Description DATA PROCESSING APPARATUS AND DATA
PROCESSING METHOD Technical Field [0001] This invention relates 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 [0002] The LDPC code has a high error correction
capacity and, in recent years, Beging ta-tie adopted 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 Document 1) Further, it is investigated to adopt the
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[0003] It is being found by recent research that a performance proximate
to the Shannon limit is provided by the LDPC code as the code length is

ﬁnecéﬁ%secdai'”%‘-lféli dto a turbo code and so forth. Further, since the LDPC

[0001]

This invention relates to a data processing
apparatus and & data processing method, and particularly
to & data processing apparatus and a data processing
method which make 1t possible to improve the tolerance to
burst errors or erasure cof, for example, an LDPC {Low
Density Parity Check) code.

Background Art
roooz]

The LDPC code has a high error correction capacity
and, in recent years, begins to be adopted widely in
transmission systems including satellite digital
broadcasting systems such as, for example, the DVB-5.2
system used in Europe {refer to, for example, Non-Patent
Document 1} . Further, 1t i1s investigated to adopt the
LDPC code alsc in terrestrial digital broadcasting of the
next generation.

[00G3]

it is being found by recent research that a

=



code has a property that the minimum distance increases in proportion to
the code length, it has a characteristic that it has a superior block error
probability characteristic. Also it is advantageous that a so-called error
floor phenomenon which is observed in a decoding 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
REfNGaIersioRal cotes fife followiiy deserstionisgiventnderatieded by
assumption that it is a two-dimensional code. [0005] The LDPC code has
thé mﬁg%%ig?ﬁf?&rﬂ Schatacterisfic irffhat & phfity CRéAeMAtHEWRich? - 1Y
.defines the LDPC code is a sparse matrix. Here, the sparse matrix is a
Taffi R WHicH (EnGRBer 8f oS8 eleméis itfose VAl is-1eis ory

sl (matrix in which almost ol elements are 0). 9 10006] FIG, 1 shows
an example of a pgrlty check fatrix H '6f an LDPC code.

in proportion to the code length, it has a characteristic
that 1t has a superior pblock error preobability
characteristic. Also it is advantageous that a so-called
error flcor phenomenon which is cbserved in a decoding
characteristic of the turbo code and so forth little
cCCcurs.

[00C4]

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

[0005h]

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

elements whose value is “17 1s very small (matrix in

which almeost all elements are 0).



[00071 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
& gEferator matrix G which satisfies an expression GHT = 0 together with
a transposed matrix H- of a parity check matrix H. Here, if the generator
matrix GFis@ K X Ni#tFix>therthBPéicstingaparatus mitftipfiedife +%
generator matrix G by a bit string (vector u) of K information bits to
Srodlice’R” co&WSrd ¢ (= uG) of N bits. The codeword (LDPC code)
[tpg%gqed by the encoding apparatus is received by the reception side
rough a predetermined communication path. 3 [00-01 Decoding of the

:rljc)ng?%ﬁ; %%e%g i??‘g@“[%d QuLusing, an.algoritha proposed ag o e 5 gt
of each column (column weilght} (number of “17) (weight)
is “3” and the weight of each row (row weight) is “6.7
10008}

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
muitiplied by two-dimensicnal information bits to produce
& codeword {LDEC code[.

[0009]

In particular, an encoding apparatus which carries
out LDPC encoding first calculates a generator matrix G
wnich satisfies an expression GH' = 0 together with a
transposed matrix H' of a parity check matrix H. Here, if
the generator matriz 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 kits to produce a
codeword ¢ (= uG) of N bits. The codeword {(LDPC code)
produced by the encoding apparatus ls received by the

reception side through a predetermined communication path.



(Probabilistic Decoding) by the Gallager, that is, a message passing
algorithm by belief propagation on a so- called Tanner graph including a
variable node (also called message node) and a check node. In the
following description, each of the variable node and the check node is
suitably referred to simply as node. [0011] FIG. 2 illustrates a procedure of
decoding of an LDPC code. [00121 It is to be noted that, in the following
description, a real number value where the "0" likelihood in the value of
th€ hth 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 recepticiP¢alig uot. ElrthérDamessee autptitedfromia Cehek rivtie o
is represented by u, and a message outputted from a variable node is
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called Tanner graph including a variable node {also
called message node) and a check node. In the following
description, each of the variable node and the check node
is suitably referred to simply as node.

[0011]

FIG. 2 1llustrates a procedure cof decoding of an
LDPC code.

{OQIZ]

It is to ke 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) recelved by the reception side is represented
in a log likelihood ratio is suitably referred to as
reception value Ue. Further, a message ocutputted from a
check node 1s represented by u; and a message outputted
from a variable node 1s represented by vi.

[0013)
First, in decceding of an LDPC code, as seen in FIG.

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



the processing advances to step 512. At step 512, mathematical

operation represented by an expression (1) (variable node mathematical
operation) is carried out based on the reception value no., 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 vi to determine the message uj. [0014; [Expression 1]
gk $ g0, +UU, 18 (1) 3£1 §00153 [ Expressiors2c =gak 1o9g tank {2z tash(e k
) (2) 2 2 [0016] Here, d, and do in the expression (1) and the expression
W2} afe paramsterswhicht@arbe s6letteth @rbiftarily antrigpiessht the

number of "1s" in a 5 vertical dlrectlon 8column) and a horizontal direction
processes is initialized step 311, whereafter

the prccessing advances to step 512. At step S12,
mathematical operation represented by an expression (1)
(variable nodes mathematical operation) 1s carried out
ased on the reception value ug obtained by the reception
of the LDPC code to determine a message (variable node
message) v;. Further, mathematical operation represented
by an expression (2) {(check node mathematical cperation)
is carried out based on the message vy To determine the
message uy.

[00147

[Expression 1]

d—1

Vi = Hoi + ZM} (l)
J=1

[0015]

[Expression 2}

\ d—1
tmmﬂgjwflmM{u) . (2]

[00163
Here, dv and d. in the expression (1) and the
expression (2) are parameters which can be selected

arbitrarily and represent the number of “1s” in a



(row) of the parity check matrix H. For example, in the case of a (3, 6)
code, d, =3 and dO = 6. [0017] It is to be noted that, in the variable node
mathematical operation of the expression (1) and the check node
mathematical operation of the expression (2), the range of the
mathematical operationis 1 todv-1or 1todO -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
themathensbiticaroperationcoVeanwhile dthe chetk podeamathematicain
operation of the expression (2) is carried out by producing in advance a
‘taplel ofa funetioR RVE W2 tepresehted By Bn exXpréssisa ) defingd by:e
one output with respect to two inputs vl and v2 and using the table
“&RRBeSsively (recufsivelyfias réprésentéd By an exPression (4). [0018]
[{Eﬁpﬁssion 3] x=2tanh-{tanh(vl/2)tanh(v2/2)}=R(vi,v2) ... (3) [0019]
pression 4] 14;=R(vl, R(V2, R(V3,...R(Vd.-2, vdd -1)))) ... (4) 6 0020]

It 1s to be noted that, in the variable node
mathematical operation of the expression (1) and the
check node mathematical operation of the expression (2),
the range of the mathematical operation is 1 to dy -~ 1 oz
1 to de — 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 operaticn of the expression (2) is carried
out by producing in advance a table of a function R(wvq,
v2) represented by an expression (3) defined by cone oubput
with respect to two inputs v; and vy and using the table
successively (recursively) as represented by an
expression {(4).

[0018]

[Expression 3]

x = 2tanh " {tanh(1/ 2) tanh(v2/ 2)} = R{v,v2) . (3)
(00193

[Expression 4]

w = R(vi, R(v2, R(vs,.. R(Va - 2, Ve - 1))} . (4



At step S12, the variable k is incremented by "I" further, and the
processing advances to step 513. At step S13, it is decided whether or
not the variable k is higher than a predetermined repeated decoding time
number C.'If it is decided at step S13 that the variable k is not higher
than C, then the processing returns to step 512, and similar processing is
repeated thereafter. [0021] On the other hand, if it is decided at step S13
that the variable k is higher than C, then the processing advances to step
514 @t which a message v as a decoding result to be outputted finally by
carrying out mathematical operation represented by an expression (5) is
determirfed &ndButputted-fHer&by endihg the tHecodingSpricess oPthe 1~
LDPC code. [0022] [Expression 5] d, VI Uo,+ Iuj ... (5) j=1 10023] Here,

fthé misthenddtical Giferafioi of the Exptession () i carried ol différént™ =P

fgo#; th% variable node . mathe@gycglxo%eg%tl%nngf t_vhaereix&rgsesgn £15)

1s decided wnet
higher than a predetermined repeated decoding time numbez
. If it is decided at step $13 that the variable k is
not higher than C, then the processing returns to step
312, and similar processing 1s repeated thereafter.
00217

On the other hand, if it i1s decided at step S13

that the variable k is higher than C, then the processing
advances to step 514, at which a message vy asz a decoding
result to be cutputted finally by carrying out
mathematical operation represented by an expression (5)
is determined and outputted, thereby ending the decoding
process of the LDPC code.
[00Z221
[Expression 5]

cly

Vi = Uoi + Zw e 5 )
J=1
100231
Here, the mathematical operation of the expression

{(5) 1s carried out, different from the variable nods

mathematical operation of the expression {1}, using



messages u, from all edges connecting to the variable node. [00241 FIG.
3 illustrates an example of the parity check matrix H of a (3, 6) LDPC
code (encoding rate: 1/2, code length: 12). 00251 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. [00261 FIG. 4 shows a Tanner graph of the parity
check matrix H of FIG. 3. 00271 Here, in FIG. 4, a check node is
represented by and a variable node is represented by "=." A check node
Tansa varable dodercorréspoigkto arowand aneolumntbkthezparity cheek de .
matrix H, respectively. A connection between a check node and a
valfiable node is an edge and corresponds to "I" of an element of the
parity check matrix. !![0028; In particular, where the element in the jth row
of. the ith'Columniof tHé pafityEehetk MERHAs A, tHe S ariableioddeck
(node of "=") Erogn agove and 5@3 jth check 8

matrix H 6 { ©) LDPC code {encoding rate: 1/2, code
length: 12).
[0025]

In the parity check matrix H of FIG. 3, the weight
of 2 column 1s 3 and the weight of a row is 6 similarly
as in FIG. 1.

[002¢6]

FIG. 4 shows a Tanner graph cf the parity check
matrix H of FIG. 3.

[C027]

Here, in FIG. 4, a check node is represented by
Y+, " and a variable node 1s represented by “=.” A check
ncede and a variable node correspond to a row and a column
of the parity check matriz H, respectively. A connection
between a check node and a variable node is an edge and
corresponds to “17 of an element of the parity check
matrix.

(00287

In particular, where the element in the jth 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 node mathematical operation and check node
mathematical cooperation are carried out repetitively. 0030] FIG. 5
illustrates the variable node mathematical operation carried out with
rregard(toca vafiable nodet 003 EPWith regard-totheVagiablevnade, adige .
message v corresponding to an edge to be calculated is determined by
\eftiabfed Rodé RidtRematical operaticiy 8EtHe lexpressieF R whith Gsesthe
messages ul and u2 "rom the remaining edges_ connecting to the variable
Vr?d”d]eaggk?tﬁé%%eﬁﬁc‘in Yaltie B0 AlSoa idssade Corespardingtoany ©°
to{%gercgd%%isnd éermined similarly. [0032] FIG. 6 illustrates the check
node mathematical operation carried out at a check node. [0033] 9

[0029]

In the sum product algerithm {Sum Product
Algorithm) which is a decoding method for LDPC codes,
varilable nocde mathematical operation and check node
mathematical cooperation are carried out repetitively.
[0030]

FIG. 5 illustrates the variable node mathematical
operation carried out with regard teo a variable node.
(0631

With regard to the wvariable node, a message v;
corresponding to an edge to be calculated is determined
by variable node mathematical operation of the expression
(1) which uses messages u; and uy from the remaining edges
connecting to the variable node and the recepticon value
Uei. Also a message corresponding to any other edge is
determined similarly.

[0032]

FIG. ¢ illustrates the check node mathematical

operation carried out at a check node.

[0033]



Here, the check node mathematical operation of the expression (2) can
be carried out by rewriting the expression (2) into an expression (6) using
the relationship of an expression a x b = explin(ial) + In(Ib;)) x sign(a) x
sign(b). It is to be noted that sign(x) is 1 where x > 0 but is -| where x < 0.
[0034] [Expression 6] d~lu=2tanh'fltanhlv; ~i=l~2d,/d-1v; =2
tanh-' [ex{ Inlltanh[ ]} x n signl tanh(j z 2 2jJ) | &1 L ~ ch-1 2tanh ' ~exp
In~tanh~| x flsign(v;) (6) =1 2 [0035] Further, if, where x ? 0, a function

p(x) is defined as@n @hﬁﬁégsﬁ@ﬁdﬁp(xy&m@%m@% thenrginéerarpf the
expression <p-' (x) = 2tanh_' (e-x) is satisfied, the expression (6) can be
Sranstermedinte an“e%%bre’%l&ﬂﬁ)lﬁ@o@&{@ﬁre@%%nlﬂ*?@ 186-1

e¥pression (2) into an expression (6) using the
relationship of an expressicn a » b = expiin(ial) +
In(|bi}} x sign(a) » sign(b). It is to be noted that
sign(x) is 1 where x 2 0 but is ~1 where x < 0.

[0034]

[Expression 6]

W =2tanh” ﬁ%fmm{%}}
_21anhi {;Z; ( (2]
. Lexp{—[%l In| tan ["Ei}

= 2tanh

[0035]

Further, 1f, where x 2 0, a function ¢(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 intc an expression (7).
[0036]

[Expression 7]
(df—l d.—1
=g §:¢an X Iisgyﬂvﬂ w07
ki=l i=1
[0037]
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=0-~ JO(V'j x fi sign(vi) ... (7) ~i=1i=1 0037] 10 At the check node, the
check node mathematical operation of the expression (2) is carried out in
accordance with the expression (7). [00381 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 v2, v2, v3, v4 and v5 from the remaining edges
connecting to the check node. Also a message corresponding to any
other ed§é i$-teterimirred ircalssimiliemahnerk (00831 ht4s feie hotad that
the function w(x) of the expression (7) can be represented also as g(x) =
JREEX H ay/(et DY caridmhaiEx S0, (Bl (A= §2(X): $9hén the: Functions

g(x) and g-'(x) are incorporated in hardware, while they are sometimes

%ﬁE&BﬁF"é’t@& u%h@aﬁ‘ﬂ%ﬁfﬁ%ﬁﬁsﬁb%b@ such LUTs become the

\@r}e@zﬁ,UT 00401 Non-Patent Document 1: DVB-S.2: ETSI EN 302 307
(2006-06)

In particular, at the check node, the message u-
corresponding to the edge to be calculated i1s determined
by check node mathematical operation of the expression
(7} using messages vy, Vo, Vi, Va3 and vy from the remaining
edges connecting to the check nede. Also a message
corresponding to any other edge is determined in a

similar manner.

[0039]

t is to be noted that the function ¢(x) of the
expression (7) can be represented also as ¢(x) = 1n((e® +
1) /(e* = 1)), and where x > 0, 0!(x) = o '{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]

Non-Patent Document 1: DVB-S5S.2: ETSI EN 202 307
Vi.l.2 (2006-06)
Disclosure of Invention
Technical Problem

1004717



Disclosure of Invention Technical Problem [0041; 1T Although it has
been known that LDPC codes exhibit a very high capacity in an AWGN
(Additive White Gaussian Noise) communication path, in 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
commuridatioriygdthis sklettéd: ¢herkthevcode frequehfly hasachettgribit
performance than the other codes also in other communication paths.
J0023Y IfcigEntampachas béen propdsed thatfort exanple, Where LDPEn
codes are applied to terrestrial digital broadcasting, LDPC codes
NoerEsived HHEDYB-SY" staridards And S Motul&tion Systent preseribed®
in the DVB-= standards are combined and an interleaver bjténterleaver)
FoF fiteriédiing &5de bits of aniDIE E6EE Y brodined betneds the' tHPC
.encoding and modulation to improve the performance of LDPC codes.in__,
av&v\:’% gﬁlg I8 error Correcticn apacClly Thnan conventlonad
an G
convolution codes or connection codes of convolution
codes and R5 {(Reed Sclomon) codes.
[00423

In short, if a code having a good performance in an
AWGN communication path is selected, then the code
frequently has a bestter performance than the cother codes
also in other communication paths.

[0043]

Incidentally, it has been proposed that, for
example, where LDPC codes are applied to terrestrial
digital broadcasting, LDPC codes perceived in the DVB-5.2
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 enceding and modulation
to improve the performance of LDPC codes in an AWGN
communication path.

[0044]

However, in a communication path supposed with

12



communication path. [0044] However, in a communication path supposed
with 12 regard to ground waves, burst errors or erasure sometimes
occurs. For example, in an OFDM (Orthogonal Frequency Division
Multiplexing) system, in a multi-path environment wherein the D/U
(Desired to Undesired Ratio) is 0 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
rether thapcthemaindgath) §604 5] Rurthet ralsa in aflutter fcommenicatione s
path in which an echo whose delay is zero and to which a Doppler
q@epper) fréguercyasapplied is addédPWhére thecDAR sl OB Al ease
wherein the power of an entire OFDM symbol at a specific point of time is
Letdled to Yero by e Bpplénrédqiiency dciures j0048] Fdiithermore,
burst errors sometimes arise from a situation of a wiring line from an
SIteniATS & redStion AppaFattis Or iHetAbility Of te power Supply “fook7]

Qogveglional, alsq b g sgmumynication pelh g

equal to the power
of Desired = main path), the power of a particular symbol
becomes zero (erasure) 1n response To a delay of an echo
(paths other than the main path).

00451}

Further, also in a flutter (communication path in
which an echo whose delay is zero and to which a Doppler
(dopper} freguency is applied is added), where the /U is
0 dB, a case wherein the powereof an entire OFDM symbol
at a specific point of time is reduced to zerc by the
Doppler Ifrequency OCCUrsS.

[0G4e]

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

[0047]

Conventionally, also in a communicaetion path in
which such burst errors or erasure occurs as described
above, an error correction code of a high performance is

used in an AWGN communication path.
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which such burst errors or erasure occurs as described above, an error
correction code of a high performance is used in an AWGN
communication path. 13 [0048] Meanwhile, in decoding of LDPC codes,
since variable node mathematical operation of the expression (1)
wherein addition of (reception values u0 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
[arb éfror occurs with the code bit used for the variable node mathematical
operation, then the accuracy of a message to be determined drops.
[0049] THeA &ihée Gn decodig stithe LDPE éBde Cthiés fnessage®
determined at the variable node connecting to the check node is used to
VEHMPUtCHERR ot hatematichl Qﬁf‘e‘?&%&?&f fhe eXpression tA%the
check node, if the number of check nodes where (cg:ode bits of the LDPC
\:k)dew%Sﬁ%éBoﬁd?ﬁgﬁd)Oé‘*pﬁﬁa@%?%Hé&% nGUeS Connectsd ' theretd
bexhibit an ES(f:rrlro_ir%()i%?ludin erasugeg at the same time, becomes ggga(gut{legn

thie pefforfiance of the decoding deteriorates. [0050]° =+

a column of the parity check matrix H and hence a
variable node corresponding to a cocde bit of the LDPEC
code, 1if an error cccurs with the code bit used for the
variable ncde mathematical cperatiocn, then the accuracy
of a message to be determined drops.

[0049]

Then, since, in decoding <f the LDPC code, the
message det@rmined at the variable node connecﬁing to the
check node is used to carry out check node mathematical
operation of the expressiocn (7) at the check nods, if the
number of check nodes where (code bits of the LDPC code
corresponding to) a plurality of variable nodes connected
thereto exhibit an error (including erasure) at the same
time becomes great, then the performence cf the decoding
deteriorates.

[005C]

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

14



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 14 probability that the value may be 0 and the
probability that the value may be 1 are equal to each other to all variable
nodes. In this instance, those check nodes to which the message of the
equal probabilities does not contribute to one cycle of decoding
processing (one set of variable node mathematical operation and check
modes mdthematicaltoperation)] andrasya result, andndreased aiatberidgfy
times of repetition of decoding processing are required. Consequently,
the performanse of tieydécoding rdeterorates. Furthen, thelpowere all
consumption of a reception apparatus which carries out decoding of the
TDPE oI iAtRases! [0051] Acebidiiglycat presért, a'téchnigae for ©©
improving the tolerance to burst errors or erasure while the performance
- B AWEN EofdRicatior PatHTS Haintaifed 9s defmantled” [0b52} -
Here, it has been progosed that t?e gerfo{rimance of LDPC codes in an
KGN Eommuaricat F

on Sé/t%iig ir%provee%oby p?oﬁaﬁ%efnsiln?grle er foSrEt
gyegggwggﬁQQ%P£§%&uﬂmmwtical operation and check node
mathematical operation), and as a result, an increased
number of times of repetition of decoding processing are
reqguired. Conseguently, the performance of the decoding
deteriorates. Further, the power consumption of a
reception apparatus which carries out decoding of the
LDPC code increases.

[0051]

Aecordingly, at present, a technicue for improving
the tolerance to burst errors or erasure while the
performance in an AWGN communication path i1s 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 petween LDPC encoding and modulation as

described hereinabove, and 1f the interleaver can carry

out interleave of lowering the probability that a

-
o



LDPC code between LDPC encoding and modulation as described
hereinabove, and if the interleaver can carry out interleave of lowering the
probability that. a 15 plurality of ones of (code bits of LDPC codes
corresponding to) variable nodes connected to a check node may exhibit
an error, then the performance of decoding can be improved. [0053) The
present invention has been made in view of such a situation as described
above and makes it possible to improve the tolerance to errors of code
phitsreflart ¥ DPC wode suth ascbyrsbeérorsodr éragirezd@ehnical Solution
[0054] A data processing apparatus of one aspect of the present
davertiorisca datatprocessing apparatds shichimereavéscdatas irefuding
parity interleave means for carrying out parity interleave of interleaving
Saldty "Bits 6F&R EBPCEode bBtained By caft§ingout LBEE Séncoiding in
accordance with a parity check matrix in which a parity matrix which is a

561H0n B riedPoRding T TpA bits of an LDPC (Low Density Parity

{%Ia%%lg) code has a staircase structure individually to positions of other

ones of the parity bits.

The present invention has been made in view of such
a situation as described above and makes it possible to
improve The teolerance to errors of code bits of an LDPC
code such as burst errors or erasure.
Technical Sclution
(00547

B data processing apparatus of one aspect of the
present invention i1is a data processing apparatus whi;h
interleaves data, including parity interleave means for
carrving out parity interleave of interleaving parity
bits of an LDPC code obtained by carrying cut LDPC
encoding in accordance with a parity check matrix in
which a parity matrix which is a2 portion corresponding Lo
parity bits of an LDPC (Low Density Parity Check) code
has a staircase structure individually to poesitions of
other cnes of the parity bits.
[0055]
A data processing method of the one aspect of the

present inventlcon 1s a data processing method for a data

ilé



[0055] A data processing method of the one aspect of the present
invention is a data processing method for a data 16 processing apparatus
which interleaves data, including a step carried out by the data
processing apparatus of 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 a
portion corresponding to parity bits of an LDPC (Low Density Parity
Gheclg code hap arstaircaserstriicturetiadivichratly tol positions of wothery a
ones of the parity bits. [0056] In such one aspect of the present invention
dsedeseribeddbove, the parity mterfeavecofdéstetieaviagrparity bitsof an
LDPC code obtained by carrying out LDPC encoding in accordance with
R parity eheek Imasik in Wwhich arparity thatfix WHieH iss@ poripnoarity
_corresponding to_parity bits of an LDPC code has a staircase structure
Sndivideally to bBEﬁ%oﬁ%? oftier Dhe& f tie parityY bitd iCedrri&d dut.
[0057] Itis to be noted that the data processing aggaratus may be an
SN nt%pﬁﬁﬁﬁﬁgﬁPﬁ%wWﬁi nd parity <heck matrix in

which a parity matrix which is a portion correspending to
parity bits of an LDPC {Low Density Parity Check) cocde
has a stalrcase structure individually to positions of
other ones of the parity bits.

[0056]

In such one aspect of the present inventiocn as
described above, the parity interlieave of interleaving
parity bits of an LDPC code cbtained by carrying out LDPC
encoding in accordance with a parity check matrix in
which a parity matrix which is a portion corresponding te
parity bits of an LDPC code has a staircase structure
individually to positicns of other ones of the parity
bits is carried out.

[0057]

It 1s to be noted that the data processing
apparatus may be an independent apparatus cor may be an
internal block which composes cne apparatus.

Advantagecus Effect

[0058]



internal block which composes one apparatus. Advantageous Effect
[0058] 17 According to the one aspect of the present invention, the
tolerance of code bits of an LDPC code to errors can be improved. Brief
Description of Drawings [0059] [FIG. 1] FIG. 1 is a view illustrating a
parity check matrix H of an LDPC code. [FIG. 2] FIG. 2 is a flow chart
illustrating a decoding procedure of an LDPC code. [FIG. 3] FIG. 3is a
view illustrating an example of a parity error matrix of an LDPC code.
[FIG. 4] Bl&x Arisia vievsshowingree T anmesgraph of Ae paritycheek matrix.
[FIG. 5] FIG. 5 is a view showing a variable node. [FIG. 6] FIG. 6 is a view
showing. accheckmode L 4EKG.CA RIG. Zdsla wew showing:anBxamptelef ac
configuration of an embodiment of a transmission system to which the
Presart indention ismpplieedFIG. 8] FIG. 8 is a block diagram showing an
example of a configuration of a transmission apparatus 11. [FIG. 9] FIG. 9
i dslewiRQHARRG Apdarity ehaeknes

[0059]

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

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

[FIG. 37 FIG. 3 is a view 1llustrating an example of a
parity error matrix of an LDPC code.

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

[FIG. 5] FiIG. 5 is a view showing a variable node.

[FIG. ©] FIG. & is a view showing a check node.

[FIG. 7] FIG. 7 is a view showing an example of a
conflguration of an embodiment of a transmission system
te which the present invention is applied.

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

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

[FIG. 10] FIG. 10 is a view illlustrating a parity matrix.

[FIG. 11] FIG. 11 is a view illustrating a parity check

18



matrix. [FIG. 10] FIG. 10 is a view illustrating a parity matrix. [FIG. 11]
FIG. 11 is a view illustrating a parity check 18 matrix of an LDPC code
and column weights prescribed in the DVB-S.2 standard. [FIG. 121 FIG.
12 is a view illustrating a signal point arrangement of 16QAM. [FIG. 131
FIG. 13 is a view illustrating a signal point arrangement of 64QAM. [FIG.
141 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
rGAQAMN. {FIG - 16ITFIG. d6dis aaviewdllstratingsproeessingotaribed in
demultiplexer 25. [FIG. 17] FIG. 17 is a view illustrating processing of the
tdemuiltipleXee 251G 18] FIG. 18 is a view showing a Tanner graph
regarding decoding of an LDPC code. [FIG. 19] FIG. 19 is a view showing
& parity dtrixdME - havinga staiféase strdctaierand AdT dnrief grapgh point
corresponding to the parity matrix H,,. [FIG. 20] FIG. 20 is a view showing
Ghé Parfy At - %E@ arity check matrix H corresponding to the LDPC

[FIG. 13} FIG. 13 i=s a view illustrating a signal point
arrangement of 6G40QAM.

[FIG. 14] FIG. 14 is

o
<
]...J.
@®
=

illustrating a signal point
arrangement of ©4QAM.

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

[FIG. 161 FIG, 16 is a view illustrating processing of a
demultiplexer 25.

[FIG. 17)] FIG. }7 is a view illustrating processigg of
the demultiplexer 25.

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

[FIG., 19] ¥®IG, 19 is a view showing & parity matrix Hs
having a staircase structure and a Tanner graph
corresponding to the parity matrix He.

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

[FIG. 217 FIG. 21 is a view i1llustrating a conversion

parity check matrix.



after parity interleaving. [FIG. 21] FIG. 21 is a view illustrating a

conversion parity check matrix. 19 [FIG. 22] FIG. 22 is a view illustrating
processing of a column twist interleaver 24. [FIG. 23] FIG. 23 is a view
illustrating column numbers of a memory 31 necessary for the column
twist interleaving and addresses of writing starting positions. [FIG. 24]

FIG. 24 is a view illustrating column numbers of the memory 31

necessary for the column twist interleaving and addresses of writing
starting positians: . [FIG. 25] EIGri2bis:a flaw chad ilustiatingassing of a
transmission process. [FIG. 26] FIG. 26 is a view showing a model of a
communicatien patitadopteddamn azsimulation. [FIG. 27] FIG. 27 is a view
illustrating a relationship between an error rate obtained by the simulation
entca Bopplef frequency: fd of & flatter: [FIG: 28} FiIGI28dd aview umbers
illustrating a relationship between an error rate obtained by the simulation
@hdFa TI56pIEr fiéquishdAfireha flgtier [RIGC291PIG . 129 st block
diagram showing an example of a configuration of a reception apparatus
5 TR 30T RIG 236 i d Howrciatt Mistratiig 89 SFarting positions.
[FIG. Z4] FIG. 24 is a wview 1llustrating 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 1illiustrating a
transmission process.

[FIG. 26] FIG. 26 is a view showing a model of a
communication path adopted in a simulation.

[FIG. 271 VIG. 27 is a view 1llustrating a relationship
between an error rate obtained by the simulation and a
Deppler fregquency f4 of a flutter.

[FIG. 28] FIG. 28 is a view 2llustrating a relationship
between an errcr rate obtained by the simulation and a
Coppler frequency fy of a flutter.

[FIG. 29] FIG. 29 1s a2 block diagram showing an example
cf a configuration of a reception apparatus 12.

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

[FIG. 31] FIG. 31 is a view illustrating an example of a

parity check matrix of an LDPC code.
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reception process. [FIG. 31] FIG. 31 is a view illustrating an example of a
parity check matrix of an LDPC code. 20 [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. [FIG. 34] FIG. 34 is a block diagram showing an
example of a configuration of a decoding apparatus in which node

reathematical operation is cagried eut gallegtively fark nodes: fhis. 35]
FIG. 35 is a block diagram showing an example of a configuration of a
LPREC decodingesection 56 G .136] F1&G) 36isca bieck diggeam Showing-ow
an example of a configuration of an embodiment of a computer to which
the bresemtrirnventionds apphied R IG.c3MHFIG. BZ is.apdew fliustiating an
example of a parity check matrix initial value table of an encoding rate of
1243 't -a code length of 16,200. [FIG. 38] FIG. 38 is a view illustrating an
example of a parity check matrix initial value table of an encoding rate of
wé%nd%géodgjré;ngtﬁ of -“'sa,@ooview illustrating a convergsion

parity check matrix divided into a unit of 5 x 5 bits.
[FIG. 34] FIG. 34 is a blcck diagram showing an example
of a configuration of a decoding apparatus in which node
mathematical operation is carried out collectively Ioxr 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 examplen
of a configuration of an embodiment of a computer to
which the present inventlion i1s applied.

[£1G. 37] FiG. 37 is a view illustrating an example of a
parity check matrix initial value table of an encoding
rate of 2/3 and a code length of 16,200.

[FIG. 38} FIG. 38 is a view illustrating an example of a
parity check matrix initial wvalue table of an encoding
rate of 2/3 and a code length of 64,800.

[FIG. 39] FIG. 3% is & view illusitrating the example of
the parity check matrix initial value table of the

encoding rate of 2/3 and the code length of 64,800.
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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. 21 [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
[afi; patity cheek matrix initial vialue;taple okan goeedingrate of 3f4 and a
code length of 64,800. [FIG. 43] FIG. 43 is a view illustrating the example
rofethesparity chieek maieix initialivalus tableraf the eaeading rateref 3/4
and. the code length of 64,800. [FIG. 44] FIG. 44 is a view illustrating the
sgxample of the panty cheekamatrixtinitiabvaiue talye lof thie @hcddihg rate
of 3/4 and the code length of 64,800. [FIG. 45] FIG. 45 is a view
ifdstratihg theféxamplé of thé patifrchdckunatrixtinmal value taple of the &
encoding rate of 3/4 and the code length of 64,800. [FIG 46] FIG. 46 is a
RAdW iMUsHRiRgG dﬁﬁéxaﬁp@@ftal%rﬂﬁew&ma&& iRitiaf Valoe taple st

an encodlng rate of 4/5 and a code Iength of 16 200
rate of 374 and a code length 16,20

[£1G. 427 FIG. 42 is a view i1llustrating an example of

o

parity check matrix initial value table of an encoding
rate of 3/4 and a code length of €4,800.

[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. 441 FIG. 44 is a view illustrating the example of
the parity check matrix initial wvalue table of the
encoding rate of 3/4 and the code length of 64,800.

[FIG. 427 FIG. 45 1is 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.

[FTIG. 461 FIG. 46 is & 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. 471 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,
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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.
22 [FIG. 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. 491 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. SO is a view illustrating the example of
the paritys chegk matrix injtial yalue.table of the, gncoding rateof 415 and,, ¢
the code length of 64,800. [FIG. 51] F IG. 51 is a view illustrating an
example of @ padtycheck-matrix nitiakvalye takle of gnenceding. rate of
5/6 and a code length of 16,200. [FIG. 52] FIG. 52 is a view illustrating an
axanyle ©f az paritycheck mattixdinigakvalve tahleof anensodingo rate of
5/6 and a code length of 64,800. [FIG. 53] FIG. 53 is a view illustrating the
Example df thetparity ehéek matrix initidl vatue table:of thee enceding satef
of 5/6 and the code length of 64,800. [FIG. 54] FIG. 54 is a view
lustrating tthie @xampleof thieparity theék naattiz initidh valuettablesof the

encoding rate of 5/6 and the code length of 64,800.
encoding rate of 4/5 and the code length of &4,800.

[FIG. 50] FIG. 50 is a wview 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.

(81}

1] FIG. 51 is a view 1lliustrating an example of a
parity check matrix initial value table of an encoding

rate of 5/6 and a code lenagth of 16,200.

[FIG.

[§3]

2] FIG. 52 is a view iliustxati@g an example of 2
parity check matrix initial value table of an encoeding
rate of 5/6 and a code length of 64,800.

[FTG. 53] FIG. 53 is a view illustrating the example of
tThe parity check matrix initial wvalue table of the
encoding rate of 5/6 and the code length of 64,800,
[FIG. b4} FIG., 54 is a view illustrating tThe example oI
the parity check matrix initiel value table cf the
encoding rate of 5/6 and the code length of 64,800,
[FIG. 55] FPIG. 55 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.
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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. 23 [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

aFthe party cheek mafrix initial yalue 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 dhe: padty.checkmatrix initiak value table of the, encadingirate
of 8/9 and the code length of 64,800. [FIG. 60] FIG. 60 is a view
ihustratingdhe example ebthe parity €heek madrix oitial value table of the
encoding rate of 8/9 and the code length of 64,800. [FIG. 61] FIG. 61 is a
Vigw illustratinglan example of ar ipawity theck-matrninitiah vakesaplesofo £
an encoding rate of 9/10 and a code length of 64,800. [FIG. 62] FIG. 62 is
thviepeilldstratingethe esxample of rthe jparity eleck matribeinitial valae table
of the encoding rate of 9/10 and the code length of 64,800.

encoding rate of 8/9 and the code length of 64,800.

[FIG. L8] FIG. 58 is a wview illustrating the example of
the parity check matrix initizl wvalue table of the
encoding rate of 8/9 and the code length of ©4,800.
[FIG. 59] FIG. 59 is a view i1llustrating 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. ©0] FIG. €0 is a view illustrating the sxample of
the parity check matrix initial wvalus tabls of the
encoding rate of 8/9 and the code length of 64,800.
[FIG. 1] FIG. ol 1s a view illlustrating an example of &
parity check matrix initial wvalue table of an encoding
rate of 9/10 and a code length of 64,800.

[FIG. &2} FIG. 62 is a view illustrating the example of
the parity check matrix initial wvalue table of the
encoding rate of 9/10 and the code length of ©4,800.
[FIG. 63] FIG. 63 is a view lllustrating the example of

the parity check matrix initial wvalue table of the

encoding rate of 9/10 and the code length of 64,800,
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[FIG. 63] FIG. 63 is a view illustrating the example of the parity check
matrix initial value table of the encoding rate of 9/10 and the code length
of 64,800. 24 [FIG. 64] FIG. 64 is a view illustrating the example of the
parity check matrix initial value table of the encoding rate of 9/10 and the
code length of 64,800. [FIG. 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

the payity check matrix initial ab oding r 4
i cate longih o1 64,800 LG 611 K1 675 2 view It an

example-of a pavityicheck matrix initial.valye tahle of an engeding.rate of
1/3 and a code length of 64,800. [FIG. 68] FIG. 68 is a view illustrating the

exanple of the padty check matrixdnitiak value tablg:of the encogding.rate
of 1/3 and the code length of 64,800. FIG. 69] FIG. 69 is a view illustrating
anexanmple ofid cparitys checks matrixvinitial valueztablecofzan encoding rate a
of 2/5 and a code length of 64,800. [FIG. 701 FIG. 70 is a view illustrating
the examplezofk the: parity check matrixdnitial valbe table of the=:rencdding
rate of 2/5 and the code length of 64,800.

rate of 1/4 and a code length of 64,800,

[FIG. %6] FIG. 66 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate ¢f 1/4 and the code length of 64,800.

[FIG. &7] FIG. 67 1is a view 1llustrating an exanple of a
parity check matrix initial wvalue table of an encoding
rate of 1/3 and a code length of 64,800,

[FIG. 58] FIG. ©8 1is a view iliustrating the example of

the parity check matrix initial wvalue table of the

encoding rate of 1/3 and the code length of 64,800.
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69] 69 is a view iliustrating an example of &
parity check matrix initial value table of an encoding
rate of 2/5 and a code length of 64,800.

[FIG. 701 FIG. 70 1is a view illustrating the exampie of
the parity check matrix initial value table of the
encoding rate of 2/5 and the code length of 64,800.

[FIG. 717 FIG. 71 is a view illiustrating an example of a

parity check matrix Initial value table of an encoding

rate of 1/2 and a code length of 64,800.
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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.
25 [FIG. 72] FIG. 72 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. 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

PaFYY. Ch%?f matrX inial valye table,of an encoding rate of 3b.and.a. ¢
code length of 64,800. [FIG. 75] FIG. 75 is a view illustrating the example

0 ethe-parity; cheele matix initial valueitable,of the engoding, rate;of 3/5

and the code length of 64,800. [FIG. 76] FIG. 76 is a view illustrating the
example f the:- parity chegk smatrix initialpduel table: of the enceding rate

of 3/5 and the code length of 64,800. [FIG. 77] FIG. 77 is a view

ilistrating an exampleiofia parity. ehedk matrix-mitiab valuedablesofrae of
encoding rate of 1/4 and a code length of 16,200. [FIG. 78] FIG. 78 is a
View fikustrating anexanaple of al pafityecheck vatrikanitial vafud table of

an encoding rate of 1/3 and a code length of 16,200.

enceoding rate of 1/2 and the code length of ©4,800.

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

[FIG. 75] FIG. 75 is a view iliustrating 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 1s 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. 77] FIG. 77 1s a view 1llustrating an example of a
parity check matrix initial value table of an encoding
rate of 1/4 and a code length of 1&,200.

[FIG. 78] FPIG. 78 13 a view illustrating an example of a
parity check matrixz Initlial value table of an encoding
rate of 1/3 and a code length of 16,200.

[FIG. 7%] Fit. 79 is a view illustrating an example of a

parity check matrix initial wvalue tabkle of an encoding

rate of 2/5 and a code length of 16,200.
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[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.
26 [FIG. 801 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. 811 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 yalue table of the -encoding rate.of 315 ard
the code length of 16,200. [FIG. 83] FIG. 83 is a view illustrating a method

of -determining.apasity ghecki malrix kK iname apasity. check matrixdaitialy
table. [FIG. 84] FIG. 84 is a view illustrating an example of replacement of
€ote hits. [F16. 8bHFIG -8hiis a wiewt Mustrating, anather example of
replacement of code bits. [FIG. 86] FIG. 86 is a view illustrating a further
example of replacemeht dEcederbits: [FIG 8 EG .18 issa viewaitlpsteating a
a still further example of replacement of code bits. [FIG. 88] FIG. 88 is a
m&wﬁﬂmsﬂéﬁmyaqmﬁgkmohnitial value takle of an encoding
rate of 3/5 and a code length of 1¢,200.

[FIG. 82] FIG, 82 is a view illustrating another example
of the parity check matrix Iinitial value table cf the
encoding rate of 3/5 and the code length of 16,200.

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

[FIG. 84] FIG. 84 is a view 1llustrating an example of
replacement of code bits.

[FIG., 85] FIG,., 85 is a view illustrating ancther exampls
of replacement of code bits.

[FIG. 86] FIG. €6 iz a view 1llustrating a further
example of replacement of code bits.

[FIG. 87} FIG. 87 is a view i1liustrating a still further
example of replacement of code bits.

{FIG. 8] FIG. 88 i1is a view illustrating simulation

Qb

result of the BER.
[FIG. 89] FIG. 89 is a view 1llustrating another

gimulation result of the BER.
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result of the HER. [FIG. 89] FIG. 89 is a view illustrating another
simulation result of the HER. 27 [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 BER. [FIG. 92] FIG. 92 is a view illustrating
an example of replacement of code bits. [FIG. 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.

[%%1(5'698?

code bits.

s aryiewgflusrating.a stil turther .example of replacement of
FIG. 96] FIG. 96 is a view illustrating a yet further example of

Jeplacement of-cade bits {RlG-9AHRIG. 97 is a view illustrating a yet
further example of replacement of code bits. [FIG. 98] FIG. 98 is a view
iltustrating @ yetrfurther exampleiofyeplacement of eade bits. {FIG. 99]
FIG. 99 is a view illustrating a yet further example of replacement of code

duitsu [FG1 AQ0FEKLIEOMIS a kiewritiastrating a yet further

[FIG. 92]

F1G.

replacement of code bits.

[FIG. &3]

FIG. 93 is a view illustrating

of replacement of code bits.

[FIG. 94]

example of

(3]

[FIG. 951
example of
98]

example of

example of
[FIG. 98]

example of
[FIG. 99}

example of
[FIG. 1007
example of
[FIG. 101]

example of

FIG. %4 is a view illustrating

replacement of code bits.

rrj

IG. &5 is a view illustrating
replacement of code bits.
FIG. 96 is a view illustrating
replacement of code bits.
FIG. 97 is a view 1liustrating
replacement of code bits.
FIG. 98 1s a view 1llustrating
replacement of code bits.
FIG. 99 1s a view illustrating
replacement of code bits.
FTG.
replacement c¢f code bits.

FIG.

replacement of code bits.
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example of replacement of code bits. [FIG. 101] FIG. 101 is a view
illustrating a yet further example of replacement of code bits. 28 [FIG.
102] FIG. 102 is a view illustrating a yet further example of replacement
of code bits. [FIG. 103] FIG. 1.03 is a view illustrating a yet further
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

deinterl r 52..[FIG, 106].FIG, 106 is a bl %lé ia rai showing apother . .
CeampIS o & coricron OF o recopta Sopatatis 1, I 107 FIa-

‘exaiple of a configuration of the reception apparatus’

g@a?misl%blgfk gj:aggfg_@emmg@ first; £xample of a configuration of a

reception system which can be applied to the reception apparatus 12.

(G 108] HIG. 408 is aoblock di@%@@hﬁ@%ﬂ%@r@?ﬁ?ﬂ? examplerofithge -
configuration of the reception system which can be applied to the

feeeption apparafus:k2nfrl6. 409L6G. 10%:is a block diagram showing a
third example of the configuration of the reception system which can be
apptied 10 the redeptiontapparatusvi.2w Explanationtof Referencessing of
Symbols [0060].
a multiplexer 54 which composes a deinterleaver 53.
[FIG, 1057 FIG. 105 is a view illustrating processing of
a column twist deinterleaver 55.
[FIG. 106] FIG. 106 is a klock diagram showing another
example of a configuration of the receptiocn apparatus 1Z.
[FIG. 1071 FIG. 107 is a bhlock diagram showing a first
example of a configuration cof a recepticn system which
can be applied to the re§epiion apparatus 12.
[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 1Z.
[FIG. 1097 FIG. 10¢ 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 Symbois
[00807

11 Transmission apparatus, 12 Reception apparatus,
21 LDPC encoding section, 22 Bit interleaver, 23 Parity

interieaver, 24 Column twist interleaver, 25



11 Transmission apparatus, 12 Reception apparatus, 21 LDPC encoding
section, 22 Bit interleaver, 23 Parity interleaver, 24 Column twist
interleaver, 25 29 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
Edge data storage memory, 301 Selector, 302 Check node calculation

§%1TH?@1%§%6§%§UC 5@%"‘59%1%% Edge data §Fpr¢9%h emory, 305

] .
Selector, eception data memory, 307 Variable node calculation

r6een-308 Cyclic shift cireuit, 309 Decodedyuard.calciation seetion,, 51

310 Reception data re-arrangement section, 311 Decoded data

gealrangementsestion :40LBuse402 GPU, 403 REMAG4L; RAM: 408, -3
Hard disk, 406 Outputting section, 407 Inputting section, 408

rfeammunication:section Q9 Drivex410 inputioutpukintarface, 411
Removable recording medium, 1001 Reverse replacement section, 1002
Memoly; 1044, Pafity deintetteaver, rkp24=lcDRPErdecoding sectiona 01
Acquisition section, 1101 Transmission line decoding processing section,
J93:aforntation sourcel déedding cprocessing sectiom ddd 1@ utputtiig on

section, 1121 Recording section
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, 309 Decoded word caiculation section, 310
Raception data re~arrangement section, 311 Decocded data
re-arrangement section, 401 Bus, 402 CPU, 403 ROM, 404
RAM, %OS Hard disk, 406 Outputting sectiocon, 407 Inputting
section, 408 Communication section, 409 Drive, 410
Input/output interface, 411 Removable recording medium,
1001 Reverse replacement secticn, 1002 Memory, 1011
Parity deinterleaver, 1021 LDPC decoding section, 1101
Acquisition section, 1101 Transmission line decoding
processing section, 1103 Infermation source decoding
processing section, 1111 Cutputting section, 1121

Recording section

Best Mode for Carrying Out the Invention

[C061]
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Best Mode for Carrying Out the Invention [0061] 30 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). 0062]
Referring to FIG. 7, the transmission system includes a transmission
apparatus 11 and a reception apparatus 12. [0063] The transmission
apparatys_ 11 is7 for example, an %%P ara(t)t%:s vghicc:g rg:grries. out.

. . OWS. ah, X [ loguration of an
transmission of a ?e}}ewsmn broa stlng program anogtransmffs O%jec%i

hich ject of fransmissi i ta, |
ot d%é‘{"&l];'%:erh@r%@”ao@%%%%égﬁsﬁiﬁggé%ﬂ asimage data, soynd data

rth as a television program, for example, through a

Satellite;channel or ground waves. - [00641. The recepfion apparatis 1218, -

for example, a tuner or a television receiver for receiving a television

Hrgadeastingprogram,and recgives ebjget-data stransmitted thereto from
the transmission apparatus 11.

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

[0062]

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

{0063]

The transmission apparatus 11 is, for example, an
apparatus which caxries out transmission of a television
broadcasting program and transmits object data which are
an obiect of transmission such as image data, sound data
and so forth as a televislion broadcasting program, for
example, through a satellite channel or ground waves.
[0064]

The recepticn apparatus 12 1s, for example, a tuner
or a television receiver for receiving a television
broadcasting program, and receives cbject data
transmitted thereto from the transmission apparatus 11.
[00&5]

FIG. 8 shows an example of a configuration of the
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0065] FIG. 8 snows an example of a configuration of the 31 transmission
apparatus 11 of FIG. 7. [0066] Referring to FIG. 8, the transmission
apparatus 11 includes an LDPC encoding section 21, a bit interleaver 22,
a mapping section 26 and an orthogonal modulation section 27. 0067] To
the LDPC encoding section 21, object data are supplied. [0068] 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
rp%trgiémvyréig%% a %305tégré %%rs[eslqton(gj;n Eqipari}y bits of an LDPC code
th"as a sfaircase sftructlire and outputs an LDPC code wherein the object

da are information bits. [0069] In particular, the LDPC encoding section

1 carries out LDPC encoding of encoding the object data into an LDPC

code prescrbed.;for example; in the byYB-8.2, standards and outputs @0 11
LDPC code obtained as a result of the LDPC encoding.

includes an LDPC encoding section 21, a bit interleaver
22, a mapping section 26 and an orthogonal modulation
secticn 27.

[0067]

To the LDPC encoding section 21, obiject data are
supprlied.
(0068

The LDPC encoding section 21 carries out LDPC
encoding of the okiect data supplied fThereto 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 stalrcase structure and outputs an
LDPC code wherein the object data are information bits.
[0069]

In particular, the LDPC encoding section Z1 carries
out LDPC encoding of encoding the object data into an
LDPC code prescribed, for example, in the DVB-S5.2
standards and outputs an LDPC code cobtained as a result
of the LDPC encoding.

[0070]

Here, the LDPC code prescribed in the DVB-3.Z
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[0070] Here, the LDPC code prescribed in the DVB-S.2 32 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, gp.!-8 Sept. 2000, égorﬁiég The LDPC chﬂg outputted from
e LBPE ehcoding Séction 3T 98 Stpphed forthe B intt %\785) 25°0¢

0072], The bit interleaver 22 is a data processing . apparatus for _
he, T T I
T S e e g, che

infereayer.24 and a demultiplexer (DEMUX). 25. [0Q.23) The parity, . ..

interleaver 23 carries out parity interleave of interleaving parity bits of the
4DPC code from-thed DRC encoding.section.2l: to-pasitions.of ather. ;.

parity bits and supplies the LDPC code after the parity

Further, the IRA code i1s described, for example, in
“Irregular Repeat-Accumulate Codes,” H. Jin., A.
Khandekar, and R. J. McEliece, in Proceedings of Z2nd

International Symposium on Turbo codes and Related Topics,

pp.1-8, Sept. 2000.

(00723

The bit interleaver 22 1s a data processing
apparatus for interleaving data and includes a parity
interleaver 23, a column twist interleaver 24 and a
demultiplexer (DEMUX} 25.

[0073]

The parity interleaver 23 carries out parity
interleave of interlieaving 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.

[0074]
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interleave to the column twist interleaver 24. 0074] 33 The column twist
interreaver 24 carries out column twist interleave for the LDP-_ code from
the parity interleaver 23 and supplies the LDPC code after the column
twist interleave to the demultiplexer 25. [00751 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. [0076] The column twist interleaver 24 carries out, for

example, such column twist interleave as hereinafter described as a

re-arranging procaty of & aranging todé Bits 6f the T DPE Tods front thg™

gt infereaye 23 such, thal a pluealit of gode bis of he LORC gode
corresponding to the value 1 included in one arbitrary row of the p}]anty

check matrix used in the LDPC encoding, segfien 21 are nat mapped to

one symbol. [0077, The demultiplexer 25 carries out a replacing process
©f replacipg {he positions Of fwo of mare cade,bits gf the.LDPE code from

the column twist interleaver
[0075]

In particular, the LDPC code is transmitted after
two or more code bits tThereof are mapped Lo one symbol of
orthogonal modulation by the mapping section 26
hereinafter described.

(0076}

The column ftwist interleaver Z4 carries out, for
example, such column twist interleave as hereinafier
described as a re-arranging process of re-arranging code
bits of the LDPC code from the parity interleaver 23 such
that a plurality of code bits cf the LDPC code
corresponding to the value 1 included in one arbitrary
row ¢f the parity check matrix used in the LDPC encoding
section 21 are not mapped Lo one symbol.

(00773

The demultiplexger 25 carries cut a replacing
process of replacing the pesitions of two or more code
bits of the LDPC code from the column twist interleaver
24 which are mapped tc a symbol to obtain an LDPC code

whose tolerance to AWGN is reinforced and supplies the
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24 which are mapped to a symbol to obtain an LDPC code whose
tolerance to AWGN is reinforced and supplies the 34 LDPC code to the
mapping section 26. [0078] 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. FO0791 In particular, the mapping section 26 symbolizes the LDPC
code from the demultiplexer 25 into a symbol (symbol value), represented
L4 sigrarpoint deferfimed- 1y the Thddilatidh system, on an 1Q plane
7(\/:%?9 constellation) defined by an | axis representative of an | component
|gﬁ is in phase with a carrier and a Q axis representative of a Q
componernk'l[ which is, ortho%%n&léo t?g carrier wave. 008(% Her(@é&s_e t%elts

modulatic‘)nemEelila’i%a'w“orig(%)rt%ogonaln modulation carried out ﬁhe’

Sethogonalmodulation -seglian 27, madulation methods,including, fgx.
example, a modulation method defined in the DVB-T standards, that is,
dorexample, QRSK (Quadraure Phase- Shift Keyingh 16RAMthogonal
modulation (multi-value modulation) carried out by tThe
orthogonal modulation section 27.

[00792]

In particular, the mapping section 26 symbolizes
the LDPC code from the demultiplexer 25 into a symbol
(symbol wvalue), represented by a signal point determined
by the modulation system, cn an IQ plane (IQ
constella?;on) defined by an I axis representative cof an
I component which 1s in phase with a carrier and a Q axis
repraesentative of a ¢ component which is orthogonal to
the carrier wave.

00801

Here, as the modulation method of crthogonal
modulation carried out by the orthogonal medulation
saction 27, modulation metnods ingcluding, for example, a
modulation method defined in the DVBE-T standards, that is,
for example, QPSK (Quadrature Phase $Shift Keying), 1608M
(Quadrature Amplitude Modulation), ©4QAM, 2560QAM, 10Z240AM,

40860AM and so forth are available, What modulation
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(Quadrature Amplitude Modulation), 64QAM, 256QAM, 1024QAM,
4086QAM and so forth are available. What modulation 35 method should
be used for orthogonal modulation to be carried out by the orthogonal
modulation section 27 is set in advance, for example, in accordance with
an operation of the transmission apparatus 11 by an operator. Itis to be
noted that the orthogonal modulation section 27 can carry out some other
orthogonal modulation such as, for example, 4PAM (Pulse Amplitude
Modulation). [0081] The symbol obtained by the mapping section 26 is

MG iophied 6 e Grth6goitdl moddiaficr Se&ion 27 .mﬁjg%%% The'oritidgshal
modulatjon section 27 carries out orthogonal modulation of a carrier in
ca%%%%&élnc%u\i%ith/heggsef/m%% r%%?fhaeTm%%%fﬁ%]as%elc%n %%C;Cnld) {}ar&lifrmﬁss a
Japdyation signal obtaed by s artnogonpl madylatian . F08SL How,

illistrates a’parity check matrix H used in LDPC encoding by the

%@%gdi@g segtion 21.of F1G. ;8,,{0084] Theparity chegk matrixH ~ator
has an LDGM (Low-Density Generation Matrix) structure and can be
Tepresentedby ARted that the orthogonal modulation section
27 can carry out some other orthogonal modulation such as,
for example, 4PAM (Pulse Amplitude Modulation).

[c081]

The symbol obtained by the mapping section 26 1is
supplied to the orthogonal modulation section 27.

(00827

The orthogonal modulation section 27 carries out
orthogonal modulation of a carrier in accordance with the
symbol from the mapping section 26 and transmits a
modulation signal obtained by the orthogonal modulation.
[0083]

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

[COB4]

The parity check matrix H has an LDGM {(Low-Density
Generation Matrix) structure and can be represented by an
expression H = [HpalHe] from an information matrix Hxy of a

portion corresponding to information bits and a parity
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expression H = [HAJHT] from an information matrix HA of a portion
corresponding to information bits and a parity 36 matrix HTr
corresponding to parity bits from among code bits of the LDPC code
(matrix in which 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). [00851 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
Marid the it ritmtliet Bt code Bits 6f BAe EE)fPCg&Sc‘Fe IS (eferf8l I as 2o e
length N K + M). [0086] The information length K and the parity length M
Tegarding BAT DR CoUEST a BEAIN GobE ISRGHIN BEBEG Upot the =

,enIcodin rate. Me%nwhil . the parity check matrix.H is a trix whose
inlLormat1Cn ma %hx AT%re ? em%ats Oh th?. ﬁ S1 aRd
rows x columns are M'x N."Then, the information mafrix isan M X

Jnarixand the Pﬁgtyp@éﬁriﬁ):fﬁé%éﬂﬂ f Mmatr; [Q0871.FIG, 19,0 +igne

illustrates the parity matrix HT of the parity check matrix H of an LDPC
£ode,prescribed in the

[0085]

Here, the bit number of information bits and the
bit number of parity bits from amcng ccde bits of one
LDPC code (one ccdeword) are referred to as information
length K and parity length M, and the bit number of code
bits of one LDPC ccde is referred to as code length N (=
K + M).

[0086]

The information length K and the parity length M
regarding an LDPC code ©f a certain code length N depend
upon the encceding rate. Meanwhile, the parity check
matrix H ls & matrix whose rows x columnsg are M x N, Then,
the information matrix Hp is an M x K matrix and the
parity matrix Hy is an M x M matrix.

[0087]

FIG. 10 iliustrates the parity matrix Hr of the
parity check matrix H of an LDPC code prescribed in the
DVB-5.Z2 standard.

(00887
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DVB-S.2 standard. [0088] 37 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 of 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. [0089] As described
above, the LDPC code of the parity check matrix H wherein the parity
matrix MiTRas 8 rstaifcase streictlire canBeeprodtiéed readilyusing thes
parity check matrix H. [0090] In particular, an LDPC code (one codeword)
H repredentid By AroN ot EHd S cUMMETSH Sbtiied By e 1a°

tran,sposinlg the row vector is represented by CT. Further, a portion of

FhformEtGH bits front Within” e Tow veetst < Which is ant DPC &6dé is+®

ag%%eé%&edib%e?”ams"% yector Aand a portion of parity bitg is (gpresented
y a row vector T.

83

welght of the parity matrix Hr 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 te all of the
remaining columns.

[00891]

As described above, the LDPC code of the parity
check matrix H wherein the parity matrix Hs has a
staircase structure can be prodqced readlily using thg
parity check matrix H.

(0080}

In particular, an LDPC code {one codeword) is
represented by a row vector ¢ and a column vector
cbtained by transpcsing 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.

[G091]

Here, in this instance, the row vector ¢ can be
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[0091] Here, in this instance, the row vector c can be 38 presented by an
expression ¢ = [AIT] 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). [0092] It is necessary for the parity check
matrix H and the row vector ¢ = [A T] as the LDPC code to satisfy an
expression HOT = 0, and where the parity matrix HT of the parity check
matrix H = [HA HT] has such a staircase structure as shown in FIG. 10,
e FeWNRLSHT a8 paniir Bis WHick formd'the row \eter e = JAE T Fhich”
satisfies the expression HoT = 0 can be determined sequentially by _
I eBeddiverySettiny thie 'dléments inthe ToWs Begiiting With #iferelethents S
Lr;the first row of the columr)gvectgr HcT in the expression HcT = 0 tg

oF8. (68657 FIG i fluStrares the PARK chetk matrixiy 6 &n “LOPC cide

d column weights defined in the DVB-S.2 standard. [0094] In particular,

B IE Mot the pany o one TR DA R0y

vector T are elements on the right side).
[0082]

It ig necessary for the parity check matrix H and
the row vector ¢ = [A|T] as the LDPC code to satisfy an
expression He® = 0, and where the parity matrix Hp of the
parity check matrix H = [Hax|He] has such a staircase
structure as shown in FIG. 10, the row vector T as parity
bits which forms the row vector ¢ = [A]T)] which satisfies
the expression Hc' = 0 can be detgrmined sequentially by
successively setting the elements in the rows beginning
with the elements in the first row of the column vector
He' in the expression He' = 0 to zero.

[0093)

FIG. 11 illiustrates the parity check matrix H of an
LDPC code and column weights defined in the DVB~S.2
standard.

[0094]

In particular, A of FIG. 11 iliustrates the parity

check matrix H of an LDPC ccde defined in the DVB-3.Z

standard.
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check matrix H of an LDPC code defined in the DVB-S.2 standard. 39
[0095] With regard to KX columns from the first column of the parity
check matrix H, the column weight is X; with regard to succeeding K3
columns, the column weight is 3; with regard to succeeding M-1 rows, the
column weight is 2; and with regard to the last one column, the column
weight is 1. [0096] Here, KX + K3 + N-1 + 1 is equal to the code length N.
00971 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

mY&lfiTer as seen in B of FIG. 11. [0098] In particular, B of FIG. 11

illustrates the column numbers KX, K3 and M as well as the column

weight X' tégarditirdiferent EhcodingTatesiof IDPEodés Spresertedind
the DVB-S.2 standard. [0099] In the DVB-S.2 standard, LDPC codes of
the cBdé Hengfhis™N o162 800 bits and T6 Z0bits drepreseried™’ -0

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
welight is 1.

10096]

Here, KX + K3 + M-1 + 1 1s esgual to the cocde length

[00387]

In the DVBEB-5.2 standard, the column numbers KX, K3
and M (parity length} as well as the cclumn welght X are
prescribed in such a manner as seen in B of FIG. 11.
{0088]

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

[0099]

In the DVB=-3.2Z standard, LDPC codes of the code
lengths N of ¢4,800 bits and 16,200 bits are prescribed.
[GLCO]

And as seen 1n B of FIG. 11, for the LDPC code
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[0100] And as seen in B of FIG. 11, for the LDPC code 40 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. [0101] 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. [0102] The parity check matrix H prescribed in the DVB-S.2
“RATFard AR ilGerdRdin Fict41 3tas §iéridenty tRECS Coldmihieafer

to the head side (left side) has a high | ht, Accordingly,
(B0 de S FSpondny 1 e Finy ChAE oty HEHAS Zr%éﬁ%én%@

gr? %ége blt n?(?reg to the head |s h| rin to %n QP ﬁh% (

|36r1er lerdice to an erro@) and 3 code bt ndArer t6 the tail is Tower |n
Jolstance foan engr. [0103% FIG. 13 &'ugaf%tgs ALAMANACMEN OEAS'QQ% /4,
1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6 and 8/9 are
prescribed.

[0101]

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

[clo2]

The parity check matrix_H prescriked in the DVB-3.2
standard and illustrated in FIG. 11 has a tendency that a
column nearer to the head side (left side) has z 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 1s higher in tolerance to an error
{has a higher tolerance to an error) and a code bit
nearer tc the tall is lower in tolerance to an error.
[01037

FIG. 12 illustrates an arrangement of (signal
points corresponding te)} 16 symbols on the I0Q plane where

16QAM is carried out by the orthogonal medulation section
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points corresponding to) 16 symbols on the 1Q plane where 16QAM is
carried out by the orthogonal modulation section 41 27 of FIG. 8. [0104]
In particular, A of FIG. 12 illustrates symbols of 16QAM. [0105] in
16QAM, one symbol represents 4 bits, and 16 24) symbols exist. Then,
the 16 symbols are disposed such that they form a square shape of 4 x 4
symbols in the | direction x Q direction centered at the origin of the IQ
plane. [0106] Now, if 4 bits represented by one symbol of 16QAM are
represented by yo, yl, y2 and y3 in order from the most significant bit,
tAem Wheré thé® 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}. 0107] B of FIG. 12
indicates bit boundaries regarding the 4 bits yo to y3 represented by the

symbol ofthE 165N 46108} Here! a bit dounttary fégarding &8 ©F
G2
[0105]

In 16QAM, one symbol represents 4 bits, and 16 (=
2% symbols exist. Then, the 16 symbols are disposed such
that they form a sqguare shape of 4 x 4 symbols in the T
direction x Q direction centered at the origin of the Ig
plane.

(0106]

Now, if 4 bits represented by one symbol of 16QAM
are represepted by Vo, Y1, ¥z and ys in order from the mqst
significant bit, then where the modulation system is the
160AM, 4 code bits of the LDPC code are mapped to a
aymbol of the 4 bits yy Lo ys which coincide with the 4
bits by the mapping section 26 (FIG. 8.

0107]

B of FIG. 12 indicates kit boundaries regarding the
4 bits vy to y3 represented by the symbol of the 16QAM.
(0108}

Here, a bit boundary regarding a bit v; (in FIG. 12,
i=29, 1, 2, 3) signifies a boundary between a symbol

whese bit y: 1s 0 and ancther symbol whose bhit vy; is 1.
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0, 1, 2, 3) signifies a boundary between a symbol whose bit yj is 0 and
another symbol whose bit yjis 1. 42 0109] 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 Q axis on
the IQ plane makes a bit boundary, and as regards the second bit y
;second from the most significant bit), only one location of the | axis on
the iQ plane makes a bit boundary. ;0110] Further, as regards the third bit
y3, each of two locations between the first and second columns and
behwéen the third and fourth columns from the left of the 4 x 4 symbols
makes a boundary. [0111] Furthermore, as regards the fourth bit y3, each
of two IdtatieRsbettieen e firsFand secérid Fiis aRd Bétwveefthe third

and fourth rows of the 4 x 4 symbols makes a boundary. [0112] The bit yl
FepresEnfet by 8 symbol i PEssTReF tdBecdme rfongols’ad the

Pamher SLoymiols shaceanay T ABRROUIAY RSP RS, of
the Q axis on the IQ plane makes a bit boundary, and as
regards the second bit yi1 {second from the most
significant bit), only one location of the I axis on the
I0 plane makes a bit boundary.

(0110]

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

[0111]

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

(01127

The bit yi represented by a symbol 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.
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become erroneous as the number of symbols positioned nearer to a bit
boundary increases. 43 [0113] 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 vyi
are strong bits and the third bit y2 and the fourth bit y3 are weak bits.
[0114] FIGS. 13 to 15 illustrate arrangements of (signal points
idokresponding to) 64 symbols on the IQ plane where 64QAM is carried
out by the orthogonal modulation section 27 of FIG. 8. [0115] In 64QAM,
one symbbl-tepresehitsi6 bits Sard 64 2) S§mbblLexise THER, fhe'ed eous

symbols are arranged such that they make a sq vare of 8 x 8 symbols in

(R 1 dileioR b O Hiretioh Eehterd ol T RGN OFtnE O plane DI16]
NQW T LIS agsumed that the & bits represented -ome erroneous (is

less tolerant to an error) ls referred to as “weazk bit,”
then as regards the 4 bits yy to vs; represented by symbols
of 16QAM, the most significant bit vy and the second bit
v, are strong bits and the third bit y: and the fourth bit
y: are weak bits.

[0114]

FIGS. 13 to 15 illustrate arrangements of (signal
points corresponding to) 64 symboels on the IQ plane where
6402M 1is carried out by the orthogona% modulation section
27 of FIG. 8.

[0115]

In ©4CAM, one sympol represents 6 bits, and 64 (=
2% symbels exist. Then, the 64 symbols are arranged such
that they make a square of 8 x 8 symbols in the I
direction x @ direction centered at the origin of the IQ
nlane.

[Cl1i6]

Now, if it 1s assumed that the 6 bits represented

by one symbol of 64QAM are representad as vo, Vi, Vz, Vi,

vy and ys in corder from the most significant bit, then
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by one symbol of 64QAM are represented as yo, y,, ¥2, y3, y4 and y3in
order from the most significant bit, then 44 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. [0117] Here, FIG. 13 indicates bit
boundaries regarding the most significant bit yo and the second bit y1
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
whigthehitys: 02948} A lseeniH FI6T 138 thehtiiibeof it Botndariest withe
regard to each of the most significant bit yo and the second bit yl is one.
Ll\]ﬁggn\?vﬁﬁé T S SIFIFEG. 99, the’ ertf biit bbunida¥ies With regard
to each of the third bit y2 and the fourth bit y3 is two, and as seen in FIG.
Cfﬁ%zfﬁé%%ﬂ%eﬁ‘%f bitboundatids with regard to each of the fifth bit y4 and

[igﬁ ixth bit y5 is four. [0119] Accordingly, among the 6 bits yo to y5
epresented by symbols of 64QAM, the most significant bit yo and the

Secomj%%¥E@eﬁﬁesn?§ggﬁgygééggtgﬁémﬂkggggries regarding

the most significant bit y¢ and the second bit yi from
among the 6 bits yp to ys represented by symbols of 64QAM;
FIG. 14 indicates bit boundaries regarding the third bit

v, and the fourth bit vy and FIG. 15 indicates bit
boundaries regarding the fifth bit y: and the sixth bit ys.
[0118]

As seen in FIG. 13, the number of bhit boundaries
with regard to eac@ of the most significant bit yg and the
second bit yv; 13 cne. Mesanwhile, as seen in FIG. 14, the
number of bit boundaries with regard to each of the third
bit vy, and the fourth bit y; is two, and as seen in FIG.

15, the number of bit boundaries with regard to each of
the fifth bit vy, and the sixth bit vs 1s four.
[0119]

Accordingly, among the 6 bits vy, te ys represented
by symbols of 640Q0AM, the most significant blt yg and the
second bit vy; are the strongest bits, and the third bit y;
and the fcurth bit y: are the second strongest bits. Then,

the fifth bit v4 and the sixth bit ys are the weakest bits.
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and the fourth bit y3 are the second strongest bits. Then, the fifth bit y4
and the sixth bit y5 are the weakest bits. 45 [0120] 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. [0121] Here, as
described hereinabove with reference to FIG. 11, an LDPC code
outputted from the LDPC encoding section 21 (FIG. 8) includes code bits
which are tolerant to errors and code bits which are less tolerant to errors.
[8129)'Meanwhile, as described hereinabove with reference to FIGS. 12
to 15, bits of symbols of orthogonal modulation carried out by the

orthogoral odutation- sedfién 275hElGde Strofig bitsndwedkbitsr ¢
(1012 According%jcf mgppigg of ngcatinagsa code bit of . the LfDPC code

e gean a 4 D1 s syvmbhols
wnicn is %W in tolerarnce to an %I’I’OI’ 0O a wea it (}f a symb& of

?‘I’Vlf}%'}‘r’e 3[%%%‘]0198!:?&95‘ 13 Garried, then the folerance, fo an error drops as a
order bit is a strong bit and a low-~order bit is a weak
bit.

(0121}

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

[(01i22]

Meanwhile, as described herginabove with reference
to FIGS. 12 to 15, bits of symbols of orthogonal
modulation carried out by the orthogonal modulatiocon
section 27 include strong bits and weak kits.

[0123]

Accordingly, 1f mapping of allocating a code bit of
the LDPC code which is low in teolerance to an error Lo a
weak blt of a symbol of orthogonal modulation is carried,
then the tolerance to an error drops as a whole.

[0124]
Therefore, an interleaver has been proposed which

interleaves code bits of an LDPC code such that mepping
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Therefore, an interleaver has been proposed which interleaves code bits
of an LDPC code such that mapping 46 of allocating code bits of the
LDPC code which are low in tolerance to an error to strong bits of a
symbol of orthogonal modulation is carried out. [0125] The demultiplexer
25 of FIG. 8 carries out processing of the interleaver. [0126] FIG. 16 is a
view illustrating processing of the demultiplexer 25 of FIG. B. [0127] In
particular, A of FIG. 16 shows an example of a functional configuration of
the demultiplexer 25. [0128] The demultiplexer 25 includes a memory 31
%Undia Lepidceirerit Yetibn 32. [04.381°T & the“mehidry 31 1 4R LBIC tote 11
is supplied. [0130] The memory 31 has a storage capacity for storing mb
%%%E%H&%hm?zo alf Gir&&tior of A FGW and stéririg I\‘W(rﬁ%iﬂﬁﬁ in“the

{\%}g‘lcagr%rfc“o%goéa column. The memé)r)ég% _vvrltes code bits of the

B%Ddesd%%l atzrTon I carrie
[0125]

The demultiplexer 25 of FIG. 8 carries out
processing of the interleaver.
(61261

FIG. 1% is a view illustrating processing of the
demultiplexer 25 of FIG. §.
[0127]

In particular, A of FIG. 16 shows an example of &
functional configuration cof the demultiplexer 25.

[0128]

The demnultiplexer 25 includes a memcry 31 and a
replacement section 32.

[0129]

To the memory 31, an LDPC code is supplied.
[01320]

The memory 31 has a storage capacity for storing mb
bits in the (herizontal) direction of a row and gsfioring
N/ {mb) bits in the (vertical) direction of a column. The
memory 21 writes code bits of tThe LDPC code supplied

thereto into the column direction and reads ocut the code

pits in the row direction and then supplies the read out
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thereto into the column direction and reads out the code bits in the row
direction and then supplies the read out 47 code bits to the replacement
section 32. [0?311 Here, 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 + parity length M)
represents the code length of the LDPC code as described hereinabove.
[01321 A of FIG. 16 shows an example of a configuration of the
Gletsulipleser 25 Witere ¢ivd arodutationssystemtis 84QAM, and
accordingly, the bit number m of code bits of the LDPC code to be
rhapped to one symbol is 6 bits. [01331 Further, in A of FIG. 16, the
multiple b is 1, and accordingly, the memory 31 has a storage capacity of
N/(6 x 1§ %8 x 1) BitShtRE ofinm irBetion K Fow direttisih A fora4is ©F
Her torage region of the memory 31 which extends in the column
con and Fcliies SrSBITR the o réiBR S herdlnaer réféired to

Hirection and‘incltdes
5@&8@@é¥ﬁined positive integer and is a multiple to be
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.
(0132]

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.

[0133]

Further, in A of FIG. 16, the multiple b is 1, and
accordingly, the memory 31 has a storage capacity of N/ (6
x 1) x (6 x 1Y bits in the column direction x row
direction.

[0134]

Here, a storage region of the memory 31 which
extends in the column direction and includes one bit in
the row direction is hereinafter referred to sulitably as
column. In A of #1G. 16, the memory 31 includes six (= 6

x 1} columns.
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column. In A of FIG. 16, the memory 31 includes six (=6 x 1) columns. 48
[0135] The demultiplexer 25 carries out writing of the code bits of the
LDPC code in a downward direction from above of a column which forms
the memory 31 (in a column direction) beginning with a left side column
toward a right side column. [0136) Then, if the writing of the code bits
ends with the lowermost bit in the rightmost column, then the code bits
are read out and supplied to the replacement section 32 in a unit of 6 bits
(mb bits) in the row direction beginning with the first row of all of the
Idblins which form the memory 31. [0137] The replacement section 32
carries out a replacement process of replacing the position of code hits

of 6 bits from fHeHrematy S’ Sutpts thes Bits” dbtained bythe -
s R Ot o R
E[g\évvdeirec? P o frc:oon_JLLtlrI]n% MEmeLy %10%%%!’6@ rﬁeeserr%% %%/ bg)l b'( in a column
direction) beginning with a left side column toward a
right side column.

[0136]

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

[0137]

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 ©& bits

obtained by the replacement as 6 bits yo, Vi, V2, Vi, Vs

and ys representative of one symbol of 540AM.

In particular, if the € ccde bits read out in the
row direction from the memory 31 are represented as by, b1,
by, bi, b:s and be in order from the most significant bit,

then from a relationship of the cclumn weight described
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b2, b3, bg and b5 in order from the most significant bit, then from a
relationship of the column weight described 49 hereinabove with reference
to FIG. 11, the code bit positioned in the direction of the bit bo 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. [0139] The replacement
section 32 carries out a replacement process of replacing the position of
the 6 code bits bo to b5 from the memory 31 such that a code bit which
is low in tolerance to an error from among the 6 code bits bo to b5 from
e PEMmBRVEL Tdy be afléead to &bt Whichlishighin oksraneé from
among the 6 bits yo to y5 representative of one symbol of 64QAM. [0140]
Herel forsefe plateméntméttiot:fat replatitg the's fodeShits FE#b5= ¢
from the memory 31 so as to be allocated to the 6 bits yoto y5 i
fteBresehtativeorBhe” symbol of B4GAM! Varibus S§stefthive béén the
%(é%o ed. [O%él]cEGObelg' %6 illustrates a first. rppi%cV\Fement method; C of

> 76 istrates 4 sedorid Teplacefnent “method; and D of FIG 6= ¢
ai{lll}usé@;%%g third replacement

[0138]

The replacement gection 32 carries out a
replacement process of replacing the position of the ¢
code bits by to bs from the memory 31 such that a code bit
which is low in tolerance to an errcor from among the 6
code bits by to bs from the memory 31 may be aliocated to
a bit which is high in tolerance from among the ¢ bits vy
toryg representative of_one symbcol of ©40AM.

[G140]

Here, for a replacement method for replacing the 6
code bits by to by from the memory 31 so as to be
allcocated te the 6 bits yy to ys representative of one
symbol of 64QAM, various systems have been proposed.
[0141]

B of FIG. 16 illustrates a first replacement
method; C of FIG. 1l¢ illustrates a second replacement
method; and D of FIG. 16 illustrates a third replacement
method.

r0l42]
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method. [0142] 50 In B of FIG. 16 to D of FIG. 16 (similarly also in FIG.

17 hereinafter described), a line segment interconnecting the bits b and yj
signifies that the code bit b is allocated to the bit yj of the symbol (is
replaced into the position of the bit yj). [0143] 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 adopt
one of two kinds. [0144] As the third replacement method of D of FIG. 16,

it is proposed to select and use six kinds in order. [0145] FIG. 17

illustrates mnfexamplé®f aldorifiguratioh ©f the démkiplexe? 251nalcaseln
wherein the modulation method is 64QAM (according'y, the bit number m
fofcode Thits 6Farm EDPT co86 Midpied to chelsyfib&l9§8Similarly as in
FIG. 16) and the multiple b is 2, and a fourth replacement method. [0146]
WheretheRGltipledh 18, thetmemory 51 Has 3t9nifies that the code

bit bs is allocated to the bit yy of the symbol (is
replaced into the position cof the bit vyy).
(01437

As the first replacement method of B of FIG. 1&, it
is proposed to adopt cne of three kinds, and as the
second replacement method ¢f C of FIG. 16, 1t is proposed
to adopt one of twe kinds.
[0144]

As the third replacement method of D of FIG. 16, 1t
is g;oposed to select and use six kinds in order.
1014357

FIG. 17 illustrates an example of a configuration
of the demultiplexer 25 in a case wherein the modulation
method is 64QAM (accordingly, the pbit number m of code
bits of an LDPC code mapped to one symbol is 6 similarly
as in FIG. 16} and the multiple b iz 2, and a fourth
replacement method.
[01486]

Where the multiple b is 2, the memory 31 has a
storage capacity of N/ (6 x 2) = (6 % 2) bits in the

column direction x row direction and includes 12 (= & x
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storage capacity of N/(6 x 2) x (6 x 2) bits in the column direction x row
direction and includes 12 (= 6 x 51 2) columns. [0147] A of FIG. 17
illustrates a writing order of an LDPC code into the memory 31. [0148]
The demultiplexer 25 carries out writing of code bits of an LDPC code in a
downward direction from. above of a column which forms the memory 31
(in the column direction) beginning with a left side column toward a right
side column as described hereinabove with reference to FIG. 16. [01491
Then, if the writing of code bits ends with the lowermost bit in the
FighEMesPEsiumn, then the code bits are read out and supplied to the
rePIacement section 32 in a unit of 12 bits (mb bits) in the row direction
‘llrming with the first row of all of the columns which form the memory
31. [01501 The replacement section 32 carries out.a replacemen
orocess bt FEpAGHG e poson o 1o50d6. Be FapPirEeehary 3

Aggerdance wif the fourth 5,

i%nLDPC

[0148]

The demultiplexer 25 carriles ocut writing of code
bits of an LDPC code in a downward direction from zbove
of a column which forms the memcry 31 {in the column
direction) beginning with a left side column toward a
right side column as described hereinabove with reference
to FIG. 16.

[01491

Then, i1if the writing of code bits ends with the
lowermest bit in the rightmost column, then the code bits
are read out and supplied tc the replacement section 32
in 2 unit of 12 kits (mb bits}) in the row direction
beginning with the first row of all of the columns which
form the memory 31.

[0150]

The replacement section 32 carries cut 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 blts cbtained by

the replacement as 172 bits representative of two symbols

52



replacement method and outputs the 12 bits obtained by the replacement
as 12 bits representative of two symbols 52 (b symbols) of 64QAM, in
particular, as 6 bits yo, y,, Y2, y" y4 and y5 representative of one symbol

of 64QAM and 6 bits yo Yi, Y2, Ys, Y4 and y, representative of a next one
symbol. 0151] Here, B of FIG. 17 illustrates the fourth replacement

method of the replacement process by the replacement section 32 of A of
FIG. 17. [0152] It is to be noted that which replacement method is

optimum, that is, which replacement method provides the best error rate

i savAWGN corimanication patht differsudépgondscugorrthiesertodifigr V-
rate of LDPC coded and so forth. [0153] Now, parity interleave by the
Yoarity-intérfeaer 23 bt ERG T8 Ts d8scrbet \FitlF reterehceto 188! 1810 ©
20. [0154] FIG. 18 shows (part of) a Tanner graph of the parity check
SPhafix6F thé E DPC cBdle. [0155]f ¥ plGraif7 6ER0aE bits cdrrespdhding®™e

to)n va{iable nodes connecting to a check node such as two
symbol.

[C151]

Here, B of ¥IG. 17 i1llustrates the fourth
replacement method of the replacement process by the
replacement secticn 32 of A cof FIG. 17.

[0152]

It 1s tc 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 codedland so forth.
[0153)

Now, parity interleave by the parity interleaver 23
cf FIG. B8 1s described with reference to FIGS. 18 to Z0C.
[0154]

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

[0135]

If a plurality of (code bits corresponding to)
variakble ncodes conneciing te a check node such as two
variable nodes suffer from an error such as erasure at

the same tTime as shown in FIG. 18, then the check node
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variable nodes suffer from an error such as erasure at the same time as
shown in FIG. 18, then the check node 53 returns a message of an equal
probability representing that the probability that the value may be 0 and
the probability that the value may be 1 are equal 'o 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. [0156] Incidentally, an LDPC code outputted
oM I LDPC thedding settioniasf FIGI8and prescribed &F thetDVB-
S.2 standard is an IRA code, and the parity matrix HT of the parity check

Thatrix 1 Rak aCétalrdase-strddtiife a8 Sshtwn'in FI8Y 108 [5 AEIG: 19
illustrates a parity matrix HT having a_staircase structure and a Tanner
Yréph CorreSponding & the Farity mibitéix BT, {01587 ¥ Bafticulr, AT

FIG. 19 illustrates a parity matrix HT having a staircase structure and B of
FIEE 10" Shos a TonHET GTaph CortoSHRIG 16 he parmy Tratii F 20
Therefore, 1f a plurality of wvariable 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.

Incidentally, an LDPC code outputted from the LDPC
encoding section 21 of ¥IG. 8 and prescribed in the DVBE-
S.2 standard 1s an IRA code, and the parity matrix H; of
the parity check matrix H has a staircase structure as
shown in FIG. 10.

[0157]

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

[0158]

In particular, A of FIG. 19 illustrates a parity
matrix He having a staircase structure and B of FIG. 19
shews a Tanner graph corresponding to the parity matrix He
of A of FIG. 19.

[G159)



of A of FIG. 19. [0,59] 54 Where the parity matrix Hm has a staircase
structure, in the Tanner graph of the parity matrix HT, variable nodes of
the LDPC code which correspond to a column of an element of the parity
matrix HT having the value of 1 and whose message is determined using
adjacent code bits (parity bits) are connected to the same check node.
[0160] 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 pafitebits Whichliave beoome ‘an érrohfariablet abdes wwhose
message are to be determined. using parity bits) returns a message of an
Hejtiaf protvability r@b?és%ﬂﬁ@ théftrtﬁﬁ}br@ﬁaﬁm? tRatthewdhde may be 0
andjtpe?probability that the value is 1 may be equal to each other to the
Aatiable-fodéS Eonrieting To e chédkihdte e pefdraiceofithe®
degodLng q:eterioraries. Th%en, where the burst len thj, nuErinb?r of,bitgjs .
Whith'are matle & ot by a burst) i3great! the pérrmancé ot tife =
&Efggnggughgﬁgeﬁﬁggge%éssage is determined using adjacent
code bits (parity bits) are connected to the same check
node.
101607

Accordingly, 1f 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 ©f an egqual prebability
representing that the probability that the value may be 0
and the propability that the value is 1 may be equal to
each other to the variable ncdes connecting to the check
node, the performance of the deccding deteriorates. Then,
where the burst length {(number of bits which are made an
error by a burst) is great, the perfcrmance of the
decoding further deteriorates.

[0lel]

Therefore, in order to prevent the detericration in



[0161] Therefore, in order to prevent the deterioration in 55 performance
of decoding described above, the parity interleaver 23 (FIG. 8) carries out
interleave of interleaving parity bits of the LDPC code from the LDPC
encoding section 21 to positions of other parity bits. [0162] FIG. 20
illustrates a parity matrix Hm 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. [0163] Here, the information matrix HA of the
parity check matrix H corresponding to the LDPC code prescribed in the
BB Rstandard atretoutputed ronr tiecEDPCosfcodine seetion 21 has
a cyclic structure. [0164] The cyclic structure signifies a structure wherein
AéartdifiTfima Coincides With aA6the? Toftinin & Séy/cfiéally Gperated
state and includes, for example, a structure wherein, for every P columns,
thé positivhs’st thetvalue T if thefows' 6f the ™ coRmins &oificia with’ ©
et Q%%Z%Eﬁ%é@; f;fflﬁ gBe&S the Pgolurmns s cyglically shiftedtip the

[0162]

FIG. 20 1illustrates a parity matrix H, 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.

[0163]

Here, the information matrix Hp of the parity check
matrix H corresponding to the LDPC code prescribed in the
DVB-5.2 ?tandard and outputted from the LDP? encoding
section 21 has a cyolic structure.

[0164d]

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 pesitions 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 proportion to a value g obtained by

dividing the parity length M. In the following, the
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which increases in proportion to a value g obtained by dividing the parity
length M. In the following, the 56 number of P columns in a cyclic structure
is hereinafter referred to suitably as a unit column number of the cyclic
structure. [0165] 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 hereinabove with reference to FIG. 11. [0166] Now, if
attention is paid to the LDPC code whose code length N is 64,800 bits
FiEHR fie ffo Hiffete HELDPE" c8d6Y frhoSe THdE Tentth N is 6860 Bitster
and 16,200 bits, then eleven different encoding rates are available as the
EneBdngrate of the FBPE Cotle®wHbde cohe IBHyth N8 =64 800its as
described hereinabove with reference to FIG. 11. [0167] With regard to
TBPC odes Whose code length N is 64,800 bits and which have the

éelv n, different encoding rates, it is prescribed in the DVB-S.2 standard
that tﬁé column number P of the cyclic structure is prescribed to

As an LDPC code prescribed in the DVB-5.2 standard
and cutputted from the LDPC encoding section 21, two LDPC
codes are available including those whose code length N
is ©4,800 bits and 16,200 bits as described hereinabove
with reference to FIG. 11.

[01l60]

Now, 1if attention is paid to the LDPC code whose
code length N is 64,800 bkits from the two different LDPC
codes whose codes length N is 64,800 bits and 16,200 bits,
then eleven different encoding rates are avallable as the
encoding rate of the LDPC code whose code length N is
64,800 bits as described hereinabove with reference to
FIG. 11.

[0167]

With regard to LDPC codes whose code length N is
64,300 bits and which have the eleven different encoding
rates, 1t is prescribed in the DVE-S5.2 standard that the
column number P of the cyclic structure is prescribed to
360 which is one of divisors of the parity length M

except 1 and M.
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360 which is one of divisors of the parity length M except 1 and M. 57
[0168; Further, with regard to LDPC codes whose code length N is
64,800 bits and which have the eleven different encoding rates, the parity
length M has a value other than prime numbers and represented by an
expression M =q x P =q x 360 using the value g which is different
depending upon the encoding rate. Accordingly, also the value q is one of
the divisors of the parity length M except 1 and M similarly to the column
number P of the cyclic structure and is obtained by dividing the parity
léngih M by the column number P of the cyclic structure (the product of P
and q which are divisors of the parity length M is the parity length M).
[0169] Whierd e inforntatiorsleagth isrepresententisy Kwandandnteger
higher than 0 but lower than P is represented by x while an integer higher
a1 B 'bUE Iovier® thait § i réptesénted by the parityliftetlcaver23
interleaves, as parity interleave, the K+gx+v+Ith caode bit from among
Pty Bt Whithae Rath fo-REMLT (IR P/ LN bifd GFithe!t DPE codgave

from the LDPC encodin% ection 21 to the position of the K+Pyx+' th
%Bag%nthan prime numbers and represented by an expression

M= g x P =g x 360 using tThe value g which ls different
depending upon the encoding rate. Accordingly, also the
value g 1s one of the diviscrs of the parity length M
except 1 and M similarly to the column number P of the
cyclic structure and is cobtalned by dividing the parity
length M by the column number P of the cyclic structure
(the product of P and g which are divisors of the parity
length M is the parity length M).

[C169]

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 g 18 represented by vy, the parity interleaver 23
inte;l@aves, as parity interleave, the K+gx+y+lth code
kit from ameng parity bits which are K+1lth to K+Mth (K 4
M = N} bits of the LDPC code from the LDPC encoding
secticon 21 to the positicn of the K+Py+x+1lth code bit.
[0170]

According to such parity interleave, since the
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[0170] According to such parity interleave, since the 58 (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 check node are rendered erroneous at the same time can be
prevented. As a result, the tolerance to a burst error can be improved.
[0171] It is to be noted that the LDPC code after the parity interleave by
WiiEh the Kigr+yAtresde bitigdnterleaved tothespasitit s ofthene ct ing
K+Py+x+lth code bit coincides with the LDPC code of a parity check
TRafrixe (HetBmafter fefeftet o alsd &5 a6RverSivnpatity EREEIE matrix)
obtained by column replacement of replacing the Kﬁ+qcx+y+lth column of
Fhe orighAr panty deck Hafrix 4™ htd tHEREPy+dth cAumk [0172]
Further, in the parity matrix of the.conversion épa;crity check matrix, a

‘pselido tyclic Stricturé Whose Uit is’P ofuhins (i FIG 20, 366'9 -0 *°

Scr%l,ir‘lﬂg@ appears as sbelegs"? gl\,%hzoai situation that a plurality
cf variable nodes connecting to the same check node are
rendered erronesous at the same time can be prevented. As
a result, the tolerance to a burst error can be improved.
(01717

It is to be noted that the LDPC code after the
parity interleave by which the K+gx+y+lth code bit is
interieaved to the position of the E+Py+x+lth code bit
coincides with the LDPC code of a parity check matFix
(hereinafter referred to also as conversion parity check
matrix) cbtained by column replacement of replacing the
K+gx+y+lth column of the original parity check matrix H
into the K+Py+x+1lth column.

[0172]

Further, in the parity matrix of the conversion
parity check matrix, a pseudo cyclic structure whose unit
is P columns (in FIG. 20, 360 columns) appears as seen in
FIG. Z0.

P0L73]

Here, the pseudo cyclic structure signifies a

{92}
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[0173] Here, the pseudo cyclic structure signifies a 599 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 bat hias arpseudocyetic struature {0174 k Itds 40 be noted thatre
the conversion parity check matrix of FIG. 20 is a matrix to which also
eaplapément of rows €roiv replacement)vfer earfigurmgithe conversiom L umn
parity check matrix from a configuration matrix hereinafter described is
appliéd to' theyoRgiRalpdrity CCHebkrm AR 14 firagdition % Hfesinfing to
replacement which corresponds to parity interleave. [01751 Now, column

BRTSt iferedverds & T8-arfarigemit- plocess by thaealiin fiist e LDEC

interleaver 24 of FIG. 8 |s descrlbed with reference to FIGS. 22 to 24.
code prescribed in B~5.2 standard, & portion of 360

rows » 360 columns (shift matrix hereinafter described)
at a right corner porticon 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.

[0174]

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

[0175]

Now, column twist interleave as a re-arrangeament
process by the column twist interleaver 24 of FIG. 8 is
described with reference to FIGS. 21 to 24.

[0176]

In the transmission apparatus 11 of FIG. 8, two or
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[01761 In the transmission apparatus 11 of FIG. 8, two or 60 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. [0177] Where two or more
ones of the code bits are transmitted as one symbol in this manner, if
rerasureor: tife fikelocdurs withfa ebRairPSyimissiCthesdiFoftthene5dé bits! of
the symbol become an error (erasure). [01781 Accordingly, in order to
Wwe HE probabilifyE et Bpitralify 6 (Code Hits correspeading toyrrove
variable nodes connecting to the same check node may suffer from,

Stastire’ dt'thd 'shiffe b ioHmprove the P& foHHANtEIn défodiAg tit f& 8%
fecessany (o avoid the vayiable nodes correspandingto code bits of qne
s?/“mbéﬁ con cetlng o the Saé chiéck Rode. 175]

form one symbol, for example, QPSK 1s used as the
modulation method, but where 4 bits of the code bits are
used to form one symbcel, for example, 16QAM is used as
the modulation method.

[0177]

Where two or more ones of the code bits are
transmitted as ons symbol in this manner, 1f erasure or
the like occurs with a certain symbol, the all of the
code bits ofwthe sympol become an error (erasur§).

(0178

Accordingly, in crder to lower the probability that
a plurality of (code bits corresponding to) variable
nodes connecting to the same check node may suffer from
erasure at the same time to improve the performance in
decoding, 1t is necessary to avoid the variable nodes
corresponding to code bits of one symbol from connecting
To the same check node.

[0179]
Meanwhile, in the parity check matrix H of an LDPC

code prescribed in the DVB-5.2 standard and cutputted
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Meanwhile, in the parity check matr..x H of an LDPC code prescribed in
the DVB-S.2 standard and outputted 61 from the LDPC encoding section
21, the information matrix HA has a cyclic structure and the parity matrix
HT has a staircase structure as described hereinabove. Then, in a
conversion parity check matrix which is a parity check matrix of the LDPC
code after parity interleave, a cyclic structure (accurately, a pseudo cyclic
structure as described hereinabove) appears also in the parity matrix as
described in FIG. 20. [0180] FIG. 21. shows a conversion parity check
Tmatrix - {018 HA particudan A ofEIGL@1 lllstrates al comversiohaparity © 11 x
check matrix of a parity check matrix H which has a code length N of
54,860 bitscrel-dr eAEGAIAG Urate ) ©f 314 [0B82]1H ANSfFIG: 2L, thas 2
position of an element having the value of 1 in the conversion parity
thaek riatfx & THAEREY ByPa $BE €Y (OB AT o BRSV2L, a phGdess ™ 2
carried out by the demultiplexer 25 (FIG. 8) for the LDPC code of the

conversion parity check matrix which is a parity check
matrix of the LDPC code after parity interleave, a cyclic
structure (accurately, a pseudo cyclic structure as
described hereinabove) appears also in the parity matrix
as described in FIG. 20,

(01801

FIG. 21 shows a conversion parity check matrix.

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 (ry of 3/4.

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 {-}.

(01823

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 aftesr the parity interleave.
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conversion parity matrix of A of FIG. 21, that is, the LDPC code after the
parity interleave. 62 0184] 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. [0185] 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. [0186] In this
instance, the 4 code bits BO, B1, B; and B3 which make one symbol
Sohtetimes 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 iNthfs ifStante; variable RBdES LBrredfonding 16 the tbbe Hitde
%Ot,eBrl,. t%iz and Pgtareicoggefted vto th% same, tc@eck nr?d%hg)lgz) sra

ccordlngléfl, fitete the' 4 code g BS, B1.'B2 and'B3'of one symbdt
ogfggl?glﬁffgﬁt 9%%2%%‘1”&%%% 19,4 and inclyded.in one arbitragy row, if;, .
demultiplexer 25 using 1¢0AM as the modulation method.
[0185]

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

(01867

In this instance, the 4 code bits By, Bi, B: and Bs
which makg one symbcl 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 By, B., Bz and B; are connected to the same
check node.

[0187]

Accordingly, wheré the 4 code bits By, Bi, B: and Bs
of one symbol become code bits corresponding to 1 and
included in one arbitrary row, if erasure occurs with the

symbol, then the same check node to which the variable

nodes corresponding to the code bits By, By, Bz and B; are
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symbol, then the same check node to which the variable nodes
corresponding to the code bits Bo, B,, B;, and B3 are 63 connected cannot
determine an appropriate message. As a result, the performance in
decoding deteriorates. [0188] 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. [0189] Therefore, the column twist
interleaver 24 carries out column twist interleave wherein the code bits of
hETEDRECot aftdr the paFitiinterfdaveiisiitie pafity #iteAeaver 23 &
are interleaved such that a plurality of code bits corresponding to 1 and
Tifctdéd i bfe REBitRITT oW Of the E61RSHSIoN ity EREEIE rfatrix are

not mapped to one symbol. [0190] FIG. 22 is a view illustrating the column
wist Ginterleave. [0191] In particular, FIG. 22 illustrates the memory 31

(FKBS'1gfg§-angt@%g&?&“@%eéﬁk?%ncoding 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 10QAM
similarly.

[c189]

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

[0150]

FIG. 22 is a view illustrating the column twist
In particular, FIG. 22 illustrates the memory 31
(FIGS. 16 and 17) of the demultiplexer 25.

The memory 31 has a storage capacity for storing mb
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[0192] The memory 31 has a storage capacity for storing mb 64 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. [0193] In particular, the column twist
interleaver 24 suitably changes the writing starting position at which
wiritinglof code bitstisnto bevstatted 46r) eathrefcr pluratitycof<comrnas 86 (mb)
that a plurality of code bits read out in the row direction and used to make
Iokiessyribdlnmayaiot Deebireeddel bitslédredpoiieing o 1andiAEaded
in one arbitrary row of the conversion parity check matrix (re-arranges the

EOHEBIE GFihE EBIPC 26de ‘Stich Hhat apluraliffar cddebirs ~umn twist
corresponding tg 1 and included in one arhitrary row of the parity check
S PRy ot bb RGBS 1 e SATE LDt o1 HAE RS o

hows an example of a configuration of the memary 31 where the . _ .
é%gdﬁé%%QRKﬁgﬁfﬁfﬁ&BA L%ﬁd%he mMemory %y ang/conELo¢u The

writing starting position when the code bits are read out
in the row direction to carry cut column twist interleave.
[0193]

In particular, the column twist interleaver 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 th@_row direction and u%ed to make one symbol
may not become code bits corresponding to 1 and included
in one arbitrary row of the conversion parity check
matrix (re-arranges the code bits of the LDPC code such
that a plurality of code bits corresponding to 1 and
included in one arbitrary row of the parlty check matrix
may not be included in the same symbol}.

[0194]

Here, FIG. 22 shows an example of a configuration
of the memory 31 where the modulaticn method 1s 16Q0AM and
besides the multiple b described hereinazbove with

-

reference to FIG., 16 is 1. Accordingly, the bit number m
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besides the multiple b described hereinabove with reference to FIG. 16 is
I. Accordingly, the bit number m 65 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) columns. [0195] 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 into the four columns which form the memory 31
beginning with a left side column towards a right side column. [0196]
Sthéi Whenithe Wiitiijloftdde bitslendStdthem figRfRostCotiifin StHePo L
column twist interleaver 24 reads out the code bits in a unit of 4 bits (mb
Tits} ifPthe® rovi Hirection BeGmning with the ArstFow of &t coftiing wiith
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)
e ,demultiplexer 25. [0197] However, if the address of the head
uppermost) position of each column is represented by 0 and the

The column twist interleaver 24 of FIG. 22 {instead
0f 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
gside column towards a right sgide column.

[019%]

Then, when the writing of code bits ends to the
rightmost column, the column twist interleaver 24 rgads
out the code bits in a unit of 4 bkits (mb bits) in the
row direction beginning with the first row of all columns
which form the memory 31 and cutputs 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.

[G1l97]

However, if the address of the head {uppermost)
position <of each column is represented by 0 and the
addresses of the positions in the column direction are

represented by integers of an ascending order, then the
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addresses of the positions in the column direction are represented by
integers of an ascending order, then the 66 column twist interleaver 24 of
FIG. 22 sets, for the leftmost column, the writing starting position to the
position whose address is 0; sets, for the second column (from the left),
the writing starting position to the position whose address is 2; sets, for
the third column, the writing starting position to the position whose
address is 4; and sets, for the fourth column, the writing starting position
to the position whose address is 7. [0198] It is to be noted that, with
regarditotthé columns foewhich the writingl Starting pesition iScanycother
position than the position whose address is 0, after the code bits are
Mritteredéown 1 thie:lowermost pbsition sther Wiititig ipositiohaeturas té the
top (position whose address is 0) and writing down to a position
Tfddiately’ préceding i fhie Witifg sfatiifg position i$cariedsut column
Tphereafter, writing into the next (right) column is carried out. [0199] By
carfYfihg Bt stich'columidwist intthBave 35 “dektribed abbve, Sdcrt4®

situation that a plurality of , :
pos%t%on th%e address is 2; sets, for the third column,

the writing starting position te The position whose
address is 4; and sets, for the fourth column, the
writing starting position to the position whose address
is 7.

[0198]

T 1s to be noted that, with regard to the columns
for which the writing starting position 1s any other
position than the position whose gddress is 0, after the
code bits are written down to the lowermost position, the
writing position returns te the top (position whose
address is 0) and writing down to a position immediately
preceding to the writing starfting position ig carried out.
Thereafter, writing into the next {right} column is
carried out.

[0l1e9]

By carrying out such column twist interleave as
described above, such a situation that a plurality of
cocde bits corresponding to a plurality of variable nodes

connecting to the same check node are made one symbol of
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code bits corresponding to a plurality of variable nodes connecting to the
same check node are made one symbol of 67 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. [0200]

FIG. 23 illustrates the number of columns of the memory 31 necessary for
column twist interleave and the address of the writing starting position for
eachinodulationmethod withtregardhto EPRC-Cddesidfithe efeveh to LDPC
different encoding rates having the code length N of 64,800 as prescribed
WP e DVB-812 standardl [O20°7H Yes the reptacentent hegthiod for the €4, 800
replacement process of the demultiplexer 25 (FIG. 8), one of the first to
Wird F&FIaEemBat methde’ SPEICS 16 i8 GopRt aribesides akeresd.
QPSK is adopted as the modulation method, the bit number m of one

WrhifoT i€'2 BRs &hb thE "multiple BIE AR fR200  if R msthce™ aécording

{9 FIG, 23, the memony, 31, twe colurans for storing 2 L (S mb) bis i
(02007

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

[0201]

As the repliacement method for the replacement
process of the demultiplexer 25 (FIG. 8), one of the
first to third replacement methods of FIG. 16 1s 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.

[0202]

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 » 1) bits in the

column direction. Then, the writing starting position for
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row direction and stores 64,800/(2 x 1) bits in the column direction. Then,
the writing starting position for 68 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 2. [0203] Further, where the fourth replacement method of FIG.
17 is adopted as the replacement method for the replacement process of
the demuitiplexer 25 (FIG. 8) and besides QPSK is adopted as the
modulation method, the bit number m of one symbol is 2 bits and the
rheltiplerls is 21:¢0204] i ¢his instancelaceording fe FIGZE; the nerfoRet
31 has four columns for storing 2 x 2 bits in the row direction and stores
B2, 8067(2%2) bits'in HEESIUATT Breetidn. Theriiive Wiiting Starting
position for the first column from among the four columns of the memory
592 3¢ $BFtothE PosRionVikodd Sddrese 1§ 0 “the Writing® starting Position
for the, second column is set to the _position whose address is 2; the
R/\Cfrﬁfn‘gléjtl&rt‘f%bo %%sﬁi%ﬁrfgrg%eﬁﬁiré column is set to the position whose

ss is 4; and the writing starting position for the fourth column is set
o the position whose address is

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 cne symbol is 2 bits and the multiple b is Z.
(02047

In this instance, according to FIG. 23, the memory
31 has four cclumns for storing 2 = 2 bits in the row
direction and stores 64,800/{2 x 2) bits in the column
direction. Then, the writing starting pesition 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
pesitlion whose address is 2; the wrilting starting
position for the third column 1s set to the position
whose address is 4; and the writing starting position for
the fourth column is set to the position whose address 1is
7.

[0205]
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7. [02051 69 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. [0206] 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 direction. Then, the writing
starting position for the first column from among the four columns of the
memory Blrigset tothe positiop whoseraddressis @;¢the writing starting
position for the second column is set to the position whose address is 2;
The Witingstartingtpesition forkthe thitd corinifizrset do #fe pbsition
whose address is 4; and the writing starting position for the fourth column
i$Bét1ohe Positon Whose dddreds 1§ P2 650 Burte? “whére“the Totirth

replacement method of FIG. 17 is adopted as the reglacem,ent method for
%%gultlpiexer 25 (FIG. 8) and besldes 10QAM is adopted as

the modulation method, the bit number m of one gymbol is
4 bits and the multiple b is 1.
[02006]

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 » 1) bits in the column
direction. Then, the writing starting position for the
first cclumn from among the four columns of the memory 31
is set to the positipn whose acddress is 9; the writing
starting position for the second column is set to the
position whose address 1s Z; the writing starting
pogition for the third column is set to the poesition
wheose address 1lg 4; and the writing starting position for
the fourth celumn 1s set to the poesition whose address is
7.
[G207]

Further, where the fourth replacement method of FIG.
17 1s adopted as the replacement method for the
replacement proczss of the demultiplexer 25 (FIG. 8) and

besides 160AM is adopted as the modulation method, the



replacement process of the demultiplexer 25 (FIG. 8) and besides
16QAM is adopted as the modulation method, the 70 bit number m of one
symbol is 4 bits and the multiple b is 2. [0208] 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 0O; the
writing starting position for the second column is set to the position
whoseaddress: is:@; theavitingostarting position fenthetthidrecolummp isssét
to the position whose address is 2; the writing starting position for the
Feurth column is set to the position whose address is 4; the writing
starting position for the fifth column is set to the position whose address is
49 ¥ Writing starting 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 Posifion whbse*Address KA dnd the Writing starting positiBRTor Y

the gighth column s setto the posiion whose addressjs 7, Q2091

T corumns
directicon and stores 64,800/(4 x 2} bits in the column
direction. Then, the writing starting positicon for the
first column from amcng 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 fto the
position whose address 1s 0; the writing starting
position for the third column is set to the position
whose address 1s 2; t?e writing starting position for the
fourth column is set to the position whose address is 4;
the writing starting position for the fifth column 1s set
to the position whose address is 4; the writing starting
position for the sixth column is set to the positicen
whose address i1s 5; the writing starting position for the
seventh column 1s set to the positicon whose address is 7;
and the writing starting position for the eighth column
is set to the position whose address 1s 7.
[0209]

Further, where one of the first to third

replacement methods of FIG. 16 is adopted as the
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Further, where one of the first to third replacement methods of FIG. 16 is
adopted as the 71 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 6 bits and the
multiple b is 1. [0210] In this instance, according to FIG. 23, the memory
31 has six columns for storing 6 x 1 bits in the row direction and stores
64,800/(6 x 1) bits in the column direction. Then, the writing starting
position for the first column from among the six columns of the memory
P S SEMB e POSHiON WikeseL86dress i 0 SthaRwritiig® Stdrfing position
for the second column is set to the position whose address is 2; the
Yitihg SStRAMEE position Forthe’third CoIRRT iset t6 tRe Position SvRose 29

ddress is 5; the writing starting position for the fourth column is set tqQ the

il hae SUCPRSETSS:! th ariting SEAPIRG paiten for e ARITOL =

oklju.ngn is se! t%theigggitiog WI})Oquanress is 10; and the writing

starﬁh’a p%%ﬁiotn or the sixth Colimn’is sét to the position whose address

'@%%O[PZM] Further, where the fourth replacement method of FIG.

In this instance, according to FIG. 23, the memory
31 has six columns for storing 6 x 1 bits in the row
direction and stores ©4,800/(6 x 1) bits in the column
direction. Then, the writing starting position for the
first column from ameng the six columns of the memory 31
is set o the position whose address is 0; the writing
starting position for tThe second column is set to the
po§ition whose address 1s 2; the writ%ng starting
position for the third column is set to the positicn
whose address is 5; the writing starting position for the
fourth column is set to the position whose address is 9y
the writing starting position for the fifth column is set
to the position whose address i1s 10; and the writing
starting position for the sixth cclumn is set to the
pesition whose address is 13.
[0211]

Further, where the fcurth replacement method of FIG.
17 is adopted as the replacement method for the

replacement process of the demultiplexer 25 (FIG. 8) and
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17 is adopted as the replacement method for the replacement process of
the demultiplexer 25 (FIG. 8) and 72 besides 64QAM is adopted as the
modulation method, the bit number m of one symbol is 6 bits and the
multiple b is 2. [0212; 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 column from among the twelve columns of
the memory 31 is set to the position whose address is 0; the writing
Istarting posttivfor thexsecortcalamiiis settdithet position Wiose the
address is 0; the writing starting position for the third column is set to the
Ipdsitioripgiose addressiss2the writingSstating posttion for thel Tomis °
column is set to the position whose address is 2; the writing starting
1p?)stftron for the fifth column is set to the position whose address is 3; the
writin startlng position for the sixth column is set to the position whose
ss is 4; the writing starting posmon for the seventh column is set to

the posﬂpn \%Hose address S 1S 4, 4, the Wri rtlnﬁﬁ?sn%t for the elé:JfE\Or .
column i5"'set 10 the po p05| ior Whose a& fessis 5 t € Writing’ }

31 has twelve columns for steoring 6 = 2 bits in the row
direction and stores 64,8006/{(¢ » 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 is sst to the
position whose address is 0; the writing starting
position for the third column i1s set to the position
whose address is 2; the writing starting position for the
fourth column is set to the position whose address is 25
the writing starting positicn for the fifth coiumn 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 1s 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 1s 5; the writing starting
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starting position for the ninth column is set to the position whose address
is 5; the writing starting 73 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.
[0213] 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
rissthelmbdilation hfethed Hheit- HivhbeF me6foreCsyhBol 58 bitsand
the multiple b is 1. [0214] In this instance, according to FIG. 23, the
“hemfory B RAS eight olunits for Storltiy 8 XA bitd'in the Tol' diteétion the
and stores 64,800/(8 x 1) bits in the column direction, Then, the writing,

Striinig position o1 the® fitst coldmh'trorh Atony the BIgtcalimhs ot the
E);TJem{c})Criyf%?hl is set ta 1;lhe QQ%E;%E rwhose adhd“r%sns _|§OOL; tg%gvrltlnc?ﬁt%rltmg

position tthe'secondPcaluninis set o the "lpositlon whose g&] ressis 0;
Ahg yriting stadting. posifign for the third column is 56t 19 the position
[(0213]

Further, where cone of the first to third
replacement methods of FIG. 16 1is adopted as the
replacement method for the replacement process of the
demultiplexer 25 (FIG. 8] and besides Z560Q0AM i1z adopted
as the medulation method, the bit number m of one symbol
ieg 8 bits and the multiple b is 1.

[0214]

In this instance, according to FIG. Z3, the memnocry
31 has eight columns for storing 8 x 1 bits in the row
direction and stores 64,800/(8 x 1) bits in the column
direction. Then, the writing starting position for the
first column from ameong 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 1s 0; the writing starting
position for the third column is set to the pesition
whose address 1s 2; the writing starting position for the

fourth column is set to the position whose address is 4;
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whose address is 2; the writing starting position for the fourth column is

set to the position whose address is 4; 74 the writing starting position for
the fifth column is set to the position whose address is 4; the writing
starting position for the sixth column is set to the position whose address
is 5; the writing starting position for the seventh column is set to the
position whose address is 7; and the writing starting position for the

eighth column is set to the position whose address is 7. [0215] Further,
where the fourth replacement method of FIG. 17 is adopted as the
teplacehickt nethod forhel fsplacefeALBroEEss bfthel deffultiBlexef 25T
(FIG. 8) and besides 256QAM is adopted as the modulation method, the
Kt riRbEPAiofdie YiRB6I iREBItSand thetmultipte Blid 217162 F611R this®
instance, acgcordig\% to FIG, 23, the memory 31 has 16 columns for storing
BP3 2bitd inthE rowCdifedtion &vd St8tes 84 800/(8% 2) Hits" R the coiumn
rection, Then, the writing,starting,pasition for the, first column from o,
among e 16 EBluning 6t t%e”’memo?y 3% ig'set to the Bosn ion whose
%’fé%%%‘sc% he writing, starting pgsitign farthe secpnd column is.setie -,
and the writing starting position for the elghth column
is set to the position whose address is 7.

[0215]

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 2560AM is adopted as the modulation method, tThe
bit number m of one symbol is 8 bits and the multiple b
is 2.

[(0216]

In this instance, according to FIG. Z3, the memory

31 has 16 columns for storing & = 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 i1s 0; the writing
starting position for tThe second c¢olumn 1s set to the

position whose address is 2; the writing starting

position for the third celumn 1s set To the position
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position whose address is 2; the writing starting position for the third
column is set to the position 75 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 to the position whose address is 7; the writing starting
position for the eighth column is set to the position whose address is 15;
“he Sitimgl seaFing positiofi #6r the rinthccalimaA s 86t Bthe tpesitienr the
whose address is 16; the writing starting position for the tenth column is
SOt ¥ theposition Wwhese-address s PO Sthe iriting Staftire positich for 2/
the eleventh column is set to the ositior; whose ad%{éecsss is 22; the writing .

St Positior™for te the i S&og&r%ﬁ i5 SEt to'the Positon WHEEE: 5 5°

Aaddress is 22; the writing starting paosition foy the thirteenth.column_is _set
5 11 BoSTon Wiibe B Gt K7 e Wit Slring. postion 07 T

Jourteanth columpis. setto,the Jposition whoge address s 2/, the. wyifing
starting position for the fifteenth column is set to the position whose
@@g@%@@&;@gdgge Writ@gét@@wi%i%rt ing position for the
seventh column is set to the position whose address is 7;
the writing starting position for the eighth column is
set to the positicn whose address is 15; the writing
starting pesiticon for the ninth ccolumn is set to the
position whose address is 16; the writing starting
position for the tenth ceclumn is set to the position
whose‘address ig 20; the Writing starting position for
the eleventh column is set to the position whose address
18 ZZ; the writing starting position for the twelfth
column is set to the position whose address is 2Z; tThe
writing starting position for the thirteenth column is
set to the position whose address is 27; the writing
starting position for the fourteenth column is set to the
position whese address is 27; the writing starting
position for the fifteenth column is set to the position
whose address lg 28; and the writing starting position
for the sixteenth column 1s set to the position whose

address 1 32.

76



for the sixteenth column is set to the position whose address is 32. 76 02
171 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 1024QAM is adopted as the
modulation method, the bit number m of one symbol is 10 bits and the
multiple b is 1. [0218] In this instance, according to FIG. 23, the memory
31 has ten columns for storing 10 x 1 bits in the row direction and stores
64,800/(10 x 1) bits in the column direction. 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 sécorid ealunmniis set f5the® position WhHese &ddre5s i53; be writing
starting position for the third column is set to the position whose address
FEBLEefNg Seiring Posifiof T6t-thé SfotifthtchiamAds &8t tdthe position
whose address is 8; the writing starting position for the fifth column is set
TS e pOUER WHoea RUchEss 18 L, E WG Staning °5Sion forthe

ég%ﬁfgggqgg%%ﬂégtn%gg§m8? and bhesides 10Z4QAM is adopted

as the modulation method, the bit number m of one symbol
iz 10 bits and the multiple b is 1.
[0218]

In this instance, according to FIG. 23, the memory
31 has ten columns for steoring 10 x 1 bits in the row
direction and stores 64,800/(10 x 1) bits in the column
direction. Then, the writing starting positicon for the
first column from among the ten coclumns of the memory 31
is set to the position whose address is 0; the writing
starting position for the second cclumn is set to the
position whose address is 3; the writing starting
position for the third column 1s set to the position
whose address is ©; the writing starting position for the
fourth column is set to the position whose address 1s 8;
the writing starting position for the fifth column is set
to the position whose address is 11; the writing starting
position for the sixth column is set to the position
whose address is 13; the writing starting position for

the seventh column is set to the position whose address
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whose address is 13; the writing starting position for the seventh column
is set to the position whose address 77 is 15; the writing starting position
for the eighth column is set to the position whose address is 17; the
writing starting position for the ninth column is set to the position whose
address is 18; and the writing starting position for the tenth column is set
to the position whose address is 20. [0219] 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
1924AMis adoptedras thieemodolation method, ther bit maintbey i lof one
symbol is 10 bits and the multiple b is 2. [0220] In this instance, according
¢ PIGN23 stheaneforf 31 RES 20 tolurmis fit SIS $0 xiZbits' in the
row direction and stores 64,800/(10 x 21) bits in the column direction.
Thehliie Writing steriRg positioh forthe™ fifst BolumMn ﬁ%%%oﬁa tREDO-C
columns of the memory 31 is set to the position whose addres;s is 0; the
WHtiNg® Starting pbeition ErfesEtond cofimA i set 1o tHe “position
¥@§§?f¥§”§§%5%¥Jﬁe%§¥”¥ﬁ%a¥%§th column 1s set to the
position whose address is 20.
[021%]

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 1024Q0AM is adopted as the modulation method, the
bit number m of one symbol is 10 bits and the multiple b
is Z.
(02201

In this instance, according to FIG. 23, the memory
31 has 20 columns for storing 10 = 2 pits in the row
direction and stores 64,8C00/(10 x 2} bits in the column
direction. Then, the writing starting position for the
first celumn from among the 20 columns of the memcry 31
is set to the position whose address 1s 0; the writing
starting position for the second column 1s set to the
position whose address is 1; the writing starting

position for the third column is set Lo the pesition

whose address 1s 3; the writing starting pesiticn for the
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position for the third column is set to the position whose address is 3; the
writing starting position for the 78 fourth column is set to the position
whose address is 4; the writing starting position for the fifth column is set
to the position whose address is 5; the writing starting position for the

sixth column is set to the position whose address is 6; the writing starting
position for the seventh column is set to the position whose address is 6;
the writing starting position for the eighth column is set to the position
whose address is 9; the writing starting position for the ninth column is set
fo the 'positionwhose address is 18; theswfiting: stelnting: positionsfer the 4;
tenth column is set to the position whose address is 14; the writing
‘Sherting poshionfor the ieventt colomriisset e thel pasitior Whoke1s set
address is 14, the writing starting position for the twelfth column is set to
te EB@ItIBHWaW@§§ iS'E6HRE Swiifing startisy position forstherting
thirteenth column is set to the posmon whose address is 21; the writing

Risiifg Position for the fotiHeefth &BHfimn'is $&Fto"the PEsIfitHEWhOSE

address | IS 1 the wrltlgg startln% l:pqrsmon for the fifteenth column |sfset to
'thé positi on wﬁose address 1§ 237 the Wihitifg sfartlngqusfon 6P e e

sleenth colump,is set todhe.position Whase 3ddress ose acaress is 6;

the writing starting position for the eighth column is
set To the position whose address 1s 9 the writing
starting position for the ninth column 1s set to the
position whose address 1s 13; the writing starting
position for the tenth column is set to the position
whose address is 14; the writing starting positicn for
the eleventh column is set to the position whose address
is 14; the writing starting position for the twelfth
column is set to the position whose address is 16; ths
writing starting positicon for the thirteenth column is
set to the position whose address 1s 21; the writing
starting position for the fourteenth column 1s set tce the
position whose address is 21; the writing starting
pesition for the fifteenth column 1s set To the position
whose address 1s 23; the writing starting position for
the sixteenth column 1s set to the position whese address
is 25; the writing starting position for the seventeenth

column is set to the position whose address 1s 25; the



Is 25; the writing starting position for the seventeenth column is set to the
position whose address is 25; the 79 writing starting position for the
eighteenth column is set to the position whose address is 26; the writing
starting position for the nineteenth column is set to the position whose
address is 28; and the writing starting position for the twentieth column is
set to the position whose address is 30. [0221] 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
WEIG 18)and besides 4096 QAM s adopteticas thevmeduldtiondnethiod; the
bit number m of one symbol is 12 bits and the multiple b is 1. [0222] In
this itStahbe, ascotdihgto PGS 23athénnemoty 3chas 12 colinins for
storing 12 x 1 bits in the row direction and stores 64,800/(12 x 1) bits in
thé Ebhitin RfifectioRTRER, thE WitingFStarimg positiol for tie Fiét to the
column from among the twelve.columns of the memory 31 is set to the
Ftion Whde GRS T8 OF thenwiiiig ARG PoStibh P the Sacore?

Solumn is set fo the position whoge address 1 05 the writing $tarting,; + ; o,

whoee address 1s 30.
[0221]

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 4096Q0AM is adopted
as the modulation method, The kit number m of one svmbol
15 12 bits and the multiple b is 1.
[C222]

In this instance, according te FIG. 23, the memory
31 has 12 columns for storing 12 x 1 bits in the row
direction and stores ©4,800/(12 x 1) bits in the column
direction. Then, the writing starting position feor the
first column from amcong the twelve columns of the memory
31 is set to the posiftion whose address i1s 0; the writing
starting position for the second column is set to the
position whose address is 0; the writing starting
pesition for the third column 1s set to the position

whose address is Z; the writing starting position for the
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position for the third column is set to the position whose address is 2; the
writing starting position for the 80 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
ftoithe Hpasitionrwhase address is15e theowtiting starting pasitiorefos the 2
tenth column is set to the position whose address is 7; the writing starting
tpositionifoi the elevanth columsn isiset té e position WHosecaddress i 8¢t
and the writing starting position for the twelfth column is set to the

tHosition Whese addres89s 9. fPPBIFuriter Swhéekethefouihy starting
replacement method of FIG. 17 is adopted as the replacement method for
RR& ‘rephitenient prEcessof the Hemtiitiplexée2s [91G: 8 arid® besides
4096QAM is adopted as the modulation method, the bit number m Qf one
"ol €12 Bt and thé mifplé ¢ 29 Starting pos.tion for the

geventh column 1s set to the position whose address is 4;
the writing starting position for the eighth column is
set to the position whose address is b; the writing
starting position for the ninth column is set to the
position whose address is &7 the writing starting
position for the tenth column i1s set to the position
whose address i1s 7; the writing starting position for the
eleventh qolumn is set to the position whose address 1s
g; and the writing starting positicn for the twelfth
column is set to the position whose address 1s 9.
(0223]

Further, where the fourth replacement method of FIG.
17 i=s adopted as the replacement method for the
replacement process of the demultiplexer 25 (FIG. 8) and
besides 4096QAM is adopted as the modulaticn method, the
bit number m of one symbol is 12 bits and the multiple b
is 2.
(02247

In this instance, according tco FIG. 23, tThe memory

g1



[0224] In this instance, according to FIG. 23, the memory 81 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 3; 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
Zalddress i$48;cthieriting startirig position dorthe fifthtcoldmntis Set ¢ the
Cg‘ositiqn‘ whose address is 8; the writing startin% position for the sixth

bl §§ Setitfthd position® iiose/address 1§/8; thé Svriting ‘Starting L 1

osition for the seventh column is set to the position whose address is

- e Wiiting Staftihy JositisH for the efgtttt g 8¢ {0 the Posttith
Whose address is.10; the Writingcﬁéartigg go?tiozq forotpetrggth column i§1
S 1

‘set o the” p%%ﬂiohrﬁﬁosaemgggress is 10; the vblﬁhhsg starting p%%fﬁ%lﬁ%r -

ten g oo i sien whss aiere TR i
§¥E¥%§%g 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 1s 8; the writing starting position for the
fourth column is set to the position whose address 1is §;
the writing starting position for the fifth cclumn is set
toc the position whose address is 8; the writing starting
position qu the sixth cclumn 1s set to the position
whose address is 8; the writing starting positicon for the
gseventh column is set to the positicon whose address is
10; the writing starting position for the eighth column
1s set to the position whose address is 10; the writing
starting position for the ninth column is set to the
position whose address is 10; the writing starting
position for the tenth column is set tce the position
whose address is 12; the writing starting position for
the eleventh column 1s set to the position whose address
is 13; the writing starting position for the twelfth

column 1is set to the position whose address i1s 16; the
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is 13; the writing starting position for the twelfth column is set to the
position whose address is 16; the 82 writing starting position for the
thirteenth column is set to the position whose address is 17; the writing
starting position for the fourteenth column is set to the position whose
address is 19; the writing starting position for the fifteenth column is set to
the position whose address is 2i; the writing starting position for the
sixteenth column is set to the position whose address is 22; the writing
starting position for the seventeenth column is set to the position whose
addressris23; the rwritingestarting gositiam forthe eighteenthaolumn is.s
set to the position whose address is 26; the writing starting position for
ti8¢ nietéénthicoluma s set tosthe 2position whose address is:37% ihia
writing starting position for the twentieth column is set to the position 1
Wioseladdrass ist3®thé Wiithgestaring FGSitioh for AR 158 coRimn-is “he
set to the position whose address is _40; the writing starting position for
RS 22naollithi fs Setfcthie position whidSe Hdressds 217 te wFiting
stargiggrgosi ion for them23:rdmcolumn IS %gt Eg the positioq whgse address
RO% 1 and the Writing starting Position for the 24th™Coturmii i& S8t i e ©"
ﬁggglgnavc\é%%seessadgge%hs 4t]]ie writing starting position for

g g ¥
the sixteenth column is set tTo the position whose address
is 22; the writing starting position for the seventeenth
column is set to the positicn whose address 1s 23; 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 1s 37; the writing starting
position for the twentieth column i1s set to the position
whose address is 39; the writing starting pesition for
the 21st column is set tc the position whose address 1is
40; the writing starting position for the 2Znd column 1s
set to the position wheose address is 41; the writing
starting position for the 23rd column is set to the
position whose address is 41; and the writing starting
position for the Z4th cclumn is set to the position whose
address is 41.

[0225]

FIG., 24 indicates the number of columns of the
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[0225] FIG. 24 indicates the number of columns of the 83 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-S.2 standard. [0226] As the replacement
method for the replacement 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
remaber M lofronecsywabol iS 2:hitscandrthet mudtiple btis 41 §6227] dmthishe
instance, according to FIG. 24, the memory 31 has two columns for
&toHE 2 xOk bits #n thelrol @iretticr and. stofds-16,20042 xeBdits in the
column direction. Then, the writing starting position for the first one of the
THROCoRimAS of e Afentory 3118 %t tb the pBSitibR Whoselsduress i, 1¢
and the writing starting position for the second column js set to the

?ﬁ%ﬁﬁﬁeﬁ%o§ﬁ%ﬁQﬁ&ﬁsEﬁf?ﬁzﬂﬁVlng the code length N of

16,200 as prescribed in the DVB-S.Z standard.
[0226]

As the replacement method for the replacement
process of the demultiplexer 25 (FIG. B), one of the
first to third replacement methcods of FIG. 16 1s adopted,
and besides, where QPSK i1s adopted as the modulation
method, the bit number m of one symbol 1s 2 bits and the
multiple b is 1.

[0227]

in this instance, according to FIG. Z4, the memory
31 has two columns for storing 2 x 1 bits in the row
direction and stores 16,200/{(2 x 1} bits in the 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 O, and the writing starting
position for the second column is set Lo the position
whose address is 0.

{0228}
Further, where the fourth replacement method of FIG.

17 is adopted as the replacement methoed for the
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Further, where the fourth replacement method of FIG. 1.7 is adopted as
the replacement method for the 84 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. [0229] 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
16,200/(2 x 2) bits in the column direction. Then, the writing starting
position for the first column from among the four columns of the memory
Bipisssetrtothe position whosetaddressisl @;ithe avritinge Stattng positioand
for the second column is set to the position whose address is 2; the
waitingsstafing positiod fortthe thisd cokimeisiset to thie position ,whbse bit
address is 3; and the writing starting position for the fourth column is set
e poSHieR wHose dlitpeds isS32[023DF FaftHer: Whete bhetofthe fikst 2 -
to third replacement methods of FIG. 16 is adopted as the replacement
Methad for the replacement process of the demultiplexer 25 (FIG. 8) and

besides 16QAM IS adospted as the modglatlon method thg bit n mber m
of one Sy;rﬁlb Tance, accor ing to € memory

31 has four columns for storing 2 x 2 bits in the row
direction and steores 16,200/{(2 x 2) bits in the column
direction. Then, the writing starting position for the
first column from amcng the feour 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 pesition )
whose address is 3; and the writing starting position for
the fourth coiumn 1z set to the position whose address is
3.

[0230]

Further, where one of the first toe third
replacement methods of FIG. 1¢ is adopted as the
replacement method for the replacement process of the
demultiplexer 25 (FIG. &) and besides 16QAM is adopted as
the medulation method, the bit number m of one symbol 1s
4 bits and the multiple b is 1.

[0231]



4 bits and the multiple b is 1. [0231] 85 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 starting position for the

fourth columh'is set.tostherpositichawhase-address 15 3. [6232] Figthegrory
where the fourth replacement method of FIG. 17 is adopted as the

Téplagément metRedTorthe Creptacementt process 6fthé demififlekéei25
CS;[G. 8) and besides 16QAM is adopted as the modulation method, the

R IMBEr MPSKore- Sifioli& 42is ard the muftiple®h 118 25 §6235] ithis

instance, according to FIG. 24, the. memary 31, has eight columns for_
%ﬁ%%ﬁ;&g??bﬂéhéﬁﬁeF e WILTLng 5t¥£%lﬁg pé%1t¢on tor the

W

first column from among the four columns of the memcory 31
is set to the position whose address 1s 0; the writing
starting positicn for the second column 1s set to the
position whose address is 2Z; the writing starting
position for the third column is set to the position
whose address is 3; and the writing starting position for
the fourth column is set to the position whose address is
3.
[(0232] |

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

begides 16QAM 1s adopted as the modulation method, the

bit number m of one symbol is 4 bits and the multiple b

In this instance, according to FIG. Z4, the memory
31 has eight columng for storing 4 x Z bits in the row
direction and stores 16,200/(4 x 2} bits in the column

direction. Then, the writing starting position for the
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direction and stores 16,200/(4 x 2) bits in the column direction. Then, the
writing starting position for the 86 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 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, thé writihgrstarfingmpesition forthe sixih Colepinuig setad thé posHivATY
whose address is 20; the writing starting position for the seventh column,
34 seftothk positiditwhese aderess! 520, 3 the Swrithg staftii positiod 9
for the eighth column is set to the position whose address is 21. [02341
Fiithet WhBRSote BF thefirst o thid“ réplacement methat of FIGT18 is
adopted as the rep%? ment method for the replacement process of the
RiSUItSIRxEr 25 tF S&B 4l besides 620AKT is-AdSptad & “tHe
pmog%tggégﬂs%‘?%%%g{‘%hbitr%“”9;8 Lof one.symbol is 6 bits, and {he
whose address 1s 0; the writing starting poesition for the
fourth ceolumn 1s 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 to the position whose address
is 20; and the writing starting position for the eighth
column is set to the positicn whose address is Z1.

[0234]

o

Further, where one of the first to thir
replacement methods of FIG. 1€ is adopted as the
replacement method for the replacement process of the
demultiplexer 25 (FIG. 8) and besides 640AM 1s adopted as
the modulation method, the bit number m of one symbol is
6 bits and the multiple b is 1.

[0235]
In this instance, according to FIG. 24, the memory

3

[

has gix columns for storing ¢ x 1 pbits in the row
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In this instance, according to FIG. 24, the memory 31 has six columns for
storing 6 x 1 bits in the row 87 direction and stores 16,200/(6 x 1) bits in
the column direction. Then, the writing starting position for the first
column from 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
Heofess 87351 Whi§ Starfing PoSitibn for'theMtifthcottimifig sef taire

osition whose address is 7; and the writing _starting position for the sixth

i 1 Set 13 1" positon{AHGSe Addrest e ? 0BSET Fuftfert Whers™
%he foturth re lacement mr(gthod g&FIG..l? Ci;s §d(])TPtedc§§t eE(T:h)wlar({:lem(_an 1
method Tor the reﬁflgrcner%e%?%roceess of the 8er1f11uﬂ|5plexer ( G gﬂin

ib?esgdeeé %Qﬁhﬂeisggo%ﬁﬁ tﬁsvm_% g@oda%iog??eﬂgo% the bit numher,m

of one symbol is 6 bits and the multiple b is 2. [0237] In this instance,

é%&?gﬁﬁ%uﬁggét%%ﬁh§éQe%W@/second column is set to the

position whose address is 0; the writing starting
position for the third cclumn 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 3;
the writing starting position for the fifth column is set
to the position whose address is 7; and the writing
starting pesition for the sixth column 1s set toc the
position whose address 1s 7.
[0236]

Further, where the fourth replacemsnt method of FIG.
17 is adopted as the replacement method for the
replacement process of the demultiplexer 25 (FIG. 8) and
besides 64QAM i1s adopied as the modulation method, the
it number m of one symbol 1is & bits and the multiple b
“ils 2.
[0237]

In this instance, according to FIG. 24, the memory
31 has twelve columns for steoring € x 2 bits in the row

direction and stores 16,200/{(6 x 2} bits in the column
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31 has twelve columns for storing 6 x 2 bits in the row direction and

stores 16,200/(6 x 2) bits in the column 88 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 0; the writing starting position for the fourth
column is set to the position whose address is 2; the writing starting
Pposition fon the Tifthreolumn isrset: o thespesitiomwhose addressiis2; the:
writing starting position for the sixth column is set to the position whose
Hdaréss iz 2 the WitiigaStarting Positiorefoy thes sbvanth colurmpsisBartry
the position whose address is 3; the writing starting position for the eighth
Toldmn & set to tHeposifiorr whosE Hiftfe SRR e Wiitihg SGRIMF=t1ing
%)sition for the ninth colllilmn is set to the é})osition whose address is 3; the

fittig StArtiig” pbsition T6r thie tentieallimns sétto thie position” whose

address is 6,.the gvntggﬁr gé%r?tlsn%spoosltlo%fgr the. eleventh column is set to

HRé position‘ whidse &t > and the Writing starting position-for the

Jwelfth, colupn is s&t to the positionwhase addressis .. 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
to the position whose address is Z; 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 is set to the position whose address 1s 3;
The writing starting position for the eighth column is
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 i1s €; the writing starting position for the
eleventh column is set to the position whose address 1ig
7; and the writing starting position for the twelfth

column 1s set to the position whose address is 7.

Further, where one of the first to third

gg



[0238] Further, where one of the first to third 89 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 1. [02391 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
TREATOPREIBIS Set te deks position whoke addrésiste;dhé wrifting starting
position for the second column is set to the position whose address is 0;
BB VARHIEStArtIR posSitioR forthe thitl cORARR TS et IRe position©
whose address is Q; the writin staétri]? osition for the fourth column is

ds%?‘f&*fﬁé)ﬁaﬁ%n %\ﬁwoég%w ds ﬁﬁﬁg g%@%péﬁtigﬁ%ﬁﬁg
et o L By Mo USRI g
if,%ﬁ oég/;%g]ﬁgfé%%@gt%oes%)&@{ ptfg sgvlegtmgolumn is set to the position
[0235]

In this instance, according to FIG. 24, the memory
31 has eight columns for storing 8 = 1 bits in the row
direction and steres 16,200/(8 x 1) bits in the column
direction. Then, the writing starting pesition 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 positicn
whose address 1s 0; the writing starting position for the
fourth column is set to the position whose address 1s 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 1s 20; the writing starting position for
the seventh column ls set to the position whose address

1s 20; and the writing starting position for the eighth

column is set to the position whose address i1s Z1.
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is 20; and the writing starting position for the eighth column is set to the
position whose address is 21. 90 0240] 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 1024QAM is adopted as the modulation method, the bit number
m of one symbol is 10 bits and the multiple b is 1. [0241] 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
direttion. 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 fS*0~theiwrifiitf Starfif§ positibhFor theSSecoid Cotdifin is set to
the position whose address is 1; the writing starting position for the third

A £

ORI 5 Séttotie psition” whoiSe address 8%, thé ritig Sterting
]?osLtion for the fourth %O%Jgnvn ﬁhsget 10 the position whose address is, 2;

& Wiiting starting position for the fifth cofumn 1s set 1o thi& position wihose

Jagress;is 3 fhe willing starting pgsition far the sixth colymn is.setdg the
position -
as the modulation method, the bit number m of one symbol
is 10 kits and the multiple b is 1.
(02417

In this instance, according toe FIG. 24, the memory
31 has 10 columns for storing 10 = 1 bits in the row
directicn and stores 16,200/(10 = 1) bits in the column
direction. Then, the writing starting position for the
first column from among the ten column§ of the memory 31
is set to the position whose address 1s 0; the wrliting
starting position for the second column 1s set te the
position whose address is 1; the writing starting
position for the third column is set to the position
whose address is 2; the writing starting position for the
fourth column is set to the position whose address 1s Z;
the writing starting position for the fifth column 1s set
to the position whose address i1s 3; the writing starting
position for the sixth column is set tc the position
whose address is 3; the writing starting positibn for the

seventh column 1s set to the positicn whose address is 4;
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whose address is 3; the writing starting position for the seventh column is
set to the position whose address is 4; 91 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 is 7. [0242; 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
IR AGANIS adeptet-as theomddtlation methbasthe! Bit Hunseriiof ohe
symbol is 10 bits and the multiple b is 2. [0243; In this instance, according
16 FIG? 28D thePmdiriory 31 RAS 207CHIIANS forstéring 16 X2 bits itFthe
row direction and stores 16,200/(10 x 2) bits in the column diLectpn.
STHR: G WG SI&FInG Bosiion L first cBfimn froft Amiohg th 20

columns of the memory 31_is set to the position whoseaddress is Q; the
E?/vritlng s?arﬂng posﬁion]?orb the'secohd colurrin is Set to the position

&%%S@i%%drgg\%isﬂg; th?%@ﬂgc%tﬂmﬂg is set to the position
whoge address is 7.
[0242]

turther, 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 methed, the
bit number m of cne symbol is 10 bits and the multiple b
is 2.
[0243]

In this instance, according to FIG. 24, the memory
31 has 20 columns for storing 10 = Z bits in the row
direction and stores 16,200/(10 = 2) bits in the column
direction. Then, the writing starting position for the
first column from among the 20 columns of the memeory 31
is set to the position whose address is 0; the writing
starting position for the second column 135 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
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position for the third column is set to the position whose address is O; the
writing starting position for the 92 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 2; the writing starting
position for the seventh column is set to the position whose address is 2;
the writing starting position for the eighth column is set to the position
whose address is 2; the writing starting position for the ninth column is set
fo e positioinhose address is B¢ theowiiting Startheg positibrefor the 2/
tenth column is set to the position whose address is 5; the writing starting
HeRitibhifol e eleventh Sokmi 518t té e position WHose Addfss s 5et
the writing starting position for the twelfth column is set to the position |
Whdseadtiésd i5; tReSitint Starting position fOFtheTthirtedhtry Eatimm ¢
is set tp the posi;ci n whose address is 5; the Wﬂti{lg st%rtingcpo%iwt}g)%for

Hit& %Culr?erén%ﬁ coluin icjsléicatt}}o ?ﬁg %%?itiéﬁ Whose address'is 7

e S e e
is.setfodhe positionwhose addresgds £ WHINGhose address is 2;
the writing starting position for the elghth column is
set to the position whose address is Z; the writing
starting position for the ninth column is set to the
positicn whose address is 5; the writing starting
position for the tenth column is set to the positlon
whose address is 5; the writing starting positicn for the
g}eventh column is set to the pgsition whese address ls
5; the writing starting position for tThe ftwelfth 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 1s 5; the writing starting
position for the fourteenth column is set tTo the position
whose address is 7; the writing starting position for the
fifteenth cclumn i1s set to the position whose address is
7; the writing starting peosition for the sixteenth column
is set to the position whose address is 7; the writing
starting position for the seventeenth column is set to

the position whose address is 7; the writing starting
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starting position for the seventeenth column is set to the position whose

address is 7; the writing starting 93 position for the eighteenth column is

set to the position whose address is 8; the writing starting position for the

nineteenth column is set to the position whose address is 8; and the

writing starting position for the twentieth column is set to the position

whose address is 10. [0244; 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

20960OAM: isfadopted &s tHe rodulation rethod Stheshit hGmbeE nPeFdne on

symbol is 12 bits and the multiple b is 1. [0245] In this instance, according

ORRS. A RE Pemdny’ B3114s 17 LoRmthsSfof Stoting 2% 1WifNinthe the

row direction and stores, 16,200/(12 x‘Jg bits in the column_directjon. ,

Thef R writind stafting: fosition for th efir%?@&lﬁ?ﬂ%nfrgmoasrﬁoﬁ‘é;ﬁifeess s
/elve columns of the memory 31 is set to the position whose address is
RS, Sarting DoaNaheTor o Botond Salorniis Satro he" aher

whoge address,is O; the witing starting pesiion for the. third column is set
to the position
[0244]

Further, where one of the first fo third
replacement methods of FIG. 16 is adopted as the
replacement method for the replacement process of the
demultiplexer 25 (FIG. 8) and begides 40960AM iz adopted
as the medulation method, the bit number m of one symbol
1s 12 bits and the multiple b is 1
[C245h]

In this instance, according to FIG., 24, the memory
31 has 12 coiumns for storing 12 = 1 bits in the row
direction and stores 16,200/(12 x 1) hits 1n the column
directicn. Then, the writing starting position for the
first cclumn from ameng 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 0; the writing starting position for the

fourth column is set to the position whose address is 2;
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whose address is 0; the writing starting position for the fourth column is
set to the position whose address is 2; 94 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 2; the writing starting position for the seventh column is set to the
position whose address is 3; the writing starting position for the eighth
column is 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  positicn for the 3efithacoldmi IS 56t toithe positiormhbie set
address is 6; the writing starting position for the eleventh column is set to
fife poSitiGR Whbseradiressis> 7 aRd the-Rriting SEiMG posfion Yortet 29
twelfth column is set to the positign whose address is 7. 0246] Further,

Where tHdotirth repfacémient méthdd of £iGS 17 is adopfed’as the "
replacement method fo%t_he replacement process of the demujtgple r25

G:'8) Ahd"Basides 40960AN IS ddopléd as the Moduiation method the '
bit pumber m pf,one symbol is 12 pits apd the multile b, is 219284k 55 3,
the writing starting position for the eighth column is
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 1s 6; the writing starting position for the
eleventh column is set toe the position whose address is
7: and the writing starting position for ﬁhe twélfth
column is set to the position whose address is 7.
[G6246]

Further, where the fourth replacement methoed of FIG.
17 is adopted as the replacement methced for the
replacement process of the demultiplexer 25 (FIG. 8) and
besides 40960QAM 1s adopted as the modulation method, the
bit number m cof one symboel 1s 12 bits and the multiple b
is 2.
Qz47]

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

31 has 24 columns for storing 12 = 2 bits in the row
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In this instance, according to FIG. 24, the memory 31 has 24 columns for
storing 12 x 2 bits in the row 95 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
HeerESS-R10; 2k \iitidG: Stating’ POSition for the fifth cdlurin ' 8et™ fd- tig:
osition whose address is 0; the writing starting position for the sixth
hfifih €°8et to' & positich Whidse' @ddiess is'6: Ah8Wititing Startirg ~"®
position foESthe seventh column i se%t the position whose address is 9;1
$ré Writing StaRing poSitBAFoT the Sighth ESIUMINIE Sét t6tRe Position =~
whose address is 1; the writing .startin sition for_the ninth_ column.is set
SR8 pOStior oS Sodeoi T s Savting poatontor e d

é‘%%@_t%%ém?é% setto the position whosg address,is 1 the writing starting

position for the eleventh column is set to the position whose address is 2;
the witing sfarting positiondfor the twelfth colymn. 1 ng starcing

position for the third column is set to the position

INJ .

whose address is 0; the writing starting positicn for the
fourth column is set to the position whose address is (O
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 1s set to the position
whose address is 0Oy thg writing starting po;ition for the
seventh column is set to the position whose address 1ls 0;
the writing starting position for the eighth column is
set to the position whose address 1s 1; the writing
starting position for the ninth column is set to the
position whose address is 1; the writing starting
position for the tenth column is set to the position
whose address is 1; the writing starting position for the
eleventh column is set to the position whose address is
2; the writing starting position for the twelfth column
is set to the position whose address 1s Z2; the writing

starting position for the thirteenth column is set to the
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IS set to the position whose address is 2; the writing starting position for
the thirteenth column is set to the 96 position 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 position for the
sixteenth column is set to the position whose address is 9; the writing
starting position for the seventeenth column is set to the position whose
address is 9; the writing starting position for the eighteenth column is set
RE e b%%iti%ﬂoﬁ/ﬁo%kgﬁﬁr%%s}ié 9 the-Writitg Startifg PO&ion16r the
nineteenth column is set to the position \ghose address is 10; the writing,

RStiiting Postion for the BAENLET CIGI 18 Set 1 thE posiionfuingse =~

ddress i Cgtheﬂ.wri?_g arting position for the 21st columnis setfo
B ean Whtse Sddtoes 1 101 o witing Sastng: pociion for e S2rid™

£plumn s setio the positionwhase gddressis 10; the, writing starting .+

position for the 23rd column is set to the position whose address is 10;
-and. the writing starting pesition fathe; 24th eglumn is set; to-therposition;ny

whose address is 11. 0248] Now, a transmission process carried out by
e set to the position whose address is 9; the writing
starting position for the seventeenth column is set to
the position whose address is 9; the writing starting
position for the eighteenth column is set to the position
whose address is 9; the writing starting position for the
nineteenth column is set tc the position whose address is
10; the writing starting position for the twentieth
column is set to the pos}tion whose address 1s 10; the
writing starting position for the Z1lst column is set to
the peosition whose address is 10; the writing starting
position for the 22nd column 1s set fo the position whose
acdress is 10; the writing starting position for the 23rd
column is set to the position whose address is 10; and
the writing starting position for the Z24th column 1s set
tc the positilion whose address is 11.
[C248]

Now, & transmission process carried out by the
transmission apparatus 11 of FIG. 8 is described with

reference to a flow chart of FIS. 2h.
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transmission apparatus 11 of FIG. 8 is described with reference to a flow
chart of FIG. 25. 97 0249] The LDPC encoding section 21 waits that
object data are supplied thereto and, at step 5101, encodes the object
data into LDPC codes and supplies the LDCP codes to the bit interleaver
22. Thereatfter, the processing advances to step 5102. [0250] At step
5102, the bit interleaver 22 carries out bit interleave for the LDPC codes
from the LDPC encoding section 21 and supplies the LDPC codes after
the interleave to the mapping section 26. Thereafter, the processing
deivafdes to step 5103. [0251] In particular, at step 5102, the parity
interleaver 23 in the bit interleaver 22 carries out par--'--y interleave for
the LDPE todesHront e EBRET ERCOdIAG settitiA P3%ard alippliesthe data
LDPC codes after the parity interleave to the column twist interleaver 24.

165523 2 rheColummtwist inteHeadsr 4 ehirries ‘ot coltm Tist™
edegve Jorthe LPRC ates g, he ey ntereaver 23 Apdnen he
to the bit interleaver 22. Thereafter, the processing
advances to step 5102,

[0250]

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 mapplng section Z6. Thereafter, the
processing advances to step S103.

{0251}

In particular, at step 310Z, the parity interleaver
23 in the bit interleaver 22 carries out parity
interleave for the LDPC codes from the LDPC encoding
section 21 and supplies the LDPC codes after the parity
interleave to the column twist interleaver 24.

[G252]

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 cut

a replacement process for the LDPC codes after the column

twist interleave by the column twist interleaver 24. Then,
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a replacement process for the LDPC codes after the column twist
interleave by the column twist interleaver 24. Then, 98 the LDPC codes
after the replacement process are supplied from the demultiplexer 25 to
the mapping section 26. [0253] At step 5103, the mapping section 26
maps the in 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 section
27 and supplies the mapped code bits to the orthogonal modulation 4
Jektion 27. “RG the procesang advaticB T8 step 5104 D2BAF AP B -2
5104, the orthogonal modulatiqn. section 27 carries out ‘orth_qgonﬁé
FRGLIE5n OFR LG A &gt dace Wi (e S rBeIs fom tHE midsping
Fg%'(%i 26. Then, the processing advances to step 5105, at which the
modulation signal obtained as a result of the orthogonal modulation is

transmitted, Wheseaftey he %%C%%&Jﬁ&%%% 102534t i510 besigted
that the transmission process of FIG. 257s carried out repetitively. [0256]
code bits of the LDPC codes from the demultiplexer 25 to
symbols represented by signal points defined by the
modulation method of orthogonal medulation carried out by
the orthogonal modulation section 27 and supplies the
mapped code bits to the orthogonal modulation section 27.
Then, the processing advances to step 5104.

[0254]

At step 5104, the orthogonal modulation section 27
carries cut orthogonal modulation of a carrier in
accordance with the symbols from the mapping section Z26.
Then, the processing advances to step 2105, at which the
mocdulation signal obtained as a result of the orthogonal
modulation is transmitted, whereafter The processing is
ended.

[0255]

It is to be noted that the transmission process of

FIG. 2% is carried cut repetitively.
(02561
By carrying out the parity interleave and the

column twist interleave as described above, the tolerance
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By carrying out the parity interleave and the column twist interleave as.
described above, the tolerance 99 to erasure or burst errors where a
plurality of code bits of an LDPC codes are transmitted as one symbol
can be improved. [0257] 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 23 and the column twist interleaver 24 may
Gthervise beconfighrads integrallyswittheach ether (0258 In particulds, Lits
both of the parity interleave and the column twist interleave can be
Cafriéd ot By WFHIAG Safd Fedding DUt 6FEsUEBitSitto ati¥fom @an be
memory and can be represented by a matrix for converting addresses

(WHE 2d@fesses) into which writing of code bits is to be carried out into

aggé%rsﬁses (readout addresses) from which reading out of code bits is to
be“Catried out. [0259] Accordingly, if a matrix obtained by multiplying a

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 & block for
carrying out column twist interleave are configured
separately from each other for the convenience of
description, the parity interleaver 232 and the column
twist interleaver 24 may otherwise be configured
integrally with each other.

(02581

In particular, both of the parity interleave and
the column twist interleave can be carried cut by writing
and reading out of code bits into and from a memory and
can be represented by a matrix for converting addresses
(write addresseg) into which writing of code bits 1s to
be carried out into addresses {(readout addresses) from
which reading cut of code bilts is to be carried out.
(62597

Aoccordingly, 17 a metrix obiained by multiplying a
matrix representative of the parity interleave and a

matrix representative of the column twist interleave is
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matrix representative of the parity interleave and a matrix representative
of the column twist interleave is 100 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. [0260] Further, in addition to the parity
interleaver 23 and the column twist interleaver 24, also the demultiplexer
25 may be configured integrally. [0261] In particular, also the replacement
rocess carried out by the demultiplexer 25 can be represented by a
FRAFKTor E6nVEriRG A3MTHR addiEss oftheliReMdry 3T fof stotfig ar?
LDPC code into a read address. [0262] Accordingly, if 3 matrix obtained
By Giplication ot AnatrixTepresentative o & pafityihterigaver L2 ve

another matrix regresentq_th/gnoﬂt% 50Iun&n (tqwigg gntgrl ave and a further

18 carried opt. an code fte gl .parilt
matfix represenPa ive oqu the repiécemencf process is de ermified in

Advance, then the, parity interleave, C?J%‘{Q’I]} fwist in e;/éeataﬁl’eb%”dobta

; ined.
replacement process can be carried out co e determlneé1

: ectively
izl

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

[0z261]

In particular, also the replacement process carried
out by the demultiplexer Z5 can be represented by a
matrix for converting a write address of the memcry 31
for storing an LDPC code inﬁo a read address.

0262}

Accordingly, if a matrix obtained by multiplication
0f a matriw representative ¢f the parity interleave,
another matrixz representative of the column twist
interieave 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.

[0Z263]

It is to be noted that it is possible to carry out
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[0263] It is to be noted that it is possible to carry out 101 only one of the
parity interleave and the column twist interleave. [02641 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. [0265f The simulation was carried out
adopting a communication path which has a flutter whose D/D is O dB.
[0266] FIG. 26 shows a model of the communication path adopted in the
simulation. [0267; In particular, A of FIG. 26 shows a mode' of the flutter
cadoptedn thie Sifl&iht 10268) MédrRafife, B6F EIE 26°dh6Ws a'Mddel

of a communication path which has the flutter represented by the model
ISFR BFHERS 226. [0269] is to be noted that, in B of FIG. 26, H

{0264}

Now, a simulation carried out with regard to the
transmission apparatus 11 of FIG. 8 for measuring the
error rate {bit error rate) is described with reference
to FIGS. 26 to Z8.

[0265]

The simulation was carried out adepting a
communication path which has a flutter whose D/U is 0 dB.
[0266]

FIG. 26 shows a model of the communication path
adopted in the simulation.
[0267]

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

[0268]

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.

[0269]

It is to be noted that, in B of FIG. Z6, H

represents the model of the flutter of A of FIG. 26.

rurther, in B of FIG. 26, N represents ICI (Inter Carrier

bt
<
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represents the model of the flutter of A of FIG. 26. Further, in B of FIG.
26, N represents ICI (Inter Carrier 102 Interference), and in the simulation,
an expected value E[N2] of the power was approximated by AWGN.
[0270] FIGS. 27 and 28 illustrate relationships between the error rate
obtained by the simulation and the Doppler frequency fd of the flutter.
[0271] 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
‘Méfotss The first réplacement methed: Méedminile FIG*E-iGstraes e
the relationship between the error rate, and the Doppler frequency fd

Fhere fhe mBduRtiBA MathSd T E40AM ANG the’Enédliing rate (r) is (5/6)

eisides the replacement method is the first replacement method.
Further, in FIGS. 27 and 28, a thick line curve indicates the

e S0 [ S 1 ROO ey s
frecess-were. caried.out; and a,thin fjne cupve)ndicalesthe tre poppler
frequency fi of the flutter.

[0271]

It is to be noted that FIG. 27 iliustrates a
ralaticnship between the error rate and the Doppler
frequency £, 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 tThe error rate
and the Doppler freguency fq where the modulation method
is ©4QAM and the encoding rate (r) is (5/6) and besides
the replacement method is the first replacement method.
[0272]

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 cut, and a thin line curve indicates the

relationship between the error rate and the Doppler

frequency f4 where only the replacement process from among
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relationship between the error rate and the Doppler frequency fd where
only the replacement process from among 103 the parity interleave,
column twist interleave and replacement process was carried out. [0273]
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. 0274] FIG. 29 is a block
diagram showing an example of a configuration of the reception
Tpparatin i of FIG 7 02751 Reflifing fo FIG-28 the Fecapioh’
apparatus 12 is a data grocessing apparatus for receiving a modulation
s@%‘%} fron the ﬂaﬁgr%lsssiownagpgaf% us 11 ?I]—JIE 7) and includes an
gd & nal demodulation section 51, a demapping section 52, a
einterleaver 53 and an LDPC decoding section 56. [0276] The

orthogong| demadulation:section-bl.teceives a modylation signghiieme o
the transmission apparatus 11 and carries out orthogonal demodulation,
andthensupplies 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 1s carried out.

[6274]

FIG. 29 1s a block diagram showing an example of a
configuration of the reception apparatus 12 of FIG. 7.
(0275

Referring to ¥IG. 29, the reception apparatus 1Z is
a data processing apparatus for receiving a modulaticn
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.

02761

The orthogonal demcodulation section 51 receives a
modulation signal from the transmission apparatus 11 and
carries out orthogonal demcdulation, and then supplies
symbols obtained as a result of the orthogonal

demodulation {(values on the I and Q axes) to the
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symbols obtained as a result of the orthogonal demodulation (values on
the | and Q axes) to the 104 demapping section 52. [0277) 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. 0278] 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. [0279; in particular, the multiplexer
EAEAITEE DUt BC Fevdtse feplacement process (reverse process to the
replacement process) corresponding to the replacement process carried
Q)QEY)Z/]the demultiplexer 25 of FIG. 8 for the LDPC codes from the
demapping section 52, that is, a_reverse replacement process of returnin
the positllft])%% oé;e%aepg&dneg bits Fgcp a(i)c?ed§ gy ﬁwgerrréh?g’ce(?r{]gént%?gggéjsl%gthgg

9 %@ggﬁgi%ﬁem f{ﬁt@%wy’emgé‘léyeal&somltf&%ﬁ&ﬂgfation

obtained as a result e reverse replacement process to the column
dwist deinteHeaver99.. pitrs of an LDPC code and supplies the

code bits to the deinterleaver 5H3.
(02781

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

[G279]

In particular, the multiplexer 54 carries out a
reverse replacement process (reverse process to the
replacement process) corresponding to the replacement
process carried out by the demultiplexer 25 of FIG. 8 for
the 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 multipliexer 54 supplies an
LDPC code obtained as a result of the reverse replacement
process to the column tfwist deinterleaver 55.

[0280]

The column twist deinterleaver 55 carries out
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[0280; The column twist deinterleaver 55 carries out 105 column twist
deinterleave (reverse process to the column twist interleave)
corresponding to the column twist interleave as the re-arrangement
process carried out by the column twist interleaver 24 of FIG. 8, that is,
for example, column twist deinterleave as a reverse re- arrangement
process of returning the arrangement of the code bits of the LDPC code
having an arrangement changed by the column twist interleave as the
re-arrangement process to the original arrangement, for the LDPC coge
From e Mitifplexér 54 502811 partidiiar thé et wist délfiteriRaer
59, sarries outcolumn twist deintetloaye by wriling the code bits.of the
1bP codeinto and eadﬁ)ng Gut the written code bits from the memory
for deintetleave, e memeny helg sonflguisoaiplariy Inthesnenon 8)
shown in FIG. 22 and so forth. [02 2] It Is to be noted that, in the column

{twist deinterleayer 55,:writing ofthe.code bits is carried out, in thesrows ¢ -
direction of the memory for deinterleave using read addresses upon
deadipgout the cpdes {ropttheaNemory cave as a reverse re-
arrangement process of returning the arrangement of the
code bits of the LDPC code having an arrangement changed
by the column twist interleave as the re-arrangement
process to the original arrangement, for the LDPC code
from the multiplexer 54.

[0281]

In particuler, the column twist deinterleaver 55
carries out column twist deimt@rl@ave by writing the code
bits of the LDPC code into and reading out the written
code bits from the memory for deinterleave, the memory
being configured similarly to the memory 31 shown in FIG.
22 and so forth.

(02827

It is to be noted that, in the column twist
deinterleaver 55, writing of the code bits is carried out
in the row direction of the memory for deinterleave using
read addresses upon reading out the codes from the memory

31 as write addresses. Meanwhile, readout of the code

bits is carried out in the column direction of the memory

106



31 as write addresses. Meanwhile, readout of the code bits is carried out
in the column direction of the memory 106 for deinterleave using the write
addresses upon writing of the code bits into the memory 31 as read
addresses. [0283] The LDPC codes obtained as a result of the column
twist interleave are supplied from the column twist deinterleaver 55 to the
LDPC decoding section 56. [0284] Here, while the LDPC code supplied
from the demapping section 52 to the deinterleaver 53 has been

obtained by the parity interleave‘:,l column twist  interleave and re%lgggment

Lt ceSs Carried Ut in thid "Srdar thetéfor Sthd dehtensavers3 carfies out

Q2 reverse fepiacement proceps.garesnonding to.ie Leplacement
process and column twist deiriterleave ¢ rresponding to the column twist
ﬂ'@tfélg?ve. Accordingly, parity deinterleave corresponding to the parity

interleave (process reverse to the parity interleave), that is, the parity
deinterleaye retyrping the sarrangernent ofdhe code;bits of the kDRG, 1 ymn

codes, whose arrangement has been varied by the parity interleave, to
the original arrangement.ds netearied autol@28bk column twist
deinterleaver 55 to the LDPC decoding section 56.
[0z84]

Here, wnhile 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
order therefor, the deinterleaver 53 carries out only a
reverse replacement process corresponding toe the
replacement process and column twist deinterleave
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
arrangemnent has been varied by the parity interleave, to
the original arrangement, 1s not carried out.

(02857
Accordingly, the LDPC code for which the reverse

replacement process and the column twist deinterleave

ok
<
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Accordingly, the LDPC code for which the reverse replacement process
and the column twist deinterleave 107 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. 0286] The LDPC decoding section 56 carries out LDPC
decoding of the LDPC code from the deinterleaver 53 using a conversion
parity check matrix, obtained by carrying out at least column replacement

corresponding to the parity interleaye for the parity check matrix H used |
167 e TBPC BREGATIG By the L DPE ertdling settioh ZLoFFIE: 6 and™®

outputs data obtained as a result of the.LDPC_ decoding as a decoding

ST o7 e Sijedt dath O30T FIG 30 1 K oW chart Mo
ception; process-carried oyt by the reception appasatus 42.9fFIG, 29.

%gzg%é%egért%og(ﬁl%%emo uFI)at{jon section 51 receives a modulation

Signal from the transmission apparatus 11 at step Sill. Then, the
processing advances to step 5112, at which the orthogonal demodulation

segtign 51 carries out

The LDPC decoding secticon -6 carries out LDPEC
decoding of the LDPC code from the deinterleaver 53 using
a conversion parity check matrix, obtained by carrying
cut at least column replacement corresponding to the
parity interleave for the paritv check matrix H used for
the LDPC encoding by the LDPC encoding section 21 of FIG.
8, and outputs data cobtained as a resuit of the LDPC
decoding as a decoding result of the cbject data.

(02871

FIG. 30 is a flow chart illustrating a reception
process carried out by the reception apparatus 12 of FIG.
29.

[0288]

The orthogonal demodulation sectlon 51 receives a
modulation signal from the transmission apparatus 11 at
step S111. Then, the processing advances to step 5112, at
which the orthogonal demodulation section 51 carries out
orthogonal demodulation of the modulation signal. The

orthogonal demodulation section 51 supplies symbols
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orthogonal demodulation of the modulation signal. The orthogonal
demodulation section 51 supplies symbols 108 obtained as a result of the
orthogonal demodulation to the demapping section 52, whereafter the
processing advances from step S112 to step 5113. [0289] At step 5113,
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 5114. [0290] At step 5114,
thé Yelieriédvet 55°¢atties vt d¥inteAeaid Bithe CEURAbits 61 theLDPC
code from the demappin sec}%ion 52, whereafter the processi

ifvalicas 46 stéh 5F15 {0291 ﬁaﬁ%ﬁéﬁlﬁﬁta%tetﬁ“ﬁlﬁc‘[ﬁ%ggﬁlﬂ8|exer

o4 in_the deinterleayver 53 carries out.a rev, replacement process for
?ﬁgiﬁ(ﬁ?@ c%l g?‘ro?’ﬁcﬁ% é"r%%pﬁﬁ}gsgee' ioﬁsﬁz% and supplies LDPC code
) %ig d as a result of the reverse replacement process to the column

twist deinterleaver 55. [0292]

t step 5113, the demapping section 52 carries out
demapping of converting the symbols from tThe 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 5114.

029073

At step S114, the deinterleaver 53 carries out
deinterleave of the code bits of the LDPC code from the
demapping section 52, whereafter the processing advances
to step S115.

[0291]

In particular, at step 5114, the multiplexer 54 in
the deinterleaver 53 carries out a reverse replacement
process for the LDPC code from the demapping section 52
and supplies LDPC code cohtalned as a result of the
reverse replacement process to the column twist
deinterleaver 55,

[02ez]
The column twist deinterleaver 55 carries out

column twist deinterleave for the LDPC code from the
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The column twist deinterleaver 55 carries out column twist deinterleave
for the LDPC code from the 109 multiplexer 54 and supplies an LDPC
code obtained as a result of the column twist deinterleave to the LDPC
decoding section 56. [0293] At step S115, 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
inierleaye for the parity, check matrix H used for thg LDPC encogin by
T iwxgﬁco%#]é]g@cfo‘%??f bFEIGT8 4Hidoltpifs Fatabbtaifed by
the LDPC decodin a decoding result of the object,_data, Thereafter,
hé Processing is e%o ed. [02947°) isgt%lgg %gt%%at‘r%gt the :;g%gptjﬁ?ﬁ%

é’é%%sﬁ%f ElG..-3Q Js garried out repetitively. 0295] Also in FIG. 29, the
multiplexer 54 for carrying out the reverse replacement process and the

Golmn twist deinterleaver 55 for carrying out the column twist
deinterleave are configured separately from each other for the

convenience:=afgescription siailarlyras mtheding section 56 carries
out LDPC decoding of the LDPC code from the column twist
deinterleaver 55 using & 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 secticon 21 of FiG. 8, and outputs data obtained
by the LDPC decoding as a decoding result of the object
data. Ther;after, the processing is ended.
[0294]

It 1is to be noted that the reception process of TIG.

30 is carried out repetitively.

Alsd in FIG. 29, the multiplexer 54 for carrying
out the reverse replacement process and the column twist
deinterleaver 55 for carrying out the column twist
deinterleave are configured separately from each other
for the convenience cf description similarly as 1n the
case of FIG. 8. However, the multiplexer 54 and the

column twist deinterleaver 55 can be configured
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case of FIG. 8. However, the multiplexer 54 and the column twist
deinterleaver 55 can be configured 110 integrally with each other. [0296]
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. [0297]
Now, the LDPC decoding carried out by the LDPC decoding section 56 of
FIG. 29 is further described. [0298] The LDPC decoding section 56 of
FIG. 29 carries out LDPC decoding of an LDPC code, for which the
rRVEE répialiementhocess BRd the column twist deinterleave have
@%eg ciarried out but the parity deinterleave has not been carried out, from
e column twist deinterleaver 55 as described above using a conversion

parity check.matrix opfained.hy, C%Mﬂ%r%?i‘é@E'Sﬁ%%%ﬁ'f‘é‘é@?'%?”@?tffze.

corresponding to the parity interleave for the parity check matrix H used

dforthe-L LBC encoding by the LDEG: gncodipg seclion 211fHIG; 8 here
[0299] Here, LDPC decoding which can suppress the

is no necessity to provide the column twist deinterleaver
55 in the reception apparatus 12 of FIG. 29.

[0297]

Now, the LDPC decoding carried out by the LDPC
decoding section 56 of FIG. 29 is further described.
[0298]

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 ﬁwist deinterieave
have been carried out but the parity deinterleave has not
been carried out, from the column twist deinterleaver 5LHbh
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
enceding section Z1 of FIG. .

[0299;

Hare, LDPC decoding which can suppress the

operation frequency within a sufficiently implementable

range while suppressing the circult sczle by carrying out



operation frequency within a sufficiently implementable range while
suppressing the circuit scale by carrying out 111 the LDPC decoding
using the conversion parity check matrix has been proposed formerly
(refer to, for example, Japanese Patent Laid-Open No. 2004-343170).
[0300] Thus, the formerly proposed LDPC decoding which uses a
conversion parity check matrix is described first with reference to FIGS.
31 to 34. [0301] FIG. 31 shows an example of the parity check matrix H of
an LDPC code whose code Ienqg N is 90 and encoding, rate is 2/3,
05021t s (6HEHOTEA (AL 1Y FIGT3L 018 Fépradentéd by'a pariad ()
this similarly applies also tq FIGS,. 32 and 33 hereinafter described).
G503 i (1P hoCR Btk HE G EIC 3, s amy et ha 321
Slaicasestoiclue: [0304) FiG. 32 lustiates,a padty check malrix H

ained by applying row repfacement of an expression (8) and column
replagement of an expression (9) to the parity

Thus, the formerly preoposed LDPC decoding which
uses a conversion parity check matrix is described first
with reference to FIG3. 31 to 34.

[0301]

FIG. 31 shows an example of the parity check matrix

H of an LDPC code whose code length N is 80 and encoding

rate is Z/3.

It is to bg noted that, in FIG: 31, 0 is
represented by a period (.) (this similarly applies ailso
te FIGS. 32 and 33 hereinafter described).

[0303]

In the parity check matrix H of FIG. 31, the parity
matrix has a stalrcase structure.
(02043

FIG. 32 illustrates a parity check matriz B’
obtained by applying row replacement of an expressiocn (8)
and column replacement cof an expression (9) tc the parity

check matrix H of FIG. 31.

[0305]



check matrix H of FIG. 31. [0305] 112 Row replacement: 6s+t+lth row ,
5t+s+lth row (8) [0306] Column replacement: 6x+y+6lth column -
5y+x+6lth column (9) [0307] However, in the expressions (8) and (9), s, t,
x and y are integers within the ranges of 0 <_s<5,0<t <6,0<x<5
and 0 <_t < 6, respectively. [03081 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

ath and S rovis 3 The 2 Bih. L4 200 and 261 rawe bach ol

whose numbers indicates a remainder of 2 where it is divided by 6 are g,
replaced to 6th, 7th, 8th, 9th and 10th rows. [0309] On the other hand,
acegrding to the column replacement of the expression (9), the
replacement is
Column replacement: oxt+y+elth column - 5Sy+x+6lth

coliumn

[0307]

However, in the expressions (8) and (9), s, t, x
and v are integers within the ranges of 0 £ 5 < 5, 0 £t
< 6, 0 £ x<5and 0 £ t < 6, respectively.

[0308]

hcecording to the row replacement of the expression
8y, the replaceme?t is carried out in such a manner ?hat
the 1st, 7th, 12th, 1%th and 25th rows each of whose
numbers indicates a remainder of 1 where it is divided by
& are replaced to the 1st, Znd, 3rd, 4th and 5th rows,
and the 2nd, &th, 14th, 20th and 26th rows each of whose
numbers indicates a remainder of 2 where it is divided by
6 are replaced tc 6th, 7th, 8th, 9th and 10th rows.

[03069]

On the other hand, accerding 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, €7th, 73rd, 79th and 85th
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carried out for the 61st and succeeding columns (parity matrix) such that
the 61st, 67th, 73rd, 79th and 85th 113 columns each of whose numbers
indicates a remainder of 1 where it is divided by 6 are replaced to 61st,
62nd, 63rd, 64th and 65th columns, and the 62nd, 68th, 74th, 80th and
86th columns each of whose numbers indicates a remainder of 2 where it
is divided by 6 are replaced to 66th, 67th, 68th, 69th and 70th columns.
[0310] A matrix obtained by carrying out replacement of the rows and the

<columns farthe parity,check matthe Hof; KIS 3k-isa parityncheckamatix 1
H' of FIG. 32. [0311] Here, even if the row replacement of the parity check
WwRatrix H is carried outdhis.does nothaveanzindluence enshe 62nd, 63rd,
arrangement of the code bits of the LDPC code. [0312] Meanwhile, the
Gotimamreplacement ofithesexpressioh (9 zorresponds to/garity itereaved
when the information length K, the unit column number P of the cyclic
tstructure lamd thesdevisor iy (MgR) oftheqpagityt lehigths M herer S0k inther
parity interleave of interleaving the K+qgx+y+Ith code bit to the position of
qﬁe%awﬁa&@nﬁt is divided by 6 are replaced to 66th, 6&7th,
6dth, 6%9th and 70th columns.
[0310]

A matrix obtained by carrying out replacement of
the rows and the columns for the parity check matrix H of
FIG. 31 18 a parity check matrix H’ of FIG. 32.

(03117

Here, even if the row replacement of the parity
check matrix H 1s carried out, this does not have an
influence cn the arrangement of the code bits of the LDPC
code.

[0312]

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 (herse, 30) in the parity interleave of interleaving the
K+guty+1lth code bit to the position of the E+Py+x+1lth
code bit are set to 60, 5 and 6, respsctively.

[0313]
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code bit are set to 60, 5 and 6, respectively. [0313] 114 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 ¢ ag the, LDRG ¢o e&%%% icadleword) qf-the original parity.checkes r req
matrix H is represented by c', since HcT becomes the 0 vector on the

thasis ofthecharactedstic.obtherparity: eheck matix: alse H )T saturally.
becomes the 0 vector. [0314] From the foregoing, the conversion parity
Thetk matrixid1afkd Gs B2=becomes: thetparity theek matrix efanlsDREat
code c' obtained by carrying out the column replacement of the
expressien(9)dosthenLDPC dode ¢ bf thé Bfiginatiparty chieek paatiix H.
[0315] Accordingly, by carrying out the column replacement of the
@xpressior: (@) foFtheEDP O cddese of thesarigidalto sultably as
original parity check matrix) of FIG. 31, then the 0
vector 1s outputted. In particular, where a row vector
obtained by appiying the column replacement of the
expression {9} for the row vector c as the LDPC code {cne
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 O vector.

[(0314]

From the foregoing, the conversion parity check
matrix H' of FIG. 32 becomes the parity check matrix of
an LDPC code ¢’ obtained by carrying out the column
replacement oI the expression [(9) for the LDPC code ¢ of
the original parity check matrix H.

[C315]

Accordingly, by carrying out the coiumn 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

[
f..)
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parity check matrix H, decoding (LDPC decoding) the LDPC code c' after
the column replacement using the parity 115 check matrix H' of FIG. 32
and then carrying out reverse replacement to the column replacement of
the expression (9) for result of decoding, a decoding result similar to that
obtained where the LDPC code of the original parity check matrix H is
decoded using the parity check matrix H can be obtained. [0316] FIG. 33
shows the conversion parity check matrix H' of FIG. 32 wherein a space

5. prqvided betwepn URits-eks %5 matices, D31l INFIG, 33, oo rse

conversion parity check matrix H' is represented by a combination of a

AL Malix0io X & elements, Another matdx thereinafter referrgdda s o
suitably as quasi unit matrix) which corresponds to the unit matrix whose

elementor-elements of darechanged inta-anrielementarelementsi ef:0, @
further matrix (hereinafter referred to suitably as shift matrix) which

wosresponds tethestimit matiie of. gRasicunitmatfix:afteroit isycyditalyprity
shifted (cyclic shift), a still further matrix (hereinafter referred to suitably
@sesummaatrixy: of twe orenoresof the uUnit matrx pquasi unitimatkixreaid: 1z H
can be cbtained.
{0316}

FIG. 33 shows the conversion parity check matrix H’
of FIG. 22 wherein a space i1s provided between units of 5
*» 5 matrices.
[0317]

In FIG. 33, the conversion parity check matrix H’
is represented by a combination of a unii matrix of 5 x 5
elements, another matrix (hereinafter referred to
suitably as guasi unit matrix) which corresponds to the
unit matrix whose element or elements of 1 are changed
into an element or elements of 0, a further matrix
(hereinafter referred to suitably as shift matrix) which
corresponds to the unit matrix or guasi unit matrix after
it 1s cyclically shifted {cyclic shift), a =still further
matrix (hereinafter referred to suiltably as sum matrix)
of two or more of the unit matrix, guasli unit matrix and
shift matrix, and a {0 matrix of 5 x 5 elements,

[0318]

11¢



shift matrix, and a 0 matrix of 5 x 5 elements. [0318] 116 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. Therefor, the matrices of 5 x 5

elements which compose the conversion parity check matrix H' are
hereinafter referred to as component matrices. [0319] For decoding of an
LDPC code represented by a parity check matrix represented by a matrix

of P x P scompanents. an achitecure whigh caries out sheck node e

mathematica operation an variable nhode mathematica operation

Sipuitangously fosk: cheek pades,and Bovariable, npdes can-hg used,

[0320] FIG. 34 is a block diagram showing an example of a configuration

Pl pdecoding apparafus whigh; Garrigs o4t ;such deedingas lskna a 0
described. [03211 In particular, FIG. 34 shows an example of a

reonfiguration-of-a decoding apparatusavhich earriesoutadecasing of 5 x &
LDPC codes of the original parity check matrix H of FIG. 31 using the
gonversien patityicheakpose the conversion parity check matrix
B’ are hereinafter referred to as component matrices.
[0319]

For decoding of an LDPC code represented by a
parity check matrix represented by & matrix of P x P
components, an architecture which carries out check node
mathematical operation and variable node mathematical
cperation simultanecusly for P check nodes and P variable
nodes can be used.

(03201

FIG. 34 is a block diagram showing an example of a
configuration of a decoding apparatus which carries out
such decoding as Jjust described.

[(0321)

In particular, FIG. 24 shows an example of a
configuration of a decoding apparatus which carries out
decoding of LDPC codes cof the coriginal parity check
matrix H of FIG, 21 using the conversion parity check
matrix H' of FIG. 33 obtained by carrying out at least

the column replacement of the expressicon (9).
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matrix H' of FIG. 33 obtained by carrying out at least the column
replacement of the expression (9). 117 0322] 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 300, 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 30416, a
selector 305 for selecting the FIFOs 3041 to 304,8, a reception data
@gr%lgry 306 for storing reception information, a variable node calculation
ection 307, a decoded word calculation section 309, a reception data

re-arrangeme To] a decoded data reratr. t section. .
311, (0390 Firek a Sorge Tathod of Gaia it the aoge dats Storage 8

dnemoges 300.and.-304-1s described; [(0824] The edgedala starages 300,
memory 300 includes the six FIFOs 300- to 3006 the number of which is

£qual to-a cquatient whendbedow:numbee3¢ ofthe canversionparity a
check matrix H' of FIG. 33 is divided by the row number 5 of the
componentdnatrces. Eachoof the AIEOS 300y, (yi=wd, 2ycl By halsiart
plurality of stages of storage regions
circuits 303 and 308, an edge data storage memory 304
including 18 FIFOs 304; to 304.3, a selecteor 305 for
selecting the FIFOs 304, to 304,35, a reception data memory
306 for storing reception information, & varilable node
calculiation secticon 307, a deccded word cazlculation
section 309, & reception data re-arrangement section 310,
and a decoded data re-arrangement section 311.
[0323] i
First, a storage method of data into the edge data
storage memories 300 and 304 is described.
[0324]

The edge data storage memory 300 includes the six
FIFOs 306: to 3005 the number of which is equal to a
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. EZach c¢f the FIFOs 300, {(y = 1,
2, .., ©) has a piurality of stages of storage regions

such that messages corresponding to five edges whose

number is equal to the number of rows and the number of
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such that messages corresponding to five edges whose number is equal
to the number of rows and the number of 118 columns of the component
matrices can be read out from or written into the storage regions of each
stage at the same time. Further, the number of stages of the storage
regions of each FIFO 3001 is nine which is the maximum number of is
(Hamming weight) in the row direction of the conversion parity check
matrix of FIG. 33. [0325] In the FIFO 3001, data (messages v1 from

iabl ding to the positions. of t 1in, the fi
c:/g))aj;:atzﬁnes ”89e%%o%%ﬁ%‘r’cgﬁoér?%a‘r?ﬁ%%%%%%o”csa% he V%%ed 0, dhe st oy

rows of the conv matrix H' of FiG. 33 are stored

1 2-clased farm in-the Shorizontal digection i the,indiyidual. rows. (in the

form wherein O is ignored). In particular, if an element in the j row of the

dincolumnds represented as e i) dher in the storagesregions-at the dirstge
stage of the FIFO 300, data corresponding to the positions of the value 1
of dhe upit srateix of 5ox Selernents komils 1)1o£h, Skofithe canversion
parity check matrix H' are stored. In the storage regions at the second
rstage; datd dorrespandingotonthé giositions dftke valuedli oka shift, metrixhe

from (1, 21) to (5, 25) of the conversion parity check matrix H' (a shift
qpawﬁnﬁﬁ@megiwmgmngﬁ@ck matrix of FIG. 33.
[0325]

In the FIFC 300,, data (messages v:; from variable
nodes) corresponding to the positions of the value 1 in
the first to fifth rows of the conversion parilty check
matrix H’ of FIG. 33 are stored in cilosed form in the
horizontal direction in the individual rows (in the form
whefein 0 is ignored). In particular, 1f an element in
the 9§ row of the ith column is represented as (3, 1),
then in the storage regions at the first stage of the
FIFC 300:, data corresponding to the positions of the
vaiue 1 of the unit matrix of 5 » 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
shifting the unit matrix of 5 x 5 elements by three In

the rightward direction). Also in the storage regions at
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shifting the unit matrix of 5 x 5 elements by three in the rightward
direction) Also in the storage regions at 119 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 value 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 x 5 elements
with the value 0 and then cyclically shifting the unit matrix after the

SBS it ebt by CHH IhenSRABN aNEaord cre SiEd 0261 the

an!'éoc%%OtzeﬁdaJ?% coresponding fg the Pr?éiti%8§9££% yglug 1rf£%r§3t§ﬁeck

S|xtﬁ to tenth rows of the conversion parity check matrix H'" of Fl are

Siered, Ingparticslar, in the stprageregion.atthe first; stage.of the, HIFQ

3002, data corresponding to the positions of the value 1 of a first shift

aatgx which fopms a-swmimatrix from {6,c1) 10 £10,:5)f the conversione
parity check matrix H' (a sum matrix which is the sum of a first shift matrix

obtained by:cyglieallyx shifting theaunit matrix=gf Hx b elements by one i3 i on
the rightward direction and a second shift matrix obtained by

parity check matrix H’ (a shift matrix obtained by
replacing the value 1 in the first row of the unit matrix
of 5 x 5 elements with the value 0 and then cyclically
shifting the unit matrix after the replacement by one in
the leftward direction) are stored.

[0326]

In the FIFQ 300:, data cerresponding to the
positions of the value 1 from the sixth to tenth rows of
the conversion parity check matrix H of FIG. 33 are
stored. In particular, in the stcrage region at the first
stage of the FIFC 300;, data corresponding to the
positions of the value 1 of a first shift matrix which
forms a sum matrix from (6, 1) to (10, 5) of the
convarsion parity check matrix H’ (a sum matrix which is
the sum of 2 first shift matrix obtained by cyclically
shifting the unit matrix of b x 5 elements by one in the
rightward direction and a2 second shift matrix obtained by
cyclically shifting the unit matrix of 5 x 5 elements by

two in the rightward direction) are stored. Turther, in
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cyclically shifting the unit matrix of 5 x 5 elements by two in the rightward
direction) are stored. Further, in 120 the storage region at the second
stage, data corresponding to the positions of the value 1 of the second
shift matrix which forms the sum matrix from (6, 1) to (10, 5) of the
conversion parity check matrix H' are stored. [0327] 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
fﬁ%m S%mon\% a unit matrix Qf PxP elemegts avine%' thgav%/gight 1, aquasi

t rade. reqgion at ,the, seco a
unit ma?rlx ﬁlcﬁ c%rresponds to the unl?ma?rlx 0se one or more

elements having the valye i.are replaced with.0,and a shift matrix optained
lically shitti it matri | unit matri

y cycli ting the unit matrix or the quasi unit matrix, data

Louesponding.to the positions of the yalue L of the Unjt, matox, quasi ypit

matrix or shift matrix whose weight is 1 (messages corresponding to
edges belonging to the-unit JVatrix-quasi ynitmatrix-orshift matrix).are’

stored into the same address (same FIFO from among the FIFOs 3001
403006} [A328] Also in the storage regions at the third to ninth
[G327]

In particular, with regard tc a component matrix
whose weight is Z 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 guasli 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 unilt matrix, data
corresponding to the positions of the value 1 of the unit
matrix, quasi unit matrix or shift matrix whose welight is
1 (messages corresponding to edges belonging to the unit
matrix, quasi uﬁit matrix or shift matrixz) are stored
inte the same address (same FIFC from among the FIFOs 300,
to 3004).

(0328]

Also in the storage regions at tThe third to ninth

stages, data are stored in an associated relationship

with the conversion parity check matrix H'.
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stages, data are stored in an associated relationship with the conversion
parity check matrix H'. 121 [0329] Also the FIFOs 3003 to 3006 store data
in an associated relationship with the conversion parity check matrix H'.
[0330] The edge data storage memory 304 includes 18 FIFOs 3041 to
30413 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 304, (x= 1, 2, ..., 18) includes a plurality of stages of storage
régions, and messages corresponding to five edges the number of which

is equal 1o the nymberghrows,and the syymber gt colymns afthe ,

conversion parity check matrix H' can be read out from or written into the

slarage sregions-0t.each stage af the same time~[03311in the FIEQ 3041,

data corresponding to the positions of the value 1 from the first to fifth
cotumas of the conversion parity check matrix H' of FIG. 33 (messages
u, from the check nodes) are stored in a closed form in the vertical
diregtion in the individual columns

The edge data storage memory 304 includes 18 FIFOs
304, to 304,y the number of which is egual to the guotient
whern 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 304, (x =
1, 2, .., 18) includes a plurality of stages of storage
regionsg, and messages corresponding to five edges the
number of which is equal ﬁo the number of rowgland the
number of columns of the conversion parity check matrix
H' can be read out from or written into the storage
raglons of each stage at the same time.

[0331]

In the FIFQ 304,, data corresponding toc the
positions of the value 1 from the first to fifth columns
of the conversion parity check matrizx H' of FIG. 33
(messages u; 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
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(in the form wherein 0 is ignored). In particular, in the storage regions at

the first stage of the FIFO 3041, data 122 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 of a

first shift matrix which forms a sum matrix from (6, 1) to (10, 5) of the

vertical parity check matrix H' (a sum matrix which is the sum of a first

shift matrx obained by eyclically. shitng the unit matyixof 5 x 5 elemens
y one fo the rlahfand A second shift matfix obtaine ﬁy cyclically

Sffing the “S‘it@%”iéfér?éﬁ?se"%'ggﬁts By two ta the (Hghty are stargd.

Further, in the storage regions at the third stage, data corresponding to

dBg-positions qf the t\%"é%écﬂi the secand;shift matrix whigh forms the.

sum matrix from (6, 1) to (10, 5) of the vertical parity check matrix H'.
s0332]da pasticulars With regard; to-a,campongnt madrbe Whose-weightiisn

or more, where the component matrix is represented in the form of the

S io& phualionesfrom s amtengyva Unk matrix of PoeP elementsdaaving: the
weight 1, a quasi unit matrix which corresponds to the unit matrix

which feorms a sum matriz from (6, 1) to (10, 5) of the
vertical parity check matrix H' {a sum matrix which is
the sum of a first shift matrixzx cbtained by cyclically
shifting the unit matrix of 5 x 5 elements by one to the
right and a second shift matrix obtained by cyclically
shifting the unit matrix of 5 x 5 elements by two to the
right} are stored. Further, in the stcrage regions at the
third stage, data corresponding to the positions of the
value 1 of the second shift matrix which forms the sum

matrix from (6, 1) to {10, 5) of the vertical parity

check matrix H'.

In particular, with regard to a compcnent matrix
whose weight is 2 or more, where the compoenent 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,
& guasi 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
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whose one or more elements having the value 1 are replaced with 0 and a
shift matrix obtained by cyclically 123 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 3048) 03331 Also with regard to the storage regions at
SfNHe ffojgrth Q%defifghnstgq%qstdata are s%%rﬁelzd in an.assocjtated Mrel,ation%r%iégi)a

n Tne . 1 acrid o . S U LT 1X
ﬁ1e Sonversion parity chieck matrix B'. “Hie fumber olflstlages’of

c%%@@gpfgfgié?p(% prihe F %’éo%%@%% ilsﬁ% Which is,a. mx%‘m]%”?” %r?b%ﬂf}%f e«

number of | amming weight) in the row direction in the first to

£0lumns of theconversion payity. checkmatix H; (03341 Alsodhg HEOS ;o

3042 and 3043 store data in an associated relationship with the

comvetsion parity.checkpmatrdo B’ similaglycand eagh dengih {stagee unit
number) of the FIFOs 3042 and 304; is 5. Also the FIFOs 3044 to 30412
rgtereidgtadn apassociated: refatonship withthe.sconversian pagty-check

matrix H' similarly, and each

intce the same address (same FIFO from among the FIFOs 304,
to 304447 .

[0333]

Also with regard To the storage regions at the
fourth and fifth stages, data are stored in an associated
relaticnship with the conversion parity check matrix H'.
The number cf stages of the storags regions of the FIFC
304, is ; which 18 a maximum number of the @umber of 1s
{Hamming weight) in the row direction in the first to
f£ifth ccelumns of the conversion parity check matrix H'.
[G334]

Also the FIFCs 304, and 304; store data in an
assoclated relationship with the conversion parity check
matrix H' similarly, and each length {stage number) of
the FIFCs 204, and 304; is 5. Alsc the FIFOs 304, to 304,
store data in an asscociated relationship with the
conversion parity check matrix H' similarly, and each
length of tThe ¥FIF0s 204, to 304:; 18 3. Alsce the FIFCs

304,35 to 304,s store data in an associated relationship
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length of the FIFOs 3044 to 304.2 is 3. Also the FIFOs 30413 to 304,3
store data in an associated relationship 124 with the conversion parity
check matrix H' similarly, and each length of the FIFOs 304113 to 30416
is 2. [0335] Now, operation of the decoding apparatus of FIG. 34 is
described. [0336] 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 300; to 3006 in accordance with

Jnformation (Majrix data) D312 representing fo.which fow of the 21, and

conversion parity check matrix H' five messages Dill supplied from the

<cyglic shift.circuit 308 at the-preceging stagebelong.sThen, the five
messages D311 are stored collectively and in order into the selected
lE©s; Further, when data are to be read out, the edge data storage
memory 300 reads out five messages D3001 in order from the FIFO 3001
and supplies the five messages D300=tottie selector=301-ats thet FIG. 34
succeeding stage. After the reading out of the messages from the FIFO
1300jends; the@dge data storage memory 300 reads out the messages in
order also from the FIFOs 3302 to 3006 and supplies the read out
[Méssdges to

The edge data storage memory 300 includes the six
FIFOs 200; to 300, 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 308 at the preceding stage belong. Then,
the five messages D311 are stored collectively and In
order intc the selected FIF(0s. Further, when data are to
be read out, the edge data storage memory 300 reads out
five messages D300; in order from the FIFC 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 order also from the
FIFOs 330; to 300 and supplies the read out messages to

the selector 301.

[0337]



the selector 301. 0337] 125 The selector 301 selects the five messages
from that FIFO from which data are currently read out from among the
FIFOs 300 to 3006, in accordance with a select signal D301 and supplies
the five messages as messages D302 to the check node calculation
section 302. [0338] The check node calculation section 302 includes five
check node calculators 302, to 3025 and carries out the check node
mathematical operation in accordance with the expression (7) using the

messages D302 (D302, to, D3025) (messages v~ of the expression (7
suppliedT‘%ﬁer%?c}%%ﬁéfh @sé%?%%ﬁlggﬁeﬁ,]tﬁg check fiods 240

. %%U'%E’%S%%tﬁgon %%%éHpeﬂgeéa{;grmeéﬁ% e5,D303 (23035 to D3035)

messages u, of the expression obtained as a result of the check

J10de mathematical opeation, tosthe, cyclic shift.cireyit 303; 033¢] The ect
cycli¢ shift circuit 303 cyclically shifts the five messages D3031 to 3035

(determingd Dy thecheck npdescalenlation segtion 392 baged@hs sages
information (Matrix data) D305 regarding by what number of original unit
matrices the gorespondingedges are gyclically shifteen 302.

[0338]

The check node calculation section 302 includes
five check node calculators 302. to 302:; and carries out
the check node mathematical operation in accordance with
the expression (7) using the messages D30Z (D30Z; to
D302} (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 D3535) (messages us of the expression (7)) obtained as
a result of the check node mathematical operation to the
cyclic shift circult 303.

[033%]

The cyclic shift circuit 303 cyclically shifts the
five messages D303; to 3035 determined by the check node
calculation secticn 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 to the edge
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in the conversion parity check matrix H', and supplies a result of the cyclic
shift as a message D304 to the edge 126 data storage memory 304.
0340] 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 FIFO5 304~ to 304 8 in 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
dC|rc:U|t 303 at the recedln Eage belong and collectively stores the five
messages 5%84 i ordef m? the selected FIFO. On the other hand, when
e to be read out, the edge data storage memory 304 reads out

five méssages D3061 in order from the FIFO 304, and supplies the

messages, D306 1o the seleqtor30s ahthe, syceeeding siage. Aftes the ros
reading out of data from the FIFO 3041 ends, the edge data storage

Joemary 304aeadsowt messagesHn order-alse figsmthe, FIFOSs 3042tas =
30418 and supplies the messages to the selector 305. [0341] The
sefector305 selects thetfiveamessagesfremdhe cFiE frommwhichtdata
are currently read out from among the FIFOs 3041 to 30418 in
BCEOrdaice; with adselect sigratcordance 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 belong
and collectively stores the five messages D304 in order
intce the selected FIFO. On the other hand, when data are
to be read out, the edge data storage memory 304 reads
out five messages D306, in order frcom the FIFC 304, and
supplies the messages D306: to the selector 305 at the
succeeding stage. After the reading out of data from the
FIFC 304; ends, the edge data storage memory 304 reads out
messages 1n order also from the FIFOs 304, to 304;s and
supplies the messages to the selector 305.
(03417

The selector 305 selects the five messages from the
FIFO from which data are currently read out from among
the FIFOs 304; to 304.5 1in accordance with a select signal

D307 and supplies the selected messages as messages D308

to the variable node calculation section 307 and the
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D307 and supplies the selected messages as messages D308 to the
variable node calculation section 307 and the 127 decoded word
calculation section 309. [0342] 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
communication path and supplies the re-arranged LDPC code D313 as
reception data D314 to the reception data memory 306. The reception

data memory 306 qaﬁate; and stores a r%ceé)tion LLR (logarithmic
AefASod Fatioy foh the Feception Hata D314 supplied thereto from the

{Sg%g{ion data re- arrangement section 310 and collects and supplies
every “five ones of the reception LLRs as reception values D309 to the

variable 88‘3'%9@'0?‘4_%%‘%}‘ $egtion 307.and the degoded word calculation
343[ T iable’

section 309. 0 e variable node calculation section. 307 includes

dive variable, node calculatars 307, 103045 and cafdes: outvariable node

mathematical operation in accordance with the expression (1) using the
MaessagesH308, (308; 40 3088 {messages uref the-expressien £k) ).opC

supplied thereto through the selector 305 and the five reception values
code D313 received through a communication 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 likelihood ratio) from the reception data
D314 supplied thereto from the reception data re-
arrangement sectioﬁ 310 and collects and suppliss every
five ones of the reception LLRs as reception values D308
to the variable node calculation section 307 and the
decoded word calculation section 309.

[(0343]

The variable node calculation section 307 includes
five variable node calculators 307, to 307: and carries
out wvariable node mathematical operation in accordance
with the expression (1) using the messages D308 (308, to
308s) (messages u: of the expression (1)) suppliied thereto
through the selector 305 and the five reception values

D309 (reception values ug of the expression (l}) supplied

thereto from the reception data memcry 306. Then, the
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D309 (reception values u3 of the expression (1) ) supplied thereto from
the reception data memory 306. Then, the 128 variable node calculation
section 307 supplies messages D310 (D3011 to D3105) (messages v. of
the expression (1) obtained as a result of the mathematical operation to
the cyclic shift circuit 308. [0344] The cyclic shift circuit 308 cyclically
shifts messages D310, to D3105 calculated by the variable node
calculation section 307 based on information regarding by what number

of original unit matrices the corresponding edge.Is ¢ clicall shlfted in the
Cohversién Pafify K nigtrix B, 2 an%sg)ppl?gé?a re%ﬁﬁ’o%é jg7Ies

e &ydiic

mess 311 to ] the e data storg age m (1)
Efgi'@S gsjsggrryﬁﬂg ouit tﬁe sequence %opejratlons descrgig gg\%? -
ggm@gn necycle of an L DRG code .can e carried out, Inthe, ¢ tne
ecoding apparatus of FIG. 34, after an LDPC code is decoded by a

%@@tgrrg}n@tm@b@@pg times, a final decoding result is determined by
e decoded word calculation section 309 and the decoded data

re-arangement section 311 and then outputted. [0346] In particular, the
decoded word calculation section

The cyclic shift circuit 308 cyclically shifts
messages D310, to D310s calculated by the variable node
calculation secticn 307 based on information regarding by
what number of original unit matrices the corresponding
edge is cyclically shifted in the ceonversion parity check
matrix H', and supplies a result of the cyclic shifting
as a message D311 to the edge data storage memory 300.
[0345]

By carrying out the seguence of operations
described above, decoding in one cycle of an LDPC code
can be carried out. In the decoding apparatus of FIG. 34,
after an LDPC code is decoded by a predetermined numper
of times, a final decoding result 1s determined by the
decoded word calculation section 309 and the decocded data
re-arrangement section 311 and then outputted.

[0346]
In particular, the decoded word calculation section

309 includes five decoded word calculators 309 to 3089

and acts as & final stage in a plurality of cycles of
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309 includes five decoded word calculators 309 to 3095 and acts as a
final stage in a plurality of cycles of 129 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 D309
(reception values no, of the expression (5)) outputted from the reception
data memory 306. Then, the decoded word calculation section 309

D '%e%&e%gd%%9@&Q§é5a°b&%i989%§1§rfeggﬁ tW%deC@é%g%fi%@&hein

data re-arrangement section 0347] The decoded data

de-atangement:section 311 carres ;ouf revarse feplacement to the

column replacement of the expression (9) for the decoded data D315

rSupplied thereto from the degoded yvord galelation sectiony 3094o re-
arrange the order of the decoded data D315 and outputs the re-arranged

Secoded data D315 as.agecodingrestlt 1316 40348;As descrined the
above, by applying one or both of row replacement and column

feplacement ta arparityl checko Métrix {ergnalparity £heek matrix) fo the
convert the

expression (5)) outputted from the reception data memory
306. Then, the decoded word calculation section 309

supplies decoded data D315 obtained as a result of the

calculation to the decoded data re-arrangement section

The decoded data re-arrangement section 311 carries
out reverse replacement to the column replacement of the
expression (9) for the decoded data D315 supplied thereto
from the decoded word calculation secticon 309 to re-
arrange the order of the decoded data D315 and outputs

the re-arranged decoded data D315 as a decoding result

[0348]

As described above, by applying cone or both of row
replacement and column replacement tce a parity check
matrix (criginal parity check matrix) to convert the
parity check matrix into a parity check matrix

{conversion parity check matrix) which can be represented
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parity check matrix into a parity check matrix (conversion parity check
matrix) which can be represented 130 by a combination of a unit matrix of
P x P elements, a quasi unit matrix which corresponds to the unit matrix
whose element or elements of 1 are changed into an element or elements
of 0, a shift matrix which corresponds to the unit matrix or quasi unit
matrix after itis cyclically shifted, a sum matrix of two or more of the unit
matrix, quasi unit matrix and shift matrix, and a 0 matrix of P x P elements
as described above, it becomes possible to adfop% fg(r lPDIZ code

Sdecbditg B "Architécttire Whith ¢arfias ouf check ndde matiérmaticl =

operation and variable node mathematical operation ﬁimultanceoIHg%for P
. H ¥ i
Bk rotlos A VarAb hodes "Eokeanonty. by eatimg i e

Jiodle. mathematical operafion simultaneously for, Bnades; jtis pegsible to

suppress the operation frequency within an implementable range to carry

Qut LDRC decoding.. [0349] The LRPC decoding:sectiond6-which

composes the reception apparatus 12 of FIG. 29 carries out check node
dnathematicaboperation angd:variable-nade mathematical: epetationx after

simultaneously for P check nodes and P variable nodes to carry out
LDRE degoding=simjlady igthel, = sum matrix of two or more of
the unit matrix, guasi unit matrix and shift matrix, and
a 0 matrix of P x P elements as described abcove, it
becomes possible to adopt for LDPC code decoding an
architecture which carries out check node mathematical
operation and variable node mathematical operation
simultaneously for P check nodes and P variable ncdes.
Consequently, by carrying out the node mathematical
operation simultanecusly for P nodes, 1t is possible to
suppress the operation freguency within an implementable
range to carry out LDPC decoding.

[0349]

The LDPC decoding section 56 which composes the
reception apparatus 12 of FIG. 29 carries ocut 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 cof TIG. 34.

103507
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decoding apparatus of FIG. 34. [0350] 131 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+gx+y+lth
code bit to the position of the K+Py+x+lth code bit with the information
length K> 2ePm60, SHitthe drit ESlufiirHtinDer B of te Aydiid| Striicture

set to 5 and with the devisor q (= M/P) of the parity length M t .E[(?351
CERTE tRis Parity ?%rletg%/ee (léjogrre"lst nds %6 1fhélp %o urin ?é"pl%%e%ﬁ%en of the"

S350 (9, 1he LRPC, decoding secton 56 nscehnatcay ut e

mn “replacement of the expression erefore, in'the

JsgeRun.apparatus, 12 0f E1G 29, 80 LDRG code forawbieh pafity s, for
deinterleave has not been carried out, that is, an LDPC code in a state
whereinthe-ne parity check matrix H wherein the parity
matrix has a stalrcase 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+rgx+y+ith code bit to the position
of the K+Py+x+ith code bit with the information length K
set to 60, with the unit column number P of the cycli
structure set to 5 and with the devisor g (= M/P) c¢f the
parity length M to 6.

0351]

Since this parity interleave corresponds tc the
column replacement of the expression (9), the LDPC
decoding section 56 need not carry out the column
replacement of the expression {(9).

(03527

Therefore, in the reception apparatus 12 of FIG. 289,
an LDPC code for which parity deinterleave has not been
carried ocut, that is, an LDPC code in a state wherein the
column replacement of the expression (9) is carried out,

is supplied from the column twist deinterleaver 55 to the
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column replacement of the expression (9) is carried out, is supplied from
the column twist deinterleaver 55 to the 132 LDPC decoding section 56
as described above. The LDPC decoding 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.
[0353] In particular, FIG. 35 shows an example of a configuration of the
LDPC decoding section 56 of FIG. 29. 0354] Referring to FIG. 35, the

PC decoding section. 56 is configured similarly ta that of the decoding
L pbarAts o1 o 0k BXeRptifal e Easpton duik e arrangoment

d%%°§@£n%1038f %'§%n34sié not mvgge%&edg%r&eessgqtngr%ﬁﬁﬁg@iE@JJar

to that of'the decoding apparatus of FIG. 34 except that the column

creplacement of the. Lxpression (9).s not carriedoutsTherefergy tnat the
description of the LDPC decoding section 56 is omitted herein. [0355]

Singerthe LDPC desoding sectien 56;candke sonfiguredwithautdacludiag
the reception data re- arrangement section 310 as described above, it can
e reduced in scale in comparison with the decoding

03531

In particular, FIG. 35 shows an example of a
configuration of the LDPC decoding sectlon 56 of FIG. Z9.
[0354]

Referring to FIG. 35, the LDPC decoding section 56
is configured sgsimilarly 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. 34 except that the column replacement of the
expression (9) is not carried out. Therefore, description
of the LDPC decoding section 56 is omitted herein.

[0355]

Since the LDPC decoding secticn 56 can be
configured without including the reception data re-
arrangement section 310 as described above, it can be
reduced in scale in comparison with the decoding

apparatus of FIG. 34.

[035¢]
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apparatus of FIG. 34. [0356] 133 It is to be noted that, while, in FIGS. 31
to 35, itis assumed that the code length N of the LDPC code is 90; the
information length K is 60; the unit column number P (row number and
column number of a component matrix) of the cyclic structure is 5; and
the devisor g (= M/P) of the parity length M is 6, for simplified description,
the code length N, information length K, unit column number P of the
cyclic structure and the devisor q (= M/P) are not individually limited to the

specific values given above. [0357] In par ar while the, DPC enco
section 2T ihThé traRSntissh érfriap §rta’tussf ?FIéHS F(t)%fp%’[s an E

code wherein, f re ample thec de | e 480 »the jpformation,
Y&ngth |2IS Kim ﬁ @ @ the %nlt colomin num lgoft e c“ycﬁ:é’aég Le

qgg;m%%fg §§9xa\{‘adt£*?6 deyisgrq is;M/E, the. '—Q'ﬁ@ %999”190%%&&9” o6

own in IG 35 can be applied also where LDPC decoding is carried

2ut-by,cagrying gut the check nodeJnathematical opsration-ang the.n«
variable node mathematical operation simultaneously for P check nodes
@R varigble-nedes in1 kegasd 1o such aniLDPG code asijustdescsibeds
(= 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.

(03571}

In particular, while the LDPC encoding section Z1
in the transmission apparatus 11 of FIG. & oulputs an
L.DPC code wherein, for example, the code length N is
64,800, the information length K is N - Pg (= N - M), the
unit column number P of the c¢yclic structure is 360 and
the devisor g is M/P, the LDPC decoding section b& shown
in FIG. 35 can be applied also where LDPC deccding is
carried out by carrying out the check node mathematical
operation and the variable node mathematical operation
simultaneously for P check nodes and P variable nodes in
regard to such an LDPC code as just described.

[0358]

While the series of processes described above can
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[0358] While the series of processes described above can 134 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. [0359] FIG. 36 shows an example of a configuration of an
embodiment of a computer into which a program for executing the series
of processes described hereinabove is installed. [0360] The program can

be recorded in advance on a hard disk 405 or ina ROM 403 as a
HBcoA iy AN BUIT 1Y 01 compulér (D361] OF 16 ¥ograre sk b ¥

Stored (recor %‘%'%rta‘i:"l*]ﬁ?éa”@f?{é’ermﬁzsg%g%‘géé” %e%‘%é@@ed by
S C

record?r;:ge medium 4 Uch as a flexibl isk, a CD-ROM (Compact Di

£ead Only Memary), an MQ. (Magnel Qptical)dis¢,.a DMD (Digital -

Versatile Disc), a magnetic disc or a semiconductor memory. Such a
femoyablerecording medivm: 411 asjust.described candeprovidediasce .

so-called package software.
[0359]

FIG. 36 shows an example of a conflguration of an
embodiment of a computer intc which a program for
executiﬁg the series of processes described hereinabove
is installed.

[0360]

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.

[0361]

r, the program can be stored {(reccrded)
temporarily or permanently on or in a removable reccrding
medium 4131 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.

[0362]

It is to be noted that the program not only can be
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[0362] It is to be noted that the program not only can be 135 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
site through an artificial satellite for digital satellite broadcasting or
transferred to the computer by wire communication,thro;gqh a netgvloik

IGhrds 81 AN (Pocf Ared NETRGHG Bt the Gitahet {03631 THE compiitdr

has a CPU (Central Processing Unit) 402 built therein. An input/output
rtstfac eﬂdaigoggnﬁ“en&gd%cg %&8%%‘%&2 b%/) a uasifﬁl,“a%rgﬁgn

i}*f%é% tion §s inputted to the CPY 402 through the, inputioytput interface.

when an inputting section 407 "configured from a keyboard, a mouse,

,A.microphone and 50, forth is operatediby a yser-arin:a like case, the
CPU 402 executes the program stored in the ROM (Read Only Memory)

403, Q15 the-CBY 4Q2 loads aprogramstoredon theard disk40% @ gram
program transferred from a satellite
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.
[0363]

The computer has a CPU (Central Processing Unit)
402 built thegein, An input/output interface 410 1s
connected to the CPU 402 by a bus 401, and if an
instruction is inputted tco the CPU 402 through the
input/output interface 410 when an inputting section 407
configured from a kevboard, a mouse, a microphone and so
forth is operated by a user or in a like case, the CPU
A02 executes the program stored in the ROM (Read Only
Memory) 403. Or, 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 sectiocn 408

and installed in the hard disk 405 or a program read out
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or a network, received by the communication section 408 and installed in
the hard disk 405 or a program read out 136 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 out by the
configuration of the block diagram described hereinabove. Then, the CPU

402 outputs a result of the_processing from an opfputting section 406 .
fro l!LIZtREE ‘C?D]iflqaf: éi&%téq@[s?l&m He EO%&@& rlll dh’lve

I;:emova
configured from™ an splay), a speaker and so fort

And transmits the progessing,resylt fram.the, communication segion408.

through the input/output interface 410 or records the processing result on

ihe hardwdisk 405 aspecasiondemands, [0364] Hergnthe presedtyuent1y,

specification, processing steps which describe the program for causing
the computer; te.garry ut varoys prosesses;need netnecessaslyben the

processed in a time series in accordance with the order described as a
flovwchart but iekideithose processes 4o cherexectitead fxpakallebar-ied
individually (for example, parallel processes or processes by an object).
40365y the configuration of the block diagram described
hereinabove. Then, the CPU 402 outputs a result of the
processing from an cutputting section 406 configured from
an LCD (Liguid Crystal Display), a speaker and so forth
and transmits the processing result from the
communication secticn 408 through the input/output
interface 410 or records the processing result on the
hard disk 405 as occasion demands.

[0364]

Here, in the present specification, processing
steps which describe the program for causing the computer
to carry out various processes need noi necessarily be
processed in a time series 1n 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).

[0365]

Further, the program may be processed by a single

computer or may be processed by distributed processing by
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Further, the program may be processed by a single computer or may be
processed by distributed processing by 137 a plurality of computers.
Further, the program may be transferred to and executed by a computer
at a remote place. 0366] 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 various manners without departing
from the subject matter of the present invention. [0367] In particular,
while, in the present embodiment, parity. interleave and column twist
dntetiehie Hsta fe- arraygenient process are Car?i}éa Ut IS &R LBPE &6de
Breseribed in DYB-5.2, the parity Interleaye can be. applied lo an kRAC
codé ot d parity check matfix whose informatior matrix does not have a
gg% structure if the parity matrix has a staircase structure. Meanwhile,
e column twist interleave as the re-arrangement process can be applied
@lsg o 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-LDPE: code{QG;Quasi-Cyclicl.and se ferthhwhere the entirgne

%

present invention is not limited to the specific
embodiment described hereinabove but may be altered in
various manners without departing from the subject matter
of the present invention.

[0367]

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
prascribed in DVB-3.2, the parity interleave can be
applied to an LDPC code of a parity check matrix whose
information matrixz does not have a cyclic structure 1f
the parity matrix has a stalrcase structure. Meanwhile,
the column twist interleave as the re-arrangement process
can be applied also to the LDPC code ¢f 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 sc forth where the entire
parity check matrix has a cyclic structure.

[0368]
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parity check matrix has a cyclic structure. [0368] 138 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. 0369] 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. [0370] It is to

be noted fhat oply: L {5yngeessan for ihe Je-AraNgEment process Bhat iy

can re-arrange code bits of an LDP-- code su at a plurality of code

Jits-coprespanding to,fhe-valugdsingluded in pperarbitrany, rowsefthec
parity check matrix are not included in the same symbol and can be
Garhied out by amethod-other than the columnstwistinterleavednhas =

particular, the re- arrangement process may be carried out by using not
dheimemary Sirfar storiagwdata én the:eelumn directionsaneli the IOwt the
direction but, for example, a memory for storing data only in one direction
xﬂﬁb@mﬁnjﬁﬁgtheamﬁmehas a cyclic structure.

[0369]

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,

[0370]

It is to be noted that only it is necessary for the
re-arrangement process that it can re-arrange code bits
of an LDPC code such that a plurality of code bits
corresponding to the value 1 included in one arbitrary
row of the parity check matrix are not included in the
same gymbol and can be carried ocut by a method other than
the column twist interlesave. In particular, the re-
arrangement process may be carried cut by uslng not the
memory 31 for steoring data in the column directicn 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.

[(0371]
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address and the read address of the memory. [0371] 139 Now, a process
for LDPC encoding by the LDP'_ encoding section 21 of the transmission
apparatus 11 is described further. [0372] 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. [0373] 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 enzé)dir%lrat%?;m, 1/3,
215, 112,181 2/3, BIA 478 S 516°And 819 aré praschibed Y0374] The LDPC

encodin sectiq;_mn,21c rries out.encoding_ (error.correction encodin in_g
el_rﬁlgg;f%esseo%‘tﬁé)ndl?r @] L{Zhﬁé \_;_aIgSI(llSSZLOD aé)ﬁiaeﬁ%ﬁgg 91 g

cod erent encoding rates whose co N is

C164 §99b%'55 or.16.200 bits in accordance with a parity check matrix H
grgpared for e%ch code length N and for each encoding rate. 0375]

[0372]

For example, in the DVB-85.2Z standard, LDPC encoding
of the two different code lengths N of 64,800 bits and
16,200 bits are prescribed.

[0373]

and, for the LDPC code whose code length N 1s
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 bkits, the
10 enceding rates 1/4, 1/3, 2/5, 1/2, 3/%5, 2/3, 3/4, 4/5,
5/6 and 8/9 are prescribed.

(03741

The LDPC encoding section 21 carries out encoding
(error correction encoding) into LDPC codes of the
different encoding rates whose code length N is 64,800
bits or 16,200 bits in accordance with a parity check
matrix H prepared for each code length N and for each
encoding rate.

[0375]
In particular, the LDPC encoding section 21 stores

a parity check matrix initial value table hereinafter
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In particular, the LDPC encoding section 21 stores a parity check matrix
initial value table hereinafter 140 described for producing a parity check
matrix H for each code length N and for each encoding rate. [0376] 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.
Y379 Aetbrdigly ArRerethedrahshfission apparatus d tis“anlapparafis
which carries out processing in compliance, with the DVB-S.2 standard,
Parity CREEK mathidinitial ValGé & I??%%‘ffﬁaﬁ?al@acﬁresponding to the 11
gbfg?@t encoding rates for the LDPC code whose code length N is

4,800 bits and parity check matrix initial value tables individually

correspopding tojthe 40, different encadingates forghe LDPG code 1,
whose code length N is 16,200 bits are stored in the LDPC encoding
sgetion 23:[0378] code lengths N of 64,800 bits and 16,200
»its are prescribed as described hereinabove, and the 11
gifferent encoding rates are prescribed for the LDPC code
whose code length N is 64,800 bits and The 10 different
enceding rates are prescribed for the LDPC code whose
code length N 1s 16,200 kits.
(03771

Accordingly, where the transmission apparatus 11 is
an apparatus which carries out processing in compliancs
with The DVB-25.2 standard, parity check matrix initial
value tables individually corresponding to the 11
different encoding rates for the LDPC code whose code
length N is 64,800 bits and parity check matrix initial
value tables individually corresponding to the 10
different encoding rates for the LDPC code whose code
length N is 16,200 bits are stored in the LDPC sncoding
section Z1.
[G378)

The LDPC encoding secticn 21 sets a code length N

and an encoding rate r for LDPC codes, for example, in
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The LDPC encoding section 21 sets a code length N and an encoding
rate r for LDPC codes, for example, in 141 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. [0379] 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 Hy correspondi an
SO En Tength K (2 N Z-cote. Tontih 0 - pafy engtiity o 0 e

N°°££e<§99§9i”69gt8 the set gade length.N;and.the setencoding rate r in a

period of 360 columns (unit column number P of the cyclic structure) in

dhe column direction, 1o produee a parity check matrix i +[0380 Thens the

LDPC encoding section 21 extracts information bits for the information
dength K from, ohject data which-are; an objeet of-transmission:: S

image data or sound data supplied from the transmission apparatus 11.
Fwytheer, the LDPC encoding section 21 calculates parity bits

corresponding to the information bits based on the parity check matrix H

to produtea LDPC encoding section 21 places, based con 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 Ha
corresponding to an infermation length X (= 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 {(unilt column number P of the cycliclstructure) in
the column direction to produce a parity check matrix H.
[0380C]

Then, the LDPC encoding section 21 extracts
information bits for the informaticn length K from object
data which are an object of transmission such as image
data or sound data supplied from the transmission
apparatus 11. TFurther, the LDPC encoding section 21
calculates parity bits corresponding to the information
bits based cn the parity check matrix H to produce a

codewcrd (LDPC code) for one code length.
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codeword (LDPC code) for one code length. [03811 142 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. [0382] HcT = 0 [0383] Here, in the expression above, ¢
indicates a row vector as the codeword (LDPC code), and c' indicates
inversion of the row vector c. 0384] Where, from within the row vector c as
an LDPC code (one codeword), a portion corresponding to the
information bits is represented by a row vector A and a portion

corresponding 5 the Fary bits iereprESertBd B4 Fow V/ettdr™T, the row

t ted b [ = [AlI", f th
VRGO S48 i ation BIS AR 18 Tow VERlor ¥ 54 06 A it

Eg03;85_] M%%r%wgike, ﬁ&% gﬁ%}gf%%%g%c%h%agg.l—(%:ag %’?- é%grege@tg , from the

information matrix code bits of the LDPC code which
f@ﬂ?éggﬂ%t%gﬁ%ession.
(0282
He' = 0
(038371

Here, in the expression above, ¢ indicates a row
vector as the codeword (LDPC code), and ¢t indicates
inversion cof the row vector c.

[0384]

Where, from within the row vector ¢ as an LDPC code
{one codeword), a portiop corresponding to t?@
information bits i1s 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 ¢ = [A|T] from the row vector A as the
information bits and the row vector T as the parity bits.
rosgs]

Meanwhile, tThe parity check matrix H can be
represented, from the information matrix Hp of those of
the code bits of the LDPC code which correspond to the
information bits and the parity matrix Hy of those of the

code bits of the LDPC ccde which correspend to the parity
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information bits and the parity matrix HT of those of the code bits of the
LDPC code which correspond to the parity 143 bits by an expression H =
[HAIHT] (matrix wherein the elements of the information matrix HA are
elements on the left side and the elements of the parity matrix HT are
elements on the right side). [0386] Further, for example, in the DVB-S.2
standard, the parity check matrix HT of the parity check matrix H =
[HAIHT] has a staircase structure. [0387] It is necessary for the parity
check matrix H and the row vector ¢ = [AIT] as an LDPC code to satisfy
k& Sexpredsiof 1T Bt ahd wierethe barity TRatFik:H T of #fet pafifie
check matrix H = [HAIHT] has a staircase structure, the row vector T as
ety Bits which-Ednfigtres T row vettor c= TaIre Which S3fishes the “7©

lz%gessm HcT = Qh%aré e ngelj[learsmlngd ggguentl&lll by set;[tlng(t

1

e
emenits of %ﬁgh FOW t6 Z8T0 1h Grder beglnnﬁ]agrﬁl H the elementd i “the
first row_of the column vector HcT in the expression HcT = 0. [0388) If the
?_%gé%%séoa%g%e%ti”éﬁgz%dgula?r%iﬂés a parity bit T for an information bit

ﬁﬁ@%q it outputs a

Further, for sxample, in the DVB-85.2 standard, thes
parity check matrix H. of the parity check matriz H =
[Ha|H»] has a staircase structure.
ro3e7]

It is necessary for the parity check matrix H and
the row vector ¢ = [A|T] as an LDPC code to satisfy the
expression Hc” = (¢, and where the parity matrix Hr of the
pariiy check matrix H = [ﬁguﬁj has a stalrcase structure,
the row vectcer T as parity bits which configures the row
vector ¢ = [A|T] which satisfies the expression He” = 0
can be determined sequentilially by setting the elements of
each row to zero in order beginning with the elements in
the first row of the column vector Hc' in the expression
HeT = 0.

[0388)

If the LDPC encoding section 21 determines a parity
bit T for an information bit A, then it outputs a
codeword o = [A|T] represented by the information bit A

and the parity bit T as an LDPC encoding result of the
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codeword c = [AIT] represented by the information bit A and the parity bit
T as an LDPC encoding result of the 144 information bit A. [0389] As
described above, the LDPC encoding section 21 stores the parity check
matrix initial value tables corresponding 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 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.
Y396 Eath parity- check matrix initial value table is a table which
ﬁgresents the position of elements of the value 1 of the information

@i?( HA corresponding to the information length K corresponding to the

code 'engthx%ggggfg %gncgdix'}‘fg rate r.of the L DE &S?gﬁﬁ?fé'%%%?g 21

check matri code defiried by the parity check matrix H

Lvery. 360 rows (unit column.pumber. P.of the periodic, structure); and is

produced in advance for a parity check matrix H for'each code length N
and-each, encodingratek [03%L 1engths 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.

[0390]

Each parity check matrix initial value table is a
table which represents the position cof elements of the
value 1 of the information matrix Hy corresponding to the
information length K corresponding to the code length N
and the encoding rate r of the LDPC code cof the parity
check matrizx 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.

[0391]
FIGS. 37 to 82 illustrate the parity check matrix

initial value tables for producing various parity check
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FIGS. 37 to 82 illustrate the parity check matrix initial value tables for
producing various parity check 145 matrices H including parity check
matrix initial value tables prescribed in the DVB-S.2 standard. [0392] In
particular, FIG. 37 shows the parity check matrix initial value table for a
parity check matrix H prescribed in the DVB-S.2 standard and having a
code length N of 16,200 bits and an encoding rate r of 2/3. 0393] FIGS.
38 to 40 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
RFCH-S6 Bits'Ard s eheoding rate FEES7S. B34 is to'be Aotetthat
FIG, 39 is a view continuing. from FIG. 38 and FIG. 40,is a view
CRtiRGING o FIES 39 [0395] FIG® 41" shows e Hatity check matrix
Hr@l%@é alue table for a parity check matrix H prescribed in the DVB- S.2
standard and having a code length N of 1.6,200 bits and an encoding rate

rOfshLEQ§%§irticulaz, 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.
[0393]

FIGS. 38 tTo 40 show the parity check matrix initial
value table for a pariity 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 2/3.

[03941

It is to be noted that FIG. 39 is a view continuing
from FIG. 28 and FIG. 40 is a view continuing from FIG.
39.

[0395]

FIG. 41 shows the parity check matrix initial walue
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 3/4.

(03967
FIGS. 42 to 45 show the parity check matrix initial

value table for a parity check matrix H prescribed in the
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FIGS. 42 to 45 show the parity check matrix initial value table for a parity
check matrix H prescribed in the 146 DVB-S.2 standard and having a
code length N of 64,800 bits and an encoding rate r of 3/4. [0397] Itis 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. [0398] FIG. 46 shows the parity check matrix initial value table
for a parity check matrix H prescribed in the DVB- S.2 standard and
having a code length N of 16,200 bits and an encoding rate r of 4/5.

HBosTEIGS aﬁ*fi?o*go 3R6WRE Pafity e mathGinitial valuethwid for a

arlty check matrix H prescrlbecd in the DV 4S 2 standard and having a
de [ehgth'N oe?%ﬁoéiddl%lé and an 8nco ing rate r of 4/5. [0400] Itis to
gted that FIG. 48 is a view continuing from FIG. 47 and FIG. 49 is a
iew continuing from FIG. 48. Further, FIG. 50 is a view continuing from

FIG. 49.1[0401] EIG: 1 shows the parit;eheck mnatixinifialyalue n i nuing

from FIG. 42 and FIG. 44 is a view continuing from FIG.
43. Further, FIG. 45 is a view continuing from FIG. 44.
[6398]

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.

[0399]

FIGS. 47 fto 50 show the parity check mat;ix initial
value table for a parity check matrix H prescribed in the
DVBE-8.2 standard and having a code length N of €4,800
bits and an encoding rate r of 4/5.

[0400]

It is to be noted that FIG. 48 is a view continuing
from FIG. 47 and FIG. 4% 1s a view continuing from FIG.
48. Further, FIG. 50 is a view continuing froﬁ FIG. 49.
[0401]

FIG. 51 shows the parity check matrixz initial value
table for a parity check matrix H prescribed in the DVB~-

.2 standard and having a code length N of 16,200 bits
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table for a parity check matrix H prescribed in the DVB- S.2 standard and
having a code length N of 16,200 bits 147 and an encoding rate r of 5/6.
[0402] 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. 0403] It is to
be noted that FIG. 53 is a view continuing from FIG. 52 and FIG. 54 is a
view continuing from FT_G. 53. Further, FIG. 55 is a view continuing from
FIG. 54. 0404] FIG. 56 shows the parity check matrix initial value table
F6fla Parity eReck Matii-a p?e@écrib%&in the DVB- S.2 standard and
having a code length N of 16,200 bits and an encoding rate r of 8/9.
(95]JFIGS. 57 to 60 show the parity check matrix initial value table for a

parity chgg}égatgé I—épre%grig%%in ;Ct'ﬁ:e DVI_Br-lSiZ s%a}glda d and havin CI
code leng of 64, 00 ‘bits"and"an encgalng rate T O 9%166flt IS 10
vbaelrgl%tegayg%telzlgdESSaispaa\g@élycocprgng%at rix 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.

[0403]

It is tTo be noted that FIE. 53 is a view continuing
from FIG. 52 and FIG. 54 1s a view continuing from FIG,
53. Further, FIG. 5b is a view continuing from FIG. 54.
(04047

FIG. 56 shows the parity check matrix initial wvalus
table for a parity check mat;ix H prescribed 1n @he DVE~
S.2 standard and having a ccde length N of 16,200 bits
and an encoding rate r of 8/9.

[0405]

FIGS. 57 te 60 show the parity check matrix initial
value table for a parity check matrix H prescribed in ths
DVB-5.2 standard and having a code length N of 64,800
bits and an encoding rate v of 8/9.

[0406]
It is to be noted that FIG. 58 is a view continuing

from FIG. 57 and FIG. 5% is a view continuing from

FIG. 58. Further, FIG. 60 is a view continuing from FIG.
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from FIG. 57 and FIG. 59 is a view continuing from FIG. 58. Further, FIG.
60 is a view continuing from FIG. 148 59. 0407] 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. [0408] It is to be noted that FIG. 62 is
a view continuing from FIG. 61 and FIG. 63 is a view continuing from FIG.
62. Further, FIG. 64 is a view continuing from FIG. 63. [0409] FIGS. 65
nd 66 show the parity check matrix initial value table for a parity check
atrix H prescribed in the DVB-S.2 standard and having a code length N
@‘ 617300 bits and an encoding rate r of 1/4. [0410] It is to be noted that
IG. 66 is a view continuing from FIG. 65. [0411] FIGS. 67 and 68 show

the parity.check mattix initiaLyalue table for g parity check matix,H s n i ¢ a1
value table for a parity check matrix H prescribed in the
DVBE-S.2 gtandard and having a code length N of 64,800
bits and an encoding rate r of 9/10.

[c408]

It is to be noted that FIG. 62 is a view continuing
from FIG. 61 and FIG. 63 is & view continuing from
FIG. 62. Further, FIG. 64 1s a view continuing from
FIG. 63.

[0409]

FIQS. 65 and €6 show iﬁg parity check matrix
initial value table for a parity check matrix H
prescribed in the DVB-5.2 standard and having a code
ilength N of 64,800 bits and an encoding rate r of 1/4.
[0410]

It is to be noted that FIG. 66 is a view continuing
from FIG. ©5.

(04111

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.
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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. 149 [0412] It is to be noted that FIG. 68
is a view continuing from FIG. 67. [0413] 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. [0414] It is to be noted that FIG. 70 is a view
continuing from FIG. 69. [0415] FIGS. 71 to 73 show the parity check
matrix initial value table for a parity check matrix H prescribed in the
B\B<S.2 standard and having a code length N of 64,800 bits and an
encoding rate r of 1/2. [0416] It is to be noted that FIG. 72 is a view

continuintg- frofn FIG>71 ANd¥IG: 731is Aview Eontifuing from FIGT72R2+ne

i[(})_ﬁ%%ﬂ?]ﬁé%&&{ to 76 show the parity check matrix initial

(04132}

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.
(64147

It is to bz noted that FIG. 70 is a view continuing
from FIG. £69.

[0415]

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.

[041¢6]
It is to ke noted that FIG. 72 is a view continuing
from FIG. 71 and FIG. 732 1is a view continulng from
F1G. 72.
041713

FIGS. 74 to 76 show the parity check matrix initial
value table for a parity check matrix H prescribed in the

DVB-5.Z2 standard and having a code length N of 64,800
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value table for a parity check matrix H prescribed in the DVB-S.2
standard and having a code length N of 64,800 150 bits and an encoding
rate r of 3/5. [0418] 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. [0419] FIG. 77
shows the parity check matrix initial value table for a parity check matrix
H prescribed in the DVB- S.2 standard and having a code length N of
16,200 bits and an encoding rate r of 1/4. [0420] FIG. 78 shows the parity
check matrix initial value table for a parity check matrix H prescribed in
thé DVBLS 2rstaRcad dnt Kalifig’a éodedléngth N of 16,200 bits and an
encoding rate r of 1/3. [0421] FIG. 79 shows the parity check matrix initial
VAU’ table for a parity check matrix H prescribed in the DVB- S.2

standard and having a code 'Length N of 16,200 bits and an encoding .
rate r of 2/5. {0427] Fi&. @8%%§W§hﬁié e ? Inuing

pariy check Mattix initial value
from FIG. 74 and FIG. 76 1ls a view continuing from FIG.
75.
[0419]

FIG. 77 shows the parity check matrix initial wvalue
table for a parity check matrix H prescribed in the DVB-
5.2 standard and having a code length N of 16,200 bits
and an encoding rate r of 1/4.

[0420]

FIG. 78 shows the parity check matrix initial value
table for a parity check matrix H prescribed in the DVBE-
$.2 standard and having a code l@ﬁgth N of 1¢,200 bits
and an encoding rate r of 1/3.

(04217

FIG. 79 shows the parity check matrix initial wvalue
table for a parity check matrix H prescribed in the DVB-
$.2 standard and having a code length N of 16,200 bits

and an encoding rate r of 2/5.

FIG. 80 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
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table for a parity check matrix H prescribed in the DVB- S.2 standard and
having a code length N of 16,200 bits 151 and an encoding rate r of 1/2.
[0423] FIG. 81 shows the parity check matrix initial value table for a parity
check matrix H prescribed in the DVB- S.2 standard and having a code
length N of 16,200 bits and an encoding rate r of 3/5. [0424] 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,

a\@{gicglg:a nQS 538 in place of the P%ity check matrix initial value table of
FIG. 81. 0425¥The LDPC encoding section 21 of the transmission

@ppadatus 11 determines a parity check matrix H in the following manner
'using the parity check matrix initial value tables. 0426] In particular, FIG.

83 illustrates. a method for deterpining @ pariy gheek matrix Fhiffama value
parity check matrix initial value table. [0427]

table for & parity check matrix H prescribed in the DVB=-
S.2 standard and having a code length N of 16,200 bits
and an enceding rate r of 3/5.

[0424]

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
e used in place of the parity check matrix initial value
table of FIG. 81.

[0425]

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.

[G426]

In particular, FIG. 83 illustrates a method for
determining a parity check matrix H from a parity check
matrix initial valus table.

(04271
It is to be noted that the parity check matrix

initial wvalue table of FIG. 83 indicates the parity check
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It is to be noted that the parity check matrix initial value table of FIG. 83
indicates the parity check 152 matrix initial value table for a parity check
matrix H prescribed in the DVB-S.2 standard and having a code length N
of 16,200 bits and an encoding rate r of 2/3 shown in FIG. 37. [0428] 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
NEGHiThTis (ot every URit ESluRfPREMbeF P oP e dytlie SBtétUTe); ahd iR
the first row of the arlt check matrix injtial value table, a number of row

Hﬁﬁﬁﬁeﬂsbétceléﬁeh ofthE Valie T i BP T E3603(L I ‘dbfurnn Gt the

parlt ck [,jnat 0 mbe where the ow number of the first.row
ity check t it ) he s

“of tHe ‘parity éhec atrix H-is equ%t?toet ehumBber 6 coldmn wéights

WhICh the 1,—; Ox( 1)th column has. [0429] Here, it is assumed that the
parlty matrix Hm o the parity check matrix H corresponding to the parity
ﬂgq@t@ N has a staircase structure and is determined in

Az 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 leﬁgth N and the encoding rate r of the LDPC
code for every 360 columns {(for every unlt column number
P of the cyclic structure), and in the first row of the
parity check matrix initial value table, & number of row
numbers of elements of the value 1 in the 1+360x{(i-1)th
column of the parity check matrix H (row numbers where
the row number of the first row of the parity check
matrix H 18 0) squal to the number of column welghts
which the 1+3c0x{i-1)th coclumn has.

[0429]

Here, it is assumed that the parity matrix Hy of
the parity check matrix H corresponding to the parity
length M has a staircase structure and is determined in
advance. According to the parity check matrix initial

value table, the information matrix Hp corresponding to
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advance. According to the parity check matrix initial value table, the
information matrix HA corresponding to 153 the information length K from
within the parity check matrix H is determined. 0430] The row number k+1
of the parity check matrix initial value table differs depending upon the
information length K. [0431] 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. [0432] K = (k + 1) x 360 [0433] Here,
360 in the expression above is the unit column number P of the cyclic
Strtictdte CORSA1Athe Pagity checkhnatrikiinflialvalte tase %)?YFIéES%}? 13
numerical values are listed in the first to third rows, and three numerical
NAfdesare listed mhET 1t to k+Ith (in FIG. 83, 30th) rows. [0435]
f%cﬁf%qingly, the number of column weights in the

The row number k+l of the parity check matrix
initial wvalue table differs depending upon the
information length K.

[0431]

The information length K and the row number k+l of
the parity check matrix initial wvalue table satisfy a
relationship given by the following expression.

[0432]

[0433] ‘

Here, 360 in the expression above 1s the unit
column number P c¢f the cyclic structure.
(04347

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 1in the
fourth to k+1lth (in FIG. 83, 30th) rows.
[0435]

Accordingly, the number of column weights in the
parity check matrix H determined from the parity check

matrix initial value table of FIG. 82 is 13 in the first
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parity check matrix H determined from. the parity check matrix initial
value table of FIG. 83 is 13 in the first 154 to 1+360x(3-1)-Ith rows but is 3
in the 1+360x(3-1)th to Kth rows. [0436] 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 row numbers of 0, 2084, 1613, 1548, 1286, 1460, 3196, 4297,

2481, 3369, 3451, 4620 and 2622 have the value 1 (and besides _the
Sthéit diefiehts havé e VAR 01 6437 Medrwhils the $888rd rdw of the

I'J\gtarity check matrix initial value table of FIG. 83 includes 1, 122, 1516,

448" 2880, 1407, 1847, 3799, 3529, 373, 971, 4358 and 3108, and this

@Qiggﬁes that, in the 361st (_ 1+360x(2-1)th) column of the parity check
atrix'H, the elements in rows of the row numbers of 1, 122, 1546, 3448,

2880, 1407, 1847,3799,,3528. 343, 2£1.,4358.4nd 3108 have the yalug1.
[0438] As given above, the parity check maifrix initial

value table of FIG. 83 includes (@, 2084, 1613, 1548, 128¢,
146G, 3196, 4297, 2481, 3369, 3451, 4620 and 2622, and
this indicates that, in the first column of the parity
check matrix H, the elements in rows of the row numbers

of 0, 2084, 1613, 1548, 1286, 1460, 319%¢, 4297, 2481,

3369, 3451, 4620 and 2622 have the value 1 {and besides
the other elements have the value 0).

[0437]

Meanwhile, the second row of the parity check
matrix initial wvalue table of FIG. 83 includes 1, 122,
1hile, 3448, 2880, 1407, 1847, 3799, 3529, 373, 971? 4358
and 3108, and this indicates that, in the 36lst (=
1+360x (2-1)th) column of the parity check matrix H, the
elements In rows of the row numbers of 1, 122, 1546, 3448,
2880, 1407, 1847, 3799, 3529, 273, 971, 4358 and 3108
have the value 1.

[0438]

As gilven above, the parity check matrix initial

value table represents the position of elements of the

value 1 of the information matrix Hy of the parity check
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value table represents the position of elements of the value 1 of the
information matrix HA of the parity check 155 matrix H for every 360
columns. [04391 Each of the columns of the parity check matrix H other
than the 1+360x(1-1)th column, that is, each of the columns from
2+360x(i-I)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- I)th column which depend upon the parity check matrix initial
value table periodically in the downward direction (in the downward
rehirection of five celvuawi) i Chccordanteswith the parity length M. [0440] In
articular, for example, the 2+360x(i-l)th column is a column obtained by
glichlly shifting the 1+360x(1-1)th column in the downward direction by

M/360 = q), and the next 3+360x(41-1 )th is a column obtained by |
cyclically"&tiftingithe 5 380X colunthifn #Her downward dirkétidn By 2

SN 2 X e oxcenty it e il st g,
columneg from 2+360x(1i-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 wvalue table periodically in the downward
direction {in the downward direction of the column) in
accordance with the parity length M.
(04407

In particular, for example, the 2+360x(1~1)th
column is a column obtalned by cyclically shifting the
14360x (i-1)th column in the downward direction by M/360
(= ¢), and the next 3+360x(i-1)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) in the downward direction by M/360
(= aqj.
[0441]

Now, 1f it is assumed that the numeral value in the

tth column (jth froem the left) in the ith row (ith row
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Now, if it is assumed that the numeral value in the jth column (jth from the
left) in the ith row (ith row 156 from above) of the parity check matrix
initial value table is represented by b ,j and the row number of the jth
element of the value 1 in the wth column of the parity check matrix H is
represented by H,-j, then the row number Hw_; of the element of the
value 1 in the wth column which is a column other than the 1+360x(i-)th
column of the parity check matrix H can be determined in accordance
with the following expression. 0442; Hw_j = mod{h,j + mod ((w-1) , P) x
MY [B293F Hére, Modl(R 5T Sighiffes e ferainderwhen x is divided by y.
[04441 Meanwhile, P is a unit number of columns of the cyclic structure |, |
tischibed heFEinabove Shd & f&ri'éxﬁﬁw%lé‘:*?ﬁtﬁeob\%%%&aﬁda%@ 1th

360, Furver e yelue W60 obiained by didig hepery lengih

&) 11
y~ the tnit column number P of the cyclic structure.

G sfieoding %?Cltign%l_p%%%%fﬁeée@eggwgp_ur,nb@ﬁ&f]t%glemtmber
the value T'in the 1+360x(i- ’
Hy-4 of the element of the wvalue 1 in the wth column which
igs 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.
[0442]

Hy.y = mod{hi 5 + mod{{w-1),P) x g,M}
[0443]

Here, mod(x,y) gignifies a remainder when x 1is
divided by v.
(04447

Meanwhile, P is a unit number of columns of the
cyclic structure described hereinabove and is, for
example, in the DVB-8.2 standard, 360. Further, g is a
value M/360 obtained by dividing the parity length M by
the unit column number P (= 360) of the cyclic structure,
(04457

The LDPC encoding sectilon 21 specifies the row
number of the elements of the value 1 in the 1+360x{i-
1yth column of the parity check matrix H from the parilty

check matrix initial value table.
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1)th column of the parity check matrix H from the parity check matrix
initial value table. 157 0446] Further, the LDPC encoding section 21
determines the row number Hw_j of the element of the value 1 in the wth
column which is a column other than the 1+360x(1 1)th column of the
parity check matrix H and produces a parity check matrix H in which the
elements of the row numbers obtained by the foregoing have the value 1.
0447] Now, variations of the method of replacement of code bits of an
LDPC code in the replacement process by the replacement section 32 of
kHé temultiplexer 25 in the transmission apparatus 11, that is, of the
allocation pattern (hereinafter referred to as bit allocation pattern) of code
bits of art Eﬁﬁﬁ?codéaﬁd%@%o%ﬁgd@b%s%ﬁatﬁ%%f% b6l &t e

escribed. 0448 In the de plex? 25, the cgde bits of the LPPC cqrge
S wiritten'; H%HS oftirin %lrec ion of the memory ]é]fe thlclrlf“stores%rl

RS e o o e Tt .
5%ﬂgﬁﬁQg%“HWQXSa%@gpeéﬁg@%eﬁg@£§§C%NE%%r%@@%%%es a parity
check matrix ¥ in which the elements of the row numbers
obtained by the foregoing have the wvalue 1.

[0447]

Now, wvariations 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
transmissgion apparatus 11, that is, of the allocation
pattern (hereinafter referred to as b?t allocation
pattern) of code bits of an LDPC code and symbol bits
representative of a symbol, are described.

[0448]

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)} = {(mb) bits in the column direction
x row direction. Thereafter, the code bits are read out
in & unit of mb bits in the row direction. Further, in
the demultiplexer 25, the replacement secticn 32 replaces
the mb code bits read ocut in the row direction of the

memory 31 and determines the code bits after the



the mb code bits read out in the row direction of the memory 31 and
determines the code bits after the 158 replacement as mb symbol bits of
(successive) b symbols. 0449; In particular, 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 b, and
determines the i+lth bit from the most significant bit of the mb symbol bits
of the b (successive) symbols as the symbol bity , and then replaces the
mb code bits b0 to bm, 1 in accordance with a predetermined bit ;
LidcafiG patte i 0480T E1t8 84 Shdws &h ekaHipi& OF 4 Bit'allocatBR S -
;pﬁt%n 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 ' h lati ' .and t Iltiple b
4 1. 10450) Wierd (v LDPC Gode & 4 LDLC code whoSe code length

MNis.64,800 bits,and;whose gncoding rate s 5/6,0r U410 and hesidesthe ¢

modulation method is 4096QAM and the multiple b is 1, in the
demultiplexer25, the cedeDits written-in the-menary 31-for stafing:- e

(64,800/(12 x 1)) x

memory 31 as the code bit bh: and determines the i+lth bit
from the most significant bit of the mb symbol bits of
the b (successive) symbols as the symbol bit yi, and then
replaces the mb cede bits by to bpe-: in accordance with a
predetermined bit allocation pattern.

[G450]

FIG. 84 shows an example of a bit allioccation
pattern which can be adopted where the-LDPC code 1g an
LDPC code whose code length N is 64,800 bits and whose
encoding rate i1s 5/6 or 9/10 and besides the modulation
method is 4096QAM and the multiple b is 1.
(04517

Where the LDPC code 1s an LDPC code whose code
length N is 64,800 bits and whose encoding rate is 5/¢ or
9/10 and besides the modulation method is 40960AM and the
multiple b is 1, in the demultiplexer 25, the ccde 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 cut in a unit of 12 x 1 {= mb) bits in the row



(12 x 1) bits in the column direction x row direction are read out in a unit
of 12 x | (= mb) bits in the row 159 direction and supplied to the
replacement section 32. 0452] The replacement section 32 replaces 12 x
1 (= mb) code bits bo to b11 such that the 12 x 1 (= mb) code bits no to
b1l to be read out from the memory 31 may be allocated to the 12 x 1 (=
mb) symbol bits yo to y11 of one (= b) symbol as seen in FIG. 84. [0453]
In particular, according to FIG. 84, the replacement section 32 carries out,

Wlth regard to b%th of a;p LDPC code havmggthe encodln rate of 5 é@ and
Cltode awrPgp e encodlng Faté of fl%ef}lgrrﬁ arﬁoﬁ:g 1Bp

[Cﬁ)gg"f having the code length N of 64,800 bits, replacement for allocating
e code bit bo to the symbol bit y8, the code bit b-, to the symbol bit yo,

the code-LD2 Lo the.gyphel BILYS, fhe cade.bit b3 10.the Symbpl bit
the code bit b4 to the symbol bit y4, the code bit b5 to the symbol bit y;,

dbgcode-hit bS te the, Symbolibity, + the-codezbitb7 to thesymbelhit 3.t
by to by to be read ocut from the memory 31 may be
allocated to the 12 = 1 (= mb) symbol kits yo to vy of
one (= b) symbol as seen in FIG. 84.

[0453]

In particular, according to FIG. 84, the
replacement section 32 carries out, with regard to both
of an LDPC code having the encoding rate of 5/6 and an
LDPC code having the encoding rate of £/10 from among
wLDPC codes having t?e code length N of 64,800 bits,
replacement for allocating

the code bit by to the symbol bit ysg,

the code kit b; tc the symbol bit yg,

the code bhit h; tc the symbol bit ye,

the code bit bz to the symbol bilt v,

the code kit bs to the symbol bit vy,

the code it bs te the gsymbol bit vs,

the code bit by tc the symbol bit vy,

the code bit by to the symbol kit v,

the code it by to the svmbol bit vyq,

the code bit bs to the symbol bit vio,
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the code bit b8 to the symbol bit y7, the code bit bG to the symbol bity
1o, 160 the code bit blO to the symbol bit yl,, and the code bit bl to the
symbol bit y9. 0454] FIG. 85 shows an example of a bit allocation pattern
which can be adopted where the LDPC code is an LDPC code whose
code length N is 64,800 bits and whose encoding rate is 5/6 or 9/10 and
besides the modulation method is 4096QAM and the multiple b is 2.
0455] 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
modulatioremethitid is 409BQAM ahlithe VmBIiplech s 2in thiend
demultiplexer 25, the code bits written in the memory 31 for storing
(64,800/L1Z x2YF% (2% D) bifstn tHé cBNRTdiréetion® row direction are
read out in a unit of 12 x 2 (= mb) bits in the row direction and supplied to
Etplé?ir%@placement section 32. [0456] The replacement section 32 replaces

12x2 (= %b})J %Qde bits bo to b23 suc@ethat hg ]g.>%2(flmk%)a%ode bits
e

bo to b23 rtéaérb%‘ﬁro?nnth%x%%ory may be aflocated to the 12 x

5%%%@%%5%%%%%bgixoﬁ%y§§é§ted where the LDPC code is an
LDPC code whose code length N is 64,800 bits and whose
encoding rate 1s 5/6 or 9/10 and besides the modulation
method 1s 40%6QAM and the multiple b is Z.

[0455]

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 4086QAM and the
@ultiple b is 2, in the demultiplexer 25, the code bits
written in the memory 31 for storing (64,800/(12 x 2)) x
{12 x 2) bits in the column direction x row direction are
read out in 2 unit of 12 x 2 (= mb) bits in the row
direction and supplied to the replacement section 3Z.
[0456]

The replacement =zection 32 replaces 12 = 2 (= mb]
code bits by to ks such that the 12 = 2 (= mb} code bits
by to by to be read out from the memory 31 may be
allocated to the 12 x 2 (= mb; symbol bits vy to vz of
two {= b} successive symbols as seen in FIG. B8O,

(0457}



two (= b) successive symbols as seen in FIG. 85. [0457]' 61 In
particular, according to FIG. 85, the replacement section 32 carries out,
with regard to both of an LDPC code having the encoding rate of 5/6 and
an LDPC code having the encoding rate of 9/10 from among LDPC
codes having the code length N of 64,800 bits, replacement for allocating
the code bit bo to the symbol bit y8, the code bit b2 to the symbol bit yo,
the code bit b4 to the symbol bit y6, the code bit b6 to the symbol bit y1,
the code bit b8 to the symbol bit y4, the code bit b10 to the symbol bit y;,

the codé Bit B3 td the 8ymbaFbit y3 - Me £6dé bit 61330 thé"Symbol bit
e3, Jmtheecoedrt?tbit glﬁ to the3 rgggjlrbig3 ~, {[l%e coquERit b%B to éhe%gymgg!n
%lpyfﬁ fﬁe code bit b20 to he syml%o%bl?y I_, fiie Code Bit b 2. 6 the
e SR PSR 2 ol bR e
ﬁﬁ%éyHEE%bH&@§mg the encoding rate of 9/10 from among
LDPC codes having the code length N of 64,800 bits,
replacement for allocating

the code bit by to the symboel bilt va,

the code kit b; te the symbol bit ye,

the code bit by to the symbol bit ve,

the code bit bg to the symbol bit vy,

the code kit by to the symbol blt v,

the code bit bjp to the symbol bit vys,

the code bit biz to the symbol bit v,

the code bit bis to the symbol bit vs,

the code bit big to the symbol bit v,

the code bit big to the symbcel bit vig,

the code bit bz to the symbol bit viz,

the code bit by to the symbol bit v,

the code bit by to the symbkol bit vig

the code bit b; to the symbol bit viz,

the code bit by to the symbol bit vis,

the cods bit by to the symbol bit vyis,

the code bit bg to the symbol it vie,

the code bit by to the symbol bit viq,
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the code bit bg to the symbol bit y16, the code bit b11 to the symbol bit
y17, 162 the code bit b13 to the symbol bit yly, the code bit b15 to the
symbol bit y15, the code bit b17 to the symbol bit y19, the code bit b19 to
the symbol bit y22, the code bit b2, to the symbol bit y23, and the code bit
b23 to the symbol bit y31. [0458] 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, ..., b22 to the symbol bits y _and the allocation of the b b3, ..., b23 to
the symb&IShitsdiaré simikir to- the"AfocatiGR of thé ‘cod bits bo to bi, to
the symbol bits y] of FIG. 84. [0459] FIG. 86 shows an example of a bit

allocatiohfaftéfwhich cat beadopted Whdhe the modtilation method is

1024QAM and the LDPC code, is an LDPC code whose code length N is
16,200 bits and’ \f'l\/eﬁos}géL t(_S,n%:)(]ﬂiirt{'gﬁ) gﬁg?s 5}/1“%&6 (\ggr]B 9414 besides the

multiple b,is Z%agggv@%ge Jhe {r&%d%§g%rpemoid |\§ 1024QAM and

the LDPC code’is an” LDPC code whose tode length N'i§ 64,800 bits and

whose the code it bz to the svmbol bit ves;, and
the code bit bz to the symbol bhit va.
[0458]

Here, the bit allccatlion pattern of FIG. 8E&
utilizes the bit allocation pattern of FIG. 84 wherein
the multiple b i1s 1 without any modification. In
particular, the allocation of the code bits by, bz, .., b
to the syvmbol bits y: and the allocation of the by, bi, ..,
by to the symbol bits vy are similar to t@e allocation of
the code bits by to b to the symbol bits vy, of FIG. 84.
[0459]

FIG. 86 shows an example of a bit allocation
pattern which can be adopted where the modulation method
is 1024CAM and the LDPC code 1is an LDPC code whose code
length N is 16,200 bits and whose encoding rate 1s 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 W is 64,800 bits and whose
encoding length is 3/4, 5/6 or 9/10 and besides the

multiple b is 2.
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encoding length is 3/4, 5/6 or 9/10 and besides the multiple b is 2. 163
0460] Where the LDPC code is an LDPC code whose code length N is
16,200 bits and whose encoding rate is 3/4, 5/6 or 8/9 and the modulation
method is 1024QAM and besides the multiple b is 2, in the demultiplexer
25, the code bits written in the memory 31 for storing (16,200/(10 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. [0461] On the other hand, where the LDPC code is an LDPC
codlewhose 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 Blig2eintthe derfltipleier 25, e E6HE bite Writtehds thesode

memory 31 for storing (64,800/(10 x 2)) x (10 x 2) bits in the column
‘restion X réw difectioh dré réad bt iR BRit SBFAU % 29=RbFoitSinthé -

row direction and supplied to the replacement section 32. [0462] The

FéH1acement sebfion 35 rBflateS 1o X hbyc +° 1024WAM 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 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.

[0461]

On the other hand, where the LDPC code 1s an LDPEC
code whose code length_N is 64,800 bits anq 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
demultiplexer 25, the code bits written in the memory 31
for storing (64,800/(10 = 2)) x (10 = 2Z) bits in the
column direction x row direction are read cut in a unit
of 10 x 2 (= mb) bits in the row direction and supplied
to the replacement section 32.

[0462]

The replacement section 32 replaces 10 x Z (= mb)

code bits by to bie such that the 10 x 2 (= nmbk) code bits

by to bis to be read out from the memory 31 may be

[
(o)



code bits bo to b19 such that the 10 x 2 (= mb) code bits bo to b19 to be
read out from the memory 31 may be 164 allocated to the 10 x 2 (= mb)
symbol bits yo to ywg of two (= b) successive symbols as seen in FIG. 86.
[0463] 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 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
Faleoob3dILDPCE6des’ having theEncodiiitrate bf 5/ and LDPC:c6des
having a further encoding rate of 9/10 from among LDPC codes having
affothéer dodesefighsRiote45800) téflagémeRefor “alldcating Re code bit
bo to the symbol bit y3, the code bit bl to the symbol bit y3, the code bit
HAtothe symbol bit y7, the code bit b3 to the symbol bit ylo, the code bit

b4 to the_symbol bit ,_the code bit b5 to th bgl.bit y4, the code bit
b6 to the" yrﬁﬁgltbjit%lé]l%ﬁfe &ode’bi %?%%ﬁeeg)?ﬁgo bit yéhe

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 §/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 %/10 from among LDPC codes
having another code length N of €4,800, replacement for
allocating

the code bit by to the symbol bit yg,

the code it b: Lo The symbol bit vs,

the code bit b; to the symbol bit vy,

the code bit b: to the symbol bit vio,

the code bit by to the symbol bit via,

the code bit bs to the symbol bit v,

the code bit bg to the symbol bit ve,

the code bit by to the symbel bit s,

the code bit bg to the symbol kit viq,

the code bit by to the symbol bit ve,
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the code bit bo to the symbol bit y17, the code bit bg to the symbol bit y6,
165 the code bit b10 to the symbol bit y14, the code bit b1,1 to the
symbol bit y11, the code bit b12 to the symbol bit y2, the code bit b23 to
the symbol bit yi8, the code bit b14 to the symbol bit y16, the code bit
b15 to the symbol bit y15, the code bit b16 to the symbol bit yo, the code
bit b17 to the symbol bit yi, the code bit b18 to the symbol bit y13, and the
code bit big to the symbol bit y12. 10464] FIG. 87 shows an example of a
bit allocation pattern which can be adopted where the modulation method
is 4096QAM andibed DPC,code isar LHR® cddé whose: code length N
is 16,200 bits and whose encoding rate is 5/6 or 8/9 and besides the
multiple blis:2 andkalso Where the wicdutatiohomethidd i$:4096QAM and
the LDPC code is an LDPC code whose code length N is 64,800 bits and
whose enecadirerateistsBior 9P10-fd BEsTIes the muftiple b is 2.
(0465] Where the LDPC code is an LDPC code Whose code

he code bit bz to the symbol bit vis,
the code bit by to the symbol bit yie,
the code bit b:s To the symbol bit vyis,
the code bit bis to the symbol bit vy,

the code bit bi; to the symbol bit

=

the code bit Iye te the symbol bit vis, and

the code bit big To the symbol bi

¢t
B
.
e

104647

FIG. 87 shows an example of a bit allocaticn
pattern which can be adopted where the modulation method
is 40960AM and the LDPC code 1s an LDPEC code whose code
length N is 16,200 bits and whose encoding rate is 5/6 or
8/9 and besides the multiple b i1s 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 ¢/10 and besides the multiple b
is 2.
[0465]

Where the LDPC code 1s an LDPC code whose code

length N ig 16,200 bits and whose encoding rate is 5/6 or

2/9 and the modulation method is 4096QAM and besides the
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length N is 16,200 bits and whose encoding rate is 5/6 or 8/9 and the
modulation method is 4096QAM and besides the 166 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. [0466] On the other hand, where the LDPC
code is an LDPC code whose code length N is 64,800 bits and whose
encodln rate is 5/6 or 9/10 and the modulation method is 4096QAM and

fhe"muffipte b i€22 SR EhESHEhtiplexEr 55 2the ddife it Rrifter
th 31 for st 6 /(12 X 2 12 lum
RO ron eI rEhe SR s (S 10 2 2 o) B i an.
di d lied tot t tion 32. [Q467
oy recion sl o Teleemeniseone BTN ..

fthatihg 12 % 2 (= mh) bits,to he read oyt from the,memary @ﬁé“%x?e
allocated to the 12 x 2 (= mb) symbol bits yo to y23 of two (= b
Ssuccessive symbols asseen iR FlGn87 0468k ement section 32.
(04606 ]

On the other hand, where the LDPC code is an LDPC
code whose code length N 1s 64,800 bits and whose
encoding rate is 5/6 or 9/10 and the mcdulastion method is
40960AM and besides the multiple b i1s 2, in the
demultiplexer 25, the code bits written in the memory 31
for storing (€4,800/{12 x 2)) » {12 = Z) bits in the
column direction x row direction are read out in a unit
of 12 = 2 {= mb}) bits in the row direction and supplied
£o the replacement section 32.

[0467]

The replacement section 32 replaces 12 x 2 (= mb)
code bits by to b such that the 12 x 2 (= mbh) bitgs to be
read out from the memory 31 may be allocated to the 12 x
2 {= mb) symbol bits yp; to vz; of two (= b) successive
symbols as seen in FIG. 87.

[0468]
In particular, according to FIG., 87, the

replacement section 32 carries out, with regard to all of
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In particular, according to FIG. 87, the replacement section 32 carries out,
with regard to all of 167 the LDPC codes having the encoding rate of 5/6
and LDPC codes having the encoding rate of 8/9 from among LDPC
codes having the code length of 16,200 bits as well as LDPC codes
having the encoding 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 bo to the symbol bit y,0,
the code bit b1 to the symbol bity,, the code bit b2 to the symbol bit y4,
tthe codeitbd!tostheasymigol thity, 01 thel tode bitthd toithé synot bitDPC
Y21, the code bit b5 to the symbol bit y16, the code bit b6 to the symbol
duitp23, heelcatlecbie b7 e tve symbekkit 918 8 the dodenbitbgte th&FC
symbol bity," the code bit b9 to the symbol bit y,4, the code bit blo to the
yAfsol bitiay theodedsit BEN G- the“symitsol %@t%o ithe cotleit-b12 %o

the symbol bit y6, the code bit b13 to the symbol b|tg/17 the code bit b,4
%8%ﬁe§9§ﬁ@|ﬁﬁy1§g the encoding rate of and LDBEC 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 be to the ayvmbol Rit vig,

the code bit by to the symbol bit vis,

the code bit b: to the symbol Dif v,

the code bit bz to the symbol bit yis,

the code bit by to the asymbol kit vai,

the code bit bs to the symbol bit vie,

the code bit bs to the symbol bit vyas,

the code bit by to the symbol bit vig,

the code bit b te the symbol bit v,

I..J
+

the code bit bg to the symbol bit via,
the code bit byy to the symbol bit vyao,
the code bit by to the symbol bit ys,
the code bit by to the symbol bit v,
the code bit bis to the symbol bit yiv,
the code bit bz te the symbol bit vis,

the code bit by to the symbol bit vyag,

the code bit big to the symbol bit vy,
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the code bit b15 to the symbol bit y20, the code bit b15 to the symbol bit
yl, 168 the code bit b17 to the symbol bit y3, the code bit b18 to the
symbol bit y5, the code bit b19 to the symbol bit yz, the code bit b20 to
the symbol bit y7, the code bit b21 to the symbol bit ye, the code bit b22
to the symbol bit y12, and the code bit y23 to the symbol bit yo. [0469]
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 to errors can be set to a desired
performance withsegard to.all of tHapluralkinds 6fL LDPC codes. [0470]
In particular, FIGS. 88 to 91 illustrates results of simulations of the BER
(Bit Errof Ratér\Whereld replaéémehfprocess is Earfiedout in accordance
with the bit allocation patterns of FIGS. 84 to 87. [0471] It is to be noted
that, in FIB%. 8846 d1l the exis of dbsciosE 8 presthts’Er/NO (signal

ower to noise power . .
b the c g@ Dit by to the symbol bit yq,

the code bit by to the symbol bit ys,

the code bit by to the symbol bit yip, and

the code bit ves to the symbol bit yg.
[0469]

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 cof LDPC codes, and
besides, the tolerance to errors can be seft to a desired
performance with regard to_all of the plural kipds of
LDPC codes.
r0470]

In particular, FIGS. 88 to 91 illustrates results
of simulations of the BER (Bit Error Rate) where a
replacement process is carried out in accordance with Lhe
bit allocation patterns of FIGS. 84 to 87.
1047171

It is to be noted that, in FIGS. 88 to 91, the axis
of abscissa represents E;/Ny {signal power to noise power
ratio per cne symbol) and the axis of ordinate represents

the BER.
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ratio per one symbol) and the axis of ordinate represents the BER. 169
[0472] 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.
0473] 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
Eég?gﬁ 9/10 adopting 4096QAM as the modulation method and setting

€ multiple b to 1. [0474] FIG. 89 illustrates the BER where a

replacemelt, pracess i acqo/dance withthe bitalocation paitern ofeFiC.

85 is carried out for LDPC codes whose code length N is 64,800 an

Wwhose encading, rale is, 5/6,and 9610 adopting,4096QAM as-thean,
modulation method and setting the multiple b to 2. [0475] It is to be noted

Ahat i E1GS.188 and-89, argraph chaving ardangaemark applied thereto
represents the

where a replacement process is not carried out.
[0473]

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 9/1C
adopting 40960AM as the modulation method and setting the
nultiple b to 1.

104747

FIG. 89 illustrates tThe BER where a replacement
process in accordance with the bit allocation pattern of
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 4096QAM as the modulation method and setting the
multipie b to 2.

(047

w

]

It is to be noted that, in FIGS. 88 and 89, a graph
having & triangular mark applied thereto represents the
BER regarding the LDPC code having the encoding rate of

5/6, and & graph having an asterisk applied thereto
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BER regarding the LDPC code having the encoding rate of 5/6, and a
graph having an asterisk applied thereto 170 represents the BER
regarding the LDPC code having the encoding rate of 9/10. [0476] FIG.
90 illustrates the BER where a replacement process in accordance with
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 1024QAN as the modulation method and
rsettireg thetmuttipte B8 2r 04771 1ds T belrotéd BRitsintBIGL DY, Ahe
graph having an asterisk applied thereto represents the BER regarding
The 2DPT code having’thecode length N of 64,800 and the encoding rate
of 9/10, and a graph having an upwardly directed triangular mark applied
théretd represents the BER regarding the LDPC codes having the code

et N 4 90 3 e oo e LSl Fuher A gaph oo
ﬁ%ﬁg%%ﬂ?%%ﬂ%%%%¥é§ﬂgg1%fﬁhG%égogg@tQ?f%EQQE%HGSaQEé%h 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 Z.
[6477]

It is to be noted that, in FIG. %0, a graph having
an asterisk applied thereto represents the BER regarding
the LDPC code having the code length N cf 64,800 and the
encoding rate of 9/10, and a graph having an upwardly
directed triangular mark applied thereto represents the
BRER regarding the LDPC codes having the code length N of
64,800 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
64,300 and the encoding rate of 3/4.

[0478]
Further, in ¥IG. 90, & graph having a round mark

applied thereto represents the BER regarding the LDPC
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Further, in FIG. 90, a graph having a round mark applied thereto
represents the BER regarding the LDPC 171 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. 0479] FIG. 91 illustrates the BER
Gtre R PEpISC e PrGcest i Bt cordance Withthe Bicalideatin pattens
of FIG. 87 is carried out for LDPC codes whose code length N is 16,200
Hhdwhdsé Zﬂmcﬁﬁ& rateSi5 576 ahd 819 and fgf)‘ﬁﬂﬁ(f%%eg%\%%gé%%de
fenath I is.04,800 and whose, encoding rate is 5/6.and 9140 adapting

409 ?QqA s the " modutation méthod and setﬁng the multiple bto 2.
13380t irdo fienoigd ab I FIG. 2 ien Jiaying. afasierisioapplied
thereto represents the BER regarding the LDPC code having the code

1ength N 9f,64.800 and the; gncoding rate of 9/10, and agraphhaying an
upwardly directed triangular mark applied thereto represents the
having a plus mark applied theretc represents the BER
regarding the LDPC code having the cocde length N of
16,200 and the encoding rate of 3/4.

[0479]

FIG. 91 illustrates the BER where a replacement
prcocess 1n accordance with the bit allocation pattern of
FIG. 87 1s 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 €4,800 and whose
encoding rate is 5/6 and 9/10 adopting 40960QAM as the
modulation method and setting the multiple b to 2.

[0480]

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.
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BER regarding the LDPC codes having the code length N of 64,800 and
the encoding rate of 5/6. 172 F04811 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 BER regarding the LDPC code having the code length N
of 16,200 and the encoding rate of 5/6. 0482] According to FIGS. 88 to
91, the same bit allocation pattern can be adopted with regard to a
pldrality of kinds of LDPC codes. Besides, the tolerance to errors can be
set to a desired performance with regard to all of the plural kinds of LDPC
codes. 0483} irepartiétilaF, Wheréla bit afléeaion Fattcta fér exeRSivVese
is adopted for each of a plurality of kinds of LDPC codes which have

GhffereRtcode fetigth< Rd SdifiBrent BRBoding raesafitéitoterafi€e 18ah

error can be raised to a very high performance. However, it js necess
oGS 108 o ARoCith, VARG oM odn i of KIS B PPES

éé@gsbf 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.

[0482]

According to FIGS. 88 to 21, the same bit
allocation pattern can be adopted with regard to a
plurality of kinds of LDPC ccdes. Besides, the tolerance
to errors can be set to a desired performance withiregard
to all of the plural kinds cof LDPC codes.

(04831

In particular, where a bit allccation pattern for
exclugive 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 errcr can
be railsed to a very high performance. However, 1t 1is
necessary to change the bit allocation pattern for each
of a plurality of kinds of LDPC ccdes.

[0484]

On the other hand, according to the kit allocation
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[0484] On the other hand, according to the bit allocation 173 patterns of
FIGS. 84 to 87, the same bit allocation pattern 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 is eliminated. [0485] Further, according
to the bit allocation patterns of FIGS. 84 to 87, the tolerance to errors can

petraisefstond highoperfermancesalihotigh ikisreslitde towerithant that
where a bit allocation pattern for exclusive use is adopted for each of a
phurakty of kindsief LRDRE tedesc {0486} In paiticularpfor lexadwple, iwheéreC
the modulation method is 4096QAM, the same bit allocation pattern in
FiGe 84w3r 88 cdrntie uséed feralhof thedsDPErcodes vitiich hadé ethent
code length N of 64,800 and the encoding rate of 5/6 and 9/10. Even
fihefelthedsdme Divalloeatich patteftiss adapted ik s atanner, thet
tolerance to errors can be raised to a high performance.
allocation pattern for each of a plurality of kinds of
LDPC codes as in a case wherein a bit allocation pattern
for exclusive use 1s adopted for each of a plurality of
kinds of LDPC codes is eliminated.

o485

Further, according to the bit allocation patterns
of FIGS. 84 to 87, the tolerance to errors can be ralsed
to a high performance although it is a little lower than
that where a bit allocaticn pattern for exclusive use is
adopted for each of a plurality of kinds of LDPC codes.
[0486]

In particular, for example, where the modulation
method is 4096QAM, the same bit allocation pattern in FIG.
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 9/10. Even where the same bhit allocation pattern 1is
adopted in this manner, the tolerance to errors can be
ralsed to a high performance.

[0487]

Further, for example, where the modulation method
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[0487] Further, for example, where the modulation method 174 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 3/4, 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. 0488]

Meanwhile, for example, where the modulation method is 4096QAM, the
Same SRANOCAtOT pAREH OFRIGE BY CAR bEAdbpIed faf all of 116 LD

codes which have the code length N of 0.and the encqding rate of
56 a0 6 A e COPE done Wherave e Kode lcng N of ‘4 860
g e O B Tt SYa e B /4, 576
allocation pattern is adopted in this manner, the tolerance to errors can

Aesraised to.a high. perfermance J04891-Variations.ofdhe bitallogation
pattern are further described. [0490]
of 64,800 and the encoding rate of 3/4, 5/¢ and 9/10.
Then, even 1f the same kit allocation pattern is adopted
in this manner, the tolerance to errors can be raised to
a high performance.
[0488]

Meanwhile, for example, where the modulation method
is 40960AM, the same bit allocation pattern cf 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 rate of 5/6 and 2/10. Then, even
if the same bit allocation pattern 1s adopted in this
manner, the tolerance to errors can be raised To a high
performance.
104897

Variationg of the bit allccation pattern are
further described.
[6490]

FIG. 92 illustrates an example cof a bit allocation

pattern which can be adopted where the LDPC code is any
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FIG. 92 illustrates an example of a bit allocation pattern which can be
adopted where the LDPC code is any 175 LDPC code which has the
code length N of 16,200 or 64,800 bits and one of the encoding rates for
the LDPC code defined by a parity check matrix H produced, for example,
from any of the parity check matrix initial value tables shown in FIGS. 37
to 82 other than the encoding rate of 3/5 and besides the modulation
method is QPSK and the multiple b is 1. [049'_] Where the LDPC code is
an LDPC code which has the code length N of 16,200 or 64,800 bits and

hasdhe cercading ratgothenthan 342 andrhesides the magulation imethoglo o
is QPSK and the multiple b is 1, the demultiplexer 25 reads out code bits
wirtttensindhe maemeoryt3% famstogsingd Nf@oe £)) 502 x A bit® Brthecolumn
direction x row direction in a unit of 2 x 1 (= mb) bits in the row direction
antisupplies the readiowt codedditsnia the:rdplacerientsectidn 32¢0482] <,
The replacement section 32 replaces the 2 x_mb) code bits no and bl
Feadoanfroatthelrmemory 3Y ivTsueh aaianher iiatthé 2 xve (= mb)adodes
bits bo and b1 are allocated to the 2 x 1 (; mb) symbol bits yo and y1 of
shown in FIGS. 37 to 82 other than the enccoding rate of
3/5 and besides the modulation method i1s QPSK and the
multicle b is 1.

[0491]

Where the LDPC code is an LDPC code which has the
code length N of 16,200 or ©4,800 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
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 3Z.

[04s2i

The replacement section 32 replaces the 2 x 1 (=
mb) code bits by and b read cut 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 yy; and y; of

one (= b) symbol as seen in FIG. 92.

[0493]
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one (= b) symbol as seen in FIG. 92. [0493] 176 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 b, to the
symbol bity,. [0494] 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. [04951 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 codeiength-N 0£16:200 era4,8Q0 rhitstandhias thiecenagding rate
other than 3/5 and besides the modulation method is 16QAM and the
mujitipledmisr. [04981Whéie ther:DRE code isapil:RRrGwodewhich has
the code length N of 16,200 or 64,800 bits and has the encoding rate
otheydhan 3¢5 and besides the modulation method is 16QAM and the

multiple b is 2, the demultiplexer 25 reads out the code bits written in the
the code bit by to the symbol bit yp and

the code bit b: to the symbol bit vi.
[0494]

It is to be noted that, in this instance, also it
is possible to consider that replacement 1s not carried
out and the code bits by; and b; are determined as they are
as the symbol bits yy and yi, respectively.

[0495]

FIG. 92 shows an example of a bit allocation
pattern which can be adopted where the LDPC code is an
LDPC code which hag 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 160AM and the multiple b 1s 2.
[0496]

Where the LDPC code is an LDPC code which has the
code length N of 16,200 or €4,800 bits and has the
encoding rate other than 3/5 and besides the modulation
method is 1e0AM aznd the multiple b is 2, the
demultiplexer Z5 reads out the code bits written in the
memory 31 for storing (N/{4 x Z)) x (4 »x 2) bilts in the

column direction x row direction in a unit of 4 x 2 (=

177



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 2 177 mb) bits in the row direction and
supplies the read out code bits to the replacement section 32. [0497] The
replacement section 32 replaces the 4 x 2 mb) code bits b0 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 y, of two (= b) successive
symbols as seen in FIG. 93. [0498] In particular, according to FIG. 93, the
replacement section 32 carries out replacement for allocating the code bit
hotorthe symbot bt y7owhe code hitdntoathe symlpal bitsy, ;; Hibe:coge hitit
b2 to the symbol bit y4, the code bit b3 to the symbol bit y2, the code bit
bGito thetsymibol ity 5; ethescortesit b stocthe symibol bit y3, the code bit
b6 to the symbol bit y6, and the code bit b7 to the symbol bit y0. [0499]
FIG294 shows an example of a bit allocation

The replacement section 32 replaces the 4 x 2 (=
mh) code bits by to by read out from the memory 31 in such
a manner that the 4 x 2 (= mb) code bhits are allocated to
the 4 x 2 {= mb) symbol bits yp to yy of two (= Dbj
successive symbols as seen in FIG. 93.

(04987

In particular, according to FIG. 83, the
replacement section 32 carries out replacement for
allocating

the code bit by to the symbol bit vy,

the code bit b: to the symiol kit v,

the code bit by to the symbol bit vy,

the code bit bs o the syvmbol bhit vy,

the code bit by to the symbol kit ys,

the code bit bs to the symbol bilt ys,

the code bit bg to the symbol bit ys, and

the code bit by to the symbol bit yg.

[0498]

FIG. 94 shows an example of a bit allcocation

pattern which can be adopted where the modulation method

is 640AM and the LDPC code 1s an LDPC code whose code
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pattern which can be adopted where the modulation method is 64QAM
and the LDPC code is an LDPC code whose code 178 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. [0500] Where the LDPC code is an LDPC code whose
code length N is 16,200 or 64,800 bits and whose encoding rate is any
other than 3/5 and the modulation method is 64QAM and besides the
multi pie b is 2, in the demultiplexer 25, the code bits written in the

memory 31 for staring (N/(6 ) 2) bits in.the_column direction x
YoWE direc iolnsa?egl’e%%éou in )égd n%)tb(gj? g‘é X 2S(=ar¥11 g) tx)glltlso in” the. rco%%iﬁgctfoante

and.; pﬁ%ﬂéﬁt*%%ﬁ?'%%“g%s%é@ﬂdéé- [0501] The replacement

section 32 replaces the 6 x 2 mb) code bits bo to b11 read out from the
mpemery 31 such that the 6 x 2 (= mb) code bits do to bl, may be allocated
to the 6 x 2 (= mb) symbol bits yo to y;1, of two (= b) successive symbols

as seen inElG: 94,40502]dn pasticular, agcording toJd6. dothe code
replacement section 32 carries out replacement for allocating

length N is 16,200 or 64,800 bits and whose encoding rate
is any other than 3/5 and the modulation method is 640QAM
and besides the multiple b is 2, in the demultiplexer 25,
the code bits written in the memory 31 for storing (N/ (6
x 2)) »x {6 x Z) bits in the column direction » row
direction are read out in a unit of € x 2 (= mb) bits in
the row direction and supplied to the replacement section
32.

[0501]

The replacement section 32 replaces the © x 2 (=
mh) code bits by to bir read out f£rom the memory 31 such
that the 6 x 2 (= mb) code bits by to by may be allocated
to the 6 x 2 (= wb) symbol bits yg to yvi: of two (= b)
successive symbols as seen in FIG. 924,

[0502]

In particular, according to FIG. %94, the
replacement section 32 carries out replacement for
aliccating

the code bit by to the symbol bit vii,

the code bit b, to the symbol bit vy,
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the code bit bo to the symbol bit y11, the code bit b, to the symbol bit y,,
179 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 bs to the symbol bit
y,, the code bit b6 to the symbol bit yo, the code bit b7 to the symbol bit
y5, the code bit b 8 to the symbol bit y3, the code bit b9 to the symbol bit
y8, the code bit b.c to the symbol bit y9, and the code bit b" to the symbol
bit yo. 0503] FIG. 95 shows an example of a bit allocation pattern which
can be adopted where the modulation method is 256QAM and the LDPC
code is &M EDPCleode whose-code ferfgfiNis 645800 bits and whose

encodin% rate is any other than 3/5 and besides the multiple b is 2. [0504]
Where thé' £ DB Bofé fs &a PERRIBNIGse &ode Yehgth N is 64,800

bits and whose encoding rate is a% other tha.bp %IStand the modulation
method s S560AM ard besidSs tHEmURIBIED i&2 inYie demultiplexer

25, the gode bits, written in the memory, 31, forstpyng (64.800/(8

the code bit bs to the svmbol bit v,

the code bit by to the symbol bit ys,

the code bit bg Lo the symbol bhit yi,

the code bit be to the symbol bit vsa,

the cede bit big to the symbol bit va, and

the code bit by: to the symbol bit va.

[0503]

FIG. 95 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 ccde whose code
length N is 64,800 bits and whose encoding rate 1is any
other than 3/5 and besides the multiple b is 2.

[0504]

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 modulation method 1s 2560AM and
besides the multiple b is 2, in the demultiplexer 25, the
code bits written in the memory 31 for storing (64,800/(8
x 2)Y x (8 x 2} bits in the column direction x zow

direction are read out in a unit of 8 x 2 (= mb) bits in
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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 180 the row direction and supplied to the
replacement section 32. [0505[ The replacement section 32 replaces the
8 x 2 mb) code bits bo to bi5 read out from the memory 31 such that the
8 x 2 (= mb) code bits do to b,5 may be allocated to the 8 x 2 (= mb)
symbol bits yo to yi5 of two (= b) successive symbols as seen in FIG. 95.
[05061, In particular, according to FIG. 95, the replacement section 32
carries out replacement for_allocating the code bit do tq the symbol bit .
15, e colde Bit bl SISy rBOFHICIAC (He O bit 26 AR Syt Bl o
3, the code bit b3 to the symbol bit y3, the code bit b4 to the symbol bit

y8, the code bit by to the symbol bit y11, the code bit b6 to the symbol bit
Iy@ES ohe code bit b2 to the symbol bit y5, the code bit bo to the symbol bit
yio, the code bit b9 to the symbol bit y6,

The replacement section 32 replaces the § x 2 (=
mb) code bits by to bis read out from the memory 31 such
that the 8 x 2 (= mb) code bits by to bis may be allocated
to the 8 x 2 (= mb) symbol bits vy to yiz of two (= bj
successive symbols as seen in FIG. 95.

(0506}

In particular, according to FIG. 95, the
replacement section 3Z carries ocut replacement for
allocating

the code bit by To the symbol bit vis,

the code bit b: to the symbol bit vy,

the code bit bz to the symbol bit vis,

the code bit bz to the symbol bit vyi,

the ccde bit bs To the symbel bit ys,

the code bit by to the symbol bit vii,

the code bit bg to Lhe symbol kit ve,

The code bit bs; to the symbol bit vs,

the code bit bg to The symbol bit vig,

the code bit by to the symbol bit vys,

ﬁh@ éode bit by toe the symbol bift v,

the code bit b to the symboi bit vy,
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the code bit b,0 to the symbol bit y4, the code bit b,i to the symbol bit y7,
181 the code bit b12 to the symbol bit y12, the code bit b13 to the symbol
bit y2, the code bit b14 to the symbol bit y14, and the code bit b; to the
symbol bit yo. [0507] 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 the multiple b
is 1. [0508] Where the LDPC code is an LDPC code whose code length N
is 16,200 bits andsviiose éncotlingtrate fYAMP otherthan3/5 and the
modulation method is 256QAM and besides the multiple b is 1, in the
demultipldier 25%the tbdB bit$ Writtef ifi THE fenory 3% for storing

(16,200/(8 x 1)) x (8.x.1) bits in the column direction x row direction are

read out%r’ﬁl% URIEST &% 1 & mb)bits in ﬁ?@“?&%d;?é&io%lahdas%%pned to
the replacement section. 32, 10509] The feplagement section 32 replaces
(05077

FIG. 96 shows an example of a bit allocation
pattern which can be adopted where the modulation method
is 2%60AM 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.

[0508]

Wnere the LDPC code is an LDPC code whose code
length N is 16,200 bits and whose encoding rate is any
other than 3/5 and the modulation method is 256Q0AM and
besides the multiple b is 1, in the demultiplexer 25, ths
code bits written in the memory 31 for storing (16,200/(8
x 1)) % (8 x 1) kits in the column direction » row
direction are read out in a unit of 8 x 1 (= mb) bits in
the row direction and supplied to the replacement section
32.

[0509]
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 x 1 (= mb) code bits by to by may be allocated
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mb) code bits bo to b7 read out from the memory 31. such that the 8 x 1
(= mb) code bits bo to b7 may be allocated 182 to the 8 x 1 (= mb) symbol
bits yc) to y~ of one (= b) symbol as seen in FIG. 96. [0510][ In particular,
according to FIG. 96, the replacement section 32 carries out replacement
for allocating the code bit b0 to the symbol bity;, the code bit bl to the
symbol bit y3, the code bit b2 to the symbol bit yi, the code bit b3 to the
symbol bit y5, the code bit b4 to the symbol bit y2, the code bit b5 to the
_symbol bit y6, the code bit b6 to the symbol bit y4, and the code bi ?7 to
“hetYmbol bitya! ™ [6%511F FIE 97 3hows dn Examiplé of bt aﬁ)cﬁa ion
peﬁ%erg which can be a%ed ere the LDPC code is an LDPC code
“Whose code ?é%negr%h N'is“16:200 of 64,800 bits and whose encoding rate is
[ r@@t er than 3/5 and besides the modulation method is QPSK and the
multiple b is 1. [05121, Where the LDPC code is an LDPC code whose

code In particular, according to FIG. 96, the
replacement section 32 carries out replacement for
allocating

the code bilt by to the symbol kit vy,

the code bit b; to the symbol bit vs,

the code bit by to the symbol bit vq,

the code bit bz to the symbol bpit vys,

the code it by to the symbol bit vy,

the code bit bs to the syvmbol bit vs,

the code bilt be Lo the symbol bit vi, and

the code bit by to the sfmbol bit vg.
05117

FIG. 97 shows an example of a bit allccation
pattern which can be adopted where the LDPC code is an
LDPC code whose code length N is 16,200 or ©4,800 bits
and whose encoeding rate is any other than 3/5 and besides
the modulation method is (QPSK and the multiple b is 1.
(05127

Wnere the LDPC code is an LDPC code whose code
length N is 16,200 or 64,800 bits and whose encoding rate

is any other than 3/5 and besides the modulation method
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length N is 16,200 or 64,800 bits and whose encoding rate is any other
than 3/5 and besides the modulation method 183 is QPSK and the

multiple b is 1, in the demultiplexer 25, the code bits written in the

memory 31 for storing (N/(2 x 1)) x (2 x 1) bits in the column direction x
row direction are read out in a unit of 2 x 1 (= mb) bits in the row direction
and supplied to the replacement section 32. [0513] The replacement
section 32 replaces the 2 x 1 mb) code bits ho and bl read out from the
memory 31 such that the 2 x 1 (= mb) code bits bc, and b-_ may be
iaflocated tothet2x In(=lmb) symbol bits yo andyt2eofanme(Eth) symbol 25,
as seen in FIG. 97. [0514-1 In particular, according to FIG. 97, the
replacerrent 566ticH 32 eaniesroltireplagement for Allucating:tha Zodd bit
no to the symbol bit yo, and the code bit b,_ to the symbol bit y2. [0515]
It i$'td bé ricted that, finthis istanee, 8Ro4Es fédsiblelts cohsigier that

replacement is not carried out and the code bits bo and b are determined
%%ﬁﬁ8§bﬁ§ are read out in a unit of 2 x 1 (= mb) bits in

the row direction and suppilied to the replacement section
32,
[0513]

The replacement section 32 replaces the 2 x 1 (=
mb) code bilts by and p; read out from the memory 31 such
that the Z x 1 (= mb) code bits by and b: may be allocated
to the 2 x 1 {= mb} symbol bits v and y: of one (= bj
symbol as seen in FIG., 87.

[0514]

In particular, accerding To FIG. 97, tThe
replacement section 32 carries out replacement for
allocating

the code bit by to the symbol bit vy, and

the code kit b: to the symbol bit va.

0515

Tt is to be noted that, in this instance, also it
is possible to consider that replacement is not carried
outt and the code bits by and bi are determined as they are
as the symbol bits yg and y;, respectively.

(05161
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as the symbol bits yo and y;, respectively. [0510] 184 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. [0517] 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

demultip exer , the code bits written in the memory 31 for storln
(64, SOO/aIQ 2) (imﬁ’)gbi?sninetﬁ% c%?umn%elrec or% X ro]\}v Hirects orI? are

feadouin g it o 4 2 o) s fhe raw gteclion and upnlied t

€ Feplacemen e replacement section 32 replaces

ﬁ%%é X2 40by), code bits ho to %neﬁdwgr%a theymemary 3}-such, that

he 4 x 2 (= mb) code bits bo to b7 may be allocated to the 4 x 2 (= mb)
éamt@i Rits ygite y¥0oftwo () successiversymholsias seenin fiGnd8. i

[0519] In particular, according to FIG. 98, the
16QAM and the multiple b is Z.
[0517]

Where the LDPC code is an LDPC code whose code
length N is 64,800 bits and whose encoding rate is 3/8
and besides the modulation method is 160AM 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 directicn ¥ row direction are
read out in a unit of 4 x 2 (= mb) bits in the row
directicn and supplied to the replacement section 32.
(0518]

The replacement section 32 replaces the 4 x 2 (=
mb) code blts by to by read out from the memory 31 such
that the 4 x 2 (= mb) code bits by to by may be allocated
to the 4 x 2 (= mb) symbcol bits ys to y7 of twoe (= b)
successive sympbols as seen in FIG. 98.

[0519]

In particular, according to FIG. 98, the

replacement section 32 carries ocut replacement for

allocating
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replacement section 32 carries out replacement for allocating 185 the
code bit b0 to the symbol bit yo, the code bit bl to the symbol bit y5, the
code bit b2 to the symbol bit y1, 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 y7, the
code bit b6 to the symbol bit y3, and the code bit b, to the symbol bit Y6 5
2 0 1 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 ish£6QAM: ahd théemaukipleis issZnf0621 PWheve the LDPC code is
an LDPC code whose code length N is 16,200 bits and whose encoding
rate is 3/6hangbésidestthe-mbeulatien WEtRed i$16QAM and the

multiple b is 2, in the demultiplexer 25, the code bits written in the
memory 82 of§@fing (16200764 £ 2F) ¥ {#X2) Bitstinthe column

direction x row direction are read out in a unit oféix 2 (= mb) bits in the

row the code bit b: to the gsymbol bhit vs,
the code bit by to the symbol bit vy,
the code bit bs to the symbol bit vy,
the code bit bhs to the symbol bit vy, and
the code bit by to the symbol bit ve.
[0520]

FIG. 99 shows an example of a bit allccation
pattern which can be adopted where the LDPC code 1is an
LDPC code whese code length N is 16,200 bits and whose
enceoding rate is 3/5 and besides the modulation method is
180AM and the multiple b is 2.

[0521])

Where the LDEC code is an LDPC code whose cods
length N is 16,200 bits and whose encoding rate is 3/5
and begides the modulation method is 160QAM and the
multiple b is 2, in the demultiplexer 25, the code bits
written in the memory 31 for storing (16,200/(4 = 2}) x
(4 x 2y bits in the column direction x row dirsction are
read cut in 2z unit of 4 x 2 (= mb) bits in the row

direction and supplied fto the replacement section 32.
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direction and supplied to the replacement section 32. [0522] 186 The
replacement section 32 replaces the 4 x 2 (_ mb) code bits bo to b7 read
out from the memory 31 such that the 4 x 2 (= mb) code bits bo to b7 may
be allocated to the 4 x 2 (= mb) symbol bits yo to y7 of two (= b)
successive symbols as seen in FIG. 99. [0523] 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 b to the
symbol ity the code,bit,b2 go the symbol bityd,, the.code.big b3 to the
symbol bit y2, the code bit b4 to the symbol bit'y;, the code bit b5 to the
Symbol hit y3, the wpdebit b6:te the symbelbit yérane dhe £pde bitdi:to
the symbol bit yo. 0524] FIG. 100 shows an example of a bit allocation
tpatterawhich can be-adopted where thesmedutation method s SAQAMt ed
and the LDPC code is an LDPC code whose code length N is 64,800 bits
rand-whoge engodiagmate isy@bol bits yo to y; of two (= Db)

successive symbols as seen in FIG. 99.
[0523]

In particular, according to FIG. 99, the
replacement section 32 carries out replacement for
allocating

the code bit by to the symbol bit vy,

E..l.

the code bit b: to the symbol bit vy,

the code bit b: To the symbol bit vya,

the code bit by tc the symbol bit v,

the code bit by to the symbol bit vys,

the code bit by to the symbol kit vs,

the code bit bg to the symbol bit vys, and
the code bit by to the symbol bit vg.
[0h24]

FIG. 100 shows an example of a bit allocation
pattern which can be adopted where the modulation method
ig 640AM 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.

[0525]
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and besides the multiple b is 2. [0525] 187 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 64QAM and besides the multiple b is
2, in the demultiplexer 25, the code bits written in the memory 31 for
storing (64,800/(6 x 2)) x (6 x 2) bits in the column direction x row
direction are read out in a unit of 6 x 2 (= mb) bits in the row direction
and supplied to the replacement section 32. [0526] The replacement
section 32 replaces the 6 x 2 mb) code bits do to bli read out from the
memory Bisuchtthat the’6 x2 ¢=mby) codelbitsthoctods, may be allocated
to the 6 x 2 (= mb) symbol bits yo to y11 of two (= b) successive symbols
aersgehn il F16. £60 30527} irspariéular caccording 46 FIG L 806, the 3/°
replacement section 32 carries out replacement for allocating the code bit
BBdo the syribelBit Y2 tHE EBAE bitthi 6 tHd 'syhbol5ity “fie E6de bit b,

to the symbol bit ye, the code bit b3 to the symbol bit y9, -
multigle b 1s” 2, in the demultiplexer 25, the code bits

written in the memory 31 for storing (64,800/{(6 x 2)) =x
{6 x 2} bits in the column direction x row direction are
read out in a unit of € x 2 (= mb) bits in the row

direction and supplied fo the replacement section 32.

The replacement section 32 replaces the 6 x 2 (=
mb} code bits by to by read out from the memory 31 such
that the 6 x 2 {= mb) code bits by to b;y may be allocated
to the 6 x 2 (= mb) symbol bilts vy to vi: of twe (= b)
successive symbolsg as seen in FIG. 100.

[005277

In particular, according to FIG. 100, the
replacement sectilon 32 carries out replacement for
allocating

the code bit bg to the symbol bit vy,

the code bit b: to the symbol bit vy,

the code bit by to the symbol bit ye,

the code bilt ks To the symbol kit vs,

the code bit by to the symbol bit vy,

the code bit bs Lo the svmboi bit vs,
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the code bit b4 to the symbol bit yo, the code bit b5 to the symbol bit y3,
188 the code bit b6 to the symbol bit y" the code bit b7 to the symbol bit
yg, the code bit be to the symbol bit y4, the code bit b9 to the symbol bit
y,I, the code bit blo to the symbol bit y;, and the code bit b, to the symbol
bit yio. [05281 FIG. 101 shows an example of a bit allocation pattern
which can be adopted where the modulation method is 64QAM and the
LDPC code is an LDPC code whose code length N is 16,200 bits and
whose encoding rate is 3/5 and besides the multiple b is 2. [0529] Where
the LDPEreodenganibPEscéde Wipse wode Lieagth Niis 16,200 bits and
whose encoding rate is 3/5 and the modulation method is 64QAM and
besides e mdffled s £intthe demdtipeRer 25, thécode bits written
in the memory 31 for storing (16,200/(6 x 2)) X, (%x 2) bits in the column
direction-¥fowr Qfféction-ar® read 'otit i’ &t of 6% 2{£'mb) bits in the

row direction and.sypplied to the feplagement section 32. [0530-1
the code bilt by To the symbol bit y:, and

*he code bit by to the symbol bit vig.
0528}

FIG. 101 shows an example of a bit allocation
pattern which can be adopted where the modulation method
is 64QAM and the LDPC code 1s an LDPC code whose code
length N is 16,200 bits and whose encoding rate is 3/5
and besides the multiple b is Z.

[0529]

Where the LDPC code is an LDPC code whose code
length N is 16,200 bits and whose encoding rate is 3/5
and the modulation method is G4CAM 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)) x
{6 x 2) bits in the column direction x row direction are
read out in a unit of € x 2 (= mb) bits in the row
direction and supplied to the replacement section 32.
105307

The replacement section 32 replaces the 6 x 2 (=

mb) code bits by to by read cut from the memcry 31 such
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The replacement section 32 replaces the 6 x 2 mb) code bits no to b,l
read out from the memory 311 such 189 that the 6 x 2 (= mb) code bits
bo tto b11 may be allocated to the 6 x 2 (= mb) symbol bits yo to y11 of
two (= b) successive symbols as seen in FIG. 101. '0531] In particular,
according to FIG. 101, the replacement section 32 carries out
replacement for allocating the code bit bo to the symbol bit y1,, the code
bit b, to the symbol bit y7, the code bit b2 to the symbol bit y3, the code

b3 symBol hit 0 it bs to.the ,sym it.y0,. th
k?1|ftib5 %%ﬂ:ﬁss&m%ol bit %%q thge‘begc%dg%g%g%o th% s@?nb%gé}i % ?r?qu(%% g?ed

it byto the,symbal bitys, thercodehit b8 to the symbe| bityd, the gode
bit b9 to the symbol bit yo, the code bit ble to the symbol bit y4, and the

Godehitbll ta thesymbealdityen 0532FFIG. 1021shows an example of a

bit allocation pattern which can be adopted where the modulation method
[0531]

In particular, according to FIG. 101, the
replacement section 32 carries out replacement for
allocating

the code bit be to the symbol bit vii,

the code bit by to the symbol bit yq,

the code bit by to the symbol bit vy,

the code bit bs to the symbol hit vig,

the code bit by to the symbol bit vye,

the code bit by to the symbol bit vs,

the code bit bg to the symbol bit ve,

the code bit by to the symbol bit ys,

the code bit b to thé gymbcel bit vy,

the code bit bg to the symbol bit ve,

the code bit b To the symbol bit yve, and

the code bit by to the symbol bit .

[0532]

FIG. 102 shows an example of a bit allocation
pattern which can be adopted where the modulaticon method
is 2560AM and the LDPC code is an LDPC code whose code

length N is 64,800 bits and whose encoding rate is 3/5
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is 256QAN and the LDPC code is an LDPC code whose code length N is
64,800 bits and whose encoding rate is 3/5 190 and besides the multiple b
is 2. 0533] 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 demuitiplexer 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
221 [05634the réplacementsectioni3? keplaces 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 ol to b15 may be allocated to the 8 x 2 (= mb) symbol bits yo to y15
of two (= b) successive symbols as seen in FIG. 102. [0535] In particular,

accordin§'t6 FtGt 102 A  réaCeméntSection 32-Citied Buf e code

replacement for_allocating the code bit bo to the symbol bitg/z, the cg;jg
%ﬁﬂ?ﬁgtﬁe§§m%%f8@91?lts and whose encdding rdte 1s

and the medulation method is 2560AM and besides the
multiple b is 2, in the demultiplexer 25, the code bits
written in the memory 31 for storing (64,800/(8 x 2}) x
{8 x 2) bits in the column direction x row directlon are
read out in a unit of 8 x 2 (= mb) bits in the row
direction and supplied to the replacement section 3Z.
(05347

The replacement section 32 replaces the 8 x 2 (=
mb} code bits by to bis read out from the memory 31 such
that the 8 x 2 (= mb) code bits bg Lo bis may be allocated
to the 8 x 2 (= mb) symbol bits vy to vis of two (= b)
successive symbols as seen in FIG. 10Z.

[0535]

In particular, according to FIG. 10Z, the
replacement sectlion 32 carries out replacement for
allocating

the code bit by to the symbol bit vy,

the code bit b, to the symbol bit vii,

the code bit b; to the symbol bit vs,

the code bit bs to the symbol bit v,

el
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the code bit b2 to the symbol bit y3, the code bit b3 to the symbol bit y4,
191 the code bit b4 to the symbol bit yo, the code bit b5 to the symbol bit
y9, the code bit b6 to the symbol bi.t yl, the code bit b7 to the symbol bit
ye, the code bit b9 to the symbol bit yio, the code b_t b9 to the symbol bit
y13, the code bit blo to the symbol bit y7, the code bit b " to the symbol
bit y14, the code bit b 12 to the symbol bit yo, the code bit b 3 to the
symbol bit y,5, the code bit b14 to the symbol bit y5, and the code bit b15
to the symbol bit y].z. 05361 FIG. 103 shows an example of a bit
allocatiofthgatterdswirch can be adogtedywiisre thé modulation method is
256QAM and the LDPC code is an LDPC code whose code length N is
16,200 bitsartwhose enéoding rateis=5°and beésidés the multiple b is
1. 0537] Where the LDPC code is an LDPC code whose code length N is
16,200 bitd andWhRosE EnCsding rafeis* 8 5hd frefmBtulation method is
256QA“%?ggggégeg£er7 to the symbol bit vs,
the codse it bg o the symbol Dbit Vg,
the code bit be to the symbol bit vis,

the code bit by tc the symbol bit v,

oy

the cods bit by; to the symbol L

E_.I.

p Yiar
the code bit bz to the symbol bit v,

code bit b

¢t
=2
]

13 o the svmbol bit vis,

o

he coda bit bys to the symbol bit ys, and
the code bit bis to the symibol bhit via.
[0536]

FIG. 103 shows an example of a bit allocation
pattern which can be adopted where the meodulation method
is 2560QAM and the LDPC code is an LDPC code whose code
length N is 16,200 bits and whose encoding rate is 3/5
and besides the multiple b is 1.

[0537]

Where the LDPC code is an LDPC code whose cods
length N is 16,200 bits and whose encoeding rate is 3/5
and the modulation method is 2560AM and besides the
multiple b is 1, in the demultiplexer 25, the code bits

written in the memory 31 for storing (16,200/(8 = 1)) x
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multiple b is 1, in the demultiplexer 25, the code bits written in the
memory 31 for storing (16,200/(8 x 1)) x 192 (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
row direction and supplied to the replacement section 32. [0538] The
replacement section 32 replaces the 8 x 1 mb) code bits bo to bi read out
from the memory 31 such that the 8 x 1 (= mb) code bits bo to b~ may be
allocated to the 8 x 1 (= mb) symbol bits yo to y7 of one (= b) symbol as

geen inFIG; 103, LOSQ%'%B%;%H'%%C@{M tQ FIG, 103, he : on ave

replacement section 32 carries out replacement for allocating the code bit

R0t thesymbal bity4 the eode hit bLtothe symbol bit y3;,dhe ggde bit
b2 to the symbol bit yi, the code bit b3 to the symbol bit y5, the code bit

JBd-tothessymbel bityd,1 thecode hitbS te thessyunbekbitys:the code bit

b6 to the symbol bit y4, and the code bit b7 to the symbol bit yo. [0540]
[0538]

The replacement section 32 replaces the 8 x 1 (=
mb)} code bits by to by read out from the memory 31 such
that the 8 x 1 {= mb) code bits by to by may be allocated
to the 8 x 1 (= mb) svmbol bits yo To yy of one (= b)
symbol as seen in FIG. 103.

[0539]

In particular, according toc FIG. 103, the
replacement section 32 carries out replacement for
allocating

the code bit by to the symbol bit yq,

the code kit by to the symbol kit vys,

the code bit b: to the symbol bit vy,

the code bit bz to the gymbol hit vys,

the code bit by to the symbol bit ys,

the code bit bs to the symbol 1T vs,

the code bit bg to the svmpol bit vs, and

the code bit by to the symbol bit yo.

Now, the deinterleaver 53 which composes the

reception apparatus 12 is described.
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Now, the deinterleaver 53 which composes the reception apparatus 12 is
described. 193 0541] FIG. 104 is a view illustrating processing of the
multiplexer 54 which composes the deinterleaver 53. [0542] In particular,
A of FIG. 104 shows an example of a functional configuration of the
multiplexer 54. [0543] The multiplexer 54 is composed of a reverse
replacement section 1001 and a memory 1002. [0544] 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
ot aireverse replacement process corresponding to the replacement
process carried out by the demultiplexer 25 of the transmission apparatus
11 (process revérée 6 thie veptacdrentsproasss)gthal is;es severset the
replacement process of returning the positions of the code bits (symbol
Bits} oPthRNDPEcotelrep| St #fe FéitacEmertirotass Theh; the
multiplexer 54 supplies an LDPC code obtained as a result of the reverse
Pgﬁl%ément process to the column twist deinterleaver 55

In particular, A of FIG. 104 shows an example of a
functional configuration of the multiplexer 54.
[(0543]

The multiplexer 54 is composed of a reverse
replacement secticn IOOl.and a memory 100Z.
(05441

The multiplexer 54 determines symbol bits of
symbols supplied from the demapping section 52 at the
preceding stage as an object of processing theregf and
carries out a reverse replacement process correspoending
to the replacement process carried out by the
demultiplexer 25 of the transmissicn apparatus 11
(process reverse Lo the replacement processg), 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 column twist deinterieaver 55
at the succeeding stage.

[0545]
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at the succeeding stage. [0545] 194 In particular, in the multiplexer 54, mb
symbol bits yo, vi, ..., ymb-l of b symbols are supplied in a unit of b
(successive) symbols to the reverse replacement section 1001. [0546]
The reverse replacement section 1001 carries out reverse replacement of
returning the arrangement of the mb symbol bits yo to yb-1 to the original
arrangement of the mb code bits bo, b,, ..., b,,,b_1 (arrangement of the
code bits bo to bb-, before the replacement by the replacement section
32 which composes the demultiplexer 25 on the transmission apparatus
11 side i§eaFfed 3Gt The reVerseSrephaentertdgetiott 108 outpths+
code bits bo to b~b_1 obtained as a result of the reverse re lacement.
76527]¥rhe Faemory 1002 fras & storage tapadity &F&Bnﬁ&cﬁwﬁ%i@ inthe
row, (horizontal) direction and storin /(mb) bits in_the column (vertical)
i re%tic()?r? Sin ﬂearﬁ/}" o ﬁhesl%%kﬁ%)ori’:/ 3t1%w|\r%f(éﬁ c%%qvpeoléség the P(Jiiljé&rlnbu%ﬁ1 p gf”er
S25 Qf. g}le t{%rég_mission apparatus 11 side. In other words, the reverse

rgglé:éement section 1001 is configured from mb columns each of which

stareg N/(mb) bits.

The reverse replacement section 1001 carries out
reverse replacement of returning the arrangement of the
mh symbol bits yg tO ym-1 L0 the original arrangement of
the mb code bits b, by, .., bw-a1 {arrangement of the code
bits by to bu1 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 by to
bun-1 Obtalined as a result of the reverse replacement.
[0G547]

The memory 1002 has a storage capacity of storing
mb blts 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 replacement section 1001 is configured from mb
columns each of which stores N/ {(mb) bits.

[0548]

However, in the memory 10062, writing cof the code

i-..ﬂl
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[0548] However, in the memory 1002, writing of the code 195 bits of
LDPC codes outputted from the reverse replacement section 1001 is
carried out in a direction in which reading out of code bits 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 is
carried out in a direction in which writing of code bits into the memory 31
is carried out. [0549] In particular, the multiplexer 54 of the reception

apparatus 12 §ugcessively carries o tgvriting qf code _bits of an, LPPCC ment
bedde Sttptited front fie raverse ‘T%éjlaclé?n%nfsigctfo%vfﬁ(ff i & unit of mb- -

bits in the.r direction beginning,with the first ro gf gpe.rgem_p%ﬁooz
“oward a I%@vg% IoW a$§ %Egﬁ%ln Aoo"thFla 1804&f0r5%((:) Tﬁen,:L when the

Hng.of code Bits farpnegade fangih ands,lheduyltiglexse Sdueads out
the cod

[
bits in the column direction from the memory 1002 and supplies

Jbe.code bits.fo.the gojumn twist deinterieaver85 atthe- sticeeeding s
stage. [0551] Here, B of FIG. 104 is a view illustrating reading

carried out, and reading out of code bits written in the
memory 1002 is carried out in a direction in which
writing of code bits into the memory 31 is carried out.
[0549]

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 seen in A of FIG. 104.

[0550]

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 supplies
the code bits teo the column twist deinterleaver 5L at the
succeeding stage.

[0551]
Here, B of FIG. 104 is a view 1llustrating reading

out of the code bits from the memory 100Z.

[0552]



out of the code bits from the memory 1002. [0552] 196 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. [0553] 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. 05541 FIG. 105 shows an example
of a configuration of the memory 1002 of the multiplexer 54. [0555] The

memory T00 s ARIGHAGE capabity forStorftiy” nif Bite HtHR ColGrn 29
(yert_ica‘lg direction and s&ores N/(nﬁ%gbétjs in C}h% row éhgrci)zonégl% ]c_iirr%gtion
BardisC coftiposed ‘of il Colufhns. The colurmn wist deinterieaver
Ao lites cade blls, of A0JDE cpden e TN dliectian g e memory
and controls the position at whic reading out is started when the

ﬁ&?@@t%%@reéggoﬂlﬂmf %plhﬂmnadiﬁeeoﬁi&'ﬂost column toward a
right side columnn.
[0553]

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.
[0554]

FIG. 105 shows an example of a configuration of the
memory 1002 of the multiplexer 54.
[0555]

The memory 1002 has a storage capacity for storing
mb bits in the column {vertical) direction and stores
N/ {mb) bits in the row (horizontal) direction and is
composed of mb columns.
[0556]

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 column direction

to carry out column twist deinterleave.

[0557]



to carry out column twist deinterleave. [0557] 197 In particular, the column
twist deinterleaver 55 carries out a reverse re-arrangement process of
suitably changing the reading out starting position at which reading out of
code bits with regard to each of a plurality of columns is to be started to
return the arrangement of code bits re-arranged by the column twist
interleave to the original arrangement. (0558] Here, FIG. 105 shows an
example of a configuration of the memory 1002 where the modulation
method is 16QAM and the multiple b is 1. Accordingly, the bit number m
of one symbpkhkis# bits,aand theanemomni00 inctudesifobe mibpver 55
columns. [0559] The column twist deinterleaver 55 carries out (in place of
thermuttiplexer 54) Pwiitiig of E6de bitg of e DPCieRGuUtpittéd fropP Ly
the replacement section 1001 in the row direction successively into the
AeMIGH 002" DelRtiHg With the fifst FowtBwarFa fowernidst Fws"

[0560] Then, if writing of code bits for one code length ends then the
SSlamiT tvist deifterleaer 55 tariesiout-edard to eacn’ol a

plurality of celumns is to be started to return the
arrangement of code bits re-arranged by the column twist
interleave to the criginal arrangement.

[0558]

Bere, FIG. 105 shows an example of a configuration
of the memory 1002 where the modulation method is 160AM
and the multiple b i1s 1. Accordingly, the bit number m of
one symbol is 4 bits, and the memory 1002 includes four
(= mb) columns.

05593

The column twist deinterleaver 55 carries out (in
place of the multiplexer 54), writing of code bits of an
LDPC code outputted from the replacement section 1001 in
the row direction successively intc the memory 1002
beginning with the first row toward a lowermost row.
[05¢€0]

Then, 1f writing of code bits for one code length
ends, then the celumn twist deinterlieaver 55 carries out
reading out of code bits in the downward direction

{column direction) from a top of the memory 1002
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reading out of code bits in the downward direction (column direction) from
a top of the memory 1002 198 beginning with a leftmost column toward a
right side column. (0561] 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 interleaver 24 on the transmission apparatus 11 side to a
reading out starting position of the code bits. :0562 In particular, if the

radgress afithe:position ef thetop ef-gach-caluma.is determined as f-and
the address of each position in the column direction is represented by an
dpteger. given in an ascending order, then where the modulation method is
16QAM and the multiple b is 1, the column twist deinterleaver 55 sets the
reading out starting position for the leftmost column to the position whose
address is 0, sets the reading out starting position for the second column
(from théllesfty Y& the 'positionwhoseaddress is-2 tsats ¢i5e’ readifg eatries
starting position for the third column to the position whose address is 4,
&hd s@té“f‘ﬁé@eéﬁ%ﬁg Bt §t}&ﬁirﬁ:j3de bits from the memory 1002

determining the writing starting position upon writing of
the code bits by the column twist interleaver 24 on the
transmissiocn apparatus 11 side to a reading cut starting
position of the code bits.

(0bh62]

In particular, if the address of the position of
the top of each column is determined as 0 and the address
of each position in the column direction is represent@d
by an integer given in an ascending order, then where the
modulation method is 16QAM and the multiple b is 1, the
column twist deinterleaver 55 sets the reading out
starting position for the leftmost column to the position
whose address is 0, sets the reading out starting
position for the second column (from the left} to the
position whose address is 2, sets the reading out
starting pesition 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 1s 7.



position for the fourth column to the position whose address is 7. 199
0"x63] 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
rreaelgTg out starting position. Then, after that, reading out is carried out
from the next (right) column. [0564] By carrying out such column twist
interleave-as «deseribed abowd, thearrangementofdhel code bitsiheof
arranged by the column twist interleave is returned to the original
térpargemenmG568] €. 166 ds-8blsukidiagrant shewhfarnother has an
example of the configuration of the reception apparatus 12. [0566] .
aREfefty RS, 108 thé redeiitivh dhparatus 12° 794 dataprotds&ing s~ &<

apparatus which receives a , , o i
out such that, after such reading cut 1s carried out down

to the lowermost posgition, the reading out position is
returned to the top (position whose address is 0) cf the
column and the reading out is carried out downwardly to
the position immediately preceding to the reading out
starting positien. Then, after that, reading out is
carried ocut from the next (right) column.
05647

By carryving out such column twist interlieave as
described above, the arrangement of the code bits re-
arranged by the column twist interleave is returned to
the original arrangement.
[0565]

FIG. 106 is a block diagram showing another example
of the configuration of the reception apparatus 12.
[05646]

Referring to FIG. 106, the reception apparatus 12
is a data processing apparatus which recelves a
modulation signal from the transmission apparatus 11 and

includes an orthogonal demodulation section 51, a
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modulation signal from the transmission apparatus '1 and includes an
orthogonal demodulation section 51, a 200 demapping section 52, a
deinterleaver 53 and an LDPC decoding section 1021. 0567] 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 Q axis directions) obtained as a
result of the orthogonal demodulation to the demapping section 52.
[0568] The demapping section 52 carries out demapping of converting
Gheaymbols ﬁ@ﬁ?ﬂffé“or%go%afli@éﬁl%%ﬁﬂa@i@ﬁ%ec%gna@fjirﬁ@ chd& bits
of an LDPC code and supplies the code bits to the deinterleaver 53.
JO566}THe B8Mterfdavel $3-includes a multiplexer (MUX) 54, a column

twist deinterleaver 55 and a parity deinterleaver 1011 and carries out
'deifitérieave of the code bits of the LDPC code from the demapping

section 92,-10570L 10, patipula, (hg,multilexet. 2 Celgmines 88-LREE -
code from the dema ping section 2°as an object o

modulation signal from the transmission apparatus 11,
carries out orthogonal demodulation and supplies symbols
(values in the I and Q axis directions) obtained as a
result of the orthogonal demodulation to the demapping
section 5Z2.

[0568]

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.

[0569]

The deinterleaver 53 includes a multiplexer (MUX)
54, a column twist deinterleaver 55 and a parity
deinterleaver 1011 and carries cut deinterleave of the
code bits of the LDPC code from the demapping section 5.
[0570]

In particular, the multiplexer 54 determines an
LDPC code from the demapping section 52 as an cobject of
processing thereof and carries out a reverse replacement

process corresponding to the replacement process carried
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processing thereof and carries out a reverse replacement process
corresponding to the replacement process carried 201 out by the
demultiplexer 25 of the transmission apparatus 11 (reverse process to the
replacement process), that is, a reverse replacement process of returning
the positions of the code bits replaced by the replacement process to the
original positions. Then, the multiplexer 54 supplies an LDPC code
obtained as a result of the reverse replacement process to the column
twist deinterleaver 55. [0571] The column twist deinterleaver 55

etehineEthé LR E dotiefrdmhe Mulfipiexér s 8 hicotsjBc o 2 ratus

processing and carries out column twist deinterleave corresdggndigg t% tt}_es
Tcolurhfi Hist ntBASATE s are- AfrahgBmient Process caried ot by the -
column twist interleaver 24 of the transmission, apparatus_11. [ 1.The,

1L 0PCcode o*befgﬁéeid ‘a8 4 re<ult 6t the cofumn %ﬁ%ﬁ%tgﬁga\gg %s% e
supplied from. the, caluma yist. deinterigave e.Rarity felpterleaver
Ol%liggg[og% The 5%% eyi\%?éeﬁlgéa%]g f(}r)?éﬁ ggtge:rlr%i%es the c%lc(iacé bits after
dhe column fwist deintarieave by the.golumi. twist deipterleaves 55AsAN ies

object of processing thereof

an LDPC code obtained as a result of the reverse
replacement process to the column twist deinterleaver 55.
[0571]

The column twist deinterleaver 55 determines the
LDPC code from the multiplexer 54 as an object of
processing and carries cut column twist deinterleave
corresponding te the column twist interleave as a re-
arrangement process carried ouf by the column twist
interleaver 24 of the transmission apparatus 11.

[C572]

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.

[0573]

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 interieaver
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and carries out parity deinterleave corresponding to the parity interleave
carried out by the parity interleaver 202 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. [05741 The LDPC code obtained as a result of the parity
deinterleave is supplied from the parity deinterleaver 1011 to the LDPC
2decading: sectiom 625 {0575 Peeordingly lih tHe teceptiontappatatsls 12
of FIG. 106, the LDPC code for which the reverse replacement process,
téslummrtivist deintetléave and paiify deinteflédve- aWeEbaers Eafietoutt
that is, an LDPC code obtained by LDPC coding in accordance with the
TSArRY T ARSCK RSt 2R EPPIIE 96 thd EDPE Fecodiny Section 1631¢
[05761 The LDPC decoding section 1021 carries out LDPC decoding of
TR IBE Tode o I GemtéicaVel B34Eing tné paritceck matrix H

Jitself used for LDP encoding b)ithe LDPC encoding section 21 of the
H%%%g %g%% to the original arrangement.

[0574]

The LDPC code obtained as a result of the parity
deinterleave is supplied from the parity deinterleaver
1011 to the LDPC decoding section 1021.

[0575]

Accordingly, in the reception apparatus 1Z of
FIG. 106, the LDPC code for which the reverse replacement
process, column twist deinterleave and parity
deinterleave have been carried cut, that is, an LDPC code
obtained by LDPC coding in accordance with the parity
check matrix H, is suppliled to the LDPC decoding sectlon
1021,

[0576]

The LDPC decoding section 1021 carries out LDPEC
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



apparatus it or a conversion parity check matrix obtained by carrying out
at least column conversion corresponding 203 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. [0577] 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 supplied from the (parity deinterleaver 1011 of) the
deinterleaver, 53 to the LDPC decoding section 1021, where the LDPC
“docoing BFthe L DPE ThHETS Card GUEUSY the paity chetk ThadfodH

{fel ngh oy oo rcpingly o LoPC o secion 21

=
mission apparatus ecoding section T can be

TBPC aching 1 athardance b L Scal deeaeing metho wheei ™

ecoding in accordance wi serial de hod wheérein
%ﬁ@gmq;g:@gqperation of messages (check node messages and variable
node messages) is carried out for one by one node or another decoding
eppargtus wherein LDPC decoding is carried out in accordance with a full
parallel decoding method wherein mathematical operation of messages

are carried o4 simultaneouslyitparallehparatus 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 c¢f) the deinterleaver
53 to the LDPC decoding section 1021, where the LDPC
decoding of the LDPC code is carried cut using the parity
check matrix B dltself used for the LDPC encoding by the
LDPC encoding section 21 of the transmlission apparatus 1},
the LDPC decoding section 1021 can be configured, for
example, from a decoding apparatus which carries out LDPC
decoding in accordance with a full serial decoding method
wherein mathematical operation of messages (check node
megsages and variable node messages) 1s carried out for
one by one node or another decoding apparatus wherein
LDPC decoding is carried out in accerdance with a2 full
parallel decoding method wherein mathematical operation
of messages are carried out simultanecusly {in parallel)
for all nodes.

0578
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for all nodes. [0578' 204 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 variahler nogé sathematicalapetatign simutaneddsSlydoriP (bea
devisor of P other than 1) check nodes and P variable nodes and which
chag asdceptionidatade arrangenrentosestion 310 forearryingtéuttolumn
replacement similar to the column replacement for obtaining a conversion
Oty ehBck Inatfik forithe LDPC bde %6 Fé-affahgéthe Stoe 5 6fthe
LDPC codes, 0579] It is to be noted that, while, in FIG. 106, the |
FRbRPRI A 1Sr EQrrfing GiR The YevelSE Teptadement protestédititin

twist deinterleaver 55 for carrying out_the column twist deinterleave and
Prity deirterndaver 1611 c%ﬁ? irL1JLgD it tRa parity’ 8&%&&%@&@%8

encoding section 21 of the transmission apparatus 11, the
LDPC decoding section 1021 can be confirmed from a
deccding apparatus of an architecture which carries cut
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 a2 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 LDPC code to re-arrange the
code bits of the LDPC codes.

[0579]

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 carrying out
the column twist deinterleave and parity deinterleaver
1011 for carrving out the parity deinterleave are
configured separately from each other for the convenience

of description, two or more of the multiplexer 54, column

205



configured separately from each other for the convenience of description,
two or more of the multiplexer 54, column 205 twist deinterleaver 55 and
parity deinterleaver 1011 can be configured integrally similarly to the
parity interleaver 23, column twist interleaver 24 and demultiplexer 25 of
the transmission apparatus 11. [0580] FIG. 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. [0581] Referring to FIG.
107, the reception system includes an acquisition section 1101, a
trahsnission TiRs L 88CEding proceldsiiyisectioR I 10RsEraN fforhvatior- 27
source decoding processing section 1103. [0582] The acquisition section
99 034t qlires Hsighar Hicuditg AN DPE dode‘obtiined 4t east by
LDPC encoding %bjegt %a{ta such.as imagce dita and mﬁﬁic daga of a
*p%&r%}r? fﬁf%t]gﬁ trafsmicsion ling such as, ci)%raég(%?np &, eifestrial
dlgtal broadeasting. satelite dgjal, rgadcasting. g CATCnework, the

fternet or some other “Network. en, the acquisition section 1101
%Jgglgﬁs the acquired signal to the transmission line decoding

FIG. 107 is a block diagram showlng a first example
of a configuration of a reception system which can be
applied to the reception apparatus 1Z.

[05811

Referring to FIG. 107, the reception system
includes an acqguisition section 1101, a transmission line
decoding processing section 1102 and an information
source decoding processing section 1103.
[0582]

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 cor some other
network. Then, the acguisition section 1101 supplies the
acguired signal to the transmission line decoding
processing section 1102.

[0583]
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processing section 1102. [05831 206 Here, where the signal acquired by
the acquisition section 1101 is broadcast, for example, from a
broadcasting station through ground 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 acquisition section 1101 is transmitted in a
multicast state as in the IPTV (Internet Protocol Television), for example,
from a webrserveh¢he acguisitiamsectiopali isssbrifiguidtfromcal REOrRY
I/F (Inter face) such as, for example, an NIC (Network Interface Card)
65841cThel irahsrisdisit itk decoding précessntrsectibi™1£02 carries
out a transmission line decoding process including at least a process for
Foor ARG el SProtitiesd e tPansHission Iife 16 the g fat adqtired

through the transmission line by the acquisition section, 1101, and
" hpiies 4 sighfal obtained age;/%‘éﬁﬁ]o? e (fﬁ%\néq?ﬁa ik %‘e

_ _ _ isSion Tihe ecoding
ipégglgjsssitg itg g Igfg g@:? ggn 151%0?_ g e%%%'% 9 cf;) rg:%%ssﬂg)%e%tiog ulnleog,' an
3TB (Set Top Box) or the like. On the other hand, where
the signal acgquired by the acquisition section 1101 is
transmitted in a multicast state as in the IPTV (Internet
Protocol Television), for example, from a web server, the
acquisition section 11 is configured from a network I/F
(Inter face) such as, for example, an NIC {Network
Interface Card).
[0584]

The transmission line decoding processing section
1102 carries out a transmission line decoding process
including at least a process for correcting errors
produced in the transmission line for the signal acguired
through the transmission line by the acquisition section
1101, and supplies a signal obtained as a result of the
transmission line deccding process to the information
source decoding processing section 1103.
[05857

In particular, the signal acguired through the

transmission line by the acguisition section 1101 is a
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In particular, the signal acquired through the transmission line by the
acquisition section 1101 is a 207 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. [0586] Here, as the error correction encoding, for
example, LDPC encoding, Reed-Solomon encoding and so forth are
SAVEIEBIeC Hete e Y ef6réortédioR encdtintt ab e &tiBP € ©ntdding™"
is carried out. [0587] Further, the transmission line deoodin% %)rocess

LHrELiHEs frichuded d&RbdTaLEH of AmEdaIatGT Sighdl 'and so forth.

QS%%]InEhe information source Pecodlggyprgcessm section. 1103 carries

oUt AR information lsrtl)%fce‘aa\ecodjﬁg %rocess incll ing Sfleasta process

J@rdecampressing cormpreseed pformation e Ariginalngunalon for
the S|gna? or which the transmission line decoding process has been
§@Q¥%$RUE102 carries out a transmission line decoding
process such as, for example, an error correction process.
(05861

Here, as the error correctlion encceding, for example,
LDPC encoding, Reed-Solomon encoding and so forth are
available. Heres, as the error correction enceding, at
least LDPC encoding is carried cut.
[0587]

Further, the transmission line decoding process
sometimes includes demodulation of a modulation signal
and so forth.
(0588

The information source deccding processing section
1103 carries out an information source decoding process
including at least a process for decompressing compressed
information into original information for the signal for
which the transmission line decoding process has been
carried out.

[0589]

In particular, the signal acquired through the
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[0589] In particular, the signal acquired through the 208 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
tinesigiaslinforiationfor & signad rvehich the samshtission ihenas
decoding process has been carried out. [0590] It is to be noted that,
SWREre the SiqiRi acHured SthrcLgh/theFaHsAfiSSioR lifie Bytheachtisition
section 1101 has not been carried out compression encoding, the

SRR haESA EBuUrCE GelEting Prodessirgection 4985 Hoes ot Garfy out
QQS LE)r%cesss %f decompressing the c%mé)ressed information into_the

h

Fe, 38 thé e comptéssion proceds fgPa =%

original information. (0581 Here, ds

Srample, MREG, decoding and sg forth are avaiiable. Fyrther, the
fransmission line dcec'odlng process sometimes includes cfescrar%bling in

§¥E@¥§E%H53é¥%PﬂHHe§¥@@F%%?%%és 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
transmissicn line decoding process has been carried out.
(0590}

It is to be noted that, where the signal acguired
through the transmission line by the acguisition section
1101 has not been carried out compression encceding, the
information source decoding processing section 1103 does
not carry ocut the process of decompressing the compressed
information into the original information.

[0591]

Here, as the decompression process, for example,
MPEG decoding and so forth are available. Further, the
transmission line decoding process sometimes includes
descrambling in addition to the decompression process.
[0592]

In the recepticn system configured in such a manner
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[0592] In the reception system configured in such a manner 209 as
described above, the acquisition section 1101 receives a 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 encoding for the compression
encoded data through a transmission line. The signal is supplied to the
transmission line decoding processing section 1102. [0593] In the
atranismissiondiheadecoding processings s&dtion EEOZ; processes simitaritoe s
those carried out, for example, by the orthogonal demodulation section
5% 1 demappirigesection 2, deintedoaver 53 ardreDPEsdecoding sseetien
56 (or LDPC decoding section 1021) are carried out as the transmission
i decodig provess der el Signabirdntthe atgtistioisetion 1SS/
Then, a signal obtained as a result of the transmission line decoding
S&%és@% {iplied 16 thé formatioSouree Gécdding Xprocessihg

section 1103. [0594] In the information source decading processing
RO 1103, SHOMANO SBUTEe dUCoaing rOceLs saeh -

compression encoded data through a transmissicn line. The
signal 1s supplied to the transmission line decoding

processing section 1102.

In the transmission line decoding processing
section 1102, processes similar to those carried out, for
example, by the orthogonal demcdulation section 51,
demapping section 52, deinterleaver 53 and LDPC decoding
section 56 (or LDPC decoding secticon 1021) are carried
out as the transmission line decoding process for the
signal from the acqguisition section 1101. Then, a signal
obtalined as a result of the transmissiocon line decoding
process is supplied to the information source decoding
processing secticn 1103.

[0594]

In the information source decoding processing
saction 1103, an informaticon source decoding process such
as MPEG decoding 1s carried out for the signal from the

transmissicn line decoding processing section 110Z, and
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as MPEG decoding is carried out for the signal from the transmission line
decoding processing section 1102, and 210 an image or sound obtained
as a result of the information decoding process is outputted. [0595] 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. [0596] It is to be noted that it is possible
to configure the acquisition section 1101, transmission line decoding
processing section 1102 and information source decoding processing . .
e ctBRIEL 03 e st &S an ridegerident aﬁp§r%%%h§r’ﬂv&lg (g formation
(Integrated Circuit) or the like) or a sgﬁware module). [05971 Further, as
298 PacYusiton SeibrP1 10T “transmission line decoding

r%r,g%% sing section 1102 and information source decoding processing
'section 1103, a set of the acquisition section 1101 and transmission line

decoding pracessiaadlion 1407, agpiher seh el tngg ragsmission ing.q
decoding processing section 1102 and information source decoding
Jugcessing sgetio,1193.9r aroy example, to a television tuner
for receiving television broadcasting as digital
broadcasting and so forth.

[0586]

It is to be noted that it is possible to configure
the acguisition section 1101, transmission line decoding
processing section 1102 and information socurce decoding
processing section 1103 each as an independent apparatus
(hardware (IC (Integrated Circuit) or the like} or a
software module) .

[6597]

Further, as regards the acguisition section 1101,
rransmission line decoding processing section 110Z and
information source decoding processing section 1103, a
set of the acquisition section 1101 and transmission line
decoding processing section 1102, ancother 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, transmission

line decoding processing section 1102 and information
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further set of the acquisition section 1101, transmission line decoding

processing section 1102 and information 211 source decoding processing

section 1103 can be configured as a single independent apparatus.

[0598] 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. [0599] It is to be noted that, in FIG. 108,

elements corresponding those in FIG. 107 are denoted by like reference
SKRUrRBFalS Sarnd dBSCITDEiDR BT Thelh IS Shftably omittediAThE Following Jured

description. [0600] The reception system of FIG. 108 is common to that of
2EIG 107 that it HERTdEEANT a8qligfidh'Section 1101, a transmission

(I(é%egcg coding processing section 1102 and an information source
-decoding processing section 1103 but is different from that of FIG. 107 in

that It newtly Inaludes an puipiiing section. d1Lt,J950Y the.autpting
section 11117 is, for examplé, a display apparatus for displaying an image
QLA SReakar faroutputting sound and putpyls andmage; g;soupd:akthe
which can be applied to the reception apparatus 1Z.
[6599]

It is to be noted that, in FIG. 108, elements
corresponding those in FIG. 107 are denoted by like
reference numerals, and description of them is suitably
omitted in the following description.

[0600]

The reception system of FIG. 108 is common to that
cf FIG. 107 in that it includes an acquisition section
1101, a transmission line decoding processing section
1102 and an information source decoding processing
section 1103 but is different from that cof FICG. 107 in
that iﬁ newly includes an outputting section 1111,
[0e01]

The outputting section 1111 is, for example, a
display apparatus for displaying an image or a speaker
for cutputting sound and outputs an image, a sound of the
like as a signal ocutputted from the information source

decoding processing section 1103. In other words, the
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like as a signal outputted from the information source decoding
processing section 1103. In other words, the 212 outputting section 1111
displays an image or outputs sound. [0602] 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.
[0603] 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
AUpphigd “a Bigniaf Shtpuitted  from thetrahsmigsion iRg dedbding >~
%o%e sing section 1102 is supplied to the outputting section 1111. [0604]
871709 is a block diagram showing a third example of the configuration
pg eception system which can be applied to the reception apparatus
1 g%é%] It is to be noted that, in FIG. 109, corresponding elements to

those of El(3;,107 are-denated by, like-referensediumerals, angddn dhe e q
following description,

above can be applied, for example, toc a TV {television
receiver) for receiving a television broadcast as a
digital broadcast, a radio receiver for receiving a radio
breoadcast and so forth.

06031

It is to be noted that, where the signal acquired
by the acguisition section 1101 is not in a form wherein
compression encoding is not applied, a signal ocutputted
from the transmission line decoding processing section
1102 is supplied to the outputting section 1111.

[0604]

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.

[0605]

Tt is to be noted that, in FIG. 109, correspending
elements to those of FIG. 107 are denoted by like
reference numerals, and in the following description,
description of them is suitably omitted.

[0606]



description of them is suitably omitted. [0606] 213 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.
[06071 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.
[0608) The recording section 1121 records (stores) a signal (for example,
a TS packet of &-ES of MPEG} eutputfed from thedransmissiontinec that
decoding processing section 1102 on or into a recording (storage)
anedilitn sucl ashanlopticaldisk; alharddisky(nmagneticidiskrorse flashn
memory. [06091 Such a reception system of FIG. 109 as described
labbvezcah be applicd ic:a Fecordénfor tecordingta RalkVision: Bfbate st 6

th%éike. [06101 it is to be noted that, in FIG. 109, the reception
1102,

[0607]

However, the reception system of FIG. 108 is
different from that of FIG. 107 in that it deoes not
include the informaticon source decoding processing
section 1103 but newly includes a recording section 1121.
[0608]

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 into a recording (storage) medlium such
as an optical disk, a hard disk (magnetic disk) or a
flash memory.

[0609]

Such a reception gystem of FIG. 109 as described
above can be applied to a recorder for recording a
television broadcast or the lilke.

[0610]

It is to be noted that, in FIG. 109, the recepticn

system may include the information source descoding

processing section 1103 such that a signal after an
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system may include the information source decoding processing section
1103 such that a signal after an 214 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. 215 Claims 1. A data processing
apparatus which interleaves data, comprising: parity interleave means for
carrying out parity interleave of interleaving parity bits of an LDPC code
optained by carning out LDRCencoding i accordance with a party, ..
check Matrix in Which & pa;lfy miatix Which 1S a poﬁlon corresponélng to

arity bit n.LDPC (L nsity. Parit ircase
e eRAGATl 1o pasiions of oier s ot the party’ i 2. The
daia Pf%@ééinﬂsé}p%aﬁ%%g%qing dorglain, 1wherein; the bithumber ;
M of the parity bits of the LDPC code is a value other than the prime
umberssand, where two-gnes,ef devisorsof thexbit number M of the
parity bits other than 1 and M whose product is equal
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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 216 than q is
represented by y, said parity interleave means interleaves a K+qgx+y+lth
code bit from among the parity bits which are K+lth to K+Mth code bits of
the LDPC code to the position of the K+Py+x+ith code bit. 3. The data
processing apparatus according to_claim 2, further comprising
re-arrangement means for carryin&&ﬁ‘t}%ere the LDPC code is
tr'ansmittfd sych that two or more ones of the code bits of the LDPC code
are transmittéd 45 6he psLyOrﬁgcﬁ,Sénrg-aarl%ﬁag%?néﬁ? p‘iJocle%s fépreeigrrgﬁgie

éhe code bits of tjhg LDPC code after the parity interleave such that a

p?ﬁr%litycgfnlc%ﬁéab|tsgcorresponding to the value 1 included in one

arbitrary row.qf the parity,check matrix are,notigcluded in the same; ¢,
symbol. 4. The data processing apparatus according to claim 2, wherein:
interleave of interleaving parity bits of an LDPC code
obtained by carrving out LDPC encoding in accordance with
a parity check matrix in which a parity matrix which is a
portion corresponding to parity bits of an LDPC (Low
Density Parity Check) code has a staircase structure
individually to positions of other ones of the parity
bits.

Z. The data processing apparatus according tc

-

claim 1, wherein;:

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 cther than 1 and M whose product is equal
to the bit number M of the parity bits are represented by
P and g,

the bit number of information bits of the LDPC code
is represented by K,

an integer egual to or higher than 0 but lower than

P 1s represented by x, and

another integer equal tc or higher than 0 but lower
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the LDPC code is an LDPC code wherein an information matrix which is a
portion of the parity check matrix of the LDPC code which corresponds to
the information bits of the LDPC code has a cyclic structure; and said
data processing apparatus further comprises re-arrangement means for
carrying out column 217 twist interleave for changing, where a symbol is
formed from code bits of the LDPC code 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 read out in the row direction, the
Withd starting” posfioh Witerthe’code bits of the LDPC code are written
in the colurn direetion of said storage meanss.changed .for each of the
columns ot said’ storaJe means-as a re- arrangem‘erﬁ process for

FEAlk @[&%tl‘&gﬁ@d%?i@ %gfttpa? gn%CQg% %;ﬁ%@ﬁtglpfgcgﬁﬂ% are

apparatus according to claim 4, wherein the parity matrix in the parity

€heck matrix.ofithe LDRCcode has a psewda-eyclic structurein which: ; o

the parity matrix has a portion having a cyclic structure except part
drereot, the structure beingsobtained by applying row replacement

corresponding to the parity interleave.

3. The data processing apparatus according to
claim 2, further comprising

re-arrangement means for carrying out, where the
LDPC code 1s tTransmitted such that two or more ones of
the code bits ¢f the LDPC code are transmitied as one
symbol, a re-arrangement process for re-arranging the
code bits of the LDPC code after the parity interleave
such thatha plurality of codembits corresponding to the
value 1 included in one arbitrary row of the parity check
matrix are not included in the same symbol.

4. The data processing apparatus according to
claim 2, wherein:

the LDPC code is an LDPC code wherein an
informaticn matrix which 1s a portion of the parity check
matrix of the LDPC code which corresponds to the
information bits of the LDPC code has a cyclic structure;
and

said data processing apparatus further comprises

re-arrangement means for carrying out column
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6. The data processing apparatus according to claim 5, wherein: where
one symbol is formed from m ones of the code bits of the LDPC code,
and where the code length of the LDPC code is N bits and a
predetermined positive integer is represented by b, said storage means
stores -no bits in the row 218 direction and stores N/(mb) bits in the
column direction; the code bits of the LDPC code being written in the
column direction of said storage means, whereafter the code bits are read
tautdn the tew tirecton,dhe anlb cgde hitswead outingheivrow directiomrofd
said storage means being converted into b symbols. 7. A data processing
Tmethotbfde alddta précassing- pparatds which:-interleaves data,umn
comprising: a step carried out by the data processing apparatus of
ddaiRifg Ot parity interieave o intedSavitidg partyIbits of SAEDPC kddet
‘obtained by carrying out LDPC_encoding in accordance with a parity
HeckthatrixifEwhichea parfty Tafix witich 74 pohtion Corr88pondiritto- ©*
parity bits of an LDPC (Low Densijty Parity Check) code has a staircase
SHucke IndvleLEfly (6 BoSTibnS bf Giher Bries BFind party Bits. 216 -

position when the code bits of the LDPC code are written
in the column direction of said storage means 1s changed
for each of the ccolumns of szid steorage means as a re-
arrangement process for re-arranging the code bits of the
LDPC code.

5. The data processing apparatus according to
claim 4, wherein the parity matrix in the parity check
matrix of the LDPC code has a pseudo cyclic structure in
which the parity matrix has a portion having a cyclic
structure except part thereof, the structure being
obtained by applying row replacement corresponding to the
parity interleave.

6. The data processing apparatus according to
claim 5, wherein:

where one symbol is formed from m ones of the code
bits of the LDPC code, and

where the code length of the LDPC code is N bits

and a predetermined positlve integer 1s represented by b,

gsaid storage means stores mb bilits in the row
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direction and stores N/(mb) bits in the ceclumn direction;

the code bits of the LDPC code being written in the
column direction of said storage means, whereafter the
code bits are read out 1n the row direction,

the mb code bits read out in the row direction of
sald storage means being converted into b symbols.

7. 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 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 a portion corresponding to
parity bits of an LDPC (Low Density Parity Chsck) code
has a stalrcase structure individually to positions of

other ones of the parity bits.
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