’?L§5]B3 arc’connected to the same

check node,
[G196]

Accordingly, where the 4 code bits By, Bi, Bz and Bj
of one symbol become code bits corresponding to 1 and
included in one arbitrary row, i1f erasure occurs with the
symbol, then the same check node to which the wvariable
nodes corresponding to The code kits By, Bi, Bz and B; are
connected cannot determine an appropriate message. As a
result, the performance in decoding detericrates.

[01971

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 variable nodes connecting
to the same check node sometimes make one symbol of 16QAM
similarly.

(0198]

Therefore, the column twist infterieaver 24 carries
out column twist interleave wherelin the code bits of the
LDBC code after the parity interlsave from the parity
interleaver 23 are interleaved such that a plurality of

code bits corresponding to 1 and included in one
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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 improve 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 method, but where 4 bits of the code bits are used to form
one symbol, for example, 16QAM is used as the modulation method. [0186] Where two or more
ones of the code bits are transmitted as one symbol in this manner, if erasure or the like occurs with a
certain symbol, the all of the code bits of the symbol become an error (erasure). [0187]
Accordingly, in order to lower the probability that a plurality of (code bits corresponding to) variable
nodes connecting s the samevchetk otdemmay sufferdromarasure @t thesametime to'improve the
performance in decoding, it is necessary to avoid the variable nodes corresponding to code bits of one
symbol from cnReEHy frtheSaMié cheElkCRode. [0188] 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 informraﬁérg frlatrix HA has a cyclic structure and the parity matrix HT has a staircase structure
as described hereinabqve. Th§ﬁ’ in a conversion pqﬂﬁ% check matrix which is a parity check matrix of
e

the LDPC code after parity intefledve, 2 &ychie strtictiir {adctirdtely’a peetdd tyciicSttucture as

described he e nabgyg) appears also in the parity matrix as described in FIG. 20. [0189] FIG. 21
Interlég .
shows a conversion parity check matrix.

[0200]

In particular, FIG. Z2 illustrates the memory 31
(FIGS. 1t and 17) of the demultiplexer 25.

[Gz01]

The memory 31 has a storage capacility for storing mb
bits in the column (vertical) direction and stores N/ (mb)
bits in the row (horizontal) direction and includes mb
columns as described ;n FIG. 1¢6. Then, the column twist
interleaver 24 writes the code bite of the LDPC code in
the column directicn intc the memory 31 and controls the
writing starting position when the code bits are read out
in the row direction to carry out column twist interleave.
[0202]

In particular, the cclumn twist interleaver 24
suitably changes the writing starting position at which
writing of code bits is to be started for each of a
pirurality cof 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 te 1 and included
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[0190] In particular, A of FIG. 21 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. [0191] In A of FIG. 21,
the position of an element having the value of 1 in the conversion parity check matrix is indicated by a
dot (.). [0192] in B of FIG. 21, a process carried out by the demultiplexer 25 (FIG. 8) for the
LDPC code of the conversion parity matrix of A of FIG. 21, that is, the LDPC code after the parity
interleave. [0193]
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 to 1 and
included in one arbitrary row of the parity check matrix
may not be included in the same symbol).
(02031
Here, FIG. 22 shows an example of a configuration
of the memory 31 where the modulation method is 160QAM and
besides the muitiple b described hereinabove with
reference to FIG. 16 is 1. Accordingly, the bit number m
of code bits of an LDPC code to be mapped to one symbol
is 4 bits, and the memory 31 is formed from four (= mb)
co%umns.
[0204]
The column twist interleaver 24 of FIG. 22 (instead
of the demultiplexer 25 shown in FIG. 16) carries out
writing of the code bits of the LDPC code in a downward
direction (column direction) from above intoc the four
columns which form the memory 31 beginning with a left
side column towards a right side column.
(02057
Then, when the writing of code bits ends to the

rightmost column, the column twist interleaver 24 reads

out the code pits in a unit of 4 bits (mb bits) in the
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In B of FIG. 21, the code 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. [01941 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.
[01951 In this instance, the 4 code bits 130, Bi, 137 and B3 which make one symbol sometimes
make code bits corresponding to 1 and included in one arbitrary row of the parity check matrix after
the conversion of A of FIG. 21, and in this instance, variable nodes corresponding to the code bits
Bo,and B3 are connected to the same check node. [0196] Accordingly, where the 4 code bits Bo,
Bi, BB and B3:6forielsiiniicl becerie odebits’ébire spondingitotl and ircfudedlindsnevarbitrary row, if
erasure occurs with the symbol, then the same check node to which the variable nodes corresponding
to the code bits"'B6 B3 B 'ahd BI&BLonnéctetf Carfiiot Befefmiiecan apprdptiafe miesdtge. As a

result, the performance in decoding deteriorates. [0197] 9 _ i
LDPC the column twisth interleave to the

code atter
replacement section 32 (FIGS. 16 and 17) of the
demultipliexer 25.
[0206]

However, if the address of the head (uppsrmost)
position of each ccliumn is represented by 0 and the
addresses of the poesitions in the column direction are
represented by integers of an ascending order, then the
column twist interleaver 24 of FIG. 22 sets, for the
leftmest column, the writing starting position to the
position whose address is O; sets, for the secog@ column
{from the left), the writing starting position to the
position whose address is 2; sets, for the third column,
the writing starting position tce the position whose
addresgs is 4; and gets, for the fourth column, the
writing starting position to the position whose address
is 7.

[0207]

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 1s 0, after the

code bits are writtern down to the lowermost positicn, the
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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 variable nodes connecting to the same check node sometimes make
one symbol of 16Q.AM similarly. [0198] Therefore the column twist inte leaver 24 carries out
column twist interleave wherein the code bits of 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 mapped to one symbol. [0199]
FIG. 22 is a. view illustrating the column twist interleave. [0200] In particular, FIG. 22 illustrates
the memory 31 (FIGS. 16 and 17) of the demultiplexer 25.

writing position returns to the top (position whose

address is ) and writing down Lo a position immediately

preceding to the writing starting position is carried out,

Thereafter, writing inte the next (right) ccolumn is

carried out.

[0208]

By carrying out such column twist interleave as

described above, such a situation that a plurality of

code bits corresponding to a plurallty of variable nocdes

connecting to the same check node are made one symbol of

10Q0AM (included inTo the same symbol) with regard to LDPC

codes of all encoding rates whose code length N is 64,800

as prescribed in the DVBE-S.Z2 standard can be prevented,

and as a result, the performance in decoding in a

communication path which provides erasure can be improved.

[0208]

FIG. 23 illustrates the number ¢f columns of the

memery 31 necessary for column twist interleave and the

address of the writing starting position for each

modulaticon method with regard to LDPC codes of the eleven

different encoding rates having the code length N of

64,800 as presgcribed in the DVBEB-5.2 standard.

[0210]

Bs the replacement method for the replacement
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[0201] The memory 31 has a storage capacity for storing mb bits in the column (vertical) direction
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 starting position when the code bits are read out in the row
direction to carry out column twist interleave. [0202] In particular, the column twist interieaver 24
suitably changes the writing starting position 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 paritycleck matrix:Ge dgranges e sede bits 6F tHe: LOPC cude stichtthat a plurality of
code bits corresponding to 1 and included in one arbitrary row of the parity check matrix may not be
included in thé s&fe Symbaél).[02031P L & cHeee, 'FIee Proshovis-an ékample ofsa eenfigutation of the
memory 31 where the modulation method is 16QAM and besides the multiple b described hbreinabove
with referencé s FIES 1618 1. ABLEIdingly the bit AIABESH ﬁ%od@%f@ﬁ%}‘ﬂt@lﬁé code to be

mapped to onrges%/krl%kggl 'Sjé"t&"f‘,"%@n memor\églggéorgyem fé(im four (‘bl’{]?% cglrlljénnshéOZM]

multiple b 1s 1.
[0211]

In this instance, according To FIG. 23, the memory
31 has twe columns for stering 2 = 1 (= mb) bits in the
row direction and stores 64,800/(2 x 1) bits in the
column direction. Then, the writing starting position for
the first one of the twe columns of the memory 31 is set
to the position whose address is (O, and the writing
starting gpsition for the second ceolumn is set To the
position whose address is Z.
[0z2127

Further, where the fourth replacement method of FIG.
17 is adopted as the replacement method for the
replacement process of the demultiplexer 25 (FIG. 8) and
besides QPSK is adopted as the modulation method, the bit
number m of one symbel is 2 bits and the multiple b is 2.
[0213]

In this instance, according to FIG. 23, the memory
31 has four cclumns for storing 2 x 2 bits in the row

direction and stores 64,800/(2 = 2) bits in the column
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The column twist interieaver 24 of FIG. 22 (instead of the demultiplexer 25 shown in FIG. 16) carries
out writing of the code bits of the LDPC code in a downward direction. (column direction) from above
into the four columns which form the memory 31 beginning with a left side column towards a right side
column. [0205]. Then, when the writing of code bits ends to the rightmost column, the column
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 all columns which form the memory 31 and outputs the code bits as an LDPC code
after the column twist interleave to the replacement section 32 (FIGS. 16 and 17) of the demultiplexer
25. [0206] However, if the address of the head (uppermost) position of each column is
represented byi0r&nd theraddigsses of tite positidnsrinthe tolumn diredtiorrarefrepresented by
integers of an ascending order, then the column twist interleaver 24 of FIG. 22 sets, for the leftmost
column, the wiitii§ stating positisAto #positidr whose addressis 0o Sefsh forthesscord column
(from the left), the writing starting position to the position whose address is 2; sets, for the third
column, the wiifing $tartifig pBSitiBA To tHe Podifior fhdse BRidiFesss % ahd getss for'the fourth column,

the writing starting pasition to the position whose addresﬁ%is 7 [r?297}l1L It is to be noted that, with
regard to the Colamns18r Whith th8 Writihig Stafting posit nig R V'bthér position than the position

whose address Is 0, after the code_bits, are written,down to the, lowermost position, the
position for the third column is set to the position
whose address 1s 4; and the writing starting position for
the fourth cclumn is set to the position whose address is
7.

[0214]

Further, where one of the first to third
replacement methods of IIG. 16 is adopted as the
replacement method for thgvreplacement process of the
demultiplexer 25 (FIG. 8) and besides 160AM is adopted as
the modulation method, the bit number m of one symbol is
4 bits and the multiple b ig 1.

[0215]

In this Instance, according to FIG. 23, the memory
31 has four columns for storing 4 x 1 bits in the row
direction and stores 64,800/(4 x 1) bits in the column
directicn. Then, the writing starting position for the
first column from among the four columns of the memory 31
1s set to the pesition whose address 1s 0; the writing

starting position for the second column is set to the
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writing position returns to the top (position whose address is 0) and writing down to a position
Immediately preceding to the writing starting position is carried out. Thereafter, writing into the next
(right) column is carried out. [0208] By carrying out such column twist interleave as described
above, such a situation that a plurality of code bits corresponding to a plurality of variable nodes
connecting to the same check node are made one symbol of 16QAM (included into the same 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 erasure can be improved. [0209] FIG. 23 illustrates the number of columns of
the memory 32diecessaryforésiupiriiistinteredve ahe thie addiess of ewriting starting position
for each modulation method with regard to LDPC codes of the eleven different encoding rates having
the code lengfR ‘of 647800°4s prescribed th HeIVB-S.2 standard. [0220PAS the féplacement

method for the replacement : o , o
whose address 1s 4; and the writing starting position for

the fcourth column is set to the position whose address 1is
7.
[0216]

Further, where the fourth replacement method of FIG.
17 is adopted as the replacement method for the
replacement process of tThe demultiplexer 25 (FIG. 8) and
besides 16QAM 1s adopted as the modulation method, the
bit number m of cne symbol is 4 bits and the multiple b
is 2.
(0217

In this instance, according to FIG. 23, the memory
31 has eight columns for storing 4 x 2 bits in the row
direction and stores 64,800/(4 % 2} bhits in the column
direction. Then, the writing starting position for the
first column from among the eight columns of the memory
31 1s set to the position whose address is (; the writing
starting position for the second column i1s set to the
position whose address 1s 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 1s set to the position whose address is 4;
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process of the demultiplexer 25 (FIG. 8), one of the first to third replacement methods of FIG. 16 is
adopted, and besides, where QPSK is adopted as the modulation method, the bit number m of one
symbol is 2 bits and the multiple b is 1. [0211] In this instance, 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. Then, the 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 starting position for the second column is
set to the position whose address is 2. [0212] Further, where the fourth replacement method of
FIG. 17 is adopted as the replacement method for the replacement process of the demultiplexer 25
(FIG. 8) and belsilesUSK s adbptet ‘astheraodulatiorf methidd: theé bitinuntdetm of enésymbol is 2
bits and the multiple b is 2. [0213] In this instance, according to FIG. 23, the memory 31 has four
columns for stotingx 24itsin the Fow diteefih Shd stofed 64 BOD/(PX2)15iS ifi tHe EoRN

position for the sixth column is set to the position
whose address is 5; the writing starting position for the
seventh column 1s set fo the position whose address is 7;
and the writing starting position for the eighth column
is set to the position whose address is 7.
(02181

Further, where one of the first te third
replacement methods cof FIG. 16 is adopted as the
replacement method for the replacement process of the
demultiplexer 25 (FIG. 8) and besides ©4QAM is adopted as
the modulation method, the bit ﬁgmber m of one symbo} is
6 bits and the multiple b is 1.
[0219)]

In this Lnstance, according to FIG. 23, the memory
31 has six columns for stcring 6 x 1 bits in the row
direction and stores €4,800/(6 x 1) bits in the column
directicn. Then, the writing starting position for the
first column from among the six columns of the memory 31
is set tc the position whose address is (; the writing
starting position for the second column is set to the
position whose address 1s Z; the writing starting

position for the third cclumn is set to the position
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direction. Then, the writing starting position for the first column from among the four 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 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 is set to the
position whose address is 7. [0219] Further, where one of the first to third replacement methods of
FIG. 16 is adopted as the replacement method for the replacement process of the demultiplexer 25
(FIG. 8) and besides 16QAM is adopted as the modulation method, the bit number m of one symbol is
4 bits and the multiple b is 1. [0215] In this instance, according to FIG. 23, the memory 31 has
four columns Bt &E6Tir 4 ke bits-in the réladirection andsteres BAB00/E% 1Y bits frtheldolumn
direction. Then, the writing starting position for the first column from among the four columns of the
memory 31 isféélt*%&{hecﬁgéiﬁ}ﬁh who8E hdafess’is 0P el writing Ytaniiiy positicT for tfe <écond
column is set to the position whose address is,2; the writing starting position for the third column is set
to the position Who&& addrssis 4% and the kiiting Startiftg posifion tor the fourth Eolumn’is set to the
position Whosgoadtdr%ss i<§57" 1%2%61 o Fléryc?rrévs\/ger;estheJqug&%{gpm%%erpggr_jtjfgthod of FIG. 17 is
adopted as the teplacement method for the R e WELeLng

starting position for the sixth column is set to the
position whose address 1s 13.
02207

Further, where tThe fourth replacement method of FIG.
17 is adopted as the replacement method for the
replacement process of the demultiplexer 25 (FIG. 8 and
besides ©64QAM 1is adopted as the modulation method, the
bit number m of cne symbol 1s © kits and the multiple Db
is 2.
(02217

In this instance, according to FIG. 23, the memory
31 has twelve columns for storing 6 x 2 bits in the row
direction and stores 64,800/(¢ x 2) bits in the column
direction. Then, the writing starting position for the
first column from among the twelve columns of the memory
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 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
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replacement process of the demultiplexer 25 (FIG. 8) and besides 16QAM is adopted as the
modulation method, the bit number m of one symbol is 4 bits and the multiple b is 2. [0217] In this
instance, according to FIG. 23, the memory 31 has eight columns for storing 4 x 2 bits in the row
direction and stores 64,800/(4 x 2) bits in the column direction. Then, the writing starting position for
the first column from among 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 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 th& Fifthtdolunn ¥ setitd the poSitiohWhdasesaddress iste the aiiting Startifg position for the
sixth column is set to the position whose address is 5; the writing starting position for the seventh
column is set t¢the'poditieiywhbae addressds 7+ afidt thé writin§ starfing positisiforithe Tighth column
is set to the position whose address is 7. [0218] Further, where one of the first to third
replacement th8thods StHIGT 187s 4d6i5ted Hethe Feplatemént mathbd-for te fepidceriént process of
the demultiplexer 2p K(FIG.fB%:a cheside_sCQ40‘Al§/l IS adp teg as the modulation method, the bit
number m of 67€ symbol i 6 bits and the mulftipte B'is 1 021%] ““ n'thidinstance, according to FIG.

23, the memay, 31 has.six calumns for Sfing 6.1 Ly in therow dirgstion.and stoles 64,800/(6 x 1

bits in the column direction. Then, the writing starting position for thé first column ffom among the six

columns of the memory 31is561 9 the; position whosg address is.0;, the wiiting starting, pgsition for the
second column is set to the position whose address is 2; the writing starting position for the third
column is set g thepesition; starting position for the eighth column is

set to the position whose address 1s 5; the writing

starting position for the ninth column is set to the

position whose address i1s 5; the writing starting

position for the tenth column is set to the position

whose address is 7; the writing starting poesition for the

eleventh coclumn is set to the position whose address is

8; and the writing starting position for the twelfth

column is set to the position whose address is 9.

[0222]

Further, where one of the first tc third

replacement methods of FIG. 16 is adopted as the

replacement method for the replacement process of the

demultliplexer 25 (FIG. 8) and besides 256Q0AM is adopted

as the meodulation methoed, The bhit number m of one gymbol

is 8 bits and the multiple b is 1.

[0223]

In this instance, according to FIG. 23, the memory
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whose address is 5; the writing starting position for the fourth column is set to the position whose
address is 9; the writing starting position for the fifth column is set to the position whose address is 10;
and the writing starting position for the sixth column is set to the position whose address is 13. [0220]
Further, where the fourth replacement method of FIG. 17 is adopted as the replacement method for
the replacement process of the demultiplexer 25 (FIG. 8) and besides 64QAM is adopted as the
modulation method, the bit number m of one symbol is 2. [0221] 6 bits and the multiple b In this
instance, 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. Then, the writing starting position for
the first columh'frém<ariond thectwele ol fhsot e meniory 31 18iset to- thetpssitiorrwhose address
is 0; the writing starting position for the second column is set to the position whose address is 0O; the
writing starting'pb&ition 36r thethitd eoRmniPis et 14 the poditiorr whdse AddrEss8 PfHe writing

starting position for the _ . , .y ,
direction. Then, the writing starting positicon for the

first column from among the eight columns of the memory
31 is set to the position whose address i1s 0; the writing
starting position for the second column is set to the
position whose address 1s 0; the writing starting
position for the third column is set to the position
whose address l1s 27 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 whese address is 4; the writing starting
pesition for the sixth column is set to the position
whose address is 5; the writing starting position for the
seventh column 1s set to the position whose addrsss is 7;
and the writing starting position for the eighth column
is set to the position whose address isg 7.
[0224]

Further, where the fourth replacement method of FIG.
17 1s adopted as the replacement method for the
replacement process of the demultiplexer 25 (FIG. 8) and
besides 256QAM is adopted as the modulaticon method, the
bit number m of cne symbol is 8 bits and the multiplie b

is 2.
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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 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 position whose address is 7; the writing
starting position for the eleventh column is set to the position whose address is 8; and the writing
starting position for the twelfth column is set to the position whose address is 9. [0222] Further,
where one of tHe=f#rst to third replacement methods of FIG. 16 is adopted as the replacement method
for the replacement process of the demultiplexer 25 ( G, 8) and besides 256QAM is adopted as the
modulation method, the Bit nuhibethi BEBRE syAmbBPES-Bits afd thémuftiple blis 17fO223Y In this
instance, accarding to FIG. 23, the memory 31 has eight columns for storing 8 x 1 bits in the row
direction and §$r$?§4,é60ﬂ§%rb?tsﬁﬁ¥hes E6RmitPdirection. ThéER, the ﬁ?ﬁ%grﬁﬁrting position for
the first column.from among the eight columns of the memary 31 is set to the position whose address
is 0; the writin%LsTT’grcﬁFléop%sgi'}%Cg o ﬁl%es?ecréc; dééé){)ﬂg] iS's t}/to ﬁé:f)oéLiﬁoﬁWﬁo%cé iddress is 0; the
writing starting, position for the third colymn is set.tg the, E)ggi ion whose j@éjlciressFigrz; the writing

starting position for the Tolirth colurfin is set 10 %h‘"elagsiﬁon WhoSE dddress’is r21; the writing starting

position for the fifth.column.is set to the position whose address is 4, the Wéitiﬁgr%%ryng position for the

sixth column is set to the position whose address is 5; the writing starting position for the seventh

column is set to;the-position whose address i -ard theswiting starting pesition for the eighth column
is set to the position whose address is 7. [0224] Further, where the fourth replacement method of

FIG. 17 is adopted asthe feplacementanethoddor thesieplacement precesstofthe demultiplexer 25
(FIG. 8) and besides 256QAM is adopted as the modulation method, the bit number m of one symbol
is 8 bits and the miltiple bvis@se address is 2; the writing starting
pesition for the third column is set to the position
whose address i1s 2; 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 1s 3; the writing starting position for the
seventh column is set to the position whose address 1s 7;
the writing starting positicn for the eighth column is
set to the position whose address 1s 15; the writing
starting positicn for the ninth column is set to the
position whose address 1s 16; the writing starting
position for the tenth column is set to the position
whose address 1s z0; the writing starting position for

the eleventh column is set to the position whose address

82



[0225] In this instance, according to FIG. 23, the memory 31 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. Then, the writing starting
position for the first column from among the 16 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
2; 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 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 is 3; the writing starting position for the seventh
column is set iFtheZpositich WHése agdiess s 7ithedweting. startirgrpdsigor-fir tHe Bighth column is
set to the position whose address is 15; the writing starting position for the ninth column is set to the
position whose addPess'i§ 18% the-RritifG skirting: positidn fotthé trth Tolurin issett6the position
whose address is 20; the writing starting position %or the eleventh column is set to the position whose

address is 22" the whiting Earting' BoSition fortHe twélith Sollminis §6( 1o thE POLHDN Whose address

is 22; the writing starting position for, the tvhqgrt?esegthag%liugnanisﬁset to the, position.whose address is 27;
the writing starting position for the fourteentt columin is set to the pasition whose address is 27; the

writing starting position for the fifteenth.columpis sef,to the nosition whose, address s 28;,and the

writing starting position for the sixteenth column is set to the position whose address is 32. [0226]

Further, where, one-of the first to thirdseplacement methpds gf FIG. 16 isiadoptedias the replacement
method for the replacement process of the demultiplexer 25 (FIG. 8) and besides 1024QAM is

adopted as thgdnadulatiorrmethod; the bitawmber s of.ane symbetistLO bitsand the-mwitiple b is 1.
[0227] In this instance, according to FIG. 23, the memory 31 has ten columns for storing 10 x 1
bits in the rowttirection andssteres=64,800/61x 4} bits in thereoluma directiomcknen;, #e writing
starting position for the first column from among the ten columns of the memory 31 is set to the
position whosé@address is O theewriting cstartingiposition for theisecomeicolumns sekto the position
whose address is 3; the writing starting position for the third column is set to the position whose
address is 6; thédariting starting:position for the fourth column is set to the position whose address is
8; the writing starting position for the fifth column is set to the position whose address is 111 the writing
starting positidr? 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 i€ §ét18%he pBeition WhEseHddrESs is17 the- Writihg Starting position for the

ninth co!umn |sese£ écg: ghe@%qcsm%nt\élggse gngefg is %g gréd (gﬁh O\g{lg%g gtsartil_’%geposmon for the tenth
column is set to the position whose address is 20. )

replacement method for the replacemsnt process of the
demultipiexer 25 (FIG. B} and besides 10240AM is adopted
as the modulation method, the bit number m of one symbol
is 10 bits and the multiple b is 1.
[G227]

In this instance, according tc FIG. 23, the memory
31 has ten columns for storing 10 = 1 bits in the row
direction and stores ©4,800/(10 x 1) bits in the cclumn
direction. Then, the writing starting position for the
first column from among the ten columns of the memory 31

i1s set to the position whose address 1sg 0; the writing
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[0228] Further, where the fourth replacement method of FIG. 17 is adopted as the replacement
method for the replacement process of the demultiplexer 25 (FIG. 8) and besides 1024QAM is
adopted as the modulation method, the bit number m of one symbol is 10 bits and the multiple b 2.
[0229] In this instance, according to FIG. 23, the memory 31 has 20 columns for storing 10 x 2
bits in the row direction and stores 64,800/(10 x 2) bits in the column direction. Then, the writing
starting position for the first column from among the 20 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 is 3;
the writing stafing positioR fotithe $6urfly Eoltith BSeP e thePosition-Whese addre'ssSs 4; the writing
starting position for the fifth column is set to the position whose address is 5; the writing shaft position
for the sixth cBRIFA-is¥et {6 IR pESifidis ihosé addrediis B the Wt Startingposition for the
seventh column is set to the position whos addj:ess is 6, the writing slglartin% osition for the eighth
column is set & fHe &8t whos& a%ﬁgs i§ 97 HE Whifing Starting position for the hinth column is set
to the position whose address is 13; the writing starting pasition for the tenth column is set to the
position whos"é%)dsdﬁ?es?sg%rﬁg; the \?vri%]hg %%a@rt?ﬁqg‘ ]ﬁ%élltl nf Lratﬁné‘erfgvetfw?ﬁ Jégljugnnnnig]os"et %t e position

whose addresfsoilégtll};lﬂ]:eowgﬁ%g §Earté%g; pg%itig@lgorégg E\Q’?I&t{' whose addregss 1s 8;

the writing starting position for the fifth cclumn 1s set
to the 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 positicn for
the seventh column 1s set to the position whose address
is 15; the writing starting position for the eighth
column is set to the position whose address i1s 17; the
writing starting position for the ninth column is set to
the position whose address is 18; and the writing
starting position for the tenth column is set to the
position whose address 1s Z20.
[0228]

Further, where the fourth replacement method of FIG.
17 is adopted as the replacement method for the
replacement process of the demultiplexer 25 (FIG. 8) and

besides 10240AM is adopted as the modulation method, the

pit number m of one symbol is 10 bits and the multiple b
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column is set to the position whose address is 16; 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 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 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 star position for the twentieth column is set to the position whose
address is 30. [0230] FlftheR véhere e 6ithe Fifstad thifdréptaceffrentdethbds ofF FIG 116 is
adopted as the replacement method for the replacement process of the demultiplexer 25 (FIG. 8) and
besides 4096ANM iSaddpted Asthe métuldtidhmethod tHe Bighiumiber’m'dtone&ymbol is 12 bits
and the multiple b is 1, [0231] In this instance, according to FIG 23, the memory 31 has 12
columns for storng 2% 7 Bitddn HEFS ditection dnd Stores 64/8007(12% 1) BitsGh tHEColumn
direction. Thegithecwgtci}rglg sta,rgrég po%tlign Jr?ﬂritpf firstsgoé%mq r11‘rom agnioagotfrge %W%Ivehcglumns of the
memory 31 is set 1o the pasition whose addre'ss‘“ls'r@ the writing %tégrﬁng position for tF]e Ssecond
column is set fa fhe posifionwhase pddiess s 0, thejwriting sfaring,osiian e g hirg 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 2;the writing starting JRositiopyfor the fifth golump.is,sef {o the position
whose address is 3; the writing starting position for the sixth column is set to the position whose
address is 4; theswriting;Stagting-pesitionfor the seventh column is setdo the pesition whose address is
4; the writing starting position for the eighth column is set to the position whose address is 5; the
writing starting pesition-forthesuinth-eotunn is setitp the position whpsetaddress;is 5; the writing
starting position for the tenth column is set to the position whose address is 7; the writing starting
position for theateventin columrtissset to. the pesitmmwhese addresstis8; and the. writing starting
position for the twelfth column is set to the position whose address is 9. [0232] Further, where
the fourth replacement fiethed of FIG. /1 tiscadopidd as the raplacemetshéthod férthetreplacement
process of the demultiplexer 25 (FIG. 8) and besides 4096QAM is adopted as the modulation method,
the bit numbef Y. 6F-6n& SymBBI i5 31 2its and theSmbRiple™h fg2whose address is 4;

the writing starting position for the fifth column is set
to the position whose address is 5; the writing starting
position for the sixth column is set to the position
whose address is 6; the writing starting position for the
gsaeventh column i1s set to the position whose address is 6;
the writing starting position for the eighth column is
gset to the position whose address is 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 positicn
whose address is 14; the writing starting position for

the eleventh column 1s set to the position whose address

is 14; the writing starting position for the twalfth
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[0233] In this instance, according to FIG. 23, the memory 31 has 24 columns for storing 12 x 2
bits in the row direction and stores 64,800/(12 x 2) bits in the column direction. Then, the writing
starting position for the first column from among the 24 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 5; the writing starting position for the third column is set to the position whose address is 8;
the writing starting position for the fourth column is set to the position whose address is 8; the writing
starting position for the fifth 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 cohdfis 6t othe Positioh whese address &°T0;2HE iiting 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'td tie-posifidm WhosE ddarddstis ok e Whifind Stafting positiGiy for'the téhth column is
set to the position whose address is, 12; the writing startin ppsitig for the eleventh column is set to
the position whobe HICE S5 e Arfing Sar g poSitor forné thEfih LokiHf e set to the
position Whosg %drdjess isglo6' lth(?L WI{itng r&_‘,tq:rl'gling Pogi}igg f%rt tpe égirtgrggthi%olggm i% set o@the position
whose address’is 17%%% wiriti slfarﬁng Taositione?or the fourteenth column is Set to%he posit-ion whose
gddress is 19pg‘§1‘{¥5'%@9 §7tf%t£rég g%ﬂ@%régoritge ﬁi@ge@t}qego‘ln;ﬂg 'i%%etggél_;}% Pgaition whose a_ddress
is 21; the writing starting position for the sixteenth column is set to the position whose address is 22;
the writing starting pesitjon for thg seventeenth column s set to thepositionwhese.address is 23; the
writing starting position for the eighteenth column is set to the position whose address is 26; the writing
starting position defthedineteenth-column is, set tp.the pgsition whose address is:37 dhe writing
starting position for the twentieth column is set to the position whose address is 39; the writing starting
position for therl st celusamisiset 4a thenpasitier:hose address is:40; the witting:staritige«pasition for
the 22nd column is set to the position whose address is 41; the writing starting position for the 23rd
column is setie thepositien whose maddressris 4dg and thewriting startihg pesition fersthei24th column
is set to the position whose address is 41. [0234] FIG. 24 indicates the number of columns of the
memory 31 necessary for coRimrt avishintarieaieldnt theawidrésyiaithe writing“staitihg position for
each modulation method with regard to the LDPC codes of the 10 different encoding rates having the
code length N'6R-16,200 asHrédcibeddn theé DVB-32 staRdardd J0235] - CASHRE répflacement
method for the replacement process of the demultiplexer 25 (FIG, 8), one of the first to third
replacement methods of FIGP 16 is 486ptea Afd BeSiHes Swhére’GPSKiE diiopted'&s the modulation

method, the bitnumber m,of one symbol is 2 pits and the mMUMPle BIS k(¢ sec to the
position whose address 1s 28; and the writing starting
position for the twentieth column is set to the position
whose address 1s 30.
[0230]

Further, where one of the first to third
replacement methods of FIG. 16 is adopted as the
replacement method for the replacement process of the
demultiplexer 25 (FIG. 8) and besides 40860AM is adcpted
as the modulation method, the bit number m of one symbol
is 1Z bits and the mulitiple b is 1.

(02311
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[0236] In this instance, according to FIG. 24, the memory 31 has two columns for storing 2 x | bits in
the row direction and stores 16,200/(2 x 1) bits in the column direction. Then, the 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. [0237]
Further, where the fourth replacement method of FIG. 17 is adopted as the replacement method for
the replacement process of the demultiplexer 25 (FIG. 8) and besides QPSK is adopted as the
modulation method, the bit number m of one symbol is 2 bits and the multiple b is 2. [0238] In this
instance, according to FIG. 24, the memory 31 has four columns for storing 2 x 2 bits in the row
direction and stores 161Z00/[2L% 2} bitd i the coldififl direttior: ThehGthedwritifd Stafeifity pasition for
the first column from among the four columns of the memory 31 is set to the position whose address is

0; the writing StartifFpasitioi IO thE séednd ESGRtFisSet to the'pdsitiorf whase A8dress is 2; the

writing startin pgsitign for the third cglumni et 1o th pcg(sitj n whose 1addr SS is 3; and the writing
starting positigiﬁ for“trefourti coftrmin 7s° s&i@sﬁ%éé f)g)é?%ion W“r(ﬁosg%l%%lrégS %e% column

direction. Then, the writing starting position for the
first column from among the twelve columns of the memory
31 is set to the position whose address is 0; the writing
starting positicon for the second column is set To the
position whose address 1s 0; the writing starting
positicn for the third ceolumn 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 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 cclumn is set to the position
whose address 1s 4; the writing starting position for the
seventh column is set to the positicon whose address is 4¢
the writing starting position for the eighth column is
set to the position whoese address is 5; the writing
starting position for the ninth column is set fto the
position whose address 1s 5; the writing starting
position for the tenth column 1s set te the position
whose address 1s 7; the writing starting position for the
gleventh column 1s set to the position whose address is

8; and the writing starting position for the twelfth
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[0239] Further, where one of the first to third replacement methods of FIG. 16 is adopted as the
replacement method for the replacement process of the demultiplexer 25 (FIG. 8) and besides 16QAM
is adopted as the modulation method, the bit number m of one symbol is 4 bits and the multiple b is 1.
[0240] In this instance, according to FIG. 24, the memory 31 has four columns for storing 4 x 1
bits in the row direction and stores 16,200/(4 x 1) bits in the column direction. Then, the writing starting
position for the first column from among the four 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 2; the writing starting position for the third column is set to the position whose address is 3;
and the writing $tatifig positioh ferothefeurtly esluniilisiset $6 tHeasitich whoSe address is 3. [0241]
Further, where the fourth replacement method of FIG. 17 is adopted as the replacement method for
the replaceme[rﬁ?p%éess of the demultiplexer 25 (FIG. 8) and besides 16QAM is adopted as the

modulation method, the blt number m of one symbol is 4 bits and the multiple b |s 2 [024P]T
rther, where the fourth replacement met

17 is adopted as the replacement method for the
replacement process of the demultiplexer 25 (FIG. §) and
besides 40960AM isg adopted as the modulation method, the
bit number m of one symbol i1s 12 bits and the multiple b
is 2.
[0233]

In this instance, according tec FIG. 23, the memory
31 has 24 columns for storing i2 x 2 bits in the row
direction and stores 64,800/(12 x 2) bits in the column
direction. Then, the writing starting positlion for the
first column from among the 24 columns of the memory 31
is set to the position whose address is 0; the writing
starting positicon for the second column is set to the
position whose address is b; the writing starting
position for the third column is set to the position
whose address i1s 8; the writing starting position for the
fourth ceolumn 1s set to the position whose address is 8;
the writing starting position for the fifth cclumn is sat
to the position whose address i1s §; the writing starting
position for the sixth column is set to the position

whose address 1s §; the writing starting position for the
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In this instance, according to FIG. 24, the memory 31 has eight columns for storing 4 x 2 bits in the
row direction and stores 16,200/(4 2 2) bits in the column direction. Then, the writing starting position
for the first column from among 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 s 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 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 the seventh
column is set §¢HRPAsition Whbse adafdsstis 20hand tfe. Wiififg Startiriy positiens forithe eighth
column is set to the position whose address is 21. [0243] Further, where one of the first to third
replacement méthodSof G 165 adépted s tﬁ@?éﬁla@é’méﬁﬁfmeﬂ‘?ooefbg]fhé réptaceifient process of
the demultiplexer 25 (FIG. 8) and besides 64()A.M is adopted as the modulatlon method the bit
number m of drie §ﬁhbb|os%qﬁt3°§ﬁ&ﬂfeoﬁ1umb?esﬁ i€1%02ag) 15 1V the wri ting

starting position for the ninth column is set te the
position whose address is 10; the writing starting
position for the tenth column is set to the position
whose address 1s 12; the writing starting position for
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
writing starting peositicon for the thilirteenth column is
set to the position whose address 1s 17; the writing
starting position for the fourteenth column i1s set to the
position whose address is 19; the writing starting
position for the fifteenth column i1s set to the position
whose address 1s 2Z1; the writing starting position for
the sixteenth column 1is 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 the eighteenth column 1is
set to the position whose address is 26; the writing
starting posgition for the nineteenth column 1s set to the
position whose address is 37; the writing starting

position for the twentieth column is set to the position

89



In this instance, 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. Then, the writing starting position for
the first 0.7Ufrom among 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
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 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. [0245] Further, where the fourth
replacement methoel GIEIG: 17 i adoptedtasthereplaeement Aiethed Rsrhe téplaéérent process of
the demultiplexer 25 (FIG. 8) and besides 64QAM is adopted as the modulation method, the bit
number m of 6HE symbbl KB Bt and the multipld Bis BOf2a6P"  “HintRisGRSARES, dctording to FIG.
24, the memory 31 has twelve columns for storing 6 x 2 bits Ln 'gﬁhez_mW QiEect_iog aln(j stores 16,200/(6 x
2) bits in the cﬁdmhkb‘?re%ﬁéﬁ.lﬂ‘ﬁerﬁ tRe WiitiFig %%agrﬁﬁd Position for the firSt colimi front among the
twelve columns of t@e memor 3lis %%t t%h'gge gogi{gj n EV\éhSOSE ad enssc'ﬁeo; Vy}el ){Nlri},t}ing starting position
for the second Goluriin is Setto ?nle“ﬁosnior“\ Whosé address is %; the writing starting gosition for the

third column is ¢t 10, Ihe Rosianwhose addiess 45 0 ediling staring.pasifian for the fourth column

is set to the position w address is 2: the writing starting position for the fifth column is set to the

position whosg address.is,2; the writing starting pesitiop.for the.sixth.colymn is setite {he position
whose address is 2; the writing starting position for the seventh column is set to the position whose
address is 3; theswriting, stagting: pesitian fordhe gighth gollmn isc the position whose
address 1is 41.
[(0234]
FIG. 24 indicates the number of columns cof the
memory 31 necessary for column twist interleave and the
address of the writing starting position for each
modulation method with regard to the LDPC codes of the 10
different encoding rates having the code length N of
16,200 as prescribed in the DVB~S5.Z2 standard.
(0235
As the replacement method for the replacement
process of the demultiplexer 25 (FIG. 8), one of the
first to third replacement methceds of FIG. 16 1is adopted,
and besides, where (QPSK is adopted as the medulation
methed, the bit number m of one symbcl is 2 bits and the
multiple b is 1.
[02386]

In this instance, according teo FIG. 24, the memory
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set to the position whose address is 3; the writing 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 position whose
address is 7. [02471 Further, where one of the first to third replacement methods of FIG. 16 is
adopted as the replacement method for the replacement process of the demultiplexer 25 (FIG. 8) and
besides 256QAM is adopted as the modulation method, the bit number m of one symbol is 8 bits and
the multiple b is [0248] In this instance, according to FIG. 24, the memory 31 has eight columns
for storing 8 x°L bitg in thecro® diraetion &he storesiTsi260/[8 x 19 bits i the"édtumfvdirection. Then,
theting starting position for the first column from among the eight columns of the memory 31 is set to
the position m%b%@%ﬁbl%’ssa@%; e writing Starfing pesition forthe SecBnd EBluRhtis €2t to the
position whose address is O; the Writingrstarting position for the third column is set to the position

whose addres'iEY; tHeé Writing ¥Farting  Positioh for the fotifth cofurhi s $et18 the position whose

address is 1, the Writir%%lstartmg%%si[%on for the fifth column is set to the position Whgs% address is 7;

the writing sta‘"rﬁr?fgS posi ion for the Gix W%Oﬁj%ﬂ“%%ﬁ?d the poérfﬁénr? Whode address is 8; the writing

starting position for e peyepth solwpn e settodhe positio.phase.addiees 1p 20 anddheavriting

starting position forthe ‘eighth column is set to the position whose address is 21. [0249] ~ = Further,

where one of the.first tg,third replacement methods of FIG, 16.s adoptad.as thejreplacement method
for the replacement process of the demultiplexer 25 (FIG. 8) and besides 1024QAM is adopted as the

modulation mgthesl. the kit aumbek myof one symbol is 10 bits and the multiple b is I.

[0237]

Further, where the fourth replacement method of FIG.
17 i adopted as the replacement method for the
replacement process of the demultiplexer 235 (FIG. 8) and
besides QPSK is adopted as the modulation method, the bit
number m of one symbcel is 2 bits and the multiplie b i1s 2.
[0Z238]

In this instance, according to FIG. Z4, tThe memory
31 has four columns for storing 2 x 2 bits in the row
direction and stores 16,200/(2 x 2} bits in the column
direction. Then, the writing starting poesition for the
first column from among the four columns of the memory 31
is set to the position whose address is 0; the writing
starting poesition for the second column is set to the
position whose address is Z2; the writling starting
position for the third column is set to the position

whose address is 3; and the writing starting position for
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[0250] In this instance, according to FIG. 24, the memory 31 has 10 columns for storing 10 x 1
bits in the row direction and stores 16,200/(10 x 1) bits in the column direction_ Then, the writing
starting position for the first column from among 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 is 2; the wr 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 3; the writing
starting position for the sixth column is set to the position whose address is 3; the writing starting
position for thelsevénthddluiinigset tbithePositiontiiifosecaddress isa:ahe wiiltihgstarting position
for the eighth column is set to the position whose address is 4; the writing starting position for the ninth
column is set o the position whose address is 5; and the writing starting position for the tenth column
is set to the p?gigi%ré whose address is 7. [0251]

9 i

Further, where one of the first to third
replacement methods of FIG. 16 1s adepted as the
replacement method for the replacement process of the
demultiplexer 25 (FIG. 8) and besides 18QAM is adopted as
the modulation method, the bhit number m of one symbol is
4 bits and the multiple b is 1.

[0240]

In this instance, accerding to FIG. 24, the memory
31 has four columns for storing 4 » 1 bits in the row
direction and storss 16,200/(4 x 1) bhits in the column
directicn. Then, the writing starting position for the
first column from among the four columns of the memory 31
is set to the positicn whose address is 0; tThe writing
starting position for the second column is set to the
position whose address 1s 2Z; the writing starting
position for the third column is set to the position
whose address 1s 3; and the writing starting position for
the fourth column is set to the position whose address is
3.

[0241]

Further, where the fourth replacement method of FIG.
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Further, where the fourth replacement method of FIG. 17 is adopted as the replacement method for
the replacement process of the demultiplexer 25 (FIG. 8) and besides 1024QAM is adopted as the
modulation method, the bit number m of one symbol is 10 bits and the multiple b is 2. [0252] In
this instance, according to FIG. 24, the memory 31 has 20 columns for storing 10 x 2 bits in the row
direction and stores 16,200/(10 x 2) bits in the column direction. Then, the writing starting position for
the first column from among the 20 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
wriing starting position for the third column is set to the position whose address is 0; the writing starting
position for thé fodrth 26lIRTTES set to-tHe pEsitiaT #hosé atdidssds 2othebWwhting starting position for
the fifth column is set to the position whose address is 2; the writing starting Eposition for the sixth
column is set & the?poEifici whHESE a8aress is 2¢ theftting: Statifigr position for thé sedéiith column is
set to the position whose address is 2; the writing starting position for the eighth column set to the
position whos8HHPESs is D2 the writing Stirfing Position fgﬁﬂlé]rﬁﬁth%lﬁiﬁﬁq?soget t6'fie position
whose address.is 5; the writing starting position for the tenth column is set to the position whose
address is 5; ééwﬁffﬁngjgtﬁrﬁ%goﬁs?ﬁ%n fﬁrﬁgg éle%/%nt gdl&r%né}?%et f?)@thzg‘lp%‘sl %“s‘r“lew ose address
is 5; the writing starting position for the twelfth column is set to the position whose address is 5; the
writing starting position for the thirteenth column is set to the position whose address is 5; the writing
starting positiq@ iq;jh‘ne fourteenth column is set to the position whose address is 7; the writing starting
position for the fifteenth column is set to the position whose address is 7; the writing starting position
for the sixteenth column.is setito the posiion whose-address is.7;the writing starting pesition for the
seventeenth column is set to the position whose address is 7; the writing starting position for the
eighteenth columm is:setigithe peositiomwhose addressiis 8; the writing starting pesitior; for the
nineteenth column is set to the position whose address is 8; and the writing starting position for the
twentieth columinr iscset 4o thnpositionrwhose addfessds 402[0253Fs in the column

direction. Then, the writing starting position for the
first column from among 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 Lo 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 1s set to The position whose address is 1;
the writing starting position for the fifth column is set
to the position whose address 1s 7; the writing starting
pesition for the sixth column is set Lo the position
whose address is 20; the writing starting pesition for
the seventh column is set toe the position whose address
is 20; and the writing starting positicn for the eighth

column 1s set to the position whose address 1s 21.
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Further, where one of the first to third replacement methods of FIG. 16 is adopted as the replacement
method for the replacement process of the demultiplexer 25 (FIG. 8) and besides 4096QAM is
adopted as the modulation method, the bit number m of one symbol is 12 bits and the multiple h is 1.
[0254] In this instance, according to FIG. 24, the memory 31 has 12 columns for storing 12 x 1 bits in
the row direction and stores 16,200/(12 x 1) bits in the column direction. Then, the writing starting
position for the first column from among 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 O;
the writing staftiagt pasition 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 collifih'i§ Set tRé positionwhdsetaddréssis™® thé wirfting starting position for
the seventh column is set to the position whose address is 3; the writing starting position for the eighth

column is set 16 the® 5&Siion whESE Address i§ 3 the Writirtg SGRINY Posiffor fOT the ninth column is set

to the positionr\évggs% g%gress ise g;lthg v%rit]iﬂngﬁsltgrt%n Bo%téonel‘rg); ther tecnég CO%JE’IHE 5§ set to the
position whose address |sn6t; the V\iri%ng s?a"rting posi ionTor the eleventh columin is set to the position

whose address iz /; and fhe writing starting position fop the twelfth.column.is setlg the position whose

address is 7. 8255] Further, where the fourth replacement method of FIG. 17 is adopted as the

replacement methogd for the replacement progess ¢f the demultiplexer 25(FIG<8).and besides
4096QAM is adopted as the modulation method, the bit number m of one symbol is 12 bits and the
multiple bis 26 pits and the multiple b is 1.
[0z44]
In this instance, according to FIG. 24, the memory
31 has six columns for storing 6 x 1 bits in tThe row
direction and stores 16,200/(6 = 1) pbits in the column
direction. Then, the writing starting position for the
first column from amcong the six columns of the memory 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 1s Z2; the writing starting peosition for the
fourth column is zet to the position whose address is 3;
the writing starting position for the fifth column is set
to the position whose address i1s 7; and the writing
starting position for the sixth ccolumn is set to the
position whose address is 7.

[0z245]

94



[0256] In this instance, according to FIG. 24, the memory 31 has 24 columns for storing 12 x 2
bits in the row direction and stores 16,200/(12 x 2) bits in the column direction. Then, the writing
starting position for the first column from among the 24 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 O;
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 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 column is setit6 e positierr whoose atidressis Opithe wwitiag starting positionFdfthe eighth
column is set to the position whose address is 1; the writing starting position for the ninth column is set
to the position‘whése adeiessds & sthel\fritliPstantiitepdsificii-for thel tentt é6lumn is set to the
position whose address is 1; the writing starting position for the eleventh column is set to the position
whose addressS§ 27 tHa&\whiting starfing’ p8§ti51%?orotﬁé“%§lﬁﬁjc%ﬁﬁﬁn is’setté the positibA whose
address is 2; the writing starting position for the thirteenth column is set to the position whose address
is 2: the writingStarting posttion for tHe fotirEEnth coliifin 1S St 18 the Posftibh Whose Address is 3; the
writing starting position for the fifteenth column is set to th]f% position whose address is 7; the writing
starting positi%nE for the- %%(erghtﬁ goﬁﬁﬁn Fs,}/gré%?g the pgsi |5‘r11—” \S/vh%gtceyv a% ?esr%u% 5%%1ieewjﬁting starting
position for the seyenteenth column is set to 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 nineteenth column is set to the position whose address is 10; the writing starting position for the
twentieth column is set to the position whose address is 10; the writing starting position for the 21st
column is set to the positiomwhose.address js 10 dbewritingrstanting position: fek the.22nd,column is
set to the position whose address is 10; the writing starting position for the 23-d column is set to the
position whosg laddsesstis<l0; anddhewrtiting starting postion fer thek:24th columimis setto the position
whose address is 11. [0257] Now, a transmission process carried out by the transmission
apparatus 11 of Fi& 8 isidescribed witherefereAdé 1o & flow2chart ofsF1G) 250§0258] umn

direction. Then, the writing starting position for the
first column from among the twelve columns of the memory
31 is sgt to the position whose address is 0; the writing
starting positicon for the second column 1s set to the
position whose address is (; 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 pesition for the fifth column is set
Lo the position whose address 1s 2; the writing starting
position for the sixth column is set to the position
whose address 1s 2; the writing starting position for the
seventh column 1s set to the position whose address is 3;

the writing starting position for the eighth column is
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The LDPC encoding section 21 waits that object data are supplied thereto and, at step 3101, encodes
the object data into LDPC codes and supplies the LDCP codes to the bit interleaver 22. Thereafter, the
processing advances to step 3102. [0259] At step 3102, the bit interleaver 22 carries out bit interleave
for the LDPC codes from the LDPC encoding section 21 and supplies the LOFT codes after the
interleave to the mapping section 26. Thereatfter, the processing advances to step 3103. [0260] In
particular, at step 3102, the parity interleaver

set to the position whose address i1s 3; the writing
starting position for the ninth column is set to the
position whose address is 3; the writing starting
position for the tenth column i1s set to the position
whose address 1is 6; the writing starting position for the
aleventh column 1s 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.

[0247]

Further, where one of ﬁhe first to third
replacement methods of FIG. 16 is adopted as the
replacement method fcr the replacement process of the
demultiplexer 25 (FIG. 8) and besides Z560AM is adopted
as tThe modulation method, the bit number m of one svyvmbol
ig 8 bits and the multiple b is 1.

[0248]

In this instance, according to FIG. 24, the memory
31 has eight columns for storing 8 x 1 bits in the row
direction and stores 16,200/(8 x 1) bits in the column
direction. Then, the writing starting position for the
first column from among the eight columns of the memory
31 is set to the position whose address 1s 0; the writing

starting position for the seccnd coclumn 1s set to the

position whose address is 0; the writing starting
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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.
[0261] The column twist interleaver 24 carries out column twist interleave for the LDPC codes
from the parity interleaver 23 and then the demultiplexer 25 carries out a replacement process for the
LDPC codes after the column twist interleave by the column twist interleaver 24. Then, the LDPC
codes after the replacement process are supplied from the demultiplexer 25 to the mapping section
26. [0262] At step S103, the mapping section 26 maps the m code bits of the LDPC codes from
the demultiplexer 25 to symbols represented by signal points defined by the modulation method of
orthogonal medwaticrPearfied dutbythé bithegerdlmedulaidn sectiore2 Panrd siipplies the mapped
code bits to the orthogonal modulation section 27. Then, the processing advances to step 3104. [0263]
At step 3104, THE Bfthag6la iodiiafion s6&ioh27 carvies 'oif orthgaival middilatich of- & Barrier in

accordance with the symbols from the mapping section 26. ,
fourth’column 1s set To The positicon whose address i1s 1;

the writing starting position for the f£ifth column is set
to the position whose address is 7; the writing starting
position for the sixth column 1s set to the position
whose address 1s 20; the writing starting position for
the seventh column is sei to the positlon whose address
is 20; and the writing starting position for the eighth
column is set to the position whose address is 21.

[0249]

Farther, where one of the first to third
replacement methods of FIG. 16 1s adopted as the
replacement method for the replacement process of the
demultiplexer 25 (FIG. 8) and besides 10240QAM is adopted
as the modulation method, The kit number m ¢f one symbol
is 10 bits and the multiple b is 1.

(02507

In this instance, according to FIG. 24, the memory
31 has 10 celumns for storing 10 x 1 kits in the row
direction and stores 16,200/(10 x 1) bits in the column
direction. Then, the writing starting positicn for the
first column from among the ten columns of The memory 31

ig set to the position whose address is 0; the writing
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Then, the processing advances to step S105, at which the modulation signal obtained as a result of
the orthogonal modulation is transmitted, whereafter the processing is ended. [0264] It is to be
noted that the transmission process of FIG. 25 is carried out repetitively. [0265] 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 of an LDPC codes are transmitted as one symbol can be
improved. [0266] Here, while, in FIG. 8, the parity interleaver 23 which is a block for carrying 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 235and the ¢olimmA tivist intéféaver245may BthetRiseBe E6nfigiired integrally with each

other. [0267] In particular, both of the parity interleave and :
position whose address is 1; the writing starting

position for the third column is set to the poesition
whose address is 2; the writing starting position for the
fourth column is get tce the position whose address is Z;
the writing starting position for the f£ifth 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 celumn ls set to the position whose address is 4;
the writing starting position for the eighth column is
set to the position whose address is 4; the writing
starting position for the ninth column is set to the
position whose address is 5; and the writing starting
position for the tenth column is set to the position
whose address 1is 7.
02517
Further, where the fourth replacement method cf FIG.
17 is adopted as the replacement method for the
replacement process of the demultiplexer 25 (FIG. &) and
besides 1024Q0AM 1is adopted as the modulation method, the
bit number m of one symbol i1s 10 bits and the multiple b
is 2.

[0252]
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the column twist interleave can be carried out by writing and reading out of code bits into and from a
memory and can be represented by a matrix for converting addresses (write addresses) into which
writing of code bits is to be carried out into addresses (readout addresses) from which reading out of
code bits is to be carried out. [0268] 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 if 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 column twist interleaved
can be obtained. [0269] Further, in addition to the parity interleaver 23 and the column twist
interleaver 24, also the'derhiifiplek&F 25 Ty bé eoRfiGlred irftegrally - [0270] the IRpaficUlar, also
the replacement process carried out by the demultiplexer 25 can be represented by a matrix for

converting a write"&titress 6PtheHiemoRF 32 forstBfing 8n L.DPE tbde irito dYeaii@dress. [0271]

direction and stores 16,200/(10 » 2) bits in the column
direction. Then, the writing starting position for tThe
first column from among the 20 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 27
the writing starting position for the f£ifth column is set
to the pogition whcese address is 2; the writing starting
position for the sixth column is set tTo the positiocon
whose address 1ig 2; the writing starting position for the
seventh cclumn is set to the pesition whose address is 2;
the writing starting position for the eighth column is
set to the position whose address 1s Z; the writing
starting position for the ninth column 1s set to the
position whose address 1s 5; the writing starting
position for the tenth column is set to the position
whose address is 5; the writing starting position for the
eleventh column 1s set to the pesition whose address is

5; the writing starting position for the twelfth column
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Accordingly, if a matrix obtained by multiplication of a matrix representative of the parity interleave,
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
replacement process can be carried out collectively by the determined matrix. [0272] It is to be
noted that it is possible to carry out only one of the parity interleave and the column twist interleave.
[0273] 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 28. [0274]

is sel to the position whose address is 5; the writing
starting positilon for the thirteenth column is set to the
position whose address 1s 5; the writing starting
position for the fourteenth column is set to the position
whose address is 7; the writfing starting position for the
fifteenth column is set to the position whose address is
7; the writing starting position for the sixzxteenth column
is set to the position whose address 1s 7; the writing
starting position for the seventeenth ccolumn is set to
the position whose address 1s 7; the writing starting
position for the eighteenth column is set to the position
whose address i1s 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
column is set fto the position whose address is 10.

[0253]

Further, where one of the first to third
replacement methods of FIG. 1¢ is adopted as the
replacement method for the replacement process of the
demultiplexer 25 (FIG. 8) and besides 4096QAM is adopted
as the modulation method, the bit number m of one symbol
is 12 bits and the multiple b is 1.
[0224]

In this instance, according to FIG. 24, the memory

100



The simulation was carried out adopting a communication path which has a flutter whose DAl is 0 dB.
[0275] FIG. 26 shows a model of the communication path adopted in the simulation. [0276]

In particular, A of FIG. 26 shows a model of the flutter adopted in the simulation. [0277]

Meanwhile, B of FIG. 26 shows a model of a communication path which has the flutter represented by
the model of A of FIG. 26. [0278] It is to be noted that, in B of FIG. 26, H represents the model of
the flutter of A of FIG. 26. Further, in B of FIG. 26, N represents ICI (Inter Carrier Interference), and in
the simulation, an expected value E[1\12] of the power was approximated by AWGN. [0279]

31 has 1Z columns for storing 12 = 1 bits in the row
direction and stores 16,200/(12 x 1) bits in the column
direction. Then, the writing starting position for the
first column from among the twelve columns of the memory
31 is set to the position whose address is 0; the writing
starting position for the second column i1s set to the
position whose address 1s 0; the writing starting
position for the third column is set to the position
wheose address is 0; the writing starting position for the
fourth column is set to the position whose address is 2;
the writing starting posgsition for the fifth column is set
to the position whose address is 2; the writing starting
position for the sixth coclumn is set to the position
whose address 1s 2; the writing starting position for the
seventh column is set tc the position whose address is 3;
the writing starting position for the eighth column is
set Lo the pesition whose address is 3; the writing
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
wnose address is 6; the writing starting position for the
eleventh column is set tTo the position whose address 1is
7; and the writing starting position for the twelfth

column 1is set to the position whose address is 7.
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FIGS. 27 and 28 illustrate relationships between the error rate obtained by the simulation and the
Doppler frequency fd of the flutter. [0280] It is to be noted that FIG. 27 illustrates a relationship
between the error rate and the Doppler frequency fd where the modulation method is 16QAM 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 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. [0281] 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 interlEa¥épdolumn twist interleave and replacement process were carried out, and a thin line
curve indicates the relationship between the error rate and the Doppler frequency fd where only the
replacement process fromam6rig tHe Farity itérléavs: colurmi hisStintaieale dhrreplfacehient

process was carried out.
17 is adopted as the replacement method for the

replacement process of the demultiplexer 25 (FIG. 8) and
besides 40960AM is adopted as the modulation method, the

bit number m of one symbol is 12 bits and the nmultiple b

In this instance, according to FIG. 24, the memory
31 has Z4 cclumns for storing 12 x 2 pkits in the row
direction and stores 16,200/(12 % 2) bits in the column
direction. Then, the writing starting position for the
first column from among the 24 columns of the memory 31
ig set to the position whose address is 0; the writing
starting position for the second column is set tc the
position whose address 1is 0; the writing starting
pesition 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 0;
the writing starting position for the fifth column is set
to the pesition whose address is 0; the writing starting
position for the =zixth column is set to the position
whose address is {; the writing starting position for the

seventh column is set to the position whose address is 0;
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[0282] In both of FIGS. 27 and 28, it can be recognized that the error rate improves (decreases)
where all of the parity interleave, column twist interleave and replacement process are carried out
rather than where only the replacement process is carried out. [0283] FIG. 29 is a block diagram
showing an example of a configuration of the reception apparatus 12 of FIG. 7. [0284] Referring
to FIG. 29, 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 decoding section 56. [0285]

the writing starting position for the eighth column is

set to the position whose address is 1; the writing

starting position for the ninth column is set to the

position whose address is 1; the writing starting

positicon for the tenth column is set to the poesition

whose address is 1; the writing starting position for the

eleventh column is set to the position whose address is

Z2; the writing starting position for the twelfth column

is set to the position whose address is 2; the writing

starting position for the thirteenth column is set to the

pesition whose address is 2; the writing starting

position for the fourteenth column is set to the position

whose address is 3; the writing starting position for the

fifteenth column is set to the position whose address is

7; the writing starting positicn for the sixteenth column

is set to the position whose address is 9; the writing

starting position for the seventeenth column 1s set to

the position whose address 1s 9; the writing starting

position for the eighteenth column is set to the position

whose address is 9; the writing starting position for the

nineteenth column is set to the position whose address is

10; the writing starting position for the twentieth

column is set to the position whose address 1s 10; the

writing starting position for the 21st column is set to
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The orthogonal demodulation. section 51 receives a modulation signal from the transmission
apparatus 11 and carries out orthogonal demodulation, and then supplies symbols obtained as a result
of the orthogonal demodulation (values on the | and Q axes) to the demapping section 52. [0286]

The demapping section 52 carries out demapping of converting the symbols from the orthogonal
demodulation section 51 to code bits of an LDPC code and supplies the code bits to the deinterleaver

53. [0287] The deinterleaver 53 includes a multiplexer (MUX) 54 and a column twist deinterleaver
55 and carries out deinterleave of the code bits of the LDPC code from the demapping section 52.
[0288] In particular, the multiplexer 54 carries out a reverse replacement process (reverse

process to the tieplacement processs €orrasparyding. to the; replacement pracesszcarried; out by the
demultiplexer 25 of FIG. 8 for the LDPC codes from the dbmapping section 52, that is, a reverse
replacement process oprettifiing lve pasitions ofithe cotlessits replaced hycthe reptacement process to
the original positions. Then, the multiplexer 54 supplies an LDPC code obtained as a result of the
reverse replacéfferfprockss 18 the-E6luin' twisttetriteHbaver 55°§0289]n for the 23xd

column 1s set to the position whose address is 10; and
the writing starting poesition for the 24th column is set
to the position whose address is 11.

[0257]

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.

[0258]

The LDPPC encoding section 21 waits that object data
are supplied thereto and, at step 3101, encodes the
cbject data into LDPC codes and supplies the LDCP codes
to the bit interleaver 22. Thereafter, the processing
advances to step $102.

[0259]

At step 8102, the bit interleaver 22 carries out
bit interleave for the LDPC codes from the LDPC encoding
gection 21 and supplies the LDPC codes after the
interleave to the mapping section 26. Thereafter, the
processing advances to step S5103.

[0260]

In particular, at step 5102, the parity interleaver
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The column twist deinterleaver 55 carries out column twist deinterleave (reverse process to the column
twist interleave) corresponding to the column twist interleave as the re-arrangement process earned
out by the column twist interleaver 24 of FIG. 8, that is, for example, column twist deinterleave as a
reverse rearrangement 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. [0290] 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 theZ@emory 3¢ shownliin RG22 and socforthr J0291] out résrtothe 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’isiiy freatFaddtésdescupoit Feadiritdut theTtotes floft theeehsor) 31 as write
addresses. Meanwhile, readout of the code bits is carried out in the column direction of the memory for

deinterleave uSihgthewrite adifesseRRipbRvritity ofthe cotdbitsdntothe riémBAF 31 4s read

addresses. [02,924 The LDPC codes obtained as a result of the column twist interleave are
supplied from tHE-EGILMA ‘thist delftér &S5 tothe L DPC de¢6aikg setfion 56. [0293] Here,

while the LDP(éOc%if supplied from the demapping section 52 to the deinterleaver 53 has been
obtained by the pari 3) interleave, column twist interleave and replacement process carried out in this

order therefor, the deintlelrllga%%r]]%??nﬁarﬂ?f So‘y.t 391@‘%’@% reverse. rezpﬁ’_a%eﬂ%gte%roggscs %%rﬁ%onding to

the replacement process and column twist deinterleave
twist interleave for the LDPC codes from the parity

interleaver 23 and then the demultiplexer 25 carries out

a replacement process for the LDPC codes after the column
twist interleave by the column twist interleaver 24. Then,
the LDPC codes after the replacement process are supplied
from the demultiplexer 25 to the mapping sechion Z6.

[02€¢z]

AT step 5103, the mapping section 26 maps the m
code bits of the LDPC codes from the demultiplexer 25 to
symbols represented by signal points defined by the
modulation method of orthogonal modulation carried out by
the orthogonal modulation secticn 27 and supplies the
mapped code bits to the orthogonal modulatiocon section 27.
Then, the processing advances to step 5104.

[0263]

At step 5104, the orthogonal modulation section 27

carries out orthogonal meodulation of a carrier in

accordance with the symbols from the mapping section 26,
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corresponding to 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. [0299] 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 (column twist deinterleaver 55 of
the) deinterleaver 53 to the LDPC decoding section 56. [0295] The LDPC decoding section 56
carries out LDPC decoding of the LDPC code from the deinterleaver 53 using a. conversion parity
check matrix, Sbtaineddsyecarrying st atleasteslomd replacement £6irespdndihg tdithieparity
interleave for the parity check matrix H used for the LDPC encoding by the LDPC encoding section 21
of FIG. 8, and Bufputs datd obtaifiedas d Fesulest the LDPC deesding asha deedding vasult of the

object data. [0296 . FIG. 30 is a flow chart illustrating a reception process carried out by the
recepﬂon.apd@ Héﬁ?%ﬁ@ﬂ@?Z@FE@@WPttedf whereafter the processing is
andead.
[G264]

It 1s to be noted that the transmission process of
FIG. Z5 is carried out repetitively.

[0265]

By carrying out the parity interleave and the
column twist interleave as described above, the teolerance
to erasure or burst errors where a plurality of code bits
of an LDPC codes are fransmitted as one symbol can be
improved.

[C260]

Here, while, in FIG. 8, the parity interisaver 23
which is a block for carrying 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 otherwlse be configured
integrally with each other.

[0287]

In particular, both of the parity interleave and
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The orthogonal demodulation section 51 receives a modulation signal from the transmission apparatus
11 at step S111. Then, the processing advances to step 8112, at which the orthogonal demodulation
section 51 carries out orthogonal demodulation of the modulation signal. The orthogonal demodulation
section 51 supplies symbols obtained as a result of the orthogonal demodulation to the demapping
section 52, whereafter the processing advances from step 8112 to step 8113. [0298] At step
8113, the demapping section 52 carries out demapping of 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, whereafter the processing advances to step 8114. [0299] At step 8114, the
deinterleaver 33:€arfies oot deinicrieave lof 1he evde bits oPtheCEDP Ccbdefrofithe deliapbing
section 52, whereafter the processing advances to step 8115. [0300] In particular, at step 3114,
the multiplexe 254 in the“deifterleavér 53 ealties out a'relérsdidplatement Brotess férthe LDPC
code from the demapping section 52 and supplies LDPC code obtained as a result of the reverse

replacement pficess to 5 ESIaRTH st deifitefiBhverss; ©f converting addresses

(write addresses) into which writing of code bits isgs to
be carried out into addresses (readout addresses) from
which reading out of code bits is to be carried ocut.
[0268]

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 column twist interleaved can be obtained.
[0269]

Further, in addition to the parity interleaver 23
and the column twist interleaver 24, also the
demultiplexer 25 may be configured integrally.

[0270]

In particular, 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.

[0271]
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[0301] 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 section 56. [0302] At step 3115, the LDPC decoding section 56 carries out
LDPC decoding 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.
Thereatfter, the processing is ended. [0303] It is to be noted that the reception process of FIG.
30 is carried out repetit&-Ey° [0B04Y Also ihFIG. POt thexmulhipfeker B496r darkyinglication

of 2 matrix representative of the parity interleave,
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
replacement process can be carried out collectively by
the delermined matrix.

[0272]

It is to be noted that it is possible to carry out
only one of the parity interieave and the column twist
interleave.

[0273]

Now, a simulation carried out with regard to the
transmission apparatus 11 of FIG. 8 for measuring the
error rate (bilt error rate) 1s described with reference
to FIGS. 26 to 28.
c2747

The simulation was carried out adopting a
communicatiocn path which has a flutter whose D/U is 0 dB.
[0275]

FIG. 26 shows a model of the communication path
adopted in the simulation.

[Cz76]

108



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 case of FIG. 8. However, the multiplexer 54 and the column twist deinterleaver 55
can be configured integrally with each other. [0305] 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. 29. [0306] Now, the LDPC decoding
carried out by the LDPC decoding section 56 of FIG. 29 is further described.
In particular, A of FIG. 26 shows a model of the
flutter adopted in the simulation.
[06277]
Meanwhile, B of FIG. 26 shows a model of a
communication path which has the flutter represented by
the model of A of FIG. Z26.
[0278]
Tt is to be noted that, in B of FIG. 26, H
represents the model of the fiutter of A of FIG. 26,
Further, in B of FIG. 26, N represents ICI (Inter Carrier
Interference), and in the simulation, an expected value
EIN“] of the power was approximated by AWGN.
[0279]
FIGS. 27 and 28 illustrate relationships between

the error rate obtained by the simulation and the Doppler

fregquency fg of the flutter.

it 1s to be noted that FIG. 27 illustrates a
relationship between the error rate and the Doppler
frequency fg where the modulation method i1s 16QAM 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 f£g where the modulation method
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[0307] The LDPC decoding section 56 of FIG. 29 carries out LDPC decoding 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. [0308] Here, LDPC decoding which can
suppress the 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 formedly {reiéitoa fot example clapaness Patertilaid-Open’/No. 2004-348176)s

(62811

Further, in FIGS. 27 and 28, a thick line curve
indicates the relationship between the error rate and the
Doppler freguency fg 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 errcr rate and the Doppler
freguency fg where only the replacement process from among
the parity interieave, column twist interleave and
replacement process was carried out.

[0z82]

In both of FIGS. 27 and 28, it can be recognized
that the error rate improves {decreases) where all of the
parity interleave, column twist interleave and
replacement process are carried out rather than where
only the replacement process is carried out.

[0283]

FIG. 29 is a block diagram showing an example of a
configuration ¢of the reception apparatus 12 of FIG. 7.
[0284]

Referring to FIG. 29, the recepticon apparatus 12 is

a data processing apparatus for receiving a modulation
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[0309] Thus, the formerly proposed LDPC decoding which uses a conversion parity check matrix is
described first with reference to FIGS. 31 to 34. [0310] FIG. 31 shows an example of the parity
check matrix H of an LDPC code whose code length N is 90 and encoding rate is 2/3. [0311] It is to be
noted that, in FIG. 31, O is represented by a period (.) (this similarly applies also to FIGS. 32 and 33
hereinafter described).

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
decoding section 56.

[0285]

The ortheogonal demcdulation section 51 receives &
medulation signal from the transmission apparatus 11 and
carries cut orthegonal demodulation, and then supplies
symbols cbtained as a result of the crthogonal
demcdulation (values on the I and O axes) to the
demapping section bZ.

[0286]

The demapping section 52 carries out demapping of
converting the symbols from the orthogonal demodulation
section 51 to ccde bits of an LDPC code and supplies the
code bits to the deinterleaver 53.

[0287]

The deinterleaver 53 includes a multiplexer (MUX)
54 and a column twist deinterleaver 55 and carries out
deinterleave of the code bits of the LDPC code from the
demapping section 52.

[0288&]
In particular, the multiplexer 54 carries out a

reverse replacement process {(reverse process to the
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[0312] In the parity check matrix H of FIG. 31, the parity matrix has a staircase structure. [0313]
FIG. 32 illustrates a parity check matrix H' obtained by applying row replacement of an expression (8)
and column replacement of an expression (9) to the parity check matrix H of FIG. 31. [0314 Row
replacement: 6s+t+Ith row - 5t+s+Ith row [0315] column [0316] - (8)
Column replacement: 6x+y+61th column5y+x+61th

replacement process) corresponding to the replacement
process carried out by the demultiplexer 25 of FIG. 8 fox
the LDPC codes from the demapping section 52, that is, a
reverse replacement process of returning the positions of
the code bits replaced by the replacement process to the
original positions. Then, the mulitiplexer 54 supplies an
LDPC code obtained as a result of the reverse replacement
process to the column twist deinterleaver 55.

[0289]

" The column twist deinterleaver 55 carriss out
column twist deinterleave (reverse process to the column
twist interleave} corresponding to the column twist
interieave 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 reverss ra-
arrangement process of returning the arrangement of the
code bits of the LDPC code having an arrangement changed
by the ceclumn twist interleave as the re-arrangement
process to the original arrangement, for the LDPC code
from the multiplexer 54.

[0280]
In particular, the column twist delinterleaver 55
carries out column twist deinterleave by writing the code

bits of the LDPC cede into and reading out the written
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-(9) However, in the expressions (8) and (9), s, t, x and y are integers within the ranges of 0 LC-
s<5,0ft<6,0x<5andO0t<6, respectively. [0317] According to the row replacement of the
expression (8), the replacement is carried out in such a manner that the 1st, 7th, 13th, 19th and 25th
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, 8th, 14th, 20th and 26th rows each of whose numbers
indicates a remainder of 2 where it is divided by 6 are replaced to 6th, 7th, 8th, 9th and 10th rows.
[0318] On the other hand, according to the column replacement of the expression (9), the
replacement is carried out for the 61st and succeeding columns (parity matrix) such that the 61st, 67th,
73rd, 79th and<85th columns each df:whosepumbers indicatés aremainderiof Inwheresit is divided by
6 are replaced to 61st, 62nd, 63rd, 64th and 65th columns, and the 62nd, 68th, 74th, 80th and 86th
columns each B¢ WiosE PluriErS itli€atas remainder=die Whar is'divisiedsy 6 are féplaced to
66th, 67th, 68th 69th and 70th columns.

2% and so forth.

It is to be noted thait, 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
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 21 as read addresses.
10292]

The LDPC codes obtained as a result of the column
twist interleave are supplied from the cclumn twist
deinterleaver 55 to the LDPC decoding section 56.

(02831

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
crder therefor, the deinterleaver 53 carries out only a
reverse replacement process corresponding to the

replacement process and column twist deinterleave
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[0319] A matrix obtained by carrying out replacement of the rows and the columns for the parity
check matrix H of FIG. 31 is a parity check matrix H' of FIG. 32. [0320] Here, even if the row
replacement of the parity check matrix H is carried out, this does not have an influence on the
arrangement of the code bits of the LDPC code. [0321] Meanwhile, the column replacement of
the expression (9) corresponds to parity interleave when the information length K, the unit column
number P of the cyclic structure and the devisor g (- M/P) of the parity length M (here, 30) in the parity
interleave of interleaving the KI-gx+y+lth code bit to the position of the KgPy+x+Ith code bit are set to
60, 5 and 6, respectively. [0322]

corresponding to 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 tThe LDPC codes, whose

arrangement has been varied by the parity interleave, to

the original arrangement, 1s not carried out.

[0294]

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 cut is supplied from the (column twist

deinterleaver 55 of the) deinterleaver 53 to the LDPC

decoding section 56.

(02951

The LDPC decoding section 56 carries out LDEC

decoding of the LDPC code from the deinterleaver 53 using

a conversion parity check matrix, obtained by carrying

out at least column replacemeni corresponding to the

parity interleave for the parity check matrix H used for

the LDPC encoding by the ILDPC encoding section 21 of FIG.

8, and cutputs data obtained as a result of the LDPC

decoding as a decoding result of the object data.

[0296]
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If the parity check matrix H' (hereinafter referred to suitably as replacement parity check matrix) of FIG.
32 is multiplied by a result of replacement same as that of the expression (9) for the LDPC code of the
parity check matrix H (hereinafter referred to suitably as original parity check matrix) of FIG. 31, then
the O vector is outputted_ In particular, where a row vector obtained by applying the column
replacement of the expression (9) for the row vector ¢ as the LDPC code (one codeword) of the
original parity check matrix H is represented by c', since HoT becomes the 0 vector on the basis of the
characteristic of the parity check matrix, also H'c'T naturally becomes the 0 vector. [0323] From
the foregoing, the conversion parity check matrix H' of FIG. 32 becomes the parity check matrix of an
LDPC code c' obtained by €arryihgisutihé totunwh seplacemanttofahie expressiore(®) forthe LDPC
code c of the original parity check matrix H. [0324] Accordingly, by carrying out the column
replacement oftheéxpression {9 FoPtHe PDPT Codee€s DPthecdrigiival Patifyehdck matrix"4; decoding
(LDPC decoding) the LDPC code c after the column replacement using the parity check matrix H' of
FIG. 32 and thé carrying out reverse replacement to the column replacement of the expression (9) for
result of decodmga?(iecoding result similar to that obtained where the LDPC code of the original
parity check m His decoded using the parity check matrix H can be obtained. [0325] FIG. 33

shows the conversion parfy ehied/Daix H GLFI, T2 #hsrei a:spase is proyided betyeen unis of

modulation signal from the transmissiocon apparatus 11 at
step S8111. Then, the processing advances to step $112, at
which the corthogonal demodulation section 51 carries out
orthogonal demodulation of the modulation signal. The
orthogonal demodulation section 51 supplies gymbols
obtained as a result of the orthogonal demcdulation to
the demapping section 52, whereafter the processing
advances from step S112Z to step S113.

[0288]

At step 8113, the demapping section 52 carries out
demapping of ccnverting the symbols from the orthogonal
demodulation section 51 into code hits of an LDPC code
and supplies the code bits to the deinterleaver L3,
whereafter the processing advances to step S114.

[02599]

At step 5114, the deinterleaver 53 carries out
deinterleave of the code bits of the LDPC code from the
demapping section 5Z, whereafter the processing advances

to step S115.
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In FIG. 33, the conversion parity check matrix H is represented by a combination of a unit matrix of 5 x
5 elements, another matrix (hereinafter referred to suitably as quasi unit matrix) which corresponds to
the unit matrix whose element or elements of | 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 quasi
unit matrix after it is cyclically shifted (cyclic shift), a still further matrix (hereinafter referred to suitably
as sum matrix) of two or more of the unit matrix, quasi unit matrix and shift matrix, and a O matrix of 5 x
5 elements. [0327J It can be regarded that the conversion parity check matrix H' of FIG. 33 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. ThetéféF,dhe matrices of 5 x 5 elements which compose the conversion parity check matrix
H' are hereinafter referred to as component matrices, [0328 For decoding of an LDPC code
represented by a parity chegR fivatfix tépreséiited 15Fa Matfix of P B'eomigorients an‘arthitecture

which carries out check node mathematical operation and variable node mathematical operation

simultaneousl}lf’oﬁ’ PlEhedeRdGEs &id E%a?%ﬁ@ﬁ&dé%%aﬁb& %‘é@&ﬂ%ﬁ@flace%fﬁtm is a block
diagram showng an example of 2 cqnfiguraton. of 2 deoeding apRaretys, which earies gyt suer

and suppiliies LDPC code obtained as a result of the

reverse replacement process to the column twist

deinterleaver 5G.

f0301]

The column twist deinterleaver 55 carries out
column ftwist deinterleave for the LDPC code from the
nultiplexer 54 and supplies an LDPC code obtained as a
result of the column twist deinterleave to the LDPC
decoding section 56.

[(0302]

At step £115, the LDPC decoding section 56 carries
out LDPC decoding ¢f 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 encoeding by the LDPC
encoding section 21 of FIG. 8, and outputs data cbtained
by the LDPC decoding as a decoding result of the object

data. Thereafter, the processing is ended.

FO0303]
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[03301 In particular, FIG. 34 shows an example of a configuration of a decoding apparatus which
carries out decoding of LDPC codes of the original parity check matrix H of FIG. 31 using the
conversion parity check matrix H' of FIG. 33 obtained by carrying out at least the column replacement
of the expression (9). [0331] The decoding apparatus of FIG. 34 includes an edge data storage
memory 300 including six FIFOs 3001 to 3006, a selector 301 for selecting the FIFOs 3001 to 3006, a
check node calculation section 302, two cyclic shift circuits 303 and 308, an edge data storage
memory 304 including 18 FIFOs 3041 to 30418, a selector 305 for selecting the FIFOs 3041 to 30418,
a reception data memory 306 for storing reception information, a variable node calculation section 307,
a decoded word calculatibn section 8091 @ feceptiba daltd fe-arrangément section:310; and Edecoded
data re-arrangement section 311. [0332] s, a storage method of data into the edge data storage
memories 300 -dhd 304 B desefibed 0338t 1 ¢ THeledge data storage memory 300 includes the six
FIFOs 3001 to 3006 the number of which is equal to a quotient when the row number 30 of the
conversion par’rt@%@'\%gtk matrix H' of FIG. 33 is divided by the row number 5 of the component

matrices. Each of the FIFlOs 300y§yT-Gl, % ..., 6) has qg%u,ra£¥ of stegges of storage regions such that
messages corresponding tofive edges whose HUMbaF s édquat 16 the numB&r SFrowsaHd the number

of columns of tggthg%%onent matrices c§b% be read out from or vg%téeq:%o E:hel?c,tovr}agce regions of each

stage at the same time. Fﬂﬁﬁgﬁ%ﬁe hum e?%?%?abge%%ﬁﬁes %torage reglonsO of ach F 300, is nine

which is the maximum pumber of ks (Hamming. weight) in, the rqw dirgetign, ot thegonversion parity
check matrix of FIG. 33.
deinterleave are configured separately from each other
for the convenience of descripticn similarly as in the
case of FIG. €. However, the multiplexer 54 and the
column twist deinterleaver 00 can be configured
integrally with each other.
[0305]
Further, where the transmission apparatus 11 of FIG.
8 does not carry out the column ftwigt interleave, there
is no necessity to provide the column twist deinterleaver
55 in the reception apparatus 12 of FIG. 29.
f0306]
Now, the LDPC decoding carried out by the LDPC
decoding section 56 of FIG. 29 is further described.
[0307]
The LDPC decoding section 56 of FIG. 29 carries out
LDPC decoding 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
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[0334] In the FIFO 300, data (messages vi from variable nodes) corresponding to the positions of
the value 1 in the first to fifth rows of the conversion parity check matrix H' of FIG. 33 are stored in a
closed form in the horizontal direction in the individual rows (in the form wherein. 0 is ignored). In
particular, if an element in the j row of the ith column is represented as (j, i), then in the storage
regions at the first stage of the FIFO 3001, 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 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 check matrix H (a shift matrix obtained by
cyclically shiftibg thie umit matrik of5 x Selements: by thireerin the rghtivard direttian)z Alsesin the
storage regions at the third to eighth stages, data are stored in an associated relationship with the
conversion parity cheek mdrag HEThen, s thedstoratferegioniscat the nintl stdge; 'dats: corresponding
to the positions of the value of a shift matrix of (1, 86) to (5, 90) of the conversion parity check matrix
H' (a shift matBEoBtaiMd By repacing fie Paltie 21n t5e fifst FoW fthe aRit AztAgBES 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 05357 19 Inthe FIFBP3002Y dhid BrEspGhdiig td-the pusitiond of the value 1

from the sixth tghtem{h rows of th? conversion pz%rit check matrix H: of FIG. 33 are stored. In
particular, in the Storageredion at the Hst'stage BFthe FIF G366 dita R8rrESFonding to the positions
of the value 1 ofa (f;![j?t shift matcrix WhiEE]f%r%n%ﬁ(T?un% matrix from (6,) to (10 5) of the conversion parity

check matrix H'?gsu%nr%atsrﬁcwﬁi%ﬁ is the sum of a first shift matrix obtained by cyclically shifting the

unit matrix of 5% @géqments by one in the 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. Further,

in the storage region at the-secansbstage data correspending o éfﬁ%gegggnw@he value 1 of the
second shift matrix which forms the sum matrix from (6, 1) to (10, 5) of the conversion parity check
matrix H' are stgfedation freguency 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,
Japanese Patent Lald-Open No. 2004-343170).
10309]
Thus, the formerly proposed LDPC decoding which
uses a conversion parity check matrix is described first
with reference to FIGS. 31 to 34,
[0310]
FIG. 31 shows an example of the parity check matrix
H of an LDPC code whose code length N is 90 and encoding
rate is 2/3.
[0311]
It is to be noted that, in FIG. 31, 0 is

represented by a period (.} (this similarly applies alsc
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[03361 In particular, with regard to 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 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 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 3001 to 3006). [0337] Also in the storage regions at the third to ninth
stages, data ateostoiébin ar¥ assotiatédiretationstip avithrthe conlversion parity check matrix H. [0338]
Also the FIFOs 3003 to 3006 store data in an associated relationship with the conversion parity check
matrix H'. [0312]

In the parity check matrix H of FIG. 31, the parity
matrix has a staircase structure.
(03137

FIG. 32 illustrates a parity check matrix H’
obtained by applying row replacement of an expression (8)
and column replacement of an expression (9) to the parity

check matrix H of FIG. 31.

[0314]
Row replacement: 6s+t+1lth row - 5t+s+1th row
(8)
[0315]
Column replacement: ex+y+6lth column — Sy+x+61Lh
column
(9)
[03186]

However, in the expressions {8} and {9}, s, L, X
and vy are integers within the ranges of 0 £ s < 5, 0 £ ¢

<6, 0% x <5 and 0 £t < 6, respectively.

According to the row replacement of the expression
(8), the replacement i1s carried out in such a manner that

the 1st, 7th, 13th, 192th and 25th rows each of whose
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[0339] The edge data storage memory 304 includes 18 FIFOs 3041 to 30418 the number of
which is equal to the quotient when the column number 90 of the conversion parity check matrix H is
divided by the column number 5 of the component matrix. Each edge data storage memory 304x (x =
1, 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 columns of the
conversion parity check matrix H' can be read out from or written into the storage regions of each
stage at the same time. [0340] In the FIFO 3041, data corresponding to the positions of the value
1 from the first to fifth columns of the conversion parity check matrix H' of FIG. 33 (messages uj from
the check nodes)rarerstoreddn @a¢lesed foramimithesvertical direttioreinithe individualealumns (in the
form wherein O is ignored). In particular, in the storage regions at the first stage of the FIFO 304, data
corresponding@odlié pbsitibas of thecvdlie 116fthe Unit-matkit of 5505 @leménts frior§l; 1) to (5, 5) of
the conversion parity check matrix H' are stored. In the storage regions at the second stage, data
corresponding8dne PBsitibAs of the valdé bf adirst st atint Whictrforma @ siinh ifatFig$rom (6, 1) to

(10, 5) of the vertical parity check matrix H' (a sum matrix which is the sum of a first shift matrix

obtained by cythE&if/ shifting tHé bhft nfathikof 578 BléMerits by drie tbithd Fight Bhd & sétbnd shift

matrix obtained by cyclically shifting the unit matrix of 5 x 5 elements by two to the right) are stored.
Further, in the%t%%%e%ggilgﬁg E) tr?eotr%r%%tggé},{ldatétc%freglﬁ%n&llﬁga toi/ Qh%éhpé“scﬁ'fésris of the value 1 of
the second shiftorg@tO.rEX which forms the sum matrix from (6, 1) to (10, 5) of the vertical parity check

matrix H'.

On the other hand, according to the column
replacement of the expression (9), the replacement is
carried out for the 6lst and succeeding columns (parity
matrix) such that the 6lst, 67th, 73rd, 79th and 85th
columns each of whose numbers indicates a remainder of 1
where it 1s divided by ¢ are replaced to 6ist, 62nd, &3rd,
o4th and 65th cclumns, and the 62nd, 68th, 74th, B0th and
g6th columns each of whose numbers indicates a remainder
of 2 where it is divided by 6 are replaced to &6éth, 67th,
&¢8th, 69th and 70th columns.

[0319]

A matrix obtained by carrying out replacement of
the rows and the columns for the parity check matrix H of
FIG. 31 is a parity check matrix H’ of FIG. 32.

[0320]

Here, even 1f the row replacement of The parity

check matrix H is carried out, this does not have an

influence on the arrangement of the code bits of the LDPFC
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[0341] In particular, with regard to 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 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 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 3041 to 304). [0342] Also with regard to the storage regions at the
fourth and fifthostdges, 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 3041 is 5 which is a maximum
number of the Hifdder of Is (Hamming weight) in the row direction in the first to fifth columns of the
conversion parity check matrix H'. [0343] Also the FIFOs 3042 and 3043 store data in an
associated relatlonshlpb\'}ﬁﬁf}t‘ﬁ]éjc]o%veilshc?n FArty EheER Tt B Simifarly F BRd T4k Téiith tstage
number) of the F%FOS 3042 and 3043 is 5. Also the FIFOs 3044 to 30412 store fata in an associated
relationship with'the"Cnversioh parity chstk matrix H i nﬁngrY% ahd8hch1Ength'6FthE FiFBs 3044 to

304121s 3. AIS_LO the EllFEQS the unit column number P of the cyclic
structure and the devisor g (= M/P) of the parity length
M (here, 30) in the parity interleave of interlieaving the
K+gxt+ytlth code bit to the positicon of the K4Py+x+1lth
cede bit are set to 60, 5 and 6, respectiveiy.
[0322]

If the parity check matrix H (hereinafter referred
to suitably as replacement parity check matrix) of FIG.
32 is muitiplied by a result of replacement same as that
of the expression (9) for the LDPC code of the parity
check matrix H (hereinafter referred to suitably as
original parity check matrix) of FIG. 31, then the 0
vector is outputted. In particular, where a row vector
cbhtained by applyving the column replacement of the
expression {9) for the row vector ¢ as the LDPC code (one
codeword) of the original parity check matrix H is
represented by ¢’, since Hc' becomes the 0 vector on the
basis of the characteristic of the parity check matrix,
also H'c’? naturally becomes the 0 vector.

[0323]

[
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304n to 30418 store data in an associated relationship with the conversion parity check matrix H'
similarly, and each length of the FIFOs 30413 to 30418 is 2. [0344] Now, operation of the
decoding apparatus of FIG. 34 is described. [0345] The edge data storage memory 300 includes
the six FIFOs 3001 to 3006, and FIFOs into which data are to be stored are selected from among the
FIFOs 3001 to 3006 in accordance with information (Matrix data) 3312 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
From the foregoing, the conversion parity check
matrix H' of FIG. 32 becomes the parity check matrix of
an LDPC code ¢’ obtained by carrying cut the column
replacement of the expression (9) for the LDPC code ¢ of
the original parity check matrix H.
[0324]
Accordingly, by carrying cut the column replacement
of the expression (9} for the LDPC code ¢ of the original
parity check matrix H, decoding (LDPC decoding) the LDPC
code ¢ after the column replacement using the parity
check matrix H’ of FIG. 32 and tThen carrying out reverse
replacement to the column replacement of the expression
{9) for result of deccding, a deccding 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 obtained.
[0325]
FIG. 33 shows the conversion parity check matrix HY
of FIG. 32 wherein a space is provided between units of 5
x 5 matrices.
(03207
In FIG. 33, the conversion parity check matrix Hf

is represented by a combination of a unit matrix of 5 x 5

elements, another matrix (hereinafter referred to
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order into the selected FIFOs. Further, when data are to be read out, the edge date storage memory
300 reads out five messages D3001 in order from the FIFO 3001 and supplies the five messages
D300L1 to the selector 301 at 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
FIFOs 3302 to 3006 and supplies the read out messages to the selector 301. [0346] The selector
301 selects the five messages from that FIFO from which data are currently read out from among the
FIFOs 3001 to 3006 in accordance with a select signal 0301 and supplies the five messages as
messages D302 to the check node calculation section 302. [0347] The check node calculation
section 302 includes:fivey checkomede. calodlators 3021 to30256 landccardes outithetcheckanode
mathematical operation in accordance with the expression (7) using the messages 0302 (D3021 to
03025) (messagestvitot e expression ¢ 7)) supplied tieretorthfcughfthé selecteh30sFhen, the check
node calculation section 302 supplies five messages 0303 (03031 to 03035) (messages uj of the
expression (7)) Bbfaired &3 A'fashilt OF tife EREEk Fode nfathématical bpéradtdhitothe cyclic shift circuit

303. [0348] _The cyclic shift circuit 303 cyclically sh}ifts the five messages D3031 to 3035
determined by tHE Ehieckn66E carchiatibh Setfior $05 Hakéd vh ifformatBa tiatrix 4ty 6305

regarding by what numbergf o’rii_%inghunit ma%ricestthe corresg[onding edggs are cxclicay shifted in the
conversion paﬁt@rcﬁee%g?ﬁla rix H, and” sﬁlp?pjﬁes%arersjuff of the gyac% shift as Igarﬁ(Ta:ssxaga‘e 4 to the

edge data storage memony; 30411 o1 rred (cyclic shift), a still further

matrix {hereinafter referred to suitably as sum matrix)
of two or more of Lthe unit matrix, gquasi unit matrix and
shift matrix, and a 0 matrix of 5 x 5 slements.

[0327]

It can be regarded that the conversion parity check
matrix H’ of FIG. 33 is composed of a unit matrix, a
guasi 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 compoese the conversion parity check matrix
H” are hereinafter referred to as component matrices.
[0328]

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 ocut check node
mathematical operation and variable node mathematical
cperation simultaneously fcor P check ncdes and P variable

nodes can be used.

[G329]
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[0349] The edge data storage memory 304 includes 18 FIFOs 304, to 30418. The edge data
storage memory 304 selects a FIFO into which data are to be stored from among the FIFOs 3041 to
30418 in accordance with the information 0305 regarding to which row of the conversion parity check
matrix H' the five messages 0304 supplied from the cyclic shift circuit 303 at the preceding stage
belong and collectively stores the five messages 0304 in order into the selected FIFO. On the other
hand, when data are to be read out, the edge data storage memory 304 reads out five messages
03061 in order from the FIFO 3041 and supplies the messages 03061 to the selector 305 at the
succeeding stage. After the reading out of data from the FIFO 3041 ends, the edge data storage
memory 304 reads out ME$sagdés ircorder hisokromahe #FOs 304240 30448 @nd supplies the
messages to the selector 305. [0350] The selector 305 selects the five messages from the FIFO
from which datzareiclrteritlyTread out froframeng the EOS 89416 30418 i aécordaiice with a
select signal 0307 and supplies the selected messages as messages 0308 to the variable node
calculation se&ighB30EaAE tHE déodetiwortPSalédation section 309. [0351] On the other hand,
the reception data rearrangement section 310 carries out the column replacement of the expression
(9) to re-arranéfg an'DPC code 0313 received through a communication path and supplies the
re-arranged. LDPC code 0313 as recggtion Q%a 03}]54 t%the reception dat'? meraory 306. The
reception data memory gcalculates Hnd stores & r‘ecgép%"c\;ﬁ LTR &%&ﬂﬁ mic likelihood ratio) from

the reception data. 0314, supplied thereto fram e eception data rearangemesectign 310 and
u

collects and sucp%}ies every five ones of the reception LLAs as reception values D309 to the variable
nOdeCamumﬂ%%é%@%%bsg%aﬂ%ﬁ@ecodes of the original parity check

matrix H of FIG. 31 using the conversion parity check
matrix H’ of FIG. 33 obtained by carrying out at least
the column replacement of the expression (9).
03317

The decoding apparatus of FIG. 34 includes an edge
data storage memcry 300 including six FIir0s 300 to 300,
a selector 301 for selecting the FIFOs 300, tce 3004, a
check node calculation section 302, two cyclic shift
circuits 303 and 308, an edge data storage memory 304
including 18 FIFOs 304; to 304:s, & selector 305 for
selecting the FIFOs 304; to 304,53, a reception data memory
306 for storing reception information, a variable node
calculation section 307, a decoded word calculation
saction 309, a reception data re-arrangement section 310,
and a deccded data re-arrangement section 311.
0332]

First, a storage method of data inte the edge data
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decoded word calculation section 309. [0352] The variable node calculation section 307 includes
five variable node calculators 3071 to 3075 and carries 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 through the selector 305 and the five reception values D309
(reception values uoi of the expression (1)) supplied thereto from the reception data memory 306.
Then, the variable node calculation section 307 supplies messages D310 (D3011 to D3105)
(messages vi of the expression (1)) obtained as a result of the mathematical operation to the cyclic
shift circuit 308. [0353] The cyclic shift circuit 308 cyclically shifts messages D3101 to D3105
calculated by thecatiablensode-caleulation secticit 307 based onihfermation regarding by what
number of original unit matrices the corresponding edge is cyclically shifted in the conversion parity
check matrix H'9ard $upplies a result of the cyclic shifting as a message 0311 to the edge data

storage memory 300. [0354] By carrying out the sequence of operations described above, decoding in
one cycle of an LDPC codé candse iéd Ot FIRdFe BERBdirg Hppatatts $F ETG 84, &ffef an LDPC
code is decoded by a predetermined number of times, a final decoding result is determined by the

decoded word caicliatioh setior’309 andth deetded datd re=Errafigéifefit section 311 and then

outputted. guotient when the row number 30 of the conversion parity

check matrix H’ of FIG. 33 is divided by the row number 5
of the component matrices. =ach of the FIFCs 300, (y = 1,
2, .., 6) has a plurality of stages of storage regions
such that messages corresponding to five edges whose
number 1s egual 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, tThe number <f stages of the storage
regicns of each FIFO 300, is nine which is the maximum
number of 1s {Hamming weight) in the row directicn of the
conversion parity check matrix of FIG. 33.

[0334]

In the FIFO 300:;, data (messages v; from variable
nodes} corresponding to the positions of the value 1 in
the first to fifth rows of the conversion parity check
matrix H' of FIG. 33 are stored in a closed form in the
horizontal directicn in the individual rows (in the form
whnerein 0 is ignored}. In particular, if an element in

the ] row of the ith column 1s represented as (j, 1),
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[0355] 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 result (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
reception values 9309 (reception values uoi of the expression (5)) outputted from the reception data
memory 306. Then, the decoded word calculation section 309 supplies decoded data 9315 obtained
as a result of the calculation to the decoded data re-arrangement section 311. [0356] The
decoded data re-arrangement section 311 carries out reverse replacement to the column replacement
of the expression«(9) for the decdded datarB815sapplied-therdtdfrom the:decaded:weord calculation
section 309 to rearrange the order of the decoded data D315 and outputs the re-arranged decoded
data D315 as & Heeoding:restih 0316C[0357pond iAg described] alswve’ byapphing-bfe or both of row
replacement and column replacement to a parity check matrix (original parity check matrix) to convert
the parity chec‘kar{ﬁét‘}rixlint?ig; baftyeheckRatfix fconvetsibn patibFERedcmatiixy which éan be
represented by a combination_of a unit matrix of P x P elements, a quasi unit matrix which corresponds

to the unit mathik whose element 8FelefBHTS 8f P ar€ @harnged ints Aneléreérit ot eléients of 0, a

shift matrix which corresp%nds lﬁ the unit matrix or quasi unit mﬁurix after it is c%/clicallycfhifted, asum
. stored, n the Ftorag@ r@glops ar t.ﬁ sacond ?9@ aﬁﬁp
matrix of two or nmore of the unit matrix, quasi unit'matrix and shift matrix, and a 0°matrix of P x P

elements as describesd aobnog(_ehni%att)ﬁecegor%eg %o()sggptlej gon%d%qg fgkléDg&cod%_d%cPdén% n :Eatrchitecture

. . cCorre ] ). . dJ@ . . .
which carries out check node matical operation and variable node mathematical operation

simultanequs%&ogﬁgh%%od(eﬁa@di P variable n%%g_s. gpngggug%@vgysc%wi%%gpe node
mathematical operation simultaneously for P nodes, it is possible to suppress the operation frequency
within an implementable.range ta carry ot LBPG decoding[0358L5 1y cyclically

shifting the unit matrix of 5 x 5 elements 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 corresponding to the positions of the wvalue

of a shift matrix of (1, 86) to (5, 90) 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 x5 elements with the wvalue 0 and then cyclically

shifting the unit matrix after the replacement by one in

the leftward direction) are stored.

[0335]

In the FIFC 200:;, data corresponding to the

positions of the value 1 from the sixth to tenth rows of

the conversion parity check matrix H’ of FIG. 33 are
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The LDPC decoding section 56 which composes the reception apparatus 12 of FIG. 29 carries out
check node mathematical operation and variable node mathematical operation simultaneously for P
check nodes and P variable nodes to carry out LDPC decoding similarly to the decoding apparatus of
FIG. 34. [0359] 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 parity check matrix H wherein the parity matrix has a
staircase structure shown in FIG. 31. In this instance, the parity interleaver 23 of the transmission
apparatus 11 carries out parity interleave for interleaving the K-Fgx-f-y+Ith code bit to the position of
the K+Py+x-Elthccodelbit with therinformation length Kesetito 60gwithdhe amitacolurnr namber P of the
cyclic structure set to 5 and with the devisor g (= M/P) of the parity length M to 6. [0360] Since
this parity interfeav@-coriesponds id the>dlumriirsplacearert of thelexpreission(9), the LDPC decoding
section 56 need not carry out the column replacement of the expression (9). [0361] Therefore, in
the reception apfpatatis2 st FIGh29van LDPC edde forvilsich pafifytdéifteriéave hashot been
carried out, that is, an LDPC code in a state wherein the column replacement of the expression (9) is
carried out, is suppliedFrom th&sltnih tWisftelfterieavéP 55 16 the’l DPE d6oding section 56 as
described above. The LDPC decoding section 56 carries out processing similar to that of the decoding

apparatus of FIG 34 X¢&Pt tRArths ColtMift Fepidéémentiof thé exprestid (6 i’ AdtEarfigd out.

[0362] the sum of a first shift matrix obtained by cyclically

shifting the unit matrix of 5 x 5 elements by one in the
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. Further, in
the storage region at the second stage, data
corresponding to the positicons of the value 1 of the
second shift matrix which forms the sum matrix from (6,
1) to (10, 5} of the conversion parity check matrix Hf
are stored.

[0336]

In particular, with regard to a component matrix
whose welght 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,
a gquasi 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 guasi unit matrix, data
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In particular, FIG. 35 shows an example of a configuration of the LDPC decoding section 56 of FIG.
29. [0363] Referring to FIG. 35, the LDPC decoding section 56 is configured similarly to that of the
decoding apparatus of FIG. 34 except that the reception data re-arrangement section 310 of FIG. 34 is
not provided and carries out processing similar to that of the decoding apparatus of FIG. 39 except
that the column replacement of the expression (9) is not carried out. Therefore, description of the
LOPS decoding section 56 is omitted herein. [0369] Since the LOPS decoding section 56 can be
configured without including the reception data rearrangement section 310 as described above, it can
be reduced in scale in comparison with the decoding apparatus of FIG. 34. [0365] It is to be noted
that, while, in FIGS: 84rtor85; itds assumed thatithe codedangth & otthed DPG todeds 9Q;the
information length K is 60; the unit column number P (row number and column number of a component
matrix) of the dyeli¢ structareris5; andthe devisor qx(=3\/P) of the: parityWength Mds 6hfor simplified
description, the code length N, information length K, unit column number P of the cyclic structure and
the devisor q (2 M/P} afe BB EindrAdiaiy tindlteetothe specific vallesgiven dbove140366]t In
particular, while the LDPC encoding section 21 in the transmission apparatus 11 of FIG. 8 outputs an
LOPS code wHetEh! for éXafipte, the 'colid térgthN issh i ft matrix) are stored

into the same address (same FIFO from among the FIFOs 300,
to 3004) .
[0337]

Also 1n the stocrage regions at the third to ninth
stages, data are stored in an associated relationship
with the conversion parity check matrix H'.

[0338]

Also the FIFOs 30053 to 300¢ store data in an
associated relationship with the conversion parity check
matrix H'.

[0339]

The edge data storage memory 304 includes 18 FIFCs
304, to 304, the number of which is egual to the quotient
when the column number 90 of the conversion parity check

matrix H’ 1s divided by the column number 5 of the

It

component matrix. Each edge data storage memory 304, (x
L, 2, «, 18) includes a plurality of stages of storage
regions, and messages corresponding to five edges the
numpber of which is equal to the number of rows and the

number of celumns of the conversion parity check matrix
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64,800, the information length K is N - Pq (= 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 in FIG. 35 can be applied also where
LDPC decoding is carried out by carrying out the check node mathematical operation and the variable
node mat hematical operation simultaneously for P check nodes and P variable nodes in regard to
such an LDPC code as just described. [0367] While the Series of processes described 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 software is installed into a computer for
universal use or the like. [0368] FIG. 36 shows an example of a configuration of an embodiment
of a computer ifito wdnichba pregranbfor executing therseriesiof pracesses describea: hereinabove is
installed. [0369] The program can be recorded in advance on a hard disk 405 or in a ROM 403 as
a recording medigmbiilt iftheacompite1§0370]the same time.

[0340]

In the FIFQ 304, data corresponding to the
positions of the value 1 from the first to fifth columns
of the ccnversion parity check matrix H’ of FIG. 33
(messages uy from the check nodes) are stored in a closed
form in the wvertical direction in the individual columns
(in the form wherein 0 is ignored). In particular, in the
storage regions at the first stage of the FIFO 304,, data
corresponding to the positions ¢f the value 1 of the unit
matrix of 5 x 5 elements from {1, 1) to (5, b} of the
conversion parity check matrix H’ are stored. In the
storage regions at the second stage, data corresponding
o the positions of the value of a first shift matrix
which forms a sum matrix from (6, 1) te (10, 5) of the
vertical parity check matrix H’ {(a sum matrix which is
the sum of a first shift matrix cbtained by cyclically
shifting the unit matrix of 5 x 5 elements by one to the
right and a second shift matrix cobtained 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
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the program can be stored (recorded) temporarily or permanently on or in a removable recording
medium 411 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
removable recording medium 411 as just described can be provided as so-called package software.
[0371] It is to be noted that the program not only can be installed from such a removable
recording medium 411 as described above into the computer but also can be installed into the hard
disk 405 built in the computer where it is transferred thereto and received by a communication section
408. In this instance, the program may be transferred to the computer by wireless communication from
a download sitedhrougharartificial Sateltite for @igital satellite broadcasting optransferred to the
computer by wire communication through a network such as a LAN (Local Area Network) or the
Internet. [0372}1eckThe EgiputEr has a CPU (Central Processing Unit) 402 built therein. An
input/output interface 410 is connected to the CPU 402 by a bus 401, and if an instruction is inputted
to the CPU 402 @ﬁr%éh the input/output interface 410 when an inputting section 407 configured from a
keyboard, a mouse, a microphone and so forth is operated by a user or in a like case, the CPU 402
executes the program stdred 3 tHe"REN (REAGONIY #etoryy 463 COFRAE ©PU 492 Tdéds a program
stored on the h%rd disk 405, a program transferred from a satellite or a network, received by the
communicatiort S8&ton 408 and Jrr"igséllecfjrin“fﬁ@ fard ARk408 6 & BRSYTARTEad DUt from the
removable recordil\r%l%gn&gimu?oMl Iégg%e(%in a d(r)i¥e é}(l)Q and ingt]alle in t_hf hard disk 405 into a RAM

(Random Access | mory 404 and executes' the‘prog?ar%g?:onéeé)ueunﬁlfl, the EPU 402 carries out

processing in aggaydanceif e low ghatt descrined herginabave o processing caned ot by the

configuration of the block diagram described hereinabove. Then, the CPU outpwu%% result of the

processing from an, utputting: sectiop;406,eonfigured fram-an, LED-(Liquid CGrystal Qisplay), a speaker
and so forth and transmits the processing result from the
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 guasi unit matrix, data
corresponding to the positions of the value 1 of the unit
matrix, guasi 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 20444 .
[0342]

Also with regard to the storage regions at the
fourth and fifth stages, data are stored in an assoclated
relationship with the conversion parity check matrix H’.
The number of stages of the storage regions of the FIFD
304; is 5 which is a maximum number of the number of 1s

(Hamming weight) in the row direction in the first to
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communication section 408 through the input/output interface 410 or records the processing result on
the hard disk 405 as occasion demands. [0373] Here, in the present specification, processing
steps which describe the program for causing the computer to 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, parallel processes or
processes by an object). [0374] Further, the program may be processed by a single computer or
may be processed by distributed processing by a plurality of computers. Further, the program may be
transferred to and executed by a computer at a remote place. [0375] It is to be noted that the
embodiment of thetpresentinuention ishrot dimited 10 the specifi¢c emijodirhentadescribed hereinabove
but may be altered in various manners without departing from the subject matter of the present
invention. [0376} 34 3 1In particular, while, in the present embodiment, parity interleave and column

twist interleave as a rearrangement process are carried out for an LDPC code prescribed in DVB-S.2,

agsociated relationship with the conversion parity check
matrix HY similarly, and each length (stage number) of
the FIF0Os 304, and 3045 is 5. Also the FIFOs 2044 to 3044
store data in an associlated relationship with the
conversion parity check matrix H’ similarly, and each
length of the FIFOs 304, to 304,, is 3. Also the FIFOs
304;; to 304;; store data in an asscciated relationship
with the conversion parity check matrix H’ similarly, and
each length of the ¥FIFOs 304;; to 304:5 1is 2.
103447

Now, operation of the decoding apparatus of FIG. 34
is described.
[0345]

The edge data storage memory 300 includes the six
FIFOs 300; to 3005, and FIF0s into which data are to be
stored are selected from among the FIFOs 300, to 300g 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 3208 at the preceding stage belong. Then,

the five messages D311 are stored collectively and in
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applied to an LDPC code of a parity check matrix whose information matrix does not have a cyclic
structure if the parity matrix has a staircase structure. Meanwhile, the column twist interleave as the
re-arrangement process can be applied also to the LDPC code of a parity check matrix which can be
varied so as to have a pseudo cyclic structure at least by column replacement, the QC-LDPC code
(QC: Quasi-Cyclic) and so forth where the entire parity check matrix has a cyclic structure. [0377]
In particular, only it is required for the parity check matrix of LDPC codes which are made an object of
parity interleave that the parity matrix thereof has a staircase structure while there is no necessity that
the information matrix has a cyclic structure. [0378] Further, the parity check matrix of an LDPC
code which is maderanioljectidfcohimn twist intédfésve ag thvd: rexarrangementprocess is-rot limited
particularly in terms of the structure. [0379] It is to be noted that only it is necessary for the
re-arrangemenitprécess thtit chh fe-affangeTotle BIR G M EBPCcodeSUchihata pltfrality of code
bits

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 300, ends, the edge data storage

memory 300 reads out the messages in corder also from the

FIFOs 330; to 300 and supplies the read out messages to

the selector 301.

[0346]

The selector 301 selects the five messages from

that FIFO from which data are currently read out from

among the FIFOs 300; fto 300 in accordance with a select

signal D301 and supplies the five nmessages as messages

b302 to the check node calculation section 302.

[0347]

The check node calculation section 302 includes

five check node calculators 302: to 2025 and carries out

the check node mathematical operation in accordance with

the expression (7)) using the messages D302 (D302; to

D3C2s) (messages vy of the expression (7)) supplied

thereto through the selector 301. Then, the check node

calculation section 302 supplies five messages D303 (D303,

to D3035) (messages uy of the expression (7}) obtained as
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corresponding to the value 1 included in one arbitrary row of the parity check matrix are not included in
the same symbol and can be carried out by a method other than the column twist interleave. In
particular, the rearrangement process may be carried out by using not the memory 31 for storing data
in the column direction and the row direction but, for example, a memory for storing data only in one
direction and controlling the write address and the read address of the memory. [0380] Now, a
process for LDPC encoding by the LDPC encoding section 21 of the transmission apparatus 11 is
described further. [0381] For example, in the DVB-S.2 standard, LDPC encoding of the two
different code lengths N of 64,800 bits and 16,200 bits are prescribed. [0382] And, for the LDPC
code whose cedeclesigih:Nd$ 64;800chits; thedd«encodingwatesch4, 1f3; 245, 142, 315, 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: ¥/ 143, X8, f1y2 c3/6¢ 243; 3k4,34/5, 5/6 and 8/9 are prescribed. [0383] The LDPC
encoding section 21 carries out encoding (error correction encoding) into LDPC codes of the different
encoding rates Whésé 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.
The cyclic shift circult 303 cyclically shifts the

five messages D303: to 303s determined by the check node
calculation section 302 based on information {(Matrix
data) D305 regarding by what number of original unit
matrices the corresponding edges are cyclically shifted
in the conversion parity check matrix H’, and supplies a
result of the cyclic shift as a message D304 tTo the edge
data storage memory 304.
[0349]

The edge data storage memcry 304 includes 18 FIFCs
304; to 304;3. The edge data storage memory 3204 selects a
FIFO into which data are to be stored from among the
FIFOs 304, to 3204. 1n accordance with the information
D305 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 beleng
and collectively stores the five messages D304 in order
into the selected FIF0. On the other hand, when data are
to be read out, the esdge data storage memory 304 reads
cut five messages D306; in order from the FIFC 304, and

supplies the messages D306, to the selector 305 at the
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[0384] 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. [0385] Here, in the DVB-S.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 is 64,800 bits and the 10
different encoding rates are prescribed for the LDPC code whose code length N is 16,200 bits. [0386]
Accordingly, where the transmission apparatus 11 is an apparatus which carries out processing in
compliance with the DVB-S.2 standard, parity check matrix initial value tables individually
correspondingstocthe dd idiffereht encodibftratestios theeEDPCcodetwhdseletde fength Nhis 64,800
bits and parity check matrix initial value tables individually corresponding to the 10 different encoding
rates for the LBPCOcode whvséscodellenghae isie6,200 bits ade storad iy thel EDPERécatlitiy section
21. [0387] The LDPC encoding section 21 sets a code length N and an encoding rate r for LDPC
codes, for exafifpié A FEspdhsetddn Gpetatiort oFah Gperat6lr The'dodé fengt N aidthe encoding
rate r set by the LDPC encoding section 21 are hereinafter referred to suitably as set code length N
and set encodifif Fate 7 Tebp&ctileRs 16388 *° “the 1DPC BRCoding section 21 places, based on the
parity check m@@gﬂtial value tables corresponding to the set code length N and the set encoding
rate r, elements o value 1 of an information matrix HA corresponding to an information length K (=

Nr - code length N - parﬁ;{ len tE M corregs(%)ngi to, the set c%de Ienrgth N_and the set encoding rate
. . 2 . i L .
rin a period of 360 columns (T%utec% Gmn. Rum S%Cotfsthe c;?cllcls‘{ﬁjctuerseffngﬁse colimn r(~1‘}|jreect|on to

Wnducealﬁﬂﬁﬁﬁﬂe@&%ﬁmyﬁﬁch data are currently read out from among

The FIFOs 3041 To 304:3 in accordance with a select signal
D307 and supplies the selected messages as messages D308
to the variable node calculation section 307 and the
deccded word calculation secticn 309.

[0351]

On the other hand, the reception data re-
arrangement section 310 carries out the column
replacement of the expression (9) to re-arrange an LDPC
code D313 received through a communicaticn path and
supplies the re-arranged LDPC code D313 as reception data
D314 to the reception data memory 306. The reception data
memory 306 calculates and stores a reception LLR
(logarithmic Ilikelihood ratio) from the reception data
D314 supplied thereto from the reception data re-
arrangement ssction 310 and collects and supplies every
five cnes of the reception LLRs as reception values D309

to the variable node calculation section 307 and the
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[0389] Then, the LDPC encoding section 21 extracts information bits for the information length. K
from object data which are an object of transmission such as image data or sound data supplied 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. [0390] In other words, the LDPC encoding section 21
successively carries out mathematical operation of a parity bit of the codeword ¢ which satisfies the
following expression. [0391] HcTO

deceded word calculation section 308.
[0352]

The variable node calculation section 307 includes
five wvariable node calculators 307, to 307; and carries
cut variable node mathematical operaticon in accordance
with the expression (1) using the messages D308 (308, to
3085} (messages uy of the expression (1)) supplied Cthereto
through the selecter 305 and the five reception values
D30% (reception values ug: of the expression (1)) supplied
thereto from the reception data memcry 306. Then, the
variablie node calculation section 307 supplies messages
D310 (D301 to 2310s) (messages vy of the expression (1))
obtained as a result of the mathematical operaticn to the
cyclic shift circuit 308,

[G353]

The cyeclic shift circuit 308 cyclically shifts
messages D310, to D310s calculated by the wvariable node
calculation section 307 bkased on information regarding by
what numper 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
ags a message D31l to the edge data storage memory 300.
[0354]

By carrying out the sequence of operations

135



[0392]

Here, in the expression above, c indicates a row vector as the codeword (LDPC code), and

cT indicates inversion of the row vector c. [0393] 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 a portion corresponding to the parity bits is represented by a row vector T, the row vector ¢ can
be represented by an expression ¢ = [Al] from the row vector A as the information bits and the row
vector T as the parity bits. [0394] Meanwhile, the parity check matrix 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 code bits of the LDPC code which correspond
to the parity bitsdycan expressiondd =EAIHTh mattixoakerein-the elements.offthe dafoesmation matrix
HA are elements on the left side and the elements of the parity matrix HT are elements on the right
side). [0395] carFurtheraforexample, in the DVB-312standard ahe fparity ehedk matrix AF of the
parity check matrix H = [HAL1HT] has a staircase structure.

after an LDEC code 1s decoded by a predetermined number
of times, a final decoding result is determined by the
decoded word calculation section 302 and the deccded datsa
re-arrangement section 311 and then outputted.
[0355]

In particular, the decoded word calculation section
309 includes five decoded word calculators 309 to 309:
and acts as a final stage in a plurality of cycles of
deceding to calculate a decoding result {(decoded word) in
accordance with the expression (5) using the five
messages D308 (D308; to D308s) (messages uy of the
expression (9)) outputted from the selector 305 and the
five reception values D309 (reception valuss ug of the
expression (5)) outputted from the reception data memory
30¢€. Then, the decoded word calculation section 308
suppliles decoded data D315 cobtained as a result of the
calculation to the decoded data re-arrangement section
311.
[0356]

The decoded data re-arrangement section 311 carries
out reverse replacement to the cclumn replacement of the

expression (%) for the decoded data D315 supplied thereto
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[0396] It is necessary for the parity check matrix H and the row vector ¢ = [POT] as an LDPC
code to satisfy the expression HoT = 0, and where the parity matrix HT of the parity check matrix H =
[HA1HT] has a staircase structure, the row vector T as parity bits which configures the row vector ¢ =
[A1TJ which satisfies the expression HOT = 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 column vector HOT in
the expression HOT - 0. [0397] If the LDPC encoding section 21 determines a parity bit T for an
information bit A, then it outputs a codeword ¢ = [POT] represented by the information bit A and the
parity bit T as an LDPC encoding result of the information bit A. [0398] As described above, the
LDPC encoding sectiam 21 &taresdhe parity checkumatrixdnitiakvalie tableé®carsesponding to the code
lengths N and the encoding rates r in advance therein and carries out LDPC encoding of the set code
length N and the-setrercodintg ratel¢ using & parityschedk mateig H produced fromntheparity check
matrix initial value tables corresponding to the set code length N and the set encoding rate r. [0399]

the re-arranged decoded data D31b as a decoding result

D316.

[0357]

As described above, by applying one or both of row

replacement and column replacement te a parity check

matrix {original parity check matrix) to convert the

parity check matrix into a parity check matrix

(conversion parity check matrix) which can be represented

by a combinaticn of a unit matrix of P x P elements, a

gquasi unit matrix which corresponds to the unit matrix

whose element or elements of 1 are changed into an

element or elements of O, a shift matrix which

corresponds to the unit matrix or guasi unit matrix after

it i1g cyclically shifted, a sum matrix of iwo or more of

the unit matrix, quasi unit matrix and shift matrix, and

a 0 matrix of P x P elements as described above, it

becomes possible to adopt for LDPC code decoding an

architecture which carries out check node mathematical

operaticn and variable node mathematical operation

simultaneously for P check nodes and P variable nodes.

Consequently, by carrying out the node mathematical

operation simultanecusly for P nodes, it is possible to
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Each parity check matrix initial value table is a table which represents the position of elements of the
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 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. [0400] FIGS. 37 to 82 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-S.2 standard. [0401] In particular, FIG. 37 shows the parity check matrix initial value
table for a parityucheck-matrixsH prescribedrin the:DVB:8:2 standard and hayihgreecode-leagth N of
16,200 bits and an encoding rate r of 2/3. [0402] FIGS. 38 to 40 show the parity check matrix
initial value tablefarca parityccheek mdtrik BPpreseribed insthe DVB-S.2 standard and having a code
length N of 64,800 bits and an encoding rate r of 2/3. [0403]

[0358]

The LDPC decoding section 56 which composes the
reception apparatus 12 of FIG. 29 carries out check node
mathematical coperation and variable node mathematical
cperation simultaneously for P check nodes and P variable
nodes to carry out LDPC decoding similarly to the
decoding apparatus of FIG. 34.

[0359]

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
compeses the transmission apparatus 11 of FIG. § is, for
example, the parity check matrix H wherein the parity
matrix has a staircase structure shown in FIG. 31. In
this instance, the parity interleaver 23 of the
transmission apparatus 11 carries out parity interleave
for interleaving the K+gx+y+lth code bit to the position
of the K+Pytx+lth code bit with the information length K
set to 60, with the unit cclumn number P of the cyclic
structure set to 5 and with the devisor g (= M/P) of the

parity length M to 6.

[0360]
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It is to be noted that FIG. 39 is a view continuing from FIG. 38 and FIG. 40 is a view continuing from
FIG. [0404] FIG. 41 shows the parity check matrix initial value table for a parity check matrix H
prescribed in the DVBS.2 standard and having a code length N of 16,200 bits and an encoding rate r
of 3/4. [0405] FIGS. 42 to 45 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 3/4. [0406]
Since this parity interleave corresponds to the
column replacement of the expression {9}, the LDPC
decoding secticn 56 need not carry out the column
replacement of the expression (9).
[0361]
Therefore, in the reception apparatus 12 of FIG. 25,
an LDPC code for which parity deinterleave has not been
carried out, that is, an LDPC code in a state wherein the
celumn replacement of the expression (9) is carried out,
is supplied from the column twist deinterleaver 5% to the
LDPC decoding section 5% as described abcove. The LDPC
deceding section 56 carries out processing similar to
that of the decoding apparatus of FIG. 34 except that the
column replacement of the expression (9) is not carried
out.
[0362]
In particular, FIG. 35 shows an example of a
configuration of the LDPC decoding section 56 of FIG. 29.
[0363]
Referring to FIG. 35, the LDPC decoding section 56
is configured similarly to that of the decoding apparatus
cf FIG. 34 except that the reception data re-arrangement

section 310 cof FIG. 34 is not provided and carries out

processing similar to that of the decoding apparatus of
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It is to be noted that FIG. 43 is a view continuing from FIG. 42 and FIG. 44 is a view continuing from
FIG. 43. Further, FIG. 45 is a view continuing from FIG. 44. [0407] FIG. 46 shows the parity check
matrix initial value table for a parity check matrix H prescribed in the DVBS.2 standard and having a
code length N of 16,200 bits and an encoding rate r of 4/5. [0408] FIGS. 47 to 50 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 4/5. [0409] It is to be noted that
FIG. 48 is a view continuing from FIG. 47 and FIG. 49 is a view continuing from FIG. 48. Further, FIG.
50 is a view continuing from FIG. 49. [0410] FIG. 51 shows the parity check matrix initial value
table for a parity:€heckimatrixchd préscribediin the DVBS.2 standardiand having @& code length N of
16,200 bits

expression {(9) is not carried out. Therefore, description
of the LDPC decoding secticn 56 is omitted herein.
[0364]

Since the LDPC decoding section %6 can be
configured witheout including the reception data re-
arrangement section 310 as described above, 1t can be
reduced in scale in comparison with the decoding
apparatus of FIG. 34.

[03865]

It is to be noted that, while, in FIGS. 31 to 35,
it is assumed that the code length N of the LDPC code is
90; the informatiorn 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
description, 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.

[C300]

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
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and an encoding rate r of 5/6. [0411] FIGS. 52 to 55 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 5/6. [0412] It is to be noted that FIG. 53 is a view continuing
from FIG. 52 and FIG. 54 is a view continuing from FIG. 53. Further, FIG. 55 is a view continuing from
FIG. 54. [0413] FIG. 56 shows the parity check matrix initial value table for a parity check matrix
H prescribed in the DVBS.2 standard and having a code length N of 16,200 bits and an encoding rate
r of 8/9. [0414]

€4,.800, the information length K ig N - Pg (= N - M), the
unit column number P of the cyclic structure 1s 360 and
the devisor ¢ is M/P, the LDPC decoding section 56 in FIG.
35 can be applied alsc where LDPC decoding is carried out
by carrying out the check node mathematical operation and
the variable node mathematical operation simultaneously
for P check nodes and P wvariable nodes in regard to such
an LDPC code as just described.

[0367]

While the series of processes described 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 scftware is=
installed into a computer for universal use or the like.
[0368]

FIG. 36 shows an example of a configuration of an
empbodiment of a computer into which a program for
executing the series of processes described hereinabove
is installed.

[G369]

The program can be recorded in advance on a hard
disk 405 or in a ROM 403 as a recording medium built in
the computer.

[0370]
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FIGS. 57 to 60 show the parity check matrix initial value table for a parity check matrix H prescribed in
the DV3-S.2 standard and having a code length N of 64,800 bits and an encoding rate r of 8/9. [0415]
It is to be noted that FIG. 58 is a view continuing from FIG. 57 and FIG. 59 is a view continuing from
FIG. 58. Further, FIG. 60 is a view continuing from FIG. 59. [0416] FIGS. 61 to 64 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 9/10. [0417] It is to be noted that
FIG. 62 is a view continuing from FIG. 61 and FIG. 63 is a view continuing from

Or, the program can be stored {reccrded)
temporarily or permanently on or in a removable recording
medium 411 such as a flexible disk, a CD-RCOM {(Compact
Disc Read Only Memory), an MO (Magneto Optical) disc, a
DVD (Digital Versatile Disc), a magnetic disc or a
semlconductor memcry. Such a removable recording medium
411 as just described can be provided as so-called
package scftware.

[G371]

It i1s to be noted that the program not only can be
installed from such a removable recording medium 411 as
described above intc the computer but also can be
installed into the hard disk 405 built in the computer
where it is transferred thereto and received by a
communication section 408. In this instance, the program
may be transferred to the computer by wireless
communication from a download 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.

[0372]
The computer has a CPU (Central Preocessing Unit)

402 built therein. An input/cutput interface 410 is
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FIG. 62. Further, FIG. 64 is a view continuing from FIG. 63. [0418] FIGS. 65 and 66 show the parity
check matrix initial value table for a parity check matrix H prescribed in the OVB-S.2 standard and
having a code length N of 64,800 bits and an encoding rate r of 1/4. [0419] It is to be noted that
FIG. 66 is a view continuing from FIG. 65. [0420]

connected to the CPU 402 by a bus 401, and if an
instructicn is inputted to the CPU 402 through the
input/output interface 410 when an inputting section 407
configured from a keybecard, a mouse, a microphone and so
forth is coperated by a user or in a like case, the CPU
402 executes the program stored in the ROM (Read Only
Memory) 403. OCr, the CPU 402 loads a program stored on
the hard disk 405, a program transferred from a satellite
or a network, received by the communication section 408
and installed in the hard disk 405 or a program read out
from the removable recording medium 411 loaded in a drive
409 and installed in the hard disk 405 into a RAM {Random
Access Memory) 404 and executes the program. Consequently,
the CPU 402 carries out processing in accordance with the
flow chart described hereinabove or processing carried
cut by the configuration of the block diagram described
hereinakbove. Then, the CPU 402 outputs a result of the
processing from an outputting section 406 configured from
an LCD (Liguid Crystal Display), a speaker and so forth
and transmits the processing result from the
communication section 408 through the input/output
interface 410 or records the processing result on the
hard disk 405 as occasion demands.

[0373]
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FIGS. 67 and 68 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.
[0421] It is to be noted that FIG. 68 is a view continuing from FIG. 67. [0422] FIGS. 69 and 70
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 2/5. [0423]

Here, in the present specification, processing
steps which describe the program for causing the computer
to carry out various processes need not necessarily be
processed in a time saries in accordance with the order
described as a flow chart but include those processes to
be executed in parallel or individually {for example,
parallel processes or processes by an objecth).

[0374]

Further, the program may be processed by a single
computer or may be processed by distributed processing by
a plurality of computers. Further, the program may be
transferred to and executed by a computer at a remote
place.

[0375]

It is to be noted that the embodiment of the
present invention is not limited to the specific
embodiment described hereinabove but may be altered in
varicus manners without departing from the subiect matter
of the present inventiocn.

[0376]

In particular, while, in the present embodiment,
parity interleave and column twist interleave as a re-
arrangement process are carried out for an LDPC code

prescribed in DVB-35.2, the parity interleave can be
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It is to be noted that FIG. 70 is a view continuing from FIG. 69. [0424] FIGS. 71 to 73 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 1/2. [0425] It is to be noted
that FIG. 72 is a view continuing from FIG. 71 and FIG. 73 is a view continuing from FIG. 72. [0426]
FIGS. 74 to 76 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

applied to an LDPC code of a parity check matrix whose
information matrix does not have a c¢yclic structure if
the parity matrix has a staircase structure. Meanwhile,
the column twist interleave as the re-arrangement process
can be applied also to the LDPC code of a parity check
matrix which can be varied so as to have a pseudo cyclic
structure at least by column replacement, the QC-LDPC
code (QC: Quasi~Cyclic) and so forth where the entire
parity check matrix has a cyclic structure.

(03771

in particular, only it is reguired for the parity
check matrix of LDPC codes which are made an object of
parity interleave that the parity matrix therecf has a
staircase structure while there is no necessity that the
information matrix has a cyclic structure.

[0378]

Further, the parity check matrix of an LDPC code
which is made an object of column twist interleave as the
re—~arrangement process is not limited particularly in
terms of the structure.

[0378]

It is to be noted that only it 1is necessary for the

re—-arrangement process that it can re-arrange code bits

of an LDPC code such that a plurality of code bits
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bits and an encoding rate r of 3/5. [0427] It is to be noted that FIG. 75 is a view continuing from
FIG. 74 and FIG. 76 is a view continuing from FIG. 75. [0428] FIG. 77 shows the parity check
matrix initial value table for a parity check matrix H prescribed in the DVBS.2 standard and having a
code length N of 16,200 bits and an encoding rate r of 1/4. [0429] FIG. 78 shows the parity check
matrix initial value table for a parity check matrix H prescribed in the DVBS.2 standard and having a
code length N of 16,200 bits and an encoding rate r of 1/3.
corresponding to the value I included in one arbitrary
row of the parity check matrix are not inciluded in the
same symbol and can be carried cut by a method other than
the column twist interleave. In particular, the re-
arrangement process may be carried out by using not the
memory 31 for storing data in the column direction and
the row direction but, for example, a memory for storing
data only in one direction and controlling the write
address and the read address of the memory.
[0380]
Now, a process for LDPC encoding by the LDPC
encoding section 21 of the transmission apparatus 11 is
described further.
(03817
Feor example, in the DVB-~S5.2 standard, LDPC enceding
of the two different code lengths N of 64,800 bits and
16,200 bits are prescribed.
[0382]
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.
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[0430] FIG. 79 shows the parity check matrix initial value table for a parity check matrix H
prescribed in the DVBS.2 standard and having a code length N of 16,200 bits and an encoding rate r
of 2/5. [0431] FIG. 80 shows the parity check matrix initial value table for a parity check matrix H
prescribed in the DVB8.2 standard and having a code length N of 16,200 bits and an encoding rate r of
1/2. [0432] FIG. 81 shows the parity check matrix initial value table for a parity check matrix H
prescribed in the DVB8.2 standard and having a code length N or 16,200 bits and an encoding rate r
of 3/5. [0433]

(0383]

The LDPC encoding section 21 carries ocut encoding
(error correction enceding) 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.
[0384]

In particular, the LDFC encoding section 21 stores
a parity check matrix initial value table hereinafter
described for producing a parity check matyrix H for each
code length N and for each encoding rate.
[0385]

Here, in the DVB-5.2 standard, LDPC codes of the
two different ccde 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 is 64,800 bits and the 10 different
encoding rates are prescribed for the LDPC code whose
code length N is 16,200 bits.
[0286]

Accordingly, where the transmission apparatus 11 is
an apparatus which carries out processing in compliance

with the DVB-5.2 standard, parity check matrix initial
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G. 82 shows the par y 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. 81. [0434] 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 value
tables. [0435] . In particular, FIG. 83 illustrates a method for determining a parity check matrix H
from a parity check matrix initial value table. [0436] It is to be noted that the parity check matrix
initial value table of FIG. 83 indicates the parity check matrix initial value table for a parity check matrix

R prescribed i OVE:S, 2 standard 2N havigg & oo Iepat N of 16,200,bis gnd an encoding rate

r of 2/3 shown in

length N 1s ©4,800 bits and parity check matrix initial
value tables individually corresponding to the 10
different encoding rates for the LDPC code whose code
iength N is 16,200 bits are stored in the LDPC encoding
section 21.

[(0387]

The LDPC encoding section 21 sets a code length N
and an encoding rate r for LDPC codes, for example, in
response to an operation of an operator. 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.
[0388]

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 value 1 of an information matrix H,
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.
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[0437] 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 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 s ucture), 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-)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 weights which the 1+360x(i-I)th column has. [0438]
Here, it is assurpgggtg?t 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 infagmation matrixHA carrespenging.fo the information length K from within the
parity check matrix H is determined.

information bits for the information length X from object

data which are an cobject of transmission such as image

data or sound data supplied 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 cecde) for cne code length.

f03%0]

In other words, the LDPC encoding section 21
successively carries out mathematical operation of a
parity bit of the codeword ¢ which satisfies the
fellowing expression.

[0391]

He' = 0
[0392]

Here, in the expressicn abova, ¢ indicates a row
vector as the codeword (LDPC code), and T indicates
inversion of the row vector c.

[(0393]

Where, from within the row vector ¢ as an LDPC code

{one codewcrd), a portion corresponding to the

informaticn bits is represented by a row vector A and a
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[0439] The row number k+1 of the parity check matrix initial value table differs depending upon
the information length K. [0440] The information length K and the row number k+1 of the parity
check matrix initial value table satisfy a relationship given by the following expression. [0441] (k + 1) x
360 [0442] Here, 360 in the expression above is the u

portion corresponding to the parity bits is reprassented
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 vecfor T as the parity bits.
[0394]

Meanwhile, the parity check matrix H can be
represented, from the information matrix Hy of those of
the code bits of the LDPC code which correspond to the
information 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 = [HpiH:] (matrix wherein the
elements of the infeormation matrix Hp are elements on the
left side and the elements of the parity matrix H; are
glements on the right side}.

[0395]

Further, for example, in the DVB~-5.2 standard, the
parity check matrix Hs of the parity check matrix H =
[Hal|He] has a stalrcase structure.

[039%]

It is necessary for the parity check matrix H and
the row vector ¢ = [A[T] as an LDPC code to satisfy the
expression He' = 0, and where the parity matrix He of the
varity check matrix H = [HaiHe] has a stailrcase structure,

the row vector T as parity bits which configures the row



column number P of the cyclic structure. [0943] In the parity check matrix initial value table of
FIG. 83, 13 numerical values are listed in the first to third rows, and three numerical values are listed in
the fourth to kilth (in FIG. 83, 30th) rows. [0444] Accordingly, the number of column weights in the
parity check matrix H determined from the parity check matrix initial value table of FIG. 83 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. [0445] The first row of the
parity check matrix initial value table of FIG. 83 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 ow umbers_ of 0, 2084, 1613, 1548, 1286, 1460, 3196, 4297, 2481,
3369, 3451, 4620 And 2622 have b vHlG& (SRd b%éﬁd%é thel StHer RisHentehave the value 0).

[0446] can be determined seguentially by setting the elements of
each row to zerc in order beginning with the elements in
the first row of the column vector Hc' in the expression
HeT = 0.

[0397]

If the LDPC encoding section 21 determines a parity
bit T for an information bit A, then it outputs a
codewerd ¢ = [A|T] represented by the information bit A
and the parity bit T as an LDPC encoding result of the
information bit A.

[0398]

As described above, the LDPC encoding section 21
stores the parity check matrix initial wvalue tables
corresponding to the code lengths N and the encoding
rates r in advance therein and carries cut 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.

(0399

Fach 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
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Meanwhile, the second row of the parity check matrix initial value table of FIG. 83 includes 1, 122,
1516, 3448, 2880, 1407, 1847, 3799, 3529, 373, 971, 4358 and 3108, and this indicates that, in the
361st (- 1+3608(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, 3799, 3529, 373, 971, 4358 and 3108 have the value 1.
[0447] 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. [0448] Each of the columns of the parity check matrix H other than the 1+360x(8.-1)th

coumn, ha ', gt ol sl fm 2SSt 900 ooy, e, lrort of e

value of 1 obtained by cyc y shi emen e value 0 th column

which depend upoeN _tg}@eoaerg}g g@gﬁl@ m_%;r%ingtiacg yageetag;gp@er@g&%allgf'n the.d \g{@\_ﬁy@w directiqn (in
the downward direction of the column) in accordance with the parity length M. [0449] In particular,
for example, ther283808(k-1)th columm is-a sglumniebtained by, cyglically shifting the i

matrix H) for every 360 rows (unit cclumn number P of the

pericdic structure}, and is produced in advance for a

parity check matrix H for each code length N and each

encoding rate r.

[04006]

FIGS. 37 to 82 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-S5.2 standard.

[0401]

In particular, FIG. 37 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.
[0402]

FIGS. 328 to 40 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 v of 2/3.

(04031

It is to be noted that FIG. 39 is a view continuing
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1+360x(i-1)th column in the downward direction by M/360 (- g), and the next 3+360x(i-l)th is a column
obtained by cyclically shifting the 1+360x(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)the downward
direction by M/360 (= q). [0450] Now, if it is assumed that the numeral value in the jth column (jth
from the left) in the ith row (ith row from above) of the parity check matrix initial value 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 Hw_j, then the row number I-4.Ni of the element of the value 1 in the

wth column whigh | ag%gum ther than the 14+360x(i-I)th. column of the parity check matrix H can be
determined in aﬁ%%%dance'wit é)'[haén ollct)v%%'g é}x%ré“gsign.v[ﬂ)igl]cﬁv%%ﬁél %%1 hi, ”JFOr%]noéL(Pk\%vil),P) x q,M1
[0452] Herg; mod(x,y) signifies a remainder when x is divided by y.

(0404}

FIG. 41 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 cf 3/4.

(04051

FIGS. 42 to 45 show 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 &4,800
bits and an encoding rate r» of 3/4.

[0406]

It is to be noted that FIG. 43 is a view continuing
from FIG. 42 and FIG. 44 1is a view continuing from FIG.
43. Further, FIG. 45 is a view continuing from FIG. 44.
[0407]

FIG. 46 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 4/5.

[0408]
FIGS. 47 to 50 show the parity check matrix initial

value table for a parity check metrix H prescribed in the

153



[0453] Meanwhile, P is a unit number of columns of the cyclic structure described hereinabove
and is, for 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) of the cyclic structure. [0454] The LDPC
encoding section 21 specifies the row number of the elements of the value 1 in the 1+360x(i1)th
column of the parity check matrix H from the parity check matrix initial value table. [0455] Further,
the LDPC encoding section 21 determines the row number HwH 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 and

produces a pa eck matrix H in which the elements of the row numbers obtai d% he foregoing
have the valuerqg%o%s‘t%] Skaﬁ%@v%%aﬁgﬁio%sagflt%g rﬁet%%g %f\ilégﬂggg‘mgnf) éf cgo(zd’e é% of an LDPC

code in the replacement gr%%esgnbélotge l{gpl}gg@gweg g%ctjlo%SZ of the demultiplexer 25 in the
transmission apparatus 11, that'is, of the allocation pattern (ﬁéreinafter referred to as bit allocation

pattern) of code pits f an LDPC code and symbol bits representative of a symbol, are described.

It is to be noted that FIG. 48 is a view continuing
from FIG. 47 and FIG. 49 is a view continuing from FIG.
43. [Further, FIG. 50 is a view continuing from FIG. 49.
[0410]

FIG. 51 shows the parity check matrix initizl wvalue
table for a parity check matrix H prescribed in the DVR-
£.2 standard and having a code length N of 16,200 bits
and an encoeding rate r of 5/6.

04113

FIGS. 52 to 55 shew the parity check matrix initial
value table for z 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 5/6.

[0412]

It is to be noted that FIG. 53 is a view continuing
from FIG. 52 and FIG. 54 is a view continuing from FIG.
53. TFurther, FIG. 55 is a view continuing from FIG. 54,
[0413]

F'IG. 56 shows the parity check matrix initial value
table for a parity check matrix H prescribed in the DVBE-

5.2 standard and having a code length N of 16,200 bits
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[0457] 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 column direction x row direction. Thereatfter,
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
determines the code bits after the replacement as mb symbol bits of (successive) b symbols. [0458] In
particular, the replacement section 32 determines the illth 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 bi and determines the illth bit
from the most significant bit of the mb symbol blts of the b (successive) symbols as the symbol bit y4,
and then repla(?eg%gth@r}nﬁ%(&agb?g 146 t6'b’b_Tin accordance with a predetermined bit allocation
pattern. [0459] F1G. 84 shows an example of a bit allocation pattern which can be adopted where

4
the LDPC COde[I% a1n4LDPC code whose code length N is 64,800 bits and whose encoding rate is 5/6

or 9/10 and besides the modulation methad is 4096QAM and the mutple bys 4, (0460 .

vaiue table for a parity check matrix H prescribed in the
DVB-5.Z2 standard and having a code length N of 64,800
bits and an encoding rate r of 8/9.

[0415]

It is to be neoted that FIG. 58 is a view continuing
from FIG. 57 and FIG. 59 is a view continuing from
FIG. 58. Further, FIG. 90 is a view continuing from FIG.
59.

[041¢e]

FIGS. 61 to 94 show the parity check matrix initisal
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 9/10.

[0417]

It is to be noted that FIG. €Z is a view continuing
from FIG. 61 and FIG. €3 is a view continuing from
FIG. 62. TFurther, ¥IG. 64 is a view continuing from
FIG. ©3.

[0418]
FIGS. 65 and 66 show the parity check matrix

initial value table for a parity check matrix H
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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 4096QAM and the multiple b is 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 read out in a unit of 12 x 1 (= mb) bits in the row direction and
supplied to the replacement section 32. [0461] The replacement section 32 replaces 12 x 1 (=
mb) code bits bo to b11. such that the 12 x 1 (= mb) code bits bo to bu to be read out from the memory
31 may be allocated to the 12 x 1 (= mb) symbol bits yo to yQ of one (= b) symbol as seen in FIG. 84.
[0462] In particular, according to FIG. 84, the replacement section 32 carries out, with regard to both of
an LDPC code havingitheencodingTafe/er5/6-andtantibPt code having thezencotiing rate of 9/10
from among LDPC codes having the code length N of 64,800 bits, replacement for allocating the
code bit 'do to'theEymbol Bit ya2 the'Code-bit 184 Fo e Y6 By d e cddé bit b2%e the symbol bit
y6, the code bit b3 to the symbol bit yl, the code bit b4 to the symbol bit y4, the code bit b5 to the
symbol bit y5, 'thé cdde bit b6 to the symbol bit y2, the code bit b7 to the symbol bit y3, the code bit b8

to the symbol bit y7, the code bit b9 to the symbal bjt y40, the code bit 1010 to the symbol bit y11, and
b by 04 22 CERS. 68 Showd s ’

the code bit ion to the symBal bits “BTG. 85 Sriows an example 5f S bit afoéatich pattern

which can be 998}%991 her§5the 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 4096QAM and the multiple b

is 8. [0420]

FIGS. ©7 and 68 show the parity check matrix
initial wvalue table for a parity check matrix H
prescribed 1n the DVB-5.2 standard and having a code
length N of 64,800 bits and an encoding rate r of 1/3.
[C421)

It 1s to be noted that FIG. 68 1is a view continuing
from FIG. &7.

04221

FIGS. 69 and 70 show the parity check matrix
initial wvalue table for a paritv check matrix H
prescribed in the DVB-S.2Z standard and having a code
length N of 64,800 bits and an encoding rate r of 2/h.
(042373

It is to be noted that FIG. 70 is a view continuing
from FIG. ©9.

[0424]
FIGS. 71 tc 73 show the parity check matrix initial

value table for a parity check matrix H prescribed in the
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[0464] 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 4096QAM 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)) (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. [0465] The replacement section 32 replaces 12 x 2 (=
mb) code bits Igo to b23 such that the 12 x 2 (= mb) code bits be 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. 85. [0466] In particular, according to FIG. 85, the replacement section 32
carries out, witlY regard te beticefrah EDPCreotielfaving thigcedcotirig rate of 5/t afd 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-affocaiifig the €666 Bitlbd t61hE synbdl bif ys, the code bit b2 to the symbol bit yo, the
code bit b4 to the symbol bit ys, the code bit b6 to the symbol bit yl, the code bit b8 to the symbol bit
y4, the code bitt516 13 the symbol bit y5, the code bit b12 to the symbol bit y2, the code bit b14 to the

symbol bit y3,

It is to be noted that FIG. 72 1s a view continuing
from FIG. 71 and FIG. 73 is a view continuing from
FIG. 7z,

[0426]

FIGS. 74 to 76 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.

[C4273

It is to be noted that FIG. 75 is a view continuing
from FIG. 74 and FIG. 76 is a view continuing from FIG.
75.

(04281}

FIG. 77 shows the parity check matrix initial value

table for a parity check matrix H prescribed in the DVBE-

code length N of 16,200 bits

s

5.2 standard and having
and an encoding rate v of 1/4.
[0429]

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
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the code bit b16 to the symbol bit y7, the code bit b16 to the symbol bit ylo, the code bit b20 to the
symbol bit 1/11, the code bit b22 to the symbol bit y9, the code bit b] to the symbol bit y20, the code bit
b3 to the symbol bit y12, the code bit 106 to the symbol bit y18, the code bit b7 to the symbol bit y13,
the code bit b9 to the symbol bit 3716, the code bit bil to the symbol bit y17, the code bit bn to the
symbol bit y14, the code bit b16 to the symbol bit y16, the code bit bfl to the symbol bit y19, the code
bit b19 to the symbol bit 1722, the code bit b21 to the symbol bit yn, and the code bit b23 to the
symbol bit y21.. [0467] Here, the bit allocation pattern of FIG. 85 utilizes the bit allocation pattern
of FIG. 84 wherein the multiple b is 1 without any modification. In particular, the allocation of the code
bits b0, b2, -r b22! te:theesymbiolrits:yd andthe alldeation of the bif b23 to the symbol bits y] are similar
to the allocation of the code bits b0 to loll to the symbol bits yi of FIG. 84. [0468] FIG. 86 shows
an example oft& bitallocation 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, 5/6-0f 8/9 &ndHeéRles the AUTHHNE K82 and a6 Wheré thé fdodiitdtich method
is 1024QAM and the LDPC code is an LOPS code whose code length N is 64,800 bits and whose

encoding lengthi 53141 8/6 6r §1365nd BELEES g mdftiplé Biss {64681c 1n the DVE-

S.Z2 standard and having a code length N of 16,200 bits
and an encoding rate r of 2/5.
[0431]

FIG. B0 shows the parity check matrix initial value
takble 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 1/2.

[0432]

FIG. 81 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 3/5.

[0433]

FIG. 82 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 wvalue
table of FIG. 81.

[0434]

The LDPC encoding section 21 of the transmission
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Where the LOPS code is an LOPS 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 x 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. [0470] On the other hand, where the LOPS code is an
LOPS 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 demuitiblexer 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 regs Dok i@ uhit ofdDoeR{zath)ditsdn it rov diréctiorand siipplieditbehe
replacement section 32. [0471] The replacement section 32 replaces 10 x 2 (= mb) code bits bo
to b19 such thzt tHE YO X2 [ hibY cotlé bitd bpte B1Dtebe FABIdutroR fhe Mehiory 81 may be
allocated to the 10 x 2 (= mb) symbol bits yo to y19 of two (= b) successive symbols as seen in FIG.

86. [0472] In paridiflar #et6itling to FIG. 86, the
10435]

In particular, FIG. 83 illustrates a method for
determining a parity check matrix H from a parity check
matrix initial value table.

[0436]

It is to be noted that the parity check matrix
initial value table of FIG. 83 indicates the parity check
matrix initisl value table for a parity check matrix H
prescribed in the DVB-5.Z standard and having a code
length N of 16,200 bits and an encoding rate r of 2/3
shown in FIG. 37.

[0437]

As described above, the parity check matrix initial
value table 1s a table which represents the position of
elements of the value 1 of a information matrix Hs
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 ¢olumnb 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

159



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
8/9 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 the encoding rate of 5/6 and LDPC codes having a further
encoding rate of 9/10 from among LDPC codes having another code length N of 64,800, replacement
for allocating the code bit bo to the symbol bit ye, the code bit bl to the symbol bit 373, the code bit b2
to the symbol bit 177, the code bit b3 to the symbol bit y10, the code bit b4 to the symbol bit y19, the
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
y5, the code bitth8torthe Syhibol bit y17 ythehcode bith9 to:the symbolrbitwe: the ebde bit blo to the
symbol bit y14, the code bit bli to the symbol bit yll, the code bit b12 to the symbol bit Y2, the code bit
b13 to the symibct bitthe ote it 5174 torthe Syiiiol bit 181 the code:bit br totive-symbol bit y15, the
code bit b16 to the symbol bit YO, the code bit b17 to the symbol bityl, code bit bn to the symbol bit
y13, and the coaE bithID tosthe syRibot bit yil. [0a73 Ul e FIG I8 T Shows arieikafipgte of a bit
allocation pattern which can_be adopted where the modulation method is 4096QAM and the LDPC
code is an LDPC &dteWhode ¢4 Henbti N i§96'960 BifsSand whose encoding rate is 5/6 or 8/9 and
besides the mglgljﬁg%g is 2 and also where the modulation method is 4096QAM and the LDPC code is
an LOPS cod code length N is 64,800 bits and whose encoding rate is 5/6 or 9/10 and

besMesthernMUpbt)@é%é94@ﬂ is assumed that the parity 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 H, corresponding to
the information length K from within the parity check
matrix H is determined.

[0438]

The row number k+1 of the parity check matrix
initial value table differs depending upon the
information length K.

[0440]

The information length K and the row number k+1 of

the parity check matrix initial value table satisfy a

relationship given by the following expression.

K= (k+ 1) = 260
[0442]

Here, 360 in the expression above is the unit

.
{6
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Where the ADPC code is an LOPS code whose code length N is 16,200 bits and whose encoding fate
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 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. [0475] On the other hand, where the LOPS code is an
LOPS code whose code length N is 64,800 bits and whose encoding rate is 5/6 or 9/10 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 (64,800/(12 x 2)) x (12 x 2) bits in the column direction x row
direction are réad But i dTunitof 1292 {2 mB)wsitslia thé Foww direétion and supplied to the
replacement section 32. [04761 The replacement section 32 replaces 12 x 2 (= mb) code bits bo
to b23 such thatfhe 12 x 2 (= mb) bits to be read out from the memory 31 may be allocated to the 12 x

2 (= mb) symbol bits yo to(%zs of two (= b) successive symbols as seen in FIG. 87. £0477% In
particular, according to'FIG- &7, tHe replademictt SEefion 32 darmesout” ith Te§arats afiof the LDPC

codes havingg, engading rate of 5/6 and LDPC codes having the encoding rate of 8/9 from among
LDPC codes hg\%hg %%é code [8AGEH 6 16,200 bits s el ;isl %D%% %6ide“§glga\%ﬁgr the gr?coding rate of

5/6 and LOPS codes haying the, ”%‘?ﬂ_i%% rate ol Jc%ﬁm%%mhgeg LbpP ﬁb%% %%h?‘ﬂ”%ﬁ‘”mher code

length N of 64,800, replacement for allocat the code bit bo to the symbo ylo, the co e bit bb to the
symbol bit yis-the ¢ode, bit b2 ta the, symbel-bit y4, the gode bit b3 to the symbol bit y19, the code bit

b4 to the symbol bit y24, the code bit b5 to the symbol bit 1/16, the code bit b6 to the symbol bit y23,
[0444]

Accordingly, the number cof column weights in the
parity check matrix H determined from the parity check
matrix Initial wvalue table of FIG. 83 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.

[0445] i

The first row of the parity check matrix initial
value table of FIG. 83 includes O, 2084, 1ei3, 1548, 1280,
1460, 319%¢, 4297, 2481, 3368, 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
cof 0, 2084, 1613, 1548, 128¢, 1460, 31%6, 4297, 2481,

3369, 3451, 4620 and 2622 have the value 1 (and besides
the other elements have the wvalue 0.
(04467

Meanwhile, the second row of the parity check

matrix initial wvalue table of FIG. 83 includes 1, 122,
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the code bit b7 to the symbol bit the code bit b8 to the symbol bit the code bit b9 to the symbol bit Y14!
the code bit blo to the symbol bit y92, the code bit b11 to the symbol bit y5, the code bit b12 to the
symbol bit y6, the code bit b13 to 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 bE to the symbol bit yl, the code bit b17 to the symbol bit y3,
the code bit ble to the symbol bit y9, the code bit b15 to the symbol bit y2, the code bit bn to the
symbol bit 377, the code bit Ni to the symbol bit ye, the code bit b22 to the symbol bit yn, and the code
bit y43 to the symbol bit Yo. [0478] According to the bit allocation patterns shown in FIGS. 84 to
87, the same bit allocation pattern can be adopted for a plurality of kinds of LDPC codes, and besides,
the tolerance foSerrers™ceithe 86tto,a ddsired pérformance Wwithfegard o/ all oPthe, plédh Kinds of
LDPC codes. [0479] particular, FIGS. 88 to 91 illustrates results of simulations of the BER (Bit
Error Rate) whére a'feplacemmiéhtprocess’ia arfied olitintaccérdanee withithe bitallocation patterns of
FIGS. 84 to 87.[0480]

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, 37993, 3529, 373, 971, 4358 and 3108

have the wvalue 1.

[0447]

As given above, the parity check matrix initial
value table represents the position of elements of the
value 1 of the information matrix Hp of the parity check
matrix H for every 360 columns.

[0448]

Fach of the columns of the parity check matrix H
other than the 1+360x{i-1)th column, that 1s, each of the
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 check matrix
initial value table pericdically in the downward
direction (in the downward direction of the column! in
accordance with the parity length M.

[0449]

In particular, for example, the 2+360x(i-1}th

column 1s a column obtained by cyclically shifting the
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It is to be noted that, in FIGS. 88 to 91, the axis of abscissa represents Es/No (signal power to noise
power ratio per one symbol) and the axis of ordinate represents the BER. [0481] Further, a solid
line curve represents the BER where a replacement process is carried out and an alternate long and
short dash line represents the BER where a replacement process is not carried out. [0482] FIG.
88 illustrates the BER where a replacement process in accordance with the bit allocation pattern of
FIG. 84 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 1. [0483] FIG. 89
illustrates the BEE where a replacement process in accordance with the bit allocation pattern. of FIG.
85 is carried out forl>DPE codes wwhosercode lengthdwis 64,800 dhdantidse encoding fate is 5/6 and
9/10 adopting 4096QAM as the modulation method and setting the multiple b to 2. [0484]

{= g), and the next 3+360x{i-1th 1s a column chtainad Dy

cyclically shifting the 1+360x{i-i)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

(= al.

[0450]

Now, 1f it is assumed that the numeral value in the

Jjth column (ith from the left) in the ith row (ith row

from above) of the parity check matrix initial value

table 1s represented by bi,; 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

Hy.s 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.

[04

W

:51]
Hy-y = modihg, s + mod((w=-1),P) x ¢g,M}
[0452]
Here, mod(x,y) signifies z remainder when x is
divided by y.

[0453]



It is to be noted that, in FIGS. 88 and 89, 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 LDPC code having the encoding rate of 9/10. [0485]
FIG. 90 illustrates the BER where a replacement process in accordance witn the bit allocation pattern
of FIG. 86 is carried out for LDPC codes whose code length N is 16,200 and whose encoding rate is
3/4, 5/6 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 adopting 1024QAM as the modulation method and setting the multiple b to 2. [0486]

It is to be noted that, in FIG. 90, a graph having an asterisk applied thereto represents the BER
regarding the LDPC colde dvavinglthe dodedengthrN of 64;808:andthe céncoding ratetof 9/10, and a
graph having an upwardly directed triangular mark applied thereto represents the BER regarding the
LDPC codes Kaiing thescateclength Nt 641800 and: el encoding ratel of 5/6. Further, a graph having
a square mark applied thereto represents the REF regarding the LDPC code having the code length N
of 64,800 andtK&e'BReBding rate'6f 314 E[0487] St arEwtiser, inFlG. J02atgraph having &round mark
applied thereto represents the REF regarding the LDPC code having the code length N of 16,200 and
the encoding Va‘?g%% AR £ graph iaviny a SowHwatdly difecksti thangurar fatk Applied thereto
represents the REF regarding the LDPC code havin (? code length N aof 16,200 and the encoding
rate of 5/6. F&t%%r,uan é"rhp%or%él\%lg %%%ser%:?k 6}e‘tﬁplgiéeé Ee?gto ‘?Egreggﬁ%éjtﬁe REF régHraing the
LDPC code having the code length N of 16,200 and the encoding rate of 3/4. [0488] FIG. 91
illustrates the REF where a replacement process in accordance with the bit allocation pattern of FIG.

87 is cartied out for L Dtecodas whose codilengih NJs 16:200.and whase epgodigg rate is 5/6 and
8/9 and for LDPC codes whose code length N is 64,800 and whose

numper of the elements of the value 1 in the 1+360x{i-
1)th column of the parity check matrixz H from the parity
check matrix initial valiue table.

[0455]

Further, the LDPC encoding section 21 determines
the row number H,j of the element of the value 1 in the
wth column which 1s a column other than the 1+360x{i-1)th
column of the parity check matrix H and produces a parity
check matrix H in which the slements of the row numbers
obtained by the foregoing have the value 1.

(04563

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
transmission 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
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encoding rate is 5/6 and 9/10 adopting 4096QAM as the modulation method and setting the multiple b
to 2, [0489] It is to be noted that, in FIG. 91, a graph having 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 directed triangular mark applied thereto represents the BER regarding
the LDPC codes having the code length N of 64,800 and the encoding -ate of 5/6. [0490] Further,
in FIG. 91, 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 REF regarding the LOPE code having the code
length N of 16:2Q0-as¢ theréncoding rate of 5i6: [0491]Acterding te:BIGS. 88 to 91, the same bit
allocation pattern can be adopted with regard to a plurality of kinds of LDPC codes. Besides, the
tolerance to err8°dan be set to a desired performance with regard to all of the plural kinds of LOPE

codes. [0492]
In the demultiplexer 25, the code bits of the LDPC

code are written in the column direction of the memory 31,
which steres (N/{mb)) x (mb) bits in the column direction
» 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 determines the code bits after the
replacement as mb symbol bits cof (successive) b symbcls.
[0458]

in part;cular, the replacement section 32
determines the i+lth 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 by and determines the i+1lth hit
from the most significant bit of the mb symbol bits of
the b (successive) symbols as the symbol bit y;, and then
replaces the mb code bits by to ba., in accordance with a
predetermined bit allocation pattern.
F0459]

FIG. 84 shows an example of a bit allocation
pattern which can be adopted where the LDPC code is an

LEPC code whose code length N is 64,800 bits and whose
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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
error 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. [0493] On the other hand, according to the
bit allocation patterns of FIGS. 84 to 87, the same bit allocation pa ern can be adopted for a plurality of
kinds of LDPC 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 isefiminated :[8494]is 5 Further Saccording to the bit alladationcpattesns. of:FIGS. 84 to
87, the tolerance to errors can be raised to a high performance although it is a little lower than that
where a bit alldeatirpatterh focex¢iusive useds adeptéd for dachsofla plurality of kinds of LDPC
codes. [0495] In particular, for example, where the modulation method is 4096QAM, the same bit
allocation pattépr‘? fhURIG. 84 or 85 can be used for all of the LDPC codes which have the code length N
of 64,800 and the encoding rate of 5/6 and 9/10h Even where the same bit allocation pattern is

adopted in this manner’ tHe olerafice & erGRGante faisedid-a g pérfstitanced[p496]

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, in the demultiplexer 25, the code bits
written in the memory 31 for storing (64,800/(12 x 1)) «x
(12 = 1) bits in the column direction % row direction are
read cut in a unit of 12 x 1 (= mb) khits in the row
direction and supplied to the replacement section 32.
[0461]

The replacement section 32 replaces 12 x 1 (= mb)
code bits by to Iy such that the 12 x 1 (= mb) code bits
Dy te bi: to be read out from the memory 31 may be
allocated to the 12 x 1 (= mb) symbol bits vy, to yi1 of
one (= b) symbol as seen in FIG. 84.

[04c2]

In particular, according tce FIG. 84, the
replacement section 32 carries out, with regard to both
of an LDPC code having the encoeding xate of 5/6 and an
LDPC code having the encoding rate of 9/10 from among
LDPC codes having the code length N of 64,3800 bits,

replacement for allocating

lee



Further, for example, where the modulation method is 1024QAM, the same bit allocation pattern of
FIG. 86 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 3/41 5/6 and 9/10. Then, even if the same bit allocation pattern is adopted in this
manner, the tolerance to errors can be raised to a high performance. [0497] Meanwhile, for
example, where the modulation method is 4096QAM, the same bit allocation pattern of FIG. 87 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 64,800 and the encoding -ate of 5/6
and 9/10. Then, even ifithe santeebit allo&aticre patterndsadoptediin this,manner, the tolerance to
errors can be raised to a high performance. [0498] Variations of the bit allocation pattern are
further described. [0499F'2 CPRS. 92 Mubtrates an'éxdrviplecof abit alfoeation 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 encbfingTates for the’t DPT tofe B&fsd-by apafity check matrix H produced, for
example, from any of the parity check matrix initial value tables shown in FIGS. 37 to 82 other than the
encoding rate of 3/5 an’tiirbes(i:c%!ecg@th%%o ilation Méthod i€ ©PSK and'the multiple b is 1.

the code bit by to the symbol kit vy,

the code bit bs to the symbol bit vy,

the code bit bg to the symbol bit v,,

the code bit by to the symbol bit ys,

the code bit by te the symbol bit vys,

the code bit by to the symbol bit vyig,

the code bit bijg to the symbol bit v, and

the code bit by; To the symbol bit vys.

[04863] i

FIG. 85 shows an example of & 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 1s 4096QAM and the multiple b is 2.

[0464]

Where the LDPC code i1s an LDPC code whose code
length N 1s €4,800 bits and whose encoding rate is 5/6 or
$/10 and besides the modulaticn method is 40960AM and the
multiple b is 2, in the demultiplexer 25, the code bits

written in the memcry 31 for storing (64,800/(12 x 2V} «x
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[0500] Where the LDPC code is an LOPS 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
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 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. [0501] The replacement section 32
replaces the 2 x 1 (= mb) code bits be, and bl read out from the memory 31 in such a manner that the
2 X 1 (= mb) code bits bo and bl are allocated to the 2 x 1 (= mb) symbol bits yo and yl of oneb) symbol
as seenin FIG. 92.

(12 x 2} bits in the column direction »x row direction are
read ocut In a unit of 12 x 2 {= mb) blits in Tthe row
direction and supplied to the replacement section 32.
[10465]

The replacement section 32 replaces 12 x 2 (= mb)

code bits by to b such that the 12 x 2 {= mb}) ccde bits

e to by to be read out from the memory 31 may be

allocated to the 12 x 2 (= mb) symbol bits yy to ves of
Twe (= b) successive gymbols as sesen in FIG. 85.
[0466"

In particular, according to FIG. 85, the
replacement section 3Z 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 vs,

the code bit by to the symbcl bilt vye,

the code bit by to the symbol bit ve,

the code bit bs to the symbol bit v,

the code kit bg to the symbol bit vy,

the code bit by to the symbol bit ys,

the code bit b;; to the symbol bit vy,

the code bit by to the symbol bit vys,
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[0502] In particular, according to FIG. 92, the replacement section 32 carries out replacement for
allocating the code bit bo to the symbol bit yo and the code bit bl to the symbol bit 371. [0503] 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 bo and bl are determined as they are as the symbol bits yo and yl, respectively. [0504]

the code bit by te the symbol bit yq,
the ccde bit big to the symbol bit vig,
the code blt byy to the symbol bit vii,
the code pbit by to the symbol bit vy,
the code bit b: to the symbol bit v,
the code bit by to the symbol bit vz,
the code bit bs to the symbol bit vyig,
the code bit by to the symbol bit yis,
the code bit bs to the symbol bit vis,
the code Dit bi: te the symboel bit vig,
the code bit bis; to the symbol bit vig,
the code bit bi;s tc the symbol bit vy,
the code bit bi; to the symbol ?it Vig,
the code kit bis to the symbol bit va.,
the code bit bz to the symbol bit vz, and
the code bit bz to the symbol bit va;.
[0467]

Here, the bit allocation pattern of FIG. 85
utilizes the bit allocation pattern of FIG. 84 wherein
the multiple b is 1 without any modification. In
particular, the allocation of the code bits by, bs, ..., Do
to the symbol bits v: and the allocation of the bi, ba, ..,
b.s Lo the symbol bits v are similar to the allocation of

the code bits by to by to the symbol bits vy, of FIG. 84.
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FIG. 93 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 bits and has the encoding rate other
than 3/5 and besides the modulation method is 16QAM anbl the multiple b is 2. [05051 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 16QAM and the multiple b is 2, the
demult plexer 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. [0506] The replacement section 32 replaces the
4 x 2 (- mb) cddetbits 120 to b7 read out from the memory 31 in such a manner that the 4 x 2 (= mb)
code bits are allocated to the 4 x 2 (= mb) symbol bits yo to y7 of two (= b) successive symbols as
seen in FIG. 93. [0507FiA‘partiéul&h accordfingeto G- 93 thes bit allocation

pattern which can be adopted where the medulation 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 8/9 and besides the multiple b is 2 and also where
the modulation method is 10240AM 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 or 9/10 and besides the
multiple b is 2.

10469]

Where the LDPC code is an LDPC codsz 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 1024Q0AM and
besides the multiple b is 2, in the demulitiplexer 25, the
code bits written in the memory 31 for storing
(16,200/(10 =x 2y) »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.

[0470]

On the other hand, where the LDPC code 1s 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

170



replacement section 32 carries out replacement for allocating the code bit bo to the symbol bit Y7, the
code bit bi to the symbol bit ym the code bit b2 to the symbol bit Y4f 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. [0508] FIG. 94 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 encoding rate is any other
than 3/5 and besides the multiple b is 2. [0509] 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 methbddsi 640AM ahdBésides the multpletnis 2pin thecdemaultiplexer 25ntheteodes
written in the memory 31 for storing (N/(6 x 2)) x (6 x 2) bits in the column direction x row direction are
read out in a GHIf'OF6 x 24 (=1Ab) Bits in“the rewHirdetion antlistipplied fo thesreptatement section 32.

for storing {(64,800/(10 % 2)y) » (10 = 2} bits in the
column direction » row direction are read out in a unit
of 10 x 2 (= mb) bits in the row direction and supplied
to the replacement sectlion 32.
[0471]

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 big to be read out from the memory 31 may be

allocated tc the 10 x 2 (= mb) symbol bits yy to yie of
two (= b) successive symbols as =seen in FIG. 8§86.
(047273

In particular, according to FIG. 86, 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 enceding rate of 8/9 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 the encoding rate of 5/6 and LDPC codes having a
further encoding rate of 9/10 from among LDPC codes
having another code length N of 64,800, replacement for

allocating

171



[0510] The replacement section 32 replaces the 6 x 2 (= mb) code bits 100 to bu read out from the
memory 31 such that the 6 x 2 (= mb) code bits b0 to bn May be allocated to the 6 x 2 (= nib) symbol
bits y to yu of two (= b) successive symbols as seen in FIG. 94. [0511] In particular, according to
FIG. 94, the replacement section 32 carries out replacement for allocating the code bit bo to the
symbol bit yil, the code bit 'di to the symbol bit y7, the code bit b2 to the symbol bit y3, the code bit b3
to the symbol bit ylo, 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 y9, the code bit b7 to the symbol bit y5, the code bit b8 to the symbol bit yi, 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 [0512] thEIGo9E shdws lan éxample of arbitalldeationpattern which can be adopted

where the modulation method is 256QAM and the LDPC code is an LDPC code whose code
the code bit b to the symbol bit vs,

the code bit by to the symbol bit v,
- the ccde bit bs to the symbol bit vig,
the code bit bs to the symbol bit yis,
the code bit bs to the symbol bit v,
the code bit bg to the symbol bit v,
the code bit by to the symbol bit vys,
the code bit by to the symbol bit yis,
the code bit bg to the symbol bit vy,

the code hi

-
o

big to the symbol bit v,
the code bit bi: te the symbol bit vy,
the codes bit by, to the symbol bit ya,
the code bit bj;; to the symbol bit vy,
the code bit byy to the symbol bit vyig,
the code bit bis to the symbol bit yis,
the cecde bit big to the symbol bit vy,
the cocde bit by; to the symbol bit vy,
the code bit by to the symbol bit yi3, and
the code bit bis to the symbol bit yis.

(04737
FIG. 87 shows an example of a bit allocation

pattern which can be adopted where the modulation method

15 4096QAM and the LDPC code is an LDPC code whose code

et
~J
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length N is 64,800 bits and whose encoding rate is any other than 3/5 and besides the multiple b is 2.
[0513] Where the LDPC code is an LOPS code 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 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. [0514] The replacement section 32 replaces the 8 x 2
(= mb) code bits bo to b15 read out from the memory 31 such that the 8 x 2 (= mb) code bits b0 to b15
may be allocated to the 8 x 2 (= mb) symbol bits yo to y15 of two (= b) successive symbols as seen in
DIG. 95. [0515andpakticulars aétordify tolFlS. 95¢ithe reptacement segtiom: 82 camrids/Gutaeplacement

for allocating the code bit b5 to the symbol bit y15,
8/9 and besides the multiple b is 2 and also where the

modulation method is 40960AM and 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 multiple b
is 2.

[0474]

Where the LDPC code 1is an LDPC code whose code
length N 1s 16,200 kits and whose encoding rate is 5/6 orx
8/9% and the modulatiocon method is 40960AM 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 coiu@n 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.
[0475]

On the other hand, where the LDPC code is an LDPC
cede whose code length N is ©4,800 bits and whose
encoding rate is 5/6 cor 5/10 and the modulation method is
40960QAM 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 % 2 bits in the

rt

column direction x row direction are read out in a unit

of 12 x 2 (= mb) bits in the row direction and supplied
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the code bit bl to the symbol bit yi, the code bit b2 to the symbol bit yn, 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 y22, the code bit b6 to the
symbol bit y9, the code bit b7 to the symbol bit y5, the code bit b5 to the symbol bit y10, the code bit
b9 to the symbol bit y6, the code bit 1020 to the symbol bit y4, the code bit bll to the symbol bit y7, the
code bit b12 to the symbol bit y12, the code bit b22 to the symbol bit y2, the code bit b14 to the symbol
bit y14, and the code bit b15 to the symbol bit yo. [0516] FIG. 96 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 16,200 bits and whose encoding rate is any other than 3/5
and besides tli¢€ niditiple Pris AcfOB17] secWhare #ive 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 lhesides the multiple b is a 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 (= mb) bits in tHe*fow Titedtioi ahd stfplied o the réfiacément ection32(~ ™)

code bits be to sz such that the 12 x 2 (= mb) bits to be
read cout from the memory 31 may be allocated to the 12 x
2 (= mb) symbkol bits vy to vz 0of twoe (= b} successive
symbols as seen in FIG. 87.

[G477]

In particular, according to FIG. 87, the
replacement section 37 carries out, with regard to all of
the LDPC codes having the encoding rate of 5/6 and LDEC
codes having the encoding rate cof 8/9 from among LDPC
codes having the code length of 16,200 bi?s ag well as
LDPC codes having the enceding rate of 5/6 and LDPC codes
having the encoding rate of 9/10 from among LDPC codes
having another code length N of 64,800, replacement for
allocating

the code bit by to the symbcl bit vig,

the code bit b; to the symbol bit vis,

the code bit b; to the symbol bit v,

the code bit by to the symbcel bit vig,

the code kit bs te the symbol bit va,

the code kit by to the symbol bit vie,

the code bit bs to the symbol bit vy,
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[0518] The replacement section 32 replaces the 8 x 1 (= mb) code bits bo to b7 read out from the
memory 31 such that the 8 x 1 (= mb) code bits b0 to b7 may be allocated to the 8 x 1 (= mb) symbol
bits yo to y7 of one (= b) symbol as seen in FIG. 96. [0519] In particular, according to FIG. 96, the
replacement section 32 carries out replacement for allocating the code bit bo to the symbol bit y2, the
code bit bl 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 ha to the symbol bit y6, the code bit b6 to the
symbol bit y4, and the code bit b7 to the symbol bit yo. [0520] FIG. 97 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 bitd-hrd Whiselaricoding ratélis afyother thari-3/5and besides the modulation
method is QPSK and the multiple b is 1. [0521] Where the LDPC code is an LDPC code whose
code length N is 16,2006 '8¢ 62800 bits“arhd wioseléhcodfgrate istan 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 KAYPx B % DDitstinthE BT diréction’ fow direction are read out in a
unit of 2 x 1 (= mb) bitstigéhgé%vg %rfgti%qgar%%s%%%ieggggga r%pil%cement section 32.

Yazy
the code bit by, to the symbol bit vys,
the code bit by to the symbol bit vs,
the code bit bz to the symbol bit vis,
the code bit bis to the symbol bilt vis,
the code bit bis to the symbol bit vzo,
the code bit big to the symbel bit v,
the code kit biy to the symbol bit vs,
the code bit big to the symbol bit vs,
the code bit bm"to the symbol bit vy,
the code bit by to the syvmbel bit yq,
the code bit bs; to the symbol bit vg,
the code bit bz to the symbol bit vz, and

the code bit vsz to the symbol bi

b
+

s

=)

04783

Lccording to the bit allocetion patterns shown in
FIGS. 84 tTo 87, the same bit allocation pattern can be
adopted for a plurality of kinds of LDPC codes, and
besides, the tolerance to errors can be set to & desired
performance with regard to all of the plural kinds of

LDPC codes.
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[0522] The replacement section 32 replaces the 2 x 1 (= mb) code bits }do and bl read out from
the memory 31 such that the 2 x 1 (= mb) code bits bo and bl may be allocated to the 2 x 1 (= mb)
symbol bits yo and yl of one (= b) symbol as seen in FIG. 97. [0523] In particular, according to FIG. 97,
the replacement section 32 carries out replacement for allocating the code bit bo to the symbol bit yo,
and the code bit bl o the symbol bit 372. [0524] 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 bo and bl are determined as
they are as the symbol bits yo and yi, respectively.

[0479]

In particular, FIGS. 88 to 91 illustrates results
of simulations of the BER (Bit Error Rate) where a
replacement process 1s carried out in accordance with the
bit allocation patterns of FIGS. 84 to B87.

[0480]

It is to be noted that, in FIGS. 88 to 91, the axis
of abscissa represents E;/Ng (signal power to nolse power
ratlo per one symbol) and the axis of ordinate represents
the BER.

[0481]

Further, a solid line curve represents the BER
where a replacement process is carried out and an
alternate lcong and short dash line represents the BER
where a replacement process is not carried ocut.

(04827

FIG. 88 illustrates the BER where a replacement
process in accordance with the bit allocation pattern of
FIG. 84 is carried cut for LDPC codes whose code length N
is 64,800 and whose encoding rate is 5/6 and 9/10
adopting 40960AM as the modulation method and setting the
multiple b to 1.

[0483]

FIG. 89 illustrates the BER where z replacement
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[0525] FIG. 98 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 3/5 and
besides the modulation method is 16QAM and the multiple b is 2. [0526] 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) 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. [0527]
The replacement section 32 replaces the 4 x 2 (- Mb) code bits 12)0 to b4 read out from the memory
31 such that therdoe2 ¢= mib)acodeitsi100 tolb 7 mayberalfocatedtoathe dhx 2s(=mb)synibol bits yo
to y4 of two (= b) successive symbols as seen in FIG. 98. [0528]
FIG. 85 is carried out for LDPC codes whose code length N
is 64,800 and whose encoding rate is 5/6 and 9/10
adopting 40960AM as the modulation method and setting the
multiple b to 2.
[0484 ]
It is to be noted that, in FIGS. 88 and 89, a graph
having a triangular mark applied theretc represents the
BER regarding the LDPC code having the enceding rate of
5/6, and a graphn having an asterisk applied thereto
represents the BER regarding the LDPC code having the
encoding rate of 9/10.
[0485) |
FIG. 90 illustrates the BER where a replacement
process in accordance with the bit allocation pattern of
FIG. 8¢ 1s carried ocut for LDPC codes whose code length N
is 16,200 and whose encoding rate is 3/4, 5/6 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 adopting 1024QAM as
the modulation method and setting the multiple b to 2.
[0486]
It is to be noted that, in FTIG. 90, a graph having

an asterilsk applied thereto represents the BER regarding

the LDPC code having the code length N of €4,300 and the
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In particular, according to FIG. 98, the replacement section 32 carries out replacement for allocating
the code bit bo to the symbol bit yo, the code bit bl to the symbol bit ys, the code bit b2 to the symbol
bit yi, the code bit b3 to the symbol bit Y2, the code bit b4 to the symbol bit Y4, the code bit b5 to the
symbol bit y4, the code bit b6 to the symbol bit y3, and the code bit b4 to the symbol bit y6. [0529]

FIG. 99 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 is 16QAM and the multiple b is 2. [0530] 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 16GANMandthermukipietb i5/2,0n the demuitiplexer!25y thescede bitsqwrittén 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 (= mby bit§ i-fé rovvidirsctionantEsupphied 16 the feptacetent SectiorB25[0534] The
replacement section 32 replaces the 4 x 2 (= mb) code bits bp to b7 read out from the memory 31 such
that the 4 x 2 EEFbY €68€ Bits botoDH7MaYy ekt ated b the 4he2 ¢ fb) matidl bits §b to y7 of two

(=b) success%/g Sé(mbols as seen in FIG. 99. _
00 and the encoding rate of 5/6. Further, 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.

(0487]

Further, in FIG. 80, 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. Further, a graph
having a plus mark applied thereto represents the BER
regarding the LDPC code having the code length N of
16,200 and the encoding rate of 3/4.

[0488]

FIG. 21 dillustrates the BER where z replacement
process in accordance with the bit allocation pattern of
FIG. 87 1is 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
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[0532] in particular, according to FIG. 99, the replacement section 32 carries out replacement for
allocating the code bit bo to the symbol bit y7, the code bit bl to the symbol bit yi, the code bit b7 to the
symbol bit y4, the code bit b3 to the symbol b y2, the code bit b4 to the symbol bit Ys, the code bit b5
to the symbol bit y3, the code bit b5 to the symbol bit y6, and the code bit b4 to the symbol bit yo.
[0533] FIG. 100 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 64,800
bits and whose encoding -ate is 3/5 and besides the multiple b is 2. [0534] 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 methodds B4QANM and beSidesahd mMultipledslisi; in thel@érGRiplexer 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 r8&&'oUE Nt& UNEDF B2 12 this)Dits i the Fow diréétionanersliplied to the replacement
section 32. [05{%5498 o

It is to be noted that, in FIG. 91, a graph having
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
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.

10450]

Further, in FIG. 91, a graph having a round mark
applied theretc represents the BER regarding ;he LDPpC
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.

[G451)

According to FIGS. 88 to 21, the same bit
allocation pattern can be adopted with regard to a
plurality of kinds of LDPC codes. Besides, the tolerance
Lo errors can be set to a desired performance with regard

to ali of the plural kinds of LDPC codes.
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The replacement section 32 replaces the 6 x 2 (- mb) code bits bp to b11 read out from the memory 31
such that the 6 x 2 (= mb) code bits bo to b11 may be allocated to the 6 x 2 (= mb) symbol bits yo to yll
of two (= b) successive symbols as seen in FIG. 100. [0536] In particular, according to FIG. 100,
the replacement section 32 carries out replacement for allocating the code bit b5 to the symbol bit y2,
the code bit bi 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 yl, the code bit b7 to the symbol bit ys, the code bit 138 to the symbol bit y4, the code bit b9
to the symbol bit y11, the code bit b15 to the symbol bit y5, and the code bit b11 to the symbol bit ylo
[0537] FIG: 494 Ishows 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'raté is-3/5arid bedites theenitiiplesh isoZ40538] Whéresthie LIDPC code is an

LDPC code whose code .
exclusive use 1s adopted for each of a plurality of kinds

of LDPC codes which have different code lengths and
different encoding rates, the tolerance fto an erryor can
be raised to a very high performance. However, it is
necessary to change the bit alleocation pathern for each
of a plurality of kinds of LDPC codes.

[0493]

On the other hand, according to the bit allocation
patterns c¢f FIGS. 84 to 87, the same bit allocaticn
pattern can be adopted for a plurality of kinds of LDPC
codes which have different pode lengths and different
encoding rates, and the necessity to change the bit
allocation pattern for each of & 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 1s eliminated.

[0494]

Further, according to the bit allocation patterns
of FIGS. 84 toe 87, 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 1s

adopted for each of a plurality of kinds of LDFEC codes.
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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 bits written in the memory 31 for storing
(16,200/(6 x 2) (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. [0539] ~ The replacement
section 32 replaces the 6 x 2 (= mb) code bits bo to bu read out from the memory 31 such that the 6 x
2 (= mb) code bits bo to bll may be allocated to the 6 x 2 (= mb) symbol bits yo to yil of two (= b)
successive symbols as seen in FIG. 101. [0540] In particular, according to FIG. 101, the
replacement section 32 carries out replacement for allocating the code bit bo to the symbol bit Yth the
code bit bi to thé“syimbol bit y7, the code bit b2 to the symbol bit y3, the code bit b3 to the symbol bit
ylo, the code bit b4 to the symbol bit y6, the code bit ID; to the symbol bit y2, the code bit b6 to the
symbol bit y9, the codéd Bith7't6the syinbol bif y5xtHerchee bit1sg fo theesynmsbl bit3717 the code bit

b9 to the symbol bit y8, the code bit blo to the symbol bit y4, and the code bit bn to the symbol bi yo
method is 40960AM, the same bit allocation pattern in FIG.

84 or 85 can ke used for a1l of the LDPC codes which have

1y

the code length N 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.
[0496]

Further, for example, where the modulation method
is 10240AM, the same bit allocation pattern of FIG. 86
can be adepted 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 9/10.
Then, even 1f the same bit allocation pattern is adopted
in this manner, the tolerance to errors can be raised to
a high performance.
[0497]

Meanwhile, for example, where the modulation method
is 40960QAM, the same bit allocation pattern of FIG. 87
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

181



[0541] FIG, 102 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 whose encoding rate is 3/5 and besides the multiple b is 2. [0542] 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 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. [0543]

The replacement section 32 replaces the 8 x 2 (- mb) code bits }do to b15 read

out from the nemaR 3k such: that thee8X:i2:¢= mb) eodé biig boaob15/hay belTallocated ¢othe 8 x 2
(= mb) symbol bits yo to y15 of two (= b) successive symbols as seen in FIG, 102. [0544] In
particular, accbrding %o FRGE102, thé teplacément section 32 tarriedcatiteeplatermentfor allocating

mannexr,

the tolerance to errors can be raised to a high

performance.

r0498]

Variations of the bit allocation patiern are

further described.

[0490]

FIG. 92 illustrates an example of a bit allocation

pattern which can be adopted where the LDPC code is any

LPPC code which has the code length N of 16,200 or 64,800

bits and cone 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. 37 to 82 other than the encoding rate of

3/5 and besides the modulation method is QPSK and the

multiple b is 1.

[0500]

Where the LDPC code 1s 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 multiple b is 1, the demultiplexer

25 reads out code bits written in the memory 31 for

storing (N/(2 % 1}) x (2 x 1) bits in the column
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the code bit b0 to the symbol bit y2, the code bit 131 to the symbol bit y11, the code bit b2 to the
symbol bit Y3, the code bit b3 to the symbol bit y4, the code bit b4 o the symbol bit yo, the code bit b5
to the symbolY9t the code bit b6 to the symbol bit YI, the code bit b7 to the symbol bit ys, the code bit
b8 to the symbol bit y10, the code bit b9 to the symbol bit y13, the code bit blo to the symbol bit y7, the
code bit b11 to the symbol bit y14, the code bit b12 to the symbol bit y6, the code cit b13 to the symbol
bit y15, the code bit b24 to the symbol bit y5, and the code bit b15 to the symbol bit y12. [0545] FIG.
103 shows an example of a bit allocation pattern which can be adopted where the modulation method
is 256QAM and the LDPC code is an |.D.PC code whose code length N is 16,200 bits and whose
encoding rateds Bf5-and besidesthel mudtiple bris 11.[G5461 1t Alheresthie LBPC-0odelis @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'bédiges the fbltipe b 781 Aincthe HemulfifleXxer25: #ilcodé bits Writtehtir 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 (= mbY Bit& i the folv Gird&idh aift-Supplied 1o the replacement section 32. [0547] The
replacement séeé;ngn 32 replaces the 8 x 1 (= mo) code bits 190 to b7 read out from the memory 31
such that the 8 X"’ (= mb) code bits bo to b7 may be allocated to the 8 x 1 (= mb) symbol bits yo to y7

Ofone(:b)symbolas&ggnyégygbg%%nt secticn 32 replaces the 2 x 1 (=

mp) code bits by and by read out from the memory 31 in

such a manner that the 2 x 1 (= mb) code bits by and b
are allocated to the 2 x 1 (= mb) symbol bits vy; and y, of
one {= b} symbol as seen in FIG. 8Z.

[0502]

In particular, accerding to FIG. 92, the
replacement section 32 carries out replacement for
allcoccating

the code bit by to the gsymbcel bit vs and

the code pbit by to the symbol bit vi.

[0503)

It is to be noted that, in this instance, alsco 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 yy and y;, respectively.

[0504]

FIG. 93 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
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[0548] In particular, according to FIG. 103, the replacement section 32 carries out replacement for
allocating the code bit bo to the symbol bit y7, the code bit bi to the symbol bit y3, the code bit b7 to
the symbol bit yl, the code bit b3 to the symbol bit y5, the code bit h4 to the symbol bit y2, the code bit
b5 to the symbol bit ys, the code bit b6 to the symbol bit y4, and the code bit b7 to the symbol bit yo.
[0549] Now, the deinterleaver 53 which composes the reception. apparatus 12 is described.
[0550] FIG. 104 is a view illustrating processing of the multiplexer 54 which composes the
deinterleaver 53. [0551]

bits and has the encoding rate other than 3/5 and besides
the modulation method is 160AM and the multiple b is 2.
[0505]

Where the LDPC code 1s an LDPC code which has the
code length N of 16,200 oxr 64,800 bits and has the
encoding rate other than 3/5 and besides the modulation
method is 160AM and tThe multiple b is 2, the
demultiplexer 25 reads out the code bhits written in the
memory 31 for storing (N/(4 x 2)) x (4 x 2) bits in the
column direction »* row direction in a unit of 4 x 2 (=
mb) bits in the row direction and supplies the read cut
code bits to the replacement secticon 32,

[0506] i

The replacement section 32 replaces the 4 x 2 (=
mp) code bits by to by read out from the memory 31 in such
a manner that the 4 x 2 (= mb} code bits are allocated to
the 4 x 2 (= mb) symbol bits vy to y7 of twoe (= b)
successive symbols as seen in FIG. 93,

[0507]

In particular, according to FIG. 93, the
replacement section 32 carries out replacement for
allocating

the code bit ke to the symbol bit vy,

the code bit by Lo the symbcl bit vy,
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In particular, A of FIG. 104 shows an example of a functional configuration of the multiplexer 54. [0552]
The multiplexer 54 is composed of a reverse replacement section 1001 and a memory 1002. [0553]
The multiplexer 54 determines symbol bits of 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 to the replacement process carried out by the demultiplexer 25 of the transmission
apparatus 11 (process reverse to the replacement process), that is, a reverse 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 code obtained as a result of the reverse
replacement process to:the columnitwistideifiterleaversssattheisucceeding stage. [0554] In
particular, in the multiplexer 54, mb symbol bits yo, Y1, -, Yrnb-i. of b symbols are supplied in a unit of
b (successive) symbols-téftheGéverse reptaceméntseétio 20010555}

the code bit by fto the symbol bit vy,
the code bit bs te the symbol bit vs,
the code bit by To the symbol bit ve, and

the code bit by to the symbol bit vyg.

FIG. 94 shows an example of a bit allocation
pattern which can be adopted where the modulation method
ig ©40AM and the LDPC code isg an LDPC code whose code
length N 1is 16,200 or 64,800 bits and whose encoding rate
is any other than 3/5 and besides the multiple b is 2.
105097

Where the LDPC code is an LDPC code whose code
length N is 16,200 or ©4,800 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 Z2Y) % {6 x 2) bits in the column direction x row
direction are read out in a unit of €& x 2 (= mb) bits 1in
the row direction and supplied to the replacement section
32.

[0510]

The replacement secticn 32 replaces the & x 2 (=
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The reverse replacement section. 1001 carries out reverse replacement of returning the arrangement
of the mb symbol bits yo to yirl to the original arrangement of the mb code bits bo, 101, -, bl
(arrangement of the code bits 'do to br(0,1 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 section 1001 outputs code bits bo to b1 obtained as a result of the reverse
replacement. [0556] 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) direction similarly to the memory
31 which composes the demultiplexer 25 of the transmission. apparatus 11 side. In other words, the
reverse replacemeritseetion 160%4ds configured fronrmb dolumns pachefiwhich? stares N/(m19) bits.
[0557] However, in the memory 1002, writing of the code bits of LOPC codes outputted from the
reverse replacemeént’segtién 1001 is cafviedsitin & Hirection e whichtesding out 6 cede Bits from
the memory 31 of the demultiplexer 25 of the transmission apparatus 11 is carried out, and reading out
of code bits wriftert iifthe rﬁeér)]offy‘ 1962 iSEERRd dtit frf a dirdction in WhichWitifig ¢ 'code bits into the
memory 31 is carried out. [0558 In particular, the multiplexer 54 of the reception apparatus 12

successively ¢atries out writing %)? Edde Bits 5F&R LDPC tode Bitputted from the reverse replacement

section 1001 ip & unit of mb bits in the row direction beginning with the first row of the memory 1002
toward a lower Iow as seen in A of FIG. 104. [0559] Then, when the writing of code bits for one

code length ends, the r@HItiB%e%({aEgﬂlrggds 8%@9&%098 hdt? nﬁlg,je C%Ihlmmq;éection from the memory
1002 and supplies the codé bits to the column twist deinterleaver 55 at the succeeding stage.

replacement sectlon 32 carries ouf replacement for
allocating

the code bit by to the symbel bit yii,

the code kit b, to the symbol bit vyq,

the code bit bz to the symbol bit vys,

the code kit by to the symbol bit vy,

the che bit bs to the symbol bit vy,

the code kit bs to The symbol bit vy,

the code bit bg to the symbol bit vys,

the code bit by to the symbol bit vs,

the code bit bg toe the symbol bit vy,

the code kit ks tc The symbol bit vy,

the cecde bit bip to the symbol bit vy, and

the code bit bi: to the symbol bit yy.
105121

FIG. &5 shows an example of a kit allocation
pattern which can be adcopted where the modulation method

is 2Z5e0AM and the LDPC code i1s an LDPC code whose code
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[0560] Here, B of FIG. 104 is a view illustrating reading out of the code bits from the memory
1002. [0561] 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 which composes the memory 1002
beginning with a leftmost column toward a right side column. [0562] Now, processing of the
column twist deinterleaver 55 which composes the deinterleaver 53 of the reception apparatus 12 is
described with reference to FIG. 105. [0563] FIG. 105 shows an example of a configuration of the
memory 1002 of the multiplexer 54. [0564] The memory 1002 has a storage capacity for storing

length N 1s 64,800 bits and whose encoding rate is any
other than 3/5 and besides the multiple b is 2.
[0513]

Where the LDPC code is an LDPC code whose code
length N is 64,800 bits and whose encoding rate is any

other than 3/5 and the modulaticn method is 2550AM and

Al

besides the multiple b is 2, in the demultiplexer 25, the
code bits written in the memory 31 for storing (64,800/(8
X 20y x (8 x 2) bits in the column directicn 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.

[0514]

The replacement section 32 replaces the 8 x 2 (=
mb) code bits by to bys read cut from the memory 31 such
that the 8 x Z (= mb) code bits by Lo bis may be allocated
to the 8 x 2 (= mb) symbcl bits vy to vis of two (= b)
successive symboclis as seen in FIG. 85,

[0515]

In particular, according to FIG. 93, the
replacement section 32 carries out replacement for
allocating

the code bit by to the symbol bit yis,

the code bit b; to the symbol bit vy,
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mb bits in the column (vertical) direction and stores N/(mb) bits in the row (horizontal) direction and is
composed of mb columns. [05651 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 columndirection to carry out column twist deinterieave.
[05661 In particular, the column twist deinLerleaver 55 carries out a reverse re-arrangement
process of suitably changing the readingout starting position at which reading out of code bits with
regard to each of a plurality of columns is to be started to return the arrangement of code bits
re-arranged by the column twist interleave to the original arrangement. [0567] Here, FIG. 105
shows an example of a“¢onfigrktionidf the rhemone 16002unheré the modulation method is 16QAM
and the multiple b is 1. Accordingly, the bit number m of one symbol is 4 bits, and the memory 1002
includes four (= mb) coltifingJo566]-t s to the symbol bift ys,

the code kit by to the symbol bit v,

the code bit bs te the symbol bit vy,

the code kit bg toe the symbel bit v,

the code bit bs to the symbel bit vs,

the code bit by to the symbol bit vig,

the code bit be to the symbol bit v,

the code bit by to the symbol bit vy,

the code bit biy to the symbol bit vy,

the code bit bi: to the symbol bit vy,

the code bit bys to the symbol bit vy,

the code bit bis to the symbol b%t Yia, and

the code bit bis to the symbol bit vp.

0516’

FIG. 96 shows an example cof 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 16,200 bits and whose encoding rate is any
other than 3/5 and besides the multiple b is 1.

[0517]

Where the LDPC ccde is an LDPC code whose code

length N is 16,200 bits and whose encoding rate is any

other than 3/% and the modulation methed is Z2560AM and
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The column twist deinterleaver 55 carries out (in place of the multiplexer 54) writing of code bits of an
LOPC code outputted from the replacement section 1001 in the row direction successively into the
memory 1002 beginning with the first row toward a lowermost row. [0569] 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 direction (column direction) from a top of the memory 1002 beginning with a
leftmost column toward a right side column. [0570] However, the column twist deinterleaver 55
carries out reading out of the code bits from the memory 1002 determining the writing starting position
upon writing of the code bits by the column twist interieaver 24 on the transmission apparatus 11 side
to a reading ot Staftirig position of tHelcode Bits. J0571] thelrdsaricdlar iftheaddress -bfthe position
of the top of each column is determined as 0 and the address of each position in the column direction
is represented B§ an‘integel’ §ivehdn ahmasceRdmgrstder, then Whefe thiel bduldtiondhéthod is
16QAM and the multiple b is 1, the column twist deinterleaver 55 sets the reading out starting position
for the leftmost columf td the pdsitibi whosE addfessis o 8ete thE Feadilg buf Starting position for the
second column. (from the left) to thg (Psition whose addrgss%s % sets the rea8 ing out starting position

. (f d > G
for the third cglﬁm@nct%‘tﬁ@ p%"éﬁiojﬁ Whose address is "4, and sets the f*eaEJITn(jFﬂ ut éﬁ%glﬁosition for

the fourth COI%‘HQ t%é@we 89%'2%%" I?Sgnagdéesps i§i76d Lo the replacement section
32.
[0518]

The replacement section 32 replaces the 8§ x 1 (=
mb) code bits by to by read cut from the memory 31 such
that the 8 » 1 (= mb) code kits by to b may ke allocated
to the 8 » 1 (= mb) symbol bits vy to ys; of cone (= b)
symbol as seen in FIG. 96.

[0519] i

In particular, according to FiIG. %6, the
replacement secticn 32 carries ocut replacement for
allocating

the code kit by to the symbol bit v,

the code bit b; to the symbol bit vy,

the code bif by, to the symbol bit vy,

the code bit bs; to the symbol bit vys,

Zhe code bit by To The symbol kit vya,

the ccode bit b

LA
ct
O

the symbol kit vs,
the code bit bg to the symboel bit vs, and

the code bit by to the symbol bit vg.
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[0572] 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 is carried out downwardly to the
position immediately preceding to the reading out starting position. Then, after that, reading out is
carried out from the next (right) column. FO573] By carrying out such column twist interleave as
described above, the arrangement of the code bits re- arranged by the column twist interleave is
returned to the original arrangement. [0574] FIG 106 is a block diagram showing another example
Df the configuidtiondf the reception apparatus 12. [0575] Referring to FIG. 106, the reception
apparatus 12 is a data processing apparatus which receives a modulation signal from the transmission
apparatus 11 and incluié$ an‘fthdgerial demédaiation sedtion 51, % démappingsection 52, a de

nterleaver 53 and an LDPC decoding section 1021.
pattern which can be adepted 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 moedulation method is QPSK and the multiple b is 1.
(05217

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 mcdulation method
is OPSK and the multiple b is 1, in the denmultiplexer 25,
the code bits written in the memory 31 for storing (N/ (2
% 1)y = (2 = 1) bits 1in the column @irection X rOW
direction are read ocut in a unit of 2 x 1 (= mb) bits in
the row direction and supplied to the replacement section
32.

[0522]

The replacement secticon 32 replaces the 2 x 1 (=
mp) code bits by and by read out from the memory 31 such
that the 2 x 1 (= mb) code bits by and b: may be allocated
to the Z x 1 (= mb) symbol bits y; and yi1 of one (= b)
symbol as ssen in FIG. 27,

[0523]

In particular, acceording to FIG. 97, the
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[0576] The orthogonal demodulation section 51 receives a modulation signal from the
transmission apparatus 11, carries out orthogonal demodulation and supplies symbols (values in the |
and 0 axis directions) obtained as a result of the orthogonal demodulation to the demapping section
52. [0577] The demapping section 52 carries out demapping of 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. [0578] 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. [0579] In particular, the multiplexer 54 determines an
LDPC code frosirthe dentapping séction 52 as anwbjectof provessingethersof and carries out a
reverse replacement process corresponding to the replacement process carried out by the
demultiplexer 25613R¢& trafismission apparatus 11 (reverse process to the replacement process), that
is, a reverse replacement process of returning the positions__ of the code bits replaced by the
replacement process td-the GigiRalpdsitions T heRe the Mufipléxef 54ssugpliés an LDPC code
obtained as a result of the reverse replacement process tq the column twist deinterleaver 55. [0580]
The column twist de n &f8averEs @eﬁgrrﬁihe%qhékt%ﬁén&%aé ffomT thé multiplexer 54 as an objec,, of
processing anfo%aﬂi s out column twist deinterleave corresponding to the column twist interleave as a
rearrangement process carried out by the column twist interleaver 24 of the transmission apparatus

11. It 1s to ke noited that, in this instance, also it

is possible to consider that replacement is not carried
out and the code bits by and by are determined as they are
as the symbel bits vy and vy, respectively.

[0525]

FIG. 98 shows an example of a bit allocation
pattern which can be adopted where the LDPC code is an
LDPC code whose gode length N is 64,800 bits and whose
encoding rate is 3/5 and besides the modulation method is
16CAM and the multiple b is 2.

[0526]

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 mecdulation method is 160AM and the
multiple b is 2, in the demultiplexer 25, the code hits
written in the memory 31 for storing (64,800/(4 x 2)) =
(4 x 2) blts in the column direction x row direction are
read out in a unit of 4 = 2 {= mb) bits in the row

direction and supplied to the replacement section 32.
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[0581] 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. [0582] 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 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 is, parity deinterleave of returning the arrangement of the code bits of the
LDPC code whose arrangement was changed by the parity interleave to the original arrangement.
[0583] The LDPC code obtained as a result of the parity deinterleave is supplied from the parity
deinterleaver 101X ta the LDPC decoding section 1021. [0584] Accordingly, in the reception apparatus
12 of FIG. 106, the LDPC code for which the reverse replacement process, column twist deinterleave
and parity deinterleave Havelféerrcadtied bue thatlisrar EDPEregdess the 4 x 2 (=

mb) code bits by to by read out from the memory 31 such
that the 4 = 2 (= mb) cocde bits by to b; may be allocated
to the 4 x 2 (= mb) symbol bits vy to yry of two (= b)
successive symbols as seen in FIG. 98.

[0L28]

In particular, according to FIG. 98, the
replacement section 3Z carries out replacement for
allocating

the code bit by to the symbol bit vy,

the code kit b; to the symbol bit vys,

the code pbit b: to the symbol bit Y,

the code bit bs To the gymbol bit vy,

the code bit by to the symbol bit va,

the code bit bs To the symbol bit vyq,

the code bit bs to the svmbol bit vz, and

the code kit by to the symbol bit ys.

[0529]

Fry

FIG. 99 shows an example of a kit allocation
pattern which can be adcopted 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 the multiple b is Z.
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obtained by LDPC coding in accordance with the parity check matrix H, is supplied to the LDPC
decoding section 1021. [0585] The LDPC decoding section 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 11 or a conversion parity
check matrix obtained by carrying out at least column conversion corresponding to the parity interleave
for the parity check matrix H. Then, the LDPC decoding section 1021 outputs data obtained by the
LDPC decoding as a decoding result of the object data. [0586] Here, in the reception apparatus
12 of FIG. 106, since an LDPC code obtained by LDPC encoding in accordance with the parity check
matrix H is suppliet-ftom 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 LDPCE&Rcddifg by the EDPT efcading: BEEGHP2IE ofihestfarshiission apparatus
11, the LDPC decoding section 1021 can be configured, for example, from a decoding apparatus
which carries b8'EHPCdchdirty i? Acordanée with R seriaPdedsding metHsd wherein
mathematical operation of messages (check node messages and variable node messages) is carried
out for one bya(ﬁl% ASde 5F &ndther ﬁ@%ﬁﬁ& éﬁﬁaf&?&sh%%eﬁﬁn LBPC d8LSHiIAG s carried out in
accordance with f full paralle] degoding method wherein mathematical operation, of messages are
carried out simul ané%usly (in"parallel) for aif nodes:

written in the memory 31 for storing (16,200/(4 x 2y} x
(4 x 23 bits in the column direction x row direction are
read out in a unit of 4 x 2 (= mb) bits in the row
irection and supplied to the replacement section 32.
[0531]

The replacement secticn 32 replaces the 4 x 2 (=
mb) code bilts by to by read out from the memory 31 such
that the 4 x 2 (= mb) Qode bits by te bs may be allocated
to the 4 x 2 (= mb) symbol bits vy to vy of two (= b)
guccesgive symbols as seen in FIG. 29.

[0532]

In particular, according tc FIG. 99, the
replacement section 32 carries out replacement for
allocating

the code bit bg to the symbol bit vs,

the code bit b: tc the symbol bit vq,

the code bit by tc the symbol bit vy,

the code bit b; to the symbol hit v,

the code bit by to the symbol bit vs,
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[0587] 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 encoding section 21
of the transmission apparatus 11, the LDPC decoding section 1021 can be confirmed from a decoding
apparatus of an architecture which carries out the check node mathematical operation and the variable
node mathematical operation simultaneously 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 carrying out column
replacement similar to the column replacement for obtaining a conversion parity check matrix for the
LOPC code to re-arrangé¢he edde bits obthe LDPGcoded{0588]t v: it is to be noted that, while, in
FIG. 106, the multiplexer 54 for carrying out the reverse replacement process, column twist
deinterleaver 55 for carfyifig @ the*édlufm Biist-déinterieageé ahdparity deirerleaver 1011 for
carrying out the parity deinterleave are configured separately from each other for the convenience of
description, two or more'8t thé friultiptéxét’s4, collirin twisb deinterfealier 55 and parity deinterleaver
1011 can be configured integrally similarly to the parity interleaver 23, _ column twist interleaver 24 and
demultiplexer %@ o%%llue transmission apparatus 11. [0589] FIG. 107 is a block diagram showing a

first example of a confi%@tioq @6 asrggagtioannsyes}tigrpmvﬂic% can bgjqppeyfg Ct)c(): g]cei Oer‘ception apparatus
12. [0590] C ; N - " '

pattern which can be adopted where the modulation method
1s 640AM and the LDPC code is an LDPC code whose code
length N 1s 64,800 bits and whose encoding rate 1is 3/5
and besides the multiple b is 2.

[0534]

Where the LDPC code is an LDPC code whose cods
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 2Z) bits in the column direction » row direction are
read out in a unit cof 6 x 2 (= mb) bits in the row
direction and supplied to the replacement section 32.
[0535]

The replacement section 32 replaces the 6 x 2 (=
mb) code bits by to biy read out from the memcry 31 such
that the 6 x 2 (= mb) code bits bp to by may be allocated
to the € x 2 (= mb) symbol bits vy to yi; of two (= b)

succegsive symbols as =seen in FIG. 100.
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Referring to FIG. 107, the reception system includes an acguisii-ion section 1101, a transmission line
decoding processing section 1102 and an information source decoding processing section 1103.
[0591] 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, for example, terrestrial digital broadcasting, satellite digital broadcasting, a.
CATV network, the Internet or some other network. Then, the acquisition section 1101 supplies the
acquired signal to the transmission line decodinp processing section 1102. [0592] Here, where
the signal acquired by the acquisition section 1101 is broadcast, for example, from a broadcasting
station through @redrid waves, satellite waves, a CATV (Cable Television) or the like, the acquisition
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 &cjliisitioh- séctionFro1disfansittédin a ulticase state as in the IPTV
(Internet Protocol Television), for example, from a web server, the acquisition section 11 is configured
from a network F-@hter fitle) 3Gch S8 for exafple; Eh NIEH (NERbiK fftéface E4ard). [0593] The
transmission line decodjng processing section 1102 carries out a transmission line decoding process
including at Ie%éeftgcb?gc]e%% for correcting errors produced in the transmission line for the signal
acquired through the trgg@m@gi&n l(ign}?tb th% gc%%igitigg sggt;o%%%(_)l and supplies a signal obta_\ined
as a result of the transmission line décodifig process to the |n*format|c}{12 Source decoding processing

section. 1103. the code bit by to the symbol bit yq,
the code bit by to the symbol bit v,
the code bit by to the symbol bit vy,
the code bit b: to the symbol bit vy,
the code bit bs to the symbol bit vys,

the code bit bg te the symbol bit vy,

)..MI
t
e}
=]

the code bi to the symbol bit vg,

the code bit by to the symbol bit_yh

the code bit be to the symbol bit vii,

the code bit byy to the symbol bit ys, and
the code bit byy to the symbol bit yip.
[0537]

FIG. 101 shows an example of a bit alliocaticn
pattern which can be adeopted where the modulation method
is ©4CAM and the LDPC code 1s an LDPC code whoss code
length N is 16,200 bits and whose encoding rate is 3/5
and besides the multiple b is 2,

[05328]

Where the LDPC code is an LDPC code whose code

195



[0594] In particular, the signal acquired through the transmission line by the acquisition section
1101 is a signal obtained by carrying 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. [0595] Here, as the error correction encoding, for example,
LDPC encoding, Reed-Solomon encoding and so forth are available. Here, as the error correction
encoding, at least LDPC encoding is carried out. [0596] Further, the transmission line decoding
process sometimes includes demodulation of a modulation signal and so forth. [0597] The
information solrceytecdding pidcessingsection1d 08lcasressoutcait information soufcesdecoding
process including at least a process for decompressing compressed information into original
information foPthe SigfalMetwhithitha tramshiissidn lind détbding: procesddrastideen carried out.

multiple b is 2, in the demultiplexer 25, the code bits
written in the memory 31 for storing {(16,200/(6 x 2)) x
{6 x 2) bits in the column direction x row directicn are
read cut in a unit of & x 2 (= mb) bits in the row
direction and supplied to the replacement section 32.
[0539]

The replacement section 32 replaces the 6 x 2 (=
mo) code bits by to by read out from the memory 31 such
that the ¢ x 2 (= mb) code bits by to by may be allocated
to the 6 x 2 (= mb) symbol bits vy to vy of two (= b)
successive symbols as seen in FIG. 101.

[0540]

In particular, according to FIG. 101, the
replacement section 32 carries out replacement for
aliccating

the code bit by to the symbol bit vy,

the code bit b: to the symbol bit vy,

the code bit b; to the symbol bit vs,

the code bit b:; to the symbol bit vyip,

the code bit by to the symbol bit vy,

the code bit bs to the symbol bit vy,

the code bit bg to the symbol bit v,
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[0598] In particular, the signal acquired 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 out an information source decoding
process such as a process (decompression process) for decompressing the compressed information
into original information for a signal for which the transmission line decoding process has been carried
out. [0599] 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 information source
decoding processing sédtion-LL8 ddes hot tarry bet therprodessisf decompressing the compressed
information into the original information. [0600] Here, as the decompression process, for example,
MPEG decoding and s6 #6rtly afeavailable. Edrthietethevtrdtismisdion fine decoding process
sometimes includes descrambling in addition to the decompression process. [06011 In the
reception system configtifediA Stck AmAaneras desérideCabdvet the acquisition section 1101
receives a signal obtained by carrying out compression encoding such as MPEG encoding for data of,
for example, images, sotfid %ﬁ%%oﬁtfgﬁhq‘éﬁd %Lgrtﬁ‘é}eca?%oéu?cejrfor%rr&rf%n encoding such as
LDPC encoding for the,compression encoded data through a transmission line. The signal is supplied
to the transmission Iinet%)éaco%?ﬁég@pt%tésé%ﬁg :‘s'gct%ﬁelfd%n%)go ** i the transmission line
decoding proqe§§gpg]section 1102, processes similar to those carried out, fo example, by the
orthogonal demodulation section 51, demapping section 52, deinterleaver 53 and LDPC decoding

section 56 (or LDPC decggling section1021) arecaried- o+ 5 nit allocation
pattern which can be adopted where the modulation method
is 2560AM and the LDPC code 1s an LDPC code whose code
length N is ©4,800 bits and whose encoding rate is 3/5
and besides the multiple b is 2.
[0542]

Wnere the LDPC code is an LDPC code whose code
length N is ©4,800 bits and whose encoding rate is 3/5
and the modulation method is 2500AM and besides the
multipie b is 2, in the demultiplexer 25, the ccde bits
written in the memory 31 for storing (64,800/(8 x 2}) x
{8 %x Z) 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 secticn 32.
[0543]

The replacement section 32 replaces the 8 x 2 (=
mb) code bits by to bis read out from the memcory 31 such

that the 8 x 2 (= mb) code bits by to bis may be allocated



out as the transmission line decoding process for the signal from the acquisition section 1101. Then, a
signal obtained as a result of the transmission line decoding process is supplied to the information
source decoding processing section 1103. [0603] 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 information decoding process is outputted. [0604] Such a reception system of
FIG. 107 as described above can be applied, for example, to a television tuner for receiving television
broadcasting as digital broadcasting and so forth. [0605] It is to be noted that it is possible to
configure the &equisition section( $101 transniissioh line decodingy/processingrsection)1102 and
information source decoding processing section 1103 each as an independent apparatus (hardware
(IC (Integrate@ CiretitForthelikay ol a software module)L J0606]~ -

[0544]

In particular, according to FIG. 102, the
replacement section 3Z carries out replacement for
allocating

the code bit by to the symbol bit ys,

the code it by to the symbol bit v,

the code bit by to the symbol bit ys,

the cede kit by to the symbol bit v,

the code bit by to the symbol bit vy,

the cede bit bes To the symbol bit vs,
the code bit by Lo th@ symbol bit vy,
the code bit by to the svmbcel bit vy,
the code bit by to the symbol bit vy,
the code bit ks to the symbol bit vyis,
the code bit by to the syvmbol bit vy,
the cede bit by to the symbol bit vy,

the code bit b to the symbol bit v,

the code bit bjs; to the symbol bit vis,

the code bit b, to the symbol bit ys;, and
the code bit bis to the symbol bit vis.
[0545]

FIG, 103 shows an example of a bit allocation
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Further, as regards the acquisition section 1101, transmission line decoding processing section 1102
and information source decoding processing section 1103, a set of the acquisition section 1101 and
transmission line decoding processing section 1102, another se, _ of the transmission line decoding
processing section 1102 and information source decoding processing section 1103 or a further set of
the acquisition 'o section 1101, transmission line decoding processing section 1102 and information
source decoding processing section 1103 can be configured as a single independent apparatus.
[0607] FIG. 108 is a block diagram showing a second example of the configuration of the
reception system which can be applied to the reception apparatus 12. [0608] It is to be noted that,
in FIG. 108, elemérntsicorespondiag thoseainElGe d 07 are dehbtedbydikesreference nNiumerals, and
description of them is suitably omitted in the following description. [0609] The reception system of
FIG. 108 is conimén teiat ot E1G1 207 itf that ftiriclides &n akglisitioAsedtion <1 x0Zand an
information source decoding processing section 1103 but is different from that of FIG. 107 in that it
newly includes &hGutplitting sééﬁ&@@lqﬁﬁ%féﬂd whHe GtpGtng Seéfidit11£1 i, for example, a
display apparatus fgr displaying an image, or a speaker for outputting sound and outputs an image, a
sound of the IiKé“as gi?g%%%/oﬁ ttSH fron® the i%fd‘r?na“iibn source decoding processing section 1103.
In other wordsr,otlg% g}:tputting section 1111 displays an image or outputs sound. [0611]

Where the LDPC code i1s an LDPC code whose code
length N is 16,200 bits and whose encoding rate is 3/5
and the medulation method is 2560QAM and besides the
multiple b is 1, in the demultiplexer 25, the code bits
written in the memocry 31 for storing (16,200/(8 x 1)) «x
(8 » 1) bits in the column direction x row directicn are
read out in a unit of &8 x 1 (= mbh) bits 1n the row
direction and supplied to the replacement section 32.
[0547]

The replacement section 32 replaces the 8 x 1 (=
mb) code bits by to by read out from the memory 31 such
that the § »x 1 (= mb) code bits by to by may be allocated
to the 8 x 1 (= mb) symbel bits vy to vy, of one (= b)
symbol as seen in FIG., 103.

[0548]

In particular, according to FIG. 103, the
replacement section 32 carries out replacement for
allocating

the code bit by to the symbol bit vyq,
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Such a reception system of FIG. 108 as described above can be applied, for example, to a TV
(television receiver) for receiving a television broadcast as a digital broadcast, a radio receiver for
receiving a radio broadcast and so forth. [06 121 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. [0613] FIG. 109 is a block diagram showing a third example of the configuration of
the reception system which can be applied to the reception apparatus 12. [0614] It is to be noted
that, in FIG. 109, correspond elements to those of FIG. 107 are denoted by like reference numerals,
and in the following dedctiptionddeseription dfthénds suitalsly omittedz[0615] The reception
system of FIG. 109 is common to that of FIG. 107 in that it includes an acquisition section 1101 and a
transmission line decodif§ pfécEssingt seetisr 1102, symbol bit yi,

the code kit bs to the symbol bit vs,

the codé blt bs to the symbol bit vy,

the code bit bs to the symbol bit v,

the code bit bg to the symbol bit vy, and

the code bit by to the symbol bit vy.

[0549]

Now, the deinterleaver 53 which composes the
recepticn apparatus 12 is described.
[0550]

FIG. 104 1s a view illustrating processing of the
multiplexer 54 which composes the deinterleayer 53.
[0551)

In particular, A of ¥IG. 104 shows an example of a
functional configuration of the multiplexer 54,

[0E52]

The multiplexer 54 is composed of a reverse
replacement section 1001 and a memory 1002.

[G553]

The multiplexer 54 determines symbol bits of
gymbols supplied from the demapping section 52 at the
preceding stage as an object of processing thereof and

carries out a reverse replacement process corresponding
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[0616] However, the reception system of FIG. 109 is different from that of FIG. 107 in that it does
not include the information source decoding processing section 1103 but newly includes a recording
section 1121. [0617] The recording. section 1121 records (stores) a signal (for example, a IS packet of
a IS of MPEG) outputted from the transmission line decoding processing section 1102 on or into a
recording (storage) medium such as an optical disk, a hard disk (magnetic disk) or a flash memory.
[0618]

o the replacement process carried out by the

demultiplexer 25 of the transmission apparatus 11

{(process reverse to the replacement process), that is, a
reverse replacement process of returning the positicns of

he code bits (symbol bits) of the LDPC code replaced by

the replacement process. Then, the multiplexer 54

supplies an LDPC code cbtained as a result of the reverse
replacement process to the column twist deinterleaver 55

at the succeeding stage.

[0554]

In particular, in the multiplexer 54, mb symbol

bits vo, Vi, - Yme-: ©of b symbols are supplied in a unit

of b {successive) symbols“to the reverse replacement

section 1001.

[0555]

The reverse replacement section 1001 carries out

reverse replacement of returning the arrangement of the
mb symbol bits vy to ym-1 TO the original arrangement of

the mb code bits by, D1, .., Dbm-: (arrangement of the code

bits by to by.: before the replacement by the replacement
section 3Z which composes the demultiplexer 25 on the
transmission apparatus 11 side is carried out). The

reverse replacement section 1001 cutputs code bits by to

busy-1 Obtained as a result of the reverse replacement.
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Such a reception system of FIG. 109 as described above can be applied to a recorder for recording a
television broadcast or the like. [0619] It is to be noted that, in FIG. 109, the reception system
may include the information source decoding processing 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 is, an image or sound obtained by decoding, is recorded by the
recording section 1121. Claims 1. A data processing apparatus which interleaves data, comp
sing: re-arrangement means for carrying out where an LDPC (Low Density Parity Check) code is
transmitted as a symbol or symbols each formed from two or more code bits thereof, a
re-arrangement pfgcess of re-arranging the code bits of the LDPC code such that plural ones of the
code bits corresponding to the value 1 included in one arbitrary row of said parity check matrix are not
included in the same symbolernory. A ¢fata protessingappéfatts which-interfeaves date comprising:

mb bits in the row (horizontal) direction and storing

N/ (mb) bits in the column (vertical) direction similarly
to the memory 31 which composes the demultiplexer 2% 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.

However, in the memory 1002, writing of the code
bits of LDPC codes outputted from the reverse replacement
sectlon 1001 1s carried out in a direction in which
reading cut of code Pkits from the memory 31 of the
demultiplexer 25 of the transmission apparatus 11 is
carried out, and reading out of code bits written in the
memory 1002 1s carried ocut in a direction in which

writing of code bits into the memory 31 is carried out.

In particular, the multiplexer 54 of the reception
apparatus 12 successively carries out writing of code
bits of an LDPC code outputted from the reverse
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 geen in A of FIG. 104.
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re-arrangement means for carrying out, where an LDPC (Low Density Parity Check) code in
which an information matrix which is that portion of a parity check matrix thereof which corresponds to
information bits of the LDPC code is transmitted as a symbol or symbols each formed from two or
more code bits thereof whereas the symbol is formed from the code bits of the LDPC code which
areten in a column direction of storage means for storing the code bits of the LDPC code in a row
direction and the column direction and are read out in the row direction from said storage means,
column twist interleave of changing the writing starting position when the code bits of the LDPC code
are to be written in the column direction of said storage means for each column of said storage means
as a rearrangementidrocess for re-arranging the code bits of the LDPC code. 3. The data processing
apparatus according to claim 2, wherein
Then, when the writing of code bits for one code
length ends, the multiplexer 54 reads out the code bits
in the column direction from the memory 1002 and suppilies
the code bits to the column twist deinterleaver 55 at the
succeeding stage.
[0560]
Here, B of FIG. 104 is a view illustrating reading
out of the code bits from the memory 1002.
[0561]
The multiplexer 54 carries out reading out of code
bits of an LDPC code in a downward direction {column
direction) from above of a columr: which composes the
memory 100z beginning with a leftmost column toward a
right side column.
[0562)
Now, processing of the column twist deinterleaver
55 which composes the deinterleaver 53 of the reception
apparatus 12 is described with reference to FIG., 105.
[0563]
FIG. 105 shows an example of a configuration of the
memory 1002 of the multiplexer 54,

(0564 ]

The memory 1002 has a storage capacity for storing
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a parity matrix of the parity check matrix of the LDPC code which corresponds to parity bits of the
LDPC code has a pseudo cyclic structure in which the pa matrix has a portion having a cyclic structure
except part thereof by column replacement. 4. The data processing apparatus according to claim 3,
wherein the parity matrix has a staircase structure which is converted into the pseudo cyclic structure
by the column replacement. 5. The data processing apparatus according to claim 4, wherein the
LDPC code is an LDPC code prescribed in the DVB-3.2 standard
mb bits in the column {(vertical) direction and stores
N/ (mb) bits in the row (horizontal) direction and is
composed of mb columns.
[0565]
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 cut in the column direction
to carry cut column twist deinterleave.
[05€66]
In particular, the column twist deinterleaver 55
carries out a reverse re-arrangement process of suitably
changing the reading out starting poesition at which
reading out of code bits with regard to each of a
plurality of ceclumns 1s to be started to return the
arrangement of code bits re-arranged by the column twist
interleave to the original arrangement.
[0567]
Here, FIG. 105 shows an example of a configuration
of the memcry 1002 where the modulaticn method is 16QAM
and the multiple b is 1. Accordingly, the bit number m of
cne symbol is 4 bits, and the memory 1002 includes four
(= mb) columns.

[0568]
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6. The data processing apparatus according to claim 5, wherein, where m ones of the code bits of
the LDPC code are converted into one symbol, when the code length of the LDPC code is N bits
and 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, and the code bits of the LDPC
code are written in the column direction of said storage means and then read out in the row direction,
the mb code bits read out in the row direction of said storage means being converted into b symbols.
7. The data processing apparatus according to claim 6, further comprising parity interleave
means for carrying out parity interleave of interleaving the parity bits of the LOPC code to the positions
of other ones of the pafitycitsy Whsreitiw 1 s t sgid retaerangement nearnscarres outthéigolumn twist

interleave for the LDPC code after the parity interleave.
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 row toward a lowermost row.
[0569]

Then, i1f writing of code bits for one code length
ends, then the column twist deinterlieaver 55 carries out

reading out of code bits in the downward direction

the memory 1002

Fy

(column direction) from a top o
beginning with a leftmost cclumn toward a right side
column.
[057G] .

However, the column twist deinterlesaver 55 carries
out reading out of 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 ¢f the code bits.
[0571]

g

In particular, i1f the address of the position of

the top of each column is determined as 0 and the address
of each positicon in the column direction is represented

by an integer given in an ascending order, then where the
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8. The data processing apparatus according to claim 7, wherein the bit number M of the parity

bits of the LDPC code is a value other than the prime numbers, and where two ones of devisors
of the bit number M of the parity bits other than 1 and M whose product is equal to the bit number M of
the parity bits are represented by P and q, the bit number of information bits of the LDPC code is
represented by K, an integer equal to or higher than 0 but lower than P is represented by x, and
another integer equal to or higher than 0 but lower than q is represented by vy, said parity
interleave means interleaves a Kfgx+y+lth code bit from among the parity bits which are K+ith to
K+Mth code bits of the LDPC code to the position of the K+Py+x+Ith code bit. 9. The data

processing apparatiug hecordirgtocclains 8 lwhéteimrwheree multipie b is 1, the
column twist deinterleaver 55 sets the reading out
starting position for the leftmost column to the position
whose address 1s 0, sets the reading out starting
position for the second column {(from the left) to the
positicn 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 out starting
position for the fourth column to the position whose
address is 7.

[(6572]

It 1s 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 poesition is
returned tc the top (pesition whose address 1s O) of the
column and the reading out is carried out downwardly to
the position immediately preceding to the reading out
starting position. Then, after that, reading out is
carried out from the next {(right) column.

FO573]
By carrying out such column twist interleave as

described zbove, the arrangement of the code bits re-
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the LDPC code is an LDPC code having one of 11 different encoding rates and a code length N of
64,800 bits prescribed in the DVB-S.2 standard and the m bits are 2 bits and the integer b is 1
and besides two ones of the code bits of the LDPC code are mapped to two ones of four signal
points determined in a predetermined modulation method while said storage means has two
columns for storing 2 x 1 bits in the row direction and stores 64,800/(2 x 1) bits in the column direction,
said re-arrangement means sets, where the address of the top position of said storage means in
the column direction is represented by 0 and the address of each position of said storage means in the
column direction is represented by an integer given in an ascending order, the writing starting
position of thesfirsecalamnfrombetweenithe twol ealummsaof saidvstotagermeans ¢éaithecposition whose
address is 0, and sets the writing starting position of the second column from between the two
columns of said:Stopagedieans 46 1 P68IEoH whose address is 2.

[0574]

FIG. 106 1s a block diagram showing another example

of the configuraticn of the reception apparatus 12.

Referring to FIG. 106, the recepticn 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 deinterieaver 53 and an LDPC
decoding section 1021.
(05761

The orthogonal demodulation section 51 receives a
modulation signal from the transmission apparatus 11,
carries out orthogonal demodulation and supplies symbols
{values in the I and O axis directions) obtained as a
result of the orthogenal demodulation to the demapping
section 52.
[C577]

The demapping section 52 carries out demappling of
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.
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10. The data processing apparatus according to claim 8, wherein, where the LDPC code is an
LDPC code having one OT 11 different encoding rates and a code length N of 64,800 bits prescribed
in the 0V8-S.2 standard and the m bits are 2 bits and the integer b is 2 and besides two ones of
the code bits of the LOPC code are mapped to two ones of four signal points determined in a
predetermined modulation method while said storage means has four columns for storing 2 x 2
bits in the row direction and stores 64,800/(2 x 2) bits in the column direction, said re-arrangement
means sets, where the address of the top position of said storage means in the column direction
is represented by 0 and the address of each position of said storage means in the column direction is
represented b'y%rﬁi%%eger given

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.
[0579]

In particular, the multiplexer 54 determines an
LDPC code from the demapping section 52 as an object of
processing therecf 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,
& reverse replacement process of returning the positions
of the code bits replaced by the replacement process to
the original pesitions. Then, the multiplexer 54 supplies
an LDPC code cobtained as a result of the reverse
replacement process to the column twist deinterleaver 55.
[0580]

The column twist deinterleaver 55 determines the
LDPC code from the multiplexer 54 zs an object of
processing 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.

208



in an ascending order, the writing starting position of the first column from between the four
columns of said storage means to the position whose address is 0, sets the writing starting
position of the second column from between the four columns of said storage means to the position
whose address is 2, sets the writing starting position of the third column from between the four
columns of said storage means to the position whose address is 4, and sets the writing starting
position of the fourth column from between the four columns of said storage means to the position
whose address is 7. 11. The data processing apparatus according to claim 8, wherein, where the
LDPC code is an LDPC code having one of 11 different encoding rates and a code length N of 64,800
bits prescribed iPthel DVB-S.2 standard and

The LDPC code obtained as a result of the column
twist deinterleave is supplied from the column ftwist
deinterleaver 55 to the parity deinterleaver 1011.

[0582]

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 carries out parity deinterlieave corresponding to the
parity interleave carried out by the parity interleaver
23 of the transmission apparatus 11 (reverse process to
the parity interleave), that is, parity deinterleave of
returning the arrangement of the code bits of the LDPC
code whose arrangement was changed by the parity
interleave to the original arrangement.

(0583

The LDPC code obtained as a result of the parity
deinterleave is supplied from the parity deinterleaver
1011 to the LDPEC decoding section 1021.

[0584]

Accordingly, in the reception apparatus 12 of
FIG. 106, the LDPC code for which the reverse replacement
process, column twist deinterleave and parity

deinterleave have been carried out, that is, an LDPC code
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the m bits are 4 bits and the integer b is 2 and besides four ones of the code bits of the LDPC code
are mapped to four ones of 16 signal points determined in a predetermined modulation method while
said storage means has eight columns for storing 4 x 2 bits in the row direction and stores 64,8001(4 x
2) bits in the column direction, said re-arrangement means sets, where the address of the top
position of said storage means in the column direction is represented by 0 and the address of each
position of said storage means in the column direction is represented by an integer given in an
ascending order, the writing starting position of the first column from between the eight columns
of said storage means to the position whose address is 0, sets the writing starting position or the
second columaifiom betveen thebéightocolmmns of said-stdragesmeans to-the positionywhose address
is 0,

check matrix H, 1s supplied to the LDPC decoding section

1021,

[0585]

The LDPC decoding section 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 ¢f the transmission

apparatus 11 or a conversion parity check matrix obtained

by carrying out at least column conversion corresponding

to the parity interleave for the parity check matrix H.

Then, the LDPC decocding section 1021 cutputs data

obtained by the LDPC decoding as a decoding result of the

obiect data.

[C586]

th

Here, 1in the reception apparatus 12 of FIG. 106,
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 LDPEC
decoding of the LDPC code is carried out using the parity
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
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sets the writing starting posit-ion of the third column from between the eight columns of said storage
means to the position whose address is 2, sets the writing starting position of the fourth column
from between the eight columns of said storage means to the position whose address is 4, sets
the a starting position of the fifth column from between the eight columns of said storage means to the
position whose address is 4, sets the writing starting position of the sixth column from between
the eight columns of said storage means to the position whose address is 5, sets the writing
starting position of the seventh column from between the eight columns of said storage means to the
position whose address is 7, and sets the writing starting position of the eighth column from
between the eighitdolimng 6P8aid stsrage mearistetthe positioh wihosesaddress isi7. 12FThe data
processing apparatus according to claim 8, wherein, where the LDPC code is an LDPC code

. b o oy v o oy il - 3 g 3 .
having one of 43<differant eRcadifg Fates &nda eode lehgih NSGT 642800 Bits BraseriBed irpthe
DVB-S.2 standard and E ,
wherein mathematical operation of messages (check node
messages and variable node messages) 1s carried ocut for
one by cone node or another decoding apparatus wherein
LDPC decoding 1s carried out in accordance with a full
parallel decoding method wherein mathematical operation
of messages are carried out simultaneocusly (in paraliel)
for all nodes.
[0587]

Further, where LDPC decoding of an LDPC code is

carried out using a conversion parity check matrix
obtained by carrying ocut at least column replacement
corresponding to the parity interleave for the parity
check matrix H used in the LDPC encoding by the LDPC
encoding section 21 of the transmission apparatus 11, the
LDPC decoding secticon 1021 can be confirmed from a
decoding apparatus of an architecture which carries out
the check node mathematical cperation and the variable
ncde mathematical operation simultaneously for P (or a
deviscr of P other than 1) check nodes and P variable
nodes and which has a reception data re-arrangement

section 310 for carrying out column replacement similar

to the column replacement for cbtaining a conversion



the m bits are 6 bits and the integer b is 2 and besides six ones of the code bits of the LDPC code are
mapped. to six ones of 64 signal points determined in a predetermined modulation method while

said storage means has 12 columns for storing 6 x 2 bits in the row direction and stores 64,800/(6
xbits in the column direction, said re-arrangement means sets, where the address of the top
position of said storage means in the column direction is represented by 0 and the address of each
position of said storage means in the column direction is represented by an integer given in an
ascending order, the writing starting position of the first column from between the 12 columns of

said storage means to the position whose address is 0,
parity check matrix for the LDPC code to re-arrange the

code bits of the LDPC codes.
[0588]

It is to be noted that, while, in FIG. 106, the
multiplexer 54 for carrying out the reverse replacement
process, column twist deinterleaver 55 for carryving out
the column twist deinterleave and parity deinterleaver
1011 for carrying out the parity deinterleave are
configured separately from each other for the convenience
of description, two or more of the multiplexer 54, column
twist deinterieaver 55 and parity deinterleaver 1011 can
be configured integrally similarly to the parity
interleaver 23,_columm ftwist interleaver 24 and
demuitiplexer 25 of the transmission apparatus 11.

[Chee]

FIG. 107 is a block diagram showing a first example
of a configuration of a reception system which can be
applied tco the reception apparatus 12.

[0590]

Referring to FIG. 107, the reception system
includes an acquisition section 1101, a transmission line
decoding processing section 1102 and an information
source decoding processing section 1103,
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sets the writing starting position of the second column from between the 12 columns of said storage
means to the position whose address is 0, sets the writing starting position of the third column
from between the 12 columns of said storage means to the position whose address is 2, sets the
writing starting position of the fourth column from between the 12 columns of said storage means to
the position whose address is 2, sets the writing starting position of the fifth column from between the
12 columns of said storage means to the position whose address is 3, sets the writing starting
position of the sixth column from between the 12 columns of said storage means to the position whose
address is 4, sets the writing starting position of the seventh column from between the 12 columns
of said storage means to'thefgositiohlwhese addressis 4101 setguhe wwiting Starting position of the
eighth column from between the 12 columns of said storage means to the position whose address is 5,

sets the writing &tartifg posiion of the AT colaRH 6 Betweea e 22 coRrinsbEsald storage

means to the g%sition whose address is 5,

ject data such as 1mage data and music data of a
program through a transmission line such as, for example,
terrestrial digital broadcasting, satellite digital
broadcasting, a CATV network, the Internet or some other
network. Then, the acquisition section 1101 supplies the
acguired signal to the transmission line decoding
processing section 1102.

[0092]

Here, where the signal acqguired by the acquisition
section 1101 is broadcast, for example, from a
broadcasting station through ground waves, satellite
waves, a CATV (Cable Television) or the 1ike, the
acgulsition section 1101 is configured from. a tuner, an
STB {5et Top Box) or the like. On the other hand, where
the signal acquired by the acqguisition section 1101 is
transmitted in a multicast state as 1n the IPTV (Internet
Protocol Television), for example, from a web server, the
acguisition section 11 1s configured from a network I/F
{Inter face) such as, for example, an NIC (Network

Interface Card).

The transmission line decoding processing section
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sets the writing starting position of the tenth column from between the 12 columns of said storage
means to the position whose address is 7, sets the writing starting position of the eleventh column
from between the 12 columns of said storage means to the position whose address is 8, and sets
the writing starting position of the twelfth column from between the 12 columns of said storage means
to the position whose address is 9. 11 The data processing apparatus according to claim 8, wherein,
where the LDPC code is an LDPC code having one of 11 different encoding rates and a code
length N of 64,800 bits prescribed in the DVB-S.2 standard and the m bits are 8 bits and the integer b
is 2 and besides eight. ones of the code bits of the- LDPC code. 2re mapped to eight ones of
256 signal pofhid’detefriinkdidn apredeteraiimad motulationhte Hodarhilec process

including at least a process for correcting errors
produced in the transmission line for the signal acguired
through the transmission iine by the acguisition section
1101, and supplies a signal obtained as a result of the
transmission line decoding process to the information
source decoding processing section 1103.

[0594]

In particular, the signal acquired through the
transmission line by the acquisition section 1101 is a
signal obtained by carrying ocut 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.
[0295]

Here, as the error correction encoding, for exanmple,
LDPC encoding, Reed-Solomon encoding and so forth are
available. Here, as the error correction enceding, at
least LDPC encoding is carried out.

[059¢]
Further, the transmission line decoding process

sometimes includes demodulation of & modulation signal
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said storage meanss 16 columns for stor g blip in. the row direction and stores 64, 300/(8 x 2) P'Sfq
the column direction, said re-arrangement means sets, where the address of L. e top position of
said storage means in the column direction is represented by 0 and the address of each position of
said storage means in the column direction is represented by an integer given in an ascending order,
the writing starting position of the first column from between the 16 columns of said storage means to
the position whose address is 0, and setswriting starting position of the second column from between-
the 16 columns of said storage means to the position whose address is 2, sets the wra starting
position of the third column from between the 16 columns of said storage means to the position whose
address is 2, and so forth.

[0597]

The information source decoding processing section
1103 carries out an infeormation source decoding process
including at least a process for decompressing compressead
information into original information for the signal for
which the transmission line decoding process has been
carried out.

[0598]

In particular, the signal acqguired through the
transmission line by the acguisition section 1101 has
sometimes been processed by compression encoding for
compressing information in order to reduce the data
amount such as lmages, sound and so forth as information.
In this instance, the information scurce decoding
processing section 1103 carries out an information source
decoding process such as a process (decompression
process] for decompressing the compressed information

inte original infermation for a signal for which the

transmisslion line decoding process has been carried out.

{5t

[0589]
Tt is to ke noted that, where the signal acguired

through the transmission line by the acguisition section

1101 has not been carried out compression encoding, the

215



sets the writing starting position of the fourth column from between the 16 columns of said storage
means to the position whose address is set.s the writin5 starti.no position of the fifth column
from between the 16 columns of said storage means to the position whose address sets the
writing starting position of the sixth. column from between. the 16 columns of said. storage' meano to
the pc) r on whose address is 3, sets the writing starting posit ion of the seventh. column from
between the 16 columns of said storage means to the position whose address is 7, sets the
writing starting position of the eigmth column from between the 16 columns of said storage means to
the position whose address is 15, sets the writing starting positi.on of the ninth column from
between the 16'¢oliinns bf saitistorayeineans rwtherpositioh.whose atldress is 16, doesets the
writing starting position of the tenth column from between the 16 columns of said storage means to the
position whos8 dddréssis 50+ “IeeRhesfitiny staf iy positich 6fthelete it E6lapmTfrom

between the 16 columns of said storage means to the position whose address is
intformation into the original information.

[G6CO]

Here, as the decompression process, for example,
MPEG decoding and so forth are available. Further, the
transmission line decoding process sometimes includes
degcrambling in addition to the decompression process.
[0601]

In the reception svstem configured in such & manner
as described above, the acguisition section 1101 receives
& signal obtained by carrying out 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 enceding for the
compression encoded data through a transmission line. The
signal is supplied to the transmission line decoding
processing section 1102.

[0602]

In the transmission line decoding processing
section 1102, processes similar to those carried out, for
example, by the orthogonal demodulation sectiocn 51,
demapping section 52, deinterleaver 53 and LDPC decoding

section 56 (or LDPC decoding section 1021) are carried
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sets the writing starting position of the twelfth column from between the 16 columns of said storage
means to the position whose address is 22, sets the writing starting position of the thirteenth
column from between the 16 columns of said storage means to the position whose address is 27,

sets the writing starting position of the fourteenth column from between the 16 columns of said storage
means to the position whose address is 27, sets the writing starting position of the fifteenth
column from between the 16 columns of said storage means to the position whose address is 28, and
sets the writing starting position of the sixteenth column from between the 16 columns of said storage
means to the position whose address is 32. 14. The data processing apparatus according to claim 8,
wherein, whefetheDPE Tobieds 8l LHPC tode MavitRy ot ofcl Fdiffefeiit ehesdingTates and a

signal from the acquisition section 1101. Then, a signal
obtained as a result of the transmission line decoding
procegs is supplied to the information source decoding
processing section 1103.

[0603]

in the informatlon scource decoding processing
section 1103, an information source decoding process such
as MPEG decoding i1s carried out for the signal from the
transmission line decoding processing section 1102, and
an lmage or sound obtained as a result of the information
decoeding process 1s outputted.

[0604]

Such a reception system of FIG. 107 as described
above can be applied, for example, to a television tuner
for receiving television broadcasting as digital
broadcasting and so forth.

[0605]

It is to be noted that it is possible to configure
the acgulsition section 1101, transmission line decoding
processing section 1102 and information source decoding
processing section 1103 each as an independent apparatus
(hardware {(IC (Integrated Circuilt) or the like) or a

software module).
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code length N of 64,800 bits prescribed in the DVB-S.2 standard and the m bits are 10 bits and the
integer b is 2 and besides 10 ones of the code bits of the LDPC code are mapped to 10 ones of 1024
signal points determined in a predetermined modulation method while said storage means has 20
columns for stormrx  bits in the row direction and stores 64,800/(10 x 2) bits in the column direc onv
saed re-arrangement means sets, where the address of the top position of said storape means in
the column direct.ion is represented buG and the address of each position of said storaph mhanp in
the column direction i..s represented by an integer given in an ascending order,

[0606]

Further, as regards the acquisition section 1101,
transmission line decoding processing section 1102 and
information source decoding processing section 1103, a
set of the acguisition section 1101 and transmission line
decoding processing section 1102, another set of the
transmission line decoding processing section 1102 and
information source decoding processing section 1103 or a
further set of the acguisition section 1101, transmissicon
line decoding processing section 1102 and information
scurce decoding processing section 1103 can be configured
as a single independent apparatus.

(06071

FiG. 108 s a block diagram showing a second
example of the configuration of the reception svstem
which can be applied to the reception apparatus 12.
[0508]

It is tTo be noted that, in FIG. 108, elements
corresponding theose in FIG. 107 are denoted by like
reference numerals, and description of them is suitably
cmitted in the following description,

[0609]
The reception system of FIG. 108 is common to that

of FIG. 107 in that it includes an acgulsiticn section
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the writing starting position of the first column from between the 20 columns of said storage means to
the position whose address is 0, and _sets the writing starting position of the second column from
between the 20 columns of said storage means to the position whose address is 1, sets the
writing starting position of the third column from between the 20 columns of said storage means to the
position whose address is sets the writing starting position of the fourth column from between the
20 columns of said storage means to the position whose address is 4, s the writing starting
position or the fifth column from between the 20 columns of said storage means to the position whose
address is sets the writing starting position of the. sixth column from between the 20 columns of
said storage meahs toithé psitivhiihcse address #°6d1ng sertheswriting staffingaiositi.on of the
seventh. column from between. the 20 columns of said storage means to the position whose address
is 6, sets the Wity Qartihg poeTfidr BF theCsighth CoIGMA From BERFSETEtHE20 columns of said

storage means to the posit] hose address is 9,  _sets the writing starting position of the ninth
gac %%%%géqﬁ%né f Said $iordge mbahs to'the ﬁﬁsitib]h‘fwhggg address is 13,

column from BetWear. the
that it newly includes an outputting section 1111.
[0610]

The outputting section 1111 is, for example, a
display epparatus for displaying an image or a speaker
for ocutputting sound and outputs an image, a sound of ths
like as a signal ocutputted from the information source
decoding processing section 1103. In other words, the
outputting section 1111 displays an image or outputs
sound.

[(0611] )

Such a reception system of FIG. 108 as described
above can be applied, for example, to a TV (television
receiver) for receiving a television broadcast as a
digital broadcast, a radioc recelver for receiving a radio
broadcast and so forth,

[0612]

It is to be ncted that, where the signal acguired
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 1is supplied to the outputting section 1111.
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sets the writing starting position of the tenth column from between the 20 columns of said. storage
means to the position whose address is 14, sets the writing start.ing position of the eleventn
column from between the 20 coi..umns of saidstorage means to the position wnosa address is 14, sets
the wriing starting position of theelith col= from between the 20 columns of sai.d torae means to the
post-Lion whose address is 16, sets the writing starting position of the thirteenth column from
between the 20 columns of said storage means to the position whose address is sets the writing
starting position of the fourteenth ,:olurnn from between the 20 columns of said storage means to the
position whose address is 21, sets the writing starting position of the fifteenth column from
between the 20°¢oturhns of said storage means to the position whose address is 23, sets the
writing starting position of the sixteenth column from between the 20 cgiumns of said storage means to
the position whose addfeéss is P57 15 &ets tRE tvriting Staiing poLition of the'severtéanth column

from between tge gg columgs of said storage means to the position whose address is 25,
ol the configuration Of the reception system which can be

applied tc the reception apparatus 12.
[0614)

It is to be noted that, in FIG. 109, corresponding
elements to theose of FIG. 107 are denoted by like
reference numerals, and‘in the following description,
description of them is suitably comitted.

[0615]

The reception system of FIG. 109 is common to that
of FIG. 107 in that it includes an acquisition section
1101 and a transmission line decoding processing section
1102.

[0616]

However, the reception system of FIG., 108 is
different from that of FIG. 107 in that it doess not
include the informaticn source decoding processing
section 1103 but newly incliudes a recording section 1121.
[0617]

The recording section 1121 reccrds (stores) a
signal (for example, a TS packet of a TS of MPEG)
outputted from the transmission line decoding processing

section 1102 on or intc a recording (storage) medium such
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sets the writing starting position of the eighteenth column from between the 20 columns of said storage
means to the position whose address is 26, sets the writing starting position of the nineteenth
column from between the 20 columns of said storage means to the position whose address is 28, and
sets the writing starting position of the twentieth column from between the 20 columns of said storage
means to the position whose address is 30. 15. The data processing apparatus according to claim 8,
wherein, where the LDPC code is an LDPC code having one of 11 rent encoding rates and a
code length N of 64,600 bits pxescrided, in the DVB-66b2 stan.dard. and the m bits are 12 bits
and the integer D is 1 and be ides 12 ones of the code bits of the 0060 code are mapped to 12
on.as. of 4096 si§RalGHts ate MtF hed In afpredéEtbfminedawbdiation rfdthod while said
storage means has 12 columns for storing. 1 bits in the row direction and stores 64,800/(12 bits in the
column direction? §aid1E 4 fahgement means '

[0e18]

Such & reception system of FIG., 109 as described
above can be applied to a recorder for recording a
television broadcast or the like.

[061%]

It is to be noted that, in FIG. 109, the reception
system may include the information source decoding
processing 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 1is, an image or sound obtained by decoding, i1s

recorded by the recording section 1121.
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sets, where the address of the top position of said storage means in the column direction is
represented by 0 and the address of each position of said storage means in the coludirection is
represented by an integer given in an ascending order, the writing starting position of the 1Thrs6
column from between he 12 columns of said storage means to the position whose address is 0, and
secs the writing starting position of the second column from between the 12 columns of said storage
means to the positionose address is 0, sets the writing starting position of the third, column from
between the 12 columns of said storage means to the position whose address is 2, sets he
writino star, ing position of thm fourth column from between the 12 columns of said storage means to
the position whose address is sets the whg startifig-pésition of the fifth column from between tcolumns

of 5storage means o _ ‘
A data processing apparatus which interleaves

data, cemprising:

re-arrangement means for carrying out,

where an LDPC (Low Density Parity Check) code is
transmitted as a symbol or symbols esach formed from two
or more code bits thereof,

a re-arrangement process of re-arranging the code
bits of the LDPC code such that plural ones of the code
bits corresponding to the value 1 included in one
arbitrary row of saild parity check matrix are not
included in the same symbol.

2. A data proces;ing apparatus which interleaves
data, comprising:

re-arrangement means for carryving out,

where an LDPC {(Low Density Parity Check) code in
which an information matrix which is that portion of a
parity check matrix thereof which corresponds to
information bits of the LDPC code is transmitted as a
symbol or symbols each formed from two cr more code bits
thereof wheresas

the symbel is formed from the code bits of the LDPC
code which are written in a column direction of storage

means for storing the code bits of the LDPC code in a row
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to SSE position whose address sets the writing star.ting position of she sixth column from
between the 12 columns of said storage means to the position whose address is 4, sets the
writing starting position of the seventh column from between the 12 columns of said storage means to
the position whose address is 4, sets the writ ag starting position of the eighth column from
between the 12 columns of said storage means to the position. whose address is 5, sets the
writing starting Position of the ninth column from between the 12 columns of said storage means to
the position whose address is 5, aaae writing starting position of the ten column from between the 12
columns of said storage means to the position whose address is 7 sets the writing starting
position of the*éleGenthcoldnf flonF befvesH th sl mins F daitrstoragemetiis 244

the row direction from said storage means,

column twist interleave of changing the writing
starting position when the code bits of the LDPC code are
to be written in the coclumn direction of said storage
means for each column of said storage means as a re-
arrangement process for re-arranging the code bits of the
LDPC code.

3. The data processing apparatus according to
claim 2, wherein

a parity matrix of the parity check matrix of Lhe
LDPC code which ceorresponds to parity bits of the LDPC
code has a pseudo cyclic structure in which the parity
matrix has a portion having a cyclic structure except
part therecf by column replacement.

4. The data processing apparatus according to
claim 3, wherein

the parity matrix has a staircase structure which
is converted into the pseudc cyclic structure by the
column replacement.

5. The data processing apparatus according to
claim 4, wherein

the LDPC code 1s an LDPC code prescribed in the

DVB-5.2 standard.

ZZ23



to the position whose address is 8, and sets the writing starting position of the twelfth column from
between the 12 columns of said storage means to the position whose address is 9. 16. The data
processing apparatus according to spa' 8, wherein, where thm LDPC code is an MDPC code has
ing one or 1 different encoding rates and a code. length N of 16,200 bits prescribed in the DVE-3.2
standard and the m bits arebats and the integer b is 1 and besides two ones of the code bits of
the LDPC code are mapped to two ones of four signal points determined in a predetermined
modulation method while

6. The data processing apparatus according to
claim 5, wherein,

where m ones of the code bits of the LDPC code are
convertaed into one symbol,

when the code length of the LDPC code is N bits and
a predetermined positive integer 1s represented by b,

sald storage means stores mb bits in the row
direction and stores N/ {(mb) bits in the column direction,
and

the code bits of the LDFC code are written in the
column direction of said storage means and then read out
in the row direction,

the mb code bits read out iIn the row direction of
said storage means being converted into b symbols.

7. The data processing apparatus according to
claim ¢, further comprising

parity interleave means for carrying out parity
interleave of interleaving the parity bits of the LDPC
code to the positions of other cones of the parity bits,
whereln

sald re-arrangement means carries out the column
twist interleave for the LDPC code after the parity
interleave.

8. The data processing apparatus according to
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said storage means has two columns for storing 2 x 1 bits in th..e row direction and stores 16,200/(2 x
bits in the column direction, said re-arrangement means sets, where the address of the top
position of said storage means in the column direction Is represented by 0 and the address of each
position of said storage means in the column direction is represented by an integer given in an
ascending order, the writing starting position of the first column from between the two columns of
said storage means to the position whose address is 0 and sets the writing starting position, of
the second column from between the two columns of said storage means to the position whose
address is 0. 17. The data processing apparatus according to claim 8, wherein, where the LDPC
code is an LDP&édde’ havifig aérof 10 different encoding rates and a code length N of 16,200 bits

prescribed in the DVB-S.2 standard and
the bit number M of the parity bits of the LDPC

code 1s a value other than the prime numbers, and where

two ones of devisors of the bit number M of the
parity bits other than 1 and M whose product is equal to
the bit number M of the parity bits are represented by P
and «,

the bit number of information bits of the LDPC code
is represented by K,

an integer equal to or higher than 0 but lower than
P is represented by x, and

another integer ecgual to or higher than § but lower
than g is represented by vy,

sald parity interleave means interleaves a
K+gx+y+lth code bit from among the parity bits which ars
Ktith to K+Mth code bits of the LDPC code to the position
of the EK+Py+x+lth cods bit.

9. The data processing apparatus according to
claim 8, wherein, where

the LDPC code 1s an LDPC code having one of 11
different encoding rates and a code length N of 64,800
bits prescribed in the DVB-S.2 standard and

the m bits are 2 bits and the integer b is 1 and

besides
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the m bits are 2 bits and the integer b is 2 and besides two ones of the code bits of the LDPC
code are mapped to two ones of four signal points determined in a predetermined modulation method
whiie said storage means has four columns for storing 2 x 2 bits in the row direction and stores
16,2001(2 x 2) bits in the column direction, said re-arrangement means sets, where the address
of the top position of said storage means in the column direction is represented by 0 and the address
of each position of said storage means in the column direction is represented by an integer given in an
ascending order, the writing starting position of the first column from between the four columns of
said storage means to the position whose address is 0, and sets the writing starting position of
the second column frorh"BetWeer tiie foul Tolimiis 6fsdid sforage medns tothe position whose
address is 2, sets the writing starting position of the third column from between the four columns
of said storagB WSS tothé Posiiohivhose adtresd g larpints determined in a

predetermined modulation methed while

said storage means has two columns for storing 2 x
1 bits in the row direction and stores 64,800/(2 x 1)
bits in the column direction,

sald re-arrangement means

sets, where the address of the top position of said
storage means in the column direction is represented by O
and the address of each position of said storage means in
the column direction is represented by an integer given
in an ascending order,

the writing starting position of the fir§t column
from between the two columns of said storage means to the
position whose address is 0, and

sets the writing starting position cf the second
column from between the twe columns of said storage means
to the position whose address is 2.

10. The data processing apparatus according to
claim 8, wherein, where

the LDPC code is an LDPC code having one of 11
different encoding rates and a code length N of €4,800
bits prescribed in tThe DVBE-S.2 standard and

the m bits are 2 bits and the integer b is 2 and
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sets the writing starting position of the fourth column from between the four columns of said storage
means to the position whose address is 3. 18. The data processing apparatus according to claim 8,
wherein, where the LDPC code is an LDPC code having one of 10 different encoding rates and a
code length N of 16,200 bits prescribed in the DVB-S.2 standard and the rn bits are 4 bits and the
integer b is 2 and besides four ones of the code bits of the LDPC code are mapped to four ones of
16 signal points determined in a predetermined modulation method while said storage means
has ci ght columns for ston _q 4 x a hi n s inrow direction and stores200/(4 x 2) bits in the column
uirection said reiarranement m.eans
besides
two ones of the code bits of the LDPC code are
mapped to twe ones of four signal points determined in a
predetermined modulation method while
sald storage means has four columns for storing 2 x
Z blts in the row direction and stores 64,800/(2 x 2)
bits in the column direction,
said re-arrangement means
sets, where the address of the top position of said
storage means in the column direction 1s represented by 0
and the address of each position of said storage means in
the column direction is represented by an integer given
in an ascending order,
the writing starting position of the first column
from between the four columns of said storage means to
the position whose address is O,
sets the writing starting positicn of the second
column Ifrom pbetween the four columns of said storage
means to the position whose address is 2,
sets the wrliting starting position of the third
column from between the four columns of said storage
means to the pesition whose address is 4, and

sets the writing starting positicn of the fourth

column from between the four columns of said storage
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sets, where the address of the top position OE said storage means in the CO .mnL dH reotion is
represented bv and th.e address of each position of said storage means in the column direction is
represented by an intaper given in an ascending order, the writing starting position of the first
coil= from between the eight columns of said storage means to the position whose address is 0, and
sets the writing starting position of the second column from between the eight columns of said storage
means to the position whose address is 0, sets the writinp starting posit:on of the thi column from
between. the eight columns of said storaae means to the position whose address is 0, sets the writing
starti posit-ion of the fourth column from between the eight columns of said storage means to the
position whose address is

means to the position whose address is 7.
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sets the writing starting position of the f column from between the eight columns of said storage means
to the position whose address is sets the writing starting position of the sixth column from
between the eight columns of said storage means to the position whose address is 20, sets the
writing starting position of the seventh column from between the eight columns of said storage means
to the position whose address is 20, and sets the writing starting position of the eighth column
from between the eight coiumns of said storage means to the position whose address is 21. 19, The
data processing apparatus according to claim 8, wherein, where the LDP.: code is an LDPC
code having one of 10 different encoding rates arld a code length N of 16,200 bits prescribed in the
016-S,2 standard and the m bits are 6 bits and the ,ropegr ' s2 and besides

11. The data processing apparatus according to claim 8, wherein, where

the LDPC code is an LDPC code having one of 11 different encoding rates and a
code length N of 64,800 bits prescribed in the DVB-8.2 standard and

the m bits are 4 bits and the integer b is 2 and besides

four ones of the code bits of the LDPC code are mapped to four ones of 16 signat
points determined in a predetermined modulation method while

said storage means has eight columns for storing 4 x 2 bits in the row direction
and stores 64,800/(4 x 2) bits in the column direction,

said re-arrangement means

sets, where the address of the top position of said storage means in the column

direction is represented by 0
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six ones of the coca or ts of tie LDPC code are mapped to six ones of 64 signal points determined in a
predetermined modulation method while said storage means has 12 columns for storing 6 x 2
cots in the row direction and stores 16,200/16 x 21 ors in the column direction, said re-arrangement
means sets, where the address of the top position of sa storage means in the column direction is
represented by 0 and the address or each position of said storage means in the column direction is
represented by an integer given in an ascendi.ng order, the writing starting position of the first
column from between the 12 columns of said storage means to the position whose address is 0, and
sets the wro starting position of the second column from between the 12 columns of said storage
means - to thé positiof wHE3EHtRIréds i8°0; sebkOthetbting Stafingpositiorreftheshird 10

the column direction is represented by an integer given
in an ascending order,

the writing starting positicn of the first column
from between the eight columns of said storage means to
the position whose address is 0,

sets the writing starting position of the second
column from between the eight columns of saild storage
means to the position whose address is 0,

sets the writing starting position of the third
column from between the eight columns of said storage
means to the position whose address is 2,

sets the writing starting position of the fourth
column from between the eight columns of saild storage
means toe the position whose address 1s 4,

sets the writing starting poesition of the fifth
column from between the eight columns of said storage
means to the position whose address is 4,

sets the writing starting position of the sixth
column from between the eight columns of said storage
means to the poesition whose address ig 5,

sets the writing starting position of the seventh
column from between the eight columns of said storage

means to the position whose address 1s 7, and
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column from between the 12 columns of sard storage means to the posit on whose address is O,

sets the writing starting position of the fourth column from between the 12 columns of said storage
means to the position whose address is 2, sets the wri tono start r posj ion of the fifth column
from between the 12 columns of said storage means to the position whose address is sets the
writing starting position of the sixth column from between the 12 columns of said storage means to the
position whose address se6s the writing starting position of the seventh column from between the
12 columns of said storage means to the position whose address is 3, sets the writing startinc
position of the eighth column from bat een the 1.2 columns of said storage means to the position
whose address is 3, sets the writing starting position of the ninth column from between the 12
columns of said stora%e means to the position whose address is 3 sets the writing starting

position of the tertRtedEmi Hashetine PSP IEFEa SRIraye MEaketrak HBstH whose

address Is gﬁlumns of said storage means fo the position whose address is 7.
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sets the writing starting position of the eleventh column from between the 12 columns of said storage
means to the position whose address is 7, and sets the writing starting position of the twelfth
column from between the 12 columns of said storage means to the position whose address is 7. 20.
The data processing apparatus according to claim 8, wherein, where the LDPC code is an LDPC
code having one of 10 different encoding rates and a code length N of 16,200 bits prescribed in the
DVB-S.2 standard and the m bits are 8 bits and the integer b is 1 and besides eight ones of the
code bits of the LDPC code are mapped to eight ones of 256 signal points determined in a
predetermined modulation method while said storage means has 8 columns for storing 8 x 1 bits
in the row direction and stores 16,2001(8 x 1) bits in the column direction, said re-arrangement means

12. The data processing apparatus according to claim 8, wherein, where

the LDPC code is an LDPC code having one of 11 different encoding rates and a
code length N of 64,800 bits prescribed in the DVB-S.2 standard and

the m bits are 6 bits and the integer b is 2 and besides

six ones of the code bits of the LDFPC code are
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sets, where the address of the top position of said storage means in the column direction is
represented by 0 and the address of each position of said storage means in the column direction is
represented by an integer given in an ascending order, the igting starting position of the first
comirm frog between the eight columns of said storage means tc the positi.on whose address is 0, and
sets the writing steinc position of the second column from between the eight. columns of said storage
means to the position whose address 2 sets the writing starting position of the third. column fron
between the eight columns 00. said stoiage means to the position whose address is 0, sets the
writing starting position of the fourth column from between the eight columns of said storage means to
the position whiéseaddiessds 2, onessets thé writinga stapring: pesitiert erthiefifch tolumn from
between the eight columns -1 said storage means to the position whose address is 7, sets the
writing starting’ p8sifiof of tHeesixtrebidmp ffoin Betvieeh theidight columns of said storage means to
the position whose address is 20, sets the writing starting position, of the seventh column from
between the eight columhsof %5%&8%g%eﬁ1ﬁ§n§fo%tﬁezp6§?ﬂ%ﬁ“%ﬁo§€ Ad8ressi8920%arid ¢  sets
means to he poSiion WHERE sidfesk 61t Lon <ha Srbras EABYLPIETS 2] BE e

in the column direction,

sald re-—arrangement means

sets, where the address ¢f the top position of said
storage means in the column direction is represented by 0
and the address of each position of said storage means in
the column direction is represented by an integer given
in an ascending order,

the writing starting position of the first column
from between ?he 12 columns of said storage means to the
position whose address is O,

sets the writing starting position of the second
column from between the 12 columns of said storage means
to the position whose address is 0,

sets the writing starting position of the third
column from between the 12 columns of said storage means
to the position whose address is 2,

sets the writing starting position of the fourth
column from between the 12 columns of said storage means
to the position whose address 1s 2,

sets the writing starting position of the fifth
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21. The data processing apparatus according to claim 8, wherein, where the LDPC code is an
LDPC code having one of 10 different encoding rates and a code length N of 16,200 bits prescribed in
the DVB-S.2 standard and the m bits are 10 bits and the integer b is 2 and besides 10 ones of the
code bits of the LDPC code are mapped to 10 ones of 1024 signal points determined in a
predetermined modulation method while said storage means has 20 columns for storing 10 x 2
bits in the row direction and stores 16,200/(10 x 2) bits in the column direction, said re-arrangement
means sets, where the address of the top position of said storage means in the column direction
is represented by 0 and the address of each position of said storage means in the column direction is
represented by an integer given in an ascending order, the writing starting position of the first
column from between the 20 columns of said storage means to the position whose address is 0, and
sets the wriﬁmgr%faffﬁ"i’@ poLTEEH dTahklsedlbfigs of said storage means io the position whose

address is 3,

sets the writing starting position of the sixth column from between the 12 columns
of said storage means to the position whose address is 4,

sets the writing starting position of the seventh column from between the 12
columns of said storage means to the position whose address is 4,

sets the writing starting position of the sighth column from between the 12
columns of said storage means to the position whose address is 5,

sets the writing starting position of the ninth column from between the 12
columns of said storage means to the position whose address is 5,

sets the writing sfarfing position of the tenth column from between the 12
columns of said storage means to the position whose address is 7,

sets the writing starting position of the eleventh column from between the 12
colurmns of said storage means to the position whose address is 8, and

sets the writing starting position of the twelfth column from between the 12

columns of said storage means to the position whose address is 9.
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column from. between the 20 columns of said storage means DOss tion whose address Ls op

sets the writing starting position of the third. column. from between the 20 columns of said storage
meabm to the position whose address sets the writing starting positof the foubth column from between.
the 20 columns of said storabe means. to the position whose address is 2, sets the writing
starting positi.on of the fifth. column from between the 20 columns of said storage means to the
position whose address is 2 sets the writing starting position of the sixth column from between
the 20 columns of said storage means to the position whose address is 2, sets he writing starting
position of the seventh column from between the 20 columns of said storage means to the position
whose address sets the writing starting position of the eighth column from between the 20
columns of said storage means to the position whose address is 2,

13. The data processing apparaius according to claim 8, wherein, where
the LDPC code is an LDPC code having one of 11 different encoding rates and a
code length N of 84 800 bits prescribed in the DVB-8.2 standard and

the m bits are 8 bits and the infeger b is 2 and

[
a2
(W43



sets the writing starting position of the ninth column from between the 20 columns of said storage
means to the position whose address is , sets the writing starting positthe tenth column from between
the 20 columns of said storage means to ti.e position hose address sets the writing startina
position of the eleventh column from bet.ween the 20 columns of said storage means to the position
whose address is sets the writing; starting. position of theftn column from between the 20 columns of
said storage means to the position whose address is 5, sets the writing starting position of the
thirteenth column from between. the 20 columns of said storage means to the position whose address
is 5, sets the wri.ting starting position of the

besides

R T = 3 T

elght ones of the code bi

& R ; e e P + 2o oy o . R, o . 3 - .
mapped to eight ones of 256 signal points determined in &

nredetermined modulation method while

3]

I

salid storage means has 16 columns for storing & = 2

{

L ey

Lhe row directCion and s

in the column direction,

szid re-arrangement means

sets, where the address of the top position of said
storage means in the column direction is represented by 0
and the address of sach position of said storage means 1in
the column direction is represented by an intsger given

in an ascending order,

b

The writing starting position of the first cclumn

+

from bestween the 16 columns of said storage means to the

t

position whose address is 0, and

sets the writing starting position of the second

column Ifrcom petweesn Tthe 16 columns of sald storage means

®

I}

to the pesition whose address is 2,

sets the writing starting position of the third

4

coiumn from between the 16 columns of said storage means
To the positicon whose address is 2,

sets the writing starting position of the fourth

wn

column from between the 16 columns of said storage means
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fourteenth column from between the 20 columns of said storage means to the position whose address
sets the writing starting position of the fifteenth column from between the 20 columns of said storage
means to the position. whose address is sets the writing starting position of the sixteenth column
from between the 20 columns of said storage means to the position whose address is 7, sets the
writing startmq position of the seventeenth column from between the 20 columns of said storage
means to the position whose address is 7, sets the writing starting position of the eighteenth column
from between the 20 columns of said storage means to the position whose address is 8, sets the
writing starting position of the nineteenth column from between the 20 columns of said storage means
to the position whiose addressiis:8, @ndse asets=the writing starting position of the twentieth column
from between the 90 columns of said storage means to the position whose address is 10.
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ssts the writing starting position of the fifth

column from betwsern the 1€ columns of sald storage means

to the position whose address is 2,

sets The writing starting position of the siuth
Ccoiumn from betwean The (6 columne of said storadge means

to the pesition whose address is 3,

]

sets the writing stariing position of the saventh
column from between the 16 columns of said storage means
to the position whose address is 7,

sets the writing starting position of the eighth
coiumn from between the 16 columns of said storage means
Lo ftne position whose address is 15,

sets the wrilting starting position of the ninth

column from between the 16 columns of said storage means
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position whose address is 16,

sets The writing starting position of the tenth

column from bpetween the 16 columns of said storace means
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column from between th

to the position whoses address 1s 22,

sets the writing startincg position of the twelfth

column from between the 16 columns of said storage means



22. The data processing apparatus according to claim 8, wherein, where the LDPC code is an
LDPC code having one of 10 different encoding rates and a code length N of 16,200 bits prescribed in
the DVB-S.2 standard and the m bits are 12 bits and the integer b is 2 and besides 12 ones of the
code bits of the LDPC code are mapped to 12 ones of 4096 signal points determined in a
predetermined modulation method while said storage means has 24 columns 2 bits in the row direction
and stores 16,200/(122) bits an the column direction,

o the position whose address is 22,

sets the wriling starting position of the thirteenth column from betwean the 18
colurnns of said storage means to the position whose address is 27,

sets the writing starting position of the fourteenth column from between the 18
columns of said storage means fo the position whose address is 27,

sefs the writing stariing position of the fifteenth column from beiween the 16
coiumns of said storage means 1o the posifion whose address is 28, and

sets the writing starting position of the sixiesnth column from between the 18

columns of said storage means to the position whose address is 32.
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said re-arrangement. means sets, where the address. OT the tom position,said scorage means in the
column direction. is represented. and the address of each posi..tion of sai7 storase means in the
column direction is represented by an integer given in an ascending order, the writing starting
position of tne first column from between the 24 columns of said storage means to the position whose
address is 0, and sets theing starting position of the second column from between the 24 columns of
said storage means to the position whose address is 0, sets the writing- starting position of the
thi.ro column from between the 24 columns of said storage means to the position whose address is 0,
sets the writing starting position of the fourth column from between, the 24 columns of said storage
means to the position whose address Is 0, sets the writing startina position of the fifth column
from between the 24 columns of said storage means

14. The data processing apparatus according to claim 8, wherein, where

the LOFC code is an LDPC code having one of 11 different encoding rates and a
code length N of 64,800 bits prescribed in the DVB-5.2 standard and

the m bits are 10 bits and the integer b is 2 and besides

10 ones of the code bits of the LDPC code are mapped to 10 ones of 1024 signal

points determined in a predetermined modulation method while



to the position whose address is 0,

betweencolumns of said storage means to the position whose address is 0,

sets the writinh starting posit, n of the sixt5 column from

sets the writing

starfinp position of the seventh column from between. the 24 columns of said storage means to the

position whose address is C
the 24 columns of said storage means to the position whose address is 1

position of the ninth coi.umn from between the 24 columns of said storage
whose address is 1,
columns of said storage means to the Position whose address is 1

sets the writing starting position of the eighth column from between

sets the writing start g
means to the position

sets the writing startino position of the tenth column from between the 24
sets the writing starting

position of the eleventls eolimr frorubetiveenthe 24 columns ofisaid Storage means tothe position

whose address is 2,
columns of sald%%mégé méaris totheposition whoseraddress fs52,54 .
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sets the writing starting position of the tvvelfth column from between 24
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bits in the column direction,

sald —arrangement means

sets, where the address of the top position of said
storage means in the column direction is represented by 0
and the address of each position of said storage means in
the column direction is represented by an integer given
in an ascending order,

the writing starting position of the first column
from between the 20 columns of sald storage means to the
position whose address is 0, and

_se the writlng starting position"cf the second
column from between the 20 columns of said storage means
Lo the position whose address is 1,

sets the writing starting position of the third
column from between the 20 columns of sald storage means
Lo the position whose addresgs is 3,

sets the writing starting position of the fourth
column om betweesn the 20 cclumns of said storage means
to the position whose address is 4,

gsets the wrlting starting position of the fif+
celumn from between the 20 columns of said storage means
to the position whose address is 3,
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sets the writing starting position of the thirteenth column from between the 24 columns of said storage
means to the position whose address sets the writinostarting position of the fourteenth column
from between the 24 columns of said storage means to the position whose address is 3, sets the
writing starting position of the fifteenth column from be Jaen tha.24 columns of said, sthrare means to
the position whose address is 7, sets the writing starting position of the sixteenth column from
between the 24 columns of said storage means to the positionwhose address is sets the writing
starting position of the seventeenth column from between the 24 columns of said storage means to tie
position whose address is 9, sets the writing starting position of the eighteenth column from
between the 24 columns of said:sterageimeans to-therpositionvihese address issQ,xt.1:  sets the
writing startinc position of be nineteenth column from between the 24 columns of said storage means
to the positiofi Whige addresS sThE s theawrting startiposition of theltwertietlys maans

sets the writing starting position of the ssventh

from between the Z0 columns of said zstorage means
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sets the writing starting peoesition of the eighth
column from between the 20 coliumns of said storage means
to the positicon whose address ia 9,

sets The wrilting starting posizion of fThe ninth
column from between the 20 columns of salid stcorags means
to the positilon whose address is 13,

sets tThe writing starting position of the tenth

column from between the 20 columns of said storage means

o

to the position whese address iz 14,

sets the writing starting pesition of the eleventh
column from between the 20 columns of said storage means
to tne position whose address is 14,

sets the writing starting position of the twelfth



column fromeen the 24 columns of said storage means to thesition whose address is 10, sets
the writing starting position of the twenty-first column from between the 24 columns of said storage
means to the position whose address is 10 sets the writing starting position of the twenty-second
column from between the 24 columns of said storage means to the position whose address is 10,
sets the writing starting position of the twenty-third column from between the 24 columns _o_f said
storage means to the position whose address is 10, and sets the writing starting position of the
twenty-fourth column from between the 24 columns of said storage means to the position whose
address is 11. 23. The data processing apparatus according to claim 5, wherein the LDPC code
is transmitted after modulation is applied thereto by QPSK (Quadrature Phase Shift Keying), 16QAM
(Quadrature Amplitude Modulation), 640AM, 256QAM, 1024QAM or 4096QAM. 24. The data
processing appaﬁﬁi}s?%éﬁmwg%r&wrﬁﬁg{a’itwﬁé}fe‘ihe fourteenth column from between the 20

columns of said storage means to the position whose address is 21,

sets the writing starting position of the fifeenth column from between the 20
columns of said storage means to the position whose address is 23,

sets the writing starting position of the sixteenth column from between the 20
columns of said storage means {o the position whose address is 28,

sets the writing starting position of the seventeenth column from between the 20
columns of said storage means to the position whose address is 25,

sets the writing starting position of the eighteenth column from between the 20
columns of said storage means to the position whose address is 28,

sets the writing siarting position of the nineteenth column from between the 20
columns of said storage means {o the position whose address is 28, and

sets the writing starting position of the twentieth column from between the 20

columns of said storage means to the position whose address is 30.

15. The data processing apparatus according to claim 8, wherein, where

the LDPC code is an LDPC code having one of 11
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the LDPC code is a QC (Quasi-Cyclic)-LDPC code, and said re-arrangement means carries out,
where the symbol is formed from the code bits of the LDPC code which are written in a column
direction of storage means for storing the code bits of the LDPC code in a row direction and the
column direction and are read out in the row direction from said storage means, column twist
interleave of changing the writino starting position when the code bits of the LDPC code are to be
written in the column direction of said storage means for each column of said storage means as the
re-arrangement process. 25. The data processing apparatus according to claim 7, wherein said
parity interleave means and said re-arrangement means are formed integrally with each other.

26. A data procéssing metRod for-d dataprocessing apparatuswhigh interieavesidata ‘comprising: a
step carried out by the data processing apparatus of carrying out, where an LDPC (Low Density
Parity Check) tode & frafsmitted as'a symbbi‘or symbdls @&et fofmdfrom two or more code bits
thereof, re-arrangement ﬁ)ﬁfﬂ,tpg“ code bits of the LDPC code such that plural ones of the code bits
corresponding to the valte T incdllided in one arbittary ToW of $aid parity theck matrix aréhot included
in the same symbol..
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27. A data processing apparatus which receives an LDPC (Low Density Parity Check) code
transmitted thereto in an interleaved form as a symbol or symbols each formed from two or more code
bits, comprising: reverse re-arrangement means for carrying out, for an LDPC code obtained by
carrying out a re-arrangement process of re-arranging the code bits of the LDPC code such that plural
ones of the code bits of the LDPC code which correspond to the value 1 included in one arbitrary row
of a parity check matrix are not included in the same symbol, a reverse re-arrangement process
which is reverse re-arrangement corresponding to the re-arrangement process; and LDPC
decoding means for carrying out LDPC decoding of the LDPC code for which the reverse
re-arrangemert prb€essiis cartied Ut 28. The HatEprotessing apparatus according to claim 27,
wherein said reverse re-arrangement means carries out the reverse re-arrangement process for an
LDPC code obtained By~ ¢ “carrying but'parity interéave6tintetleaving pafity bits‘éf-an LDPC code
obtained by carrying out LDPC encoding in accordance with a parity check matrix in which a parity
matrix which 78 that portiof of the LDPC code whicH corféshonds 16 parify Bits’sith8 EBIPC code has a

staircase structure individually to positions of ., | o
LO The pCesitlon whose adaress 1s 2,
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COLAIN Trom Doeltwesn Thne L0 oo_umns or o sand sToradgs mesans

column from between the 12 columns of sald storags means
to the position whose address is 4,

sets the writing starting position of the seventh
column from between the 12 columns of sald storage means
to the position whose address is 4,

sets the writing starting pesition of the eighth
column from between the 12 columns of saild storage means
to the position whose address is 5,
sets the writing starting position of the ninth
from between the 12 cclumns of sald storage means
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osition whose address is b,
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sets the writing starting position of the tenth
column from between the 12 columns of said storags means
to tThe position whose address is 7,

sets Lthe writing starting position of the eleventh

column from between the 1Z columns of said storage means
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other ones of the parity bits and then carrying out a re-arrangement process of re-arrangement of
the code bits of the LDPC code such that plural ones of the code bits which correspond to the value 1
included in one arbitrary row of the parity check matrix are not included in the same symbol, and
said LDPC decoding means carries out LDPC decoding of the LDPC code for which the reverse
re-arrangement process has been carried out but parity deinterieave which is deinterleave
corresponding to the parity interleave has not been 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. 29. A data processing method for a data processing apparatus which receives
an LDPC (Low Density Parity Check) code transmitted thereto in an interleaved form as a symbol or
symbols each formed from two or more code bits, comprising: a step carried out by the data
processindgCappatatiis oMEars R§IGEE fof aINEDPC code obtained by carrying out a
re-arrangement Rrocess of r,?-arrqt%%iﬁi the code bits of the LDPC code such that plural ones of the
Hich

code bits of the LTYPC Cod& W PP INES AR ireliEsY i EnBeaMsRFas ol of a parity

check matgi,afe.not0RludRd D e, ame v IRk, o BUSISE, e grrangement process which is
reverse re-arrangement corresponding to the re-arrangement process; and



a step carried by the data processing apparatus of carrying out LDPC decoding of the LDPC code for
which the reverse re-arrangement process is carried out, 30. A data processing method for a data
processing apparatus which interleaves data, comprising: a step carried out by the data processing
apparatus of carrying out, where an LDPC (Low Density Parity Check) code in which an
information matrix which is that portion of a parity check matrix thereof which corresponds to
information bits of the LDPC code and has a cyclic structure is transmitted as a symbol or symbols
each formed from two or more code bits thereof whereas the symbol is formed from the code bits
of the LDPC code which are written in a column direction of storage means for storing the code bits of
the LDPC code in a row direction and the column direction and are read out in the row direction from
the storage means, column twist interleave of changing the writing starting position when the code bits
of the LDPC code are to be written in the column direction of the storage means for each column of
the storage means as a rearrangement process for re-arranging the code bits of the LDPC code.

31. A data processing apparatus which receives an LDPC (Low Density Parity Check) code

transmitted theret%?nﬁ{é ;gggl&%\éggsf%rgp%grgtﬁglgg(%rglrns trfcpbols each formed from two or more code

bits, comprising: reverse re-arrangement means for carrying out,



where the LDPC code is an LDPC code in which an information matrix which is that portion of the
LDPC code which corresponds to information bits of the LDPC code in a parity check matrix of the
LDPC code has a cyclic structure and the symbol is formed from the code bits of the LDPC code
which are written in a column direction of storage means for storing the code bits of the LDPC code in
a row direction and the column direction and are read out in the row direction from said storage
means, for an LDPC code obtained by carrying out column twist interleave of changing the writing
starting position when the code bits of the LDPC code are to be written in the column direction of said
storage means for each column of said storage means as a re-arrangement process of re-arranging
the code bitsofthé& LDPC/E6dE 11 - @ reliérse re-arrangement process which is reverse
re-arrangement corresponding to the re-arrangement process; and - LDPC decoding means for
carrying out LDPC deéoting of the"COPC ode forWhich the teVérie re-affangement process is
carried out. 32, The data processing apparatus according to claim 31, wherein said reverse
re-arrangement meand! carries Bt e reverse fBlarrangethent prodess for an LOPE &ode obtained by

bits prescribed in the DVEBE~-3.2 standard and
the m bilts are 2 bits and the integer b iz 1 and

two ones of the code hits
mapped to two onss of four signa: polints determined in &
predetermined modulation method while

salid storage means has two columns for storing 2 =

-

1 bits in the row dirsction and stores 16,200/(2 = 1)

-

bits in the column directicn,

said re-arrangement means
3, where the address of the top position of said
storage means 1in the column direction is represented by 0
and the address of each position of said storage means in
the column direction 1s represented by an integer given
in oan ascending order,

the writing starting position of the first column

=

from between the twoe columns of said storage msans ©o the
position whose address is 0, and
sets the writing starting position of the sacond

coiumn from between the two columns of said storage means

to the position whose address is .
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carrying out parity interleave of interleaving parity bits of an LDPC code obtained by carrying out LDPC
encoding in accordance with a parity check matrix in which a parity matrix which is that portion of the
LDPC code which corresponds to parity bits of the LDPC code has a staircase structure individually to
positions of other ones of the parity bits and then carrying out the re-arrangement process, and
said LDPC decoding means carries out LDPC decoding of the LDPC code for which the reverse
re-arrangement process has been carried out but panty deinterleave which is deinterieave
corresponding to the parity interleave has not been 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. 33. A data processing method for a data processing apparatus which
receives an LDPC (Low Density Parity Check) code transmitted thereto in an interleaved form as a
symbol or symbols’ edé¥s fitm B HsHVBRER RbIeassarlibis covRiphisinge wistepheasried out by the data
processing appartggjﬁfgé§%rr ing OUELDP Wgere the LDPC code is an LDPC code in which an
information matrix Which st BGHion of tRe EDPE SR WhichHaHaEsHasiRs iFtsiiifon bits of the
LDPC codeqadiibhchopkamptix tdbe LOPf fads ae 2 gunligairygure and _ the symbolis
formed from the code bits of the LDPC code which are written in & column direction of storage means
for storing the codte: bitsinf dhed R Grente indyEew ditestionangkthe column direction and are read out
in the row direction from the storage means, for an LDPC code obtained

two ones of the code bits of the LDPC code are mapped fo two ones of four

signal points defermined in a predetermined modulation method while

said storage means has four columns for storing 2 » 2 bits in the row direction
and stores 16,200/(2 % 2) bits in the column direction,

said re-arrangement means

sets, where the address of the top position of said storage means in the column
direction is represented by 0 and the address of each position of said storage means in
the column direction is represented by an integer given in an ascending order,

the writing starting position of the first column from between the four columns of
said storage means to the position whose address is 0, and

sets the writing starting position of the second column from between the four

columns of said storage



bvcarryinc out column twist interleave of changing the wratino startin. posittor when ‘e code bits of the
LDPC code are to he written in the column directson of the storage means for each column of the
storage means as a re-arrangement process of re-arranging the code bits of the LDPC coden a
reverse re-arrangement process yrevhrse re-arrangement correspong g to the re-arrangement
process; and a step carried out by the data processing apparatus of carrying out LDPC decoding
of the LDPC code for which the reverse re-arrangement process is carried out. Abstract The
present invention. relates to a. data processing apparatus and a. data processing method which can
improve the tolerance to errors of code hits of an LDPC code such as burst errors or. erasure

Where one symbol is formed fromtwo or more code bits of an LDPC (Low Density Parity Check) code,
a column twist interleaver 24 carries out a re-arrangement process of re-arranging the code bits of the
LDPC cod&'&eh thae & pilirdity 6FesdeBRe Extresponding to the value 1 included in one arbitrary row

of a parity check gatrix are not mapped to one symhol. The present inventioncan

columns of said storage means to the position whose address is 3. and
sefs the writing starting position of the fourth column from between the four

columns of said storage means 1o the position whose address is 3.



be applied, for example, to a transmission apparatus which transmits an. LDPC code.

18. The daia processing apparatus according to claim 8, wherein, where

the LDPC code is an LDPC code having one of 10 different encoding rates and a
code tength N of 16,200 bits prescribed in the DVB-8.2 standard and

the m bits are 4 bits and the infeger b is 2 and besides

Tour ones of the code bits of the LDPC code are mapped to four ones of 16 signal

points determined in a predetermined modulation method while
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sets the writing starting position of the sixth column from between the eight
columns of said storage means to the position whose address is 20,

sets the writing starting pesition of the seventh coiumn from between the eight
columns of said storage means to the position whose address is 20, and

sets the wriling starting position of the eighth column from between the eight

columns of said storage means {o the position whose address s 21,
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19. The data processing apparatus according o claim 8, wherein, where
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colurnn from between the 12 columns of said storags means fo the position whose
address is 7, and
sets the writing starting position of the twelfth column from between the 12

columns of said storage means to the position whose address is 7.

20. The data processing apparatus according to ciaim 8, wherein, where

the LBPC code is an LDPC code having one of 10 different encoding rates and a
code length N of 16,200 bits prescribed in the DVB-S.2 standard and

the m bits are 8 bits and the integer b is 1 and besides

eight ones of the code bits of the LDPC code are mapped to eight ones of 256
signal points determined in a predetermined modulation method while

said storage means has 8 columns for storing 8 x 1 bits in the row direction and
stores 16,200/(8 x 1} bits in the column direction,

said re-arrangement means

sets, where the address of the top position of said storage means in the column
direction is represented by 0 and the address of each position of said starage means in

the column direction is represented by an integer given in an ascending arder,
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the writing starting position of the first column

from between the erght columns of said

column from between the elght columns of said storage

[

means to the position whose address is 0§,
sels the writing starting position of the fourth
column from between the eight columns of said storage

means to the peosition whose address is 1,

tion of Lthe Fifth

},_

sets the writing starting pos?

column from between the eight columns of said storage
means Lo the position whose address is 7,

sets the writing starting position of the sixth
column from between the eight columns of said storage
means Lo the position whose address 1s 20,

sets the wrliting starting position of the seventh
column from between the eight columns of said storage
means Lo the positicn whose address 1z 20, and

sets the writing starting position of the eighth

column from between the eight columns of said storage

means Lo the position whese address is 21.
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21. The data processing apparatus according to claim 8, wherein, where

the LDPC code is an LDPC code having one of 10 different encoding rates and a
code length N of 16,200 bits prescribed in the DVB-S.2 siandard and

the m bits are 10 bits and the intager b is 2 and besides

10 ones of the code bits of the LDPC code are mapped to 10 ones of 1024 signai
poinis determined in a predetermined modulation method while

sai¢ storage means has 20 columns for storing 10 x 2 bits in the row direction
and stores 16,200/(10 = 2) bifs in the column direction,

said re-arrangement means

sets, where the address of the top position of said storage means in the column
direction is represented by 0 and the address of each position of said storage means in
the column direction is represented by an integer given in an ascending order,

the writing starting position of the first column from between the 20 columns of
said siocrage means to the position whose address is 0, and

sets the writing starting posiion of the second
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sighteenth column from between the 20 columns of said storage means to the position
whose address is 8,

sets the writing starling position of the nineteenth column from between the 20
columng of said storage means to the position whose address is 8, and

sefs the writing starting position of the twentieth column from between the 20

columns of said storage means to the position whose address is 10,
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22. The data processing apparatus according to claim 8, wherein, where

the LDPC code is an LDPC code having one of 10 different encoding rates and a
code length N of 16,200 bits prescribed in the DVB-S.2 standard and

the m bits are 12 bits and the integer b is 2 and besides

12 ones of the code bits of the LDPC code are mapped to 12 ones of 4096 sighal

points determined in a
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to the pesition whose address is ©,

sets the writing starting position of the

seventeenth column from between the 24 columns of said
storage means to the position whose address is 9,

sets The writing starting position of the
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ghteenth column from between the 24 columns of said
storage means to the position whose address is 9,
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means to the position whose address is 10,

sets the writing starting position of the twenty-second column from hetween the
24 coiumns of said storage means to the position whose address is 10,

sets the writing starting position of the twenty-third coturmn from between the 24
columns of said storage means to the position whose address is 10, and

sets the wriling starting position of the twenty-fourth column from between the 24

columns of said storage means to the position whose address is 11.

23. The data processing apparatus according to claim 5, wherein the LDPC code
is transmitted after modulation is applied thereto by QPSK (Quadrature Phase Shift
Keying), 16QAM (Quadrature Amplitude Modulation), 64QAM, 256QAM, 1024QAM or

40960AM.

24, The data processing apparatus according to claim 1, wherein

the LDPC code is a QC (Quasi-Cyciic)-LDPC code, and

said re-arrangement means carties out,

where the symbol is formed from the code bits of the LDPC code which are
written in a column direction of storage means for storing the code bifs of the LDPC code
in a row direction and the column direction and are read out in the row direction from

said storage means,
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column twist interleave of changing the writing stariing position when the code
oits of the LDPC code are to be written in the column direction of said storage means for

each column of said storage means as the re-arrangement DIOCess.

25, The data processing apparatus according fo claim 7, wherein said parity

interieave means and said re-arrangement means are formed mtegrally with each other.

26. A data processing method for a data processing apparatus which interleaves
data, comprising:

a step carried out by the data processing apparatus of carrying out,

where an LDPC (Low Density Parity Check) code is transmitted as 2 symbol or
symbois each formed from two or more code bits thereof,

re-arrangement of the code bits of the LDPC code such that plural ones of the
code bits corresponding to the value 1 inciuded in one arbitrary row of said parity check

maftrix are not included in the same symbot.

27. A data processing apparatus which receives an LDPC (Low Density Parity
Check) code fransmitied thereto in an interleaved form as a symbol or symbaols each

formed from two or more code bits, comprising:



reverse fe-arrangement means for carrving out, for an LDPC cods obtained

by carrying out a re-arrangement process of re-arranging the code bits of the
LDPC code such that plura! ones of the code bits of the LDPC code which carrespond to
the value 1 included in one arbiirary row of a parity check matrix are not included in the
same syrmbcl,

a reverse re-arangemeni process which s reverse re-arangement
corresponding fo the re-arrangement process: and

LDPC decoding means for carrying out LDPC decoding of the LDPC code for

which the reverse re-arrangement process is carried out.

28. The data processing apparatus according to claim 27, wherein

said reverse re-arrangement means

carries out the reverse re-arrangement process for an LDPC code obtained by

carrying out parity interleave of interleaving parity bits of an LDPC code obtained
by carrying out LDPC enceding in accordance with a parity check matrix in which a parity
matrix which is that portion of the LDPC code which corresponds to parity bits of the

LDPC code has a staircase structure individually to positions of



other ones of the parity bits and then

carrying out a re-arangement process of re-arrangement of the code bits of the
LDPC code such that plural ones of the code bits which correspond to the value 1
included in one arbitrary row of the parity check maitrix are not included in the same
symbol, and

said |.OPC decoding means carries out LDPC decoding of the LDPC code for
which the reverse re-arrangement process has been carried out but parity deirterieave
which is deinterleave corresponding to the parity interleave has not been 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.

29. Adata processing method for a data processing apparatus which receives an
LDPC (Low Density Parity Check) code transmitted thereto in an interieaved form as a
symbol or symbols each formed from two or more code bits, comprising;

a step carmried out by the data processing apparatus of carrying out, for an LDPC
code obtained

by carrying out a re-arrangement process of re-arranging the code bits of the

LDPC code such that plural ones of the code bits of the LDPC code which correspond



to the value 1 included in one arbitrary row of a parity check matrix are not included in
the same symbol,

g Treverse re-arrangement process which is  reverse re-arrangement
correspending io the re-arrangament process: and

a step carried by the dats processing apparatus of carrying out LDPC decoding

of the LDPC code for which the reverse re-arrangement orocess is carrisad out,

30. A data processing method for a data processing apparatus which interleaves
data, comprising:

a step carried out by the data processing apparatus of carrying out,

where an LDPC (Low Density Parity Check) code in which an information matrix
which is that portion of a parity check matrix thereof which corresponds o information
bits of the LDPC code and has a cyclic siructure is transmitted as symbol or symbols
sach formed from two or more code bits thereof whereas

the symbol is formed from the code bits of the LDPC code which are written in a
column direction of storage means for storing the code bits of the LDPC code in a row
direction and the column direction and are read out in the row direction from the storage
means,

column twist interleave of changing the writing
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starting position when the code bits of the LDPC code are to be written in the column
direction of the storage means for each column of the storage means as a re-

arrangement process for re-arranging the code bits of the LDPC code,

31. A data processing apparatus which receives an LDPC (Low Density Parity
Check) code transmitted thereto in an interleaved form as symbol or symbols each
formed from two or more code bits, comprising:

reverse re-arrangement means for carrying out,

where the LDPC code is an LDPC code in which an information matrix which is
that portion of the LDPC code which corresponds to information bits of the LDPC code in
a parity check matrix of the LDPC code has a cyclic structure and

the symbol is formed from the code bits of the LDPC code which are written in o
column direction of storage means for storing the code bits of the LDPC code in a row
direction and the column direction and are read out in the row direction from said storage
means,

for an LDPC code obtained

by carrying out column twist interteave of changing the writing starting position

when the code bits of the LDPC code are to be written in the column diraction of



said storage means for each column of saig storage means as a re-arangernent
process of re-arranging the code bits of the LDPC code,

a reverse re-arrangement process which is  reverse re-arrangement
corresponding fo the re-arrangement process; and

LRDPC decoding means for carrying out LDPC decoding of the LDPC code for

which the reverse re-arrangement process is carried out.

32. The data processing apparatus according to claim 31, wherein

said reverse re-arrangement means

carries out the reverse re-arrangement process for an LDPC code obtained by

carrying out parity interleave of interleaving parity bits of an LDPC code obtained
by carrying out LDPC encoding in accordance with a parity check matrix in which a parity
matrix which is that portion of the LDPC code which corresponds to parity bits of the
LDPC code has a staircase structure individually to pasitions of other ones of the parity
bits and then

carrying out the re-arrangement process, and

said LDPC decoding means carries out LDPC decoding of the LDPC code for

which the reverse re-arrangement
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process has been carried out but parity deinferleave which is deinterieave cotresponding
to the parity interleave has not been carried out using a conversion parity chack matrix
obtained by carrying out at least column replacement corresponding to the parity

interteave for the parity check matrix.

33. A data processing method for a data processing apparatus which receives an
LDPC (Low Density Parity Check) code fransmitted thereto in an interieaved form as a
symbol or symbols each formed from two or more code bits, comprising:

a step carried out by the data processing apparatus of carrying out,

where the LDPC code is an LDPC code in which an information matrix which is
that portion of the LDPC code which corresponds to information bits of the LDPC code in
a parity check matrix of the LDPC code has a cyclic structure and

the symbol is formed from the code bits of the LDPC code which are written in 3
column direction of storage means for storing the code bits of the LDPC code in a row
direction and the column direction and are read out in the row direction from the storage
means,

for an LDPC code obtained
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Abstract

The present invention relates to a data
apparatus and & data processing method which can improve
the tolerance to errors of code bhits of an LDPD code such
&s burst errors or erasure.

Where one symbcel is formed from ©wo oY more code
pits of an LDPC (Low Density Parity Check) code, a column
twist interleaver 24 carries oul a re-arrangement process
OL re-arranging the code bits of the LDPC code such that

bits correspondin

included in one arbltrary row of a parity
are not mapped te one symbol. The present

be applied, for example, to a transmission
which transmits an LDPC code

check matrix
inventiocn can

apparatus



