Description DATA PROCESSING APPARATUS AND DATA PROCESSING METHOD AS WELL AS
ENCODING APPARATUS AND ENCODING METHOD Technical Field [0001] This invention
relates to a data processing apparatus and a data processing method as well as an encoding
apparatus and an encoding method, and particularly;to a data processing apparatus and a data
processing method as well as an encoding apparatus and an encoding method which can improve, for
example, the tolerance to errors. [0002] The LDPC (Low Density Parity Check) code has a high
error correction capacity and, in recent years, begins to be adopted widely in transmission systems
including satellite digital broadcasting system&§&#eh &% igt'example, the DVB Digital Video
Broadcasting)-S.2 system used in Europe (refer to, for example, Non-Patent Document 1). Further, it
is investigated to adopt the LDPC code also in terrestrial digital broadcasting of the next generation. 2
[0003] It |s und gg recent research that a erformanceﬁsgroximate to the Shannon limit is

provided by the L C@es @‘g&}@ Fézﬁ%[tjﬁléqfﬁ@r éjé% sﬁﬁﬁg F&§§u%%T%%% ard so fprth.
Further, smcﬁﬁ L PC%&’QS Q{ﬂ}@t %m% #ﬁ} gtmg% eases in proportion to the

code length, it has a characteristic tha it"has a superior error ty 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 aboyvegdgdescribed paicularly. It is to be noted that the LDPC code is a linear code, and
although it is not necessarily be a two-dimensional code, the following description is given under the
assumption thag itgs a two-dimensional code.

This invention relates to a data processing
apparatus and.a data processing method as well as an
encoding apparatus and an encoding method, and
particularly to a data processing apparatus and a data
processing method as well as an encoding apparatus and an
encoding methed which can improve, for example, the
telerance to errors.

(00023

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

next generation.



[0005] The LDPC code has the most significant characteristic in that a parity check matrix which
defines the LDPC code is a sparse matrix. Here, the sparse matrix is a matrix in which the number of
those 3 elements whose value is "1" is very small (matrix in which almost all elements are 0). [0006]
FIG. 1 shows an example of a parity check matrix H-pf an LDPC code. [0007] In the parity check
matrix H of FIG. 1, the weight of each column (column weight) (number of "1") (weight) is "3" and the
weight of each row (row weight) is "6." [0008] . In encoding by LDPC codes (LDPC encoding), for
example, a generator matrix G is produced based on a parity check matrix H and this generator matrix
G is multipliedlby 8#d-dimensional information bits to produce a codeword (LDPC code). [0009] In
particular, an encoding apparatus which carries out LDPC encoding first calculates a generator matrix
G which satisfies an expressioR GHFF =P t6tether Witk atfarsposed rhatkik 1T 8f a parity check matrix
H. Here, if the generator matrixGisaKxNmatrix, then the encoding apparatus multiplies the generator

matrix G by a Bitsting WEttoPa) SR HiGrmatidr bits {6 Broutice A'dddetiord (&8 oPK bits. The

COdeWOHjaI¥%%CEg$k code as the code length 1s increased similarly

to a turko code and so forth. Further, since the LDEC
code has a property that the minimum distance increases
in propertion to the code length, it has a characteristic
that 1t has a superior block error probability
characteristic. Alsc i1t 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 ccde as described
above is described particularly. It is to be noted that
the LDPC code is a linear code, and although it is not
necessarily be a twe-dimensional code, the following
description is given under the assumption that it is a
two-dimensional code.

[0005]

The LDPC code has The most significant
characteristic in that a parity check matrix which
defines the LDPC code 1s a sparse matrix. Heres, the

sparse matrix is a matrix in which the number of those



4 produced by the encoding apparatus is received by the reception side through a predetermined
communication path. [0010] Decoding of the LDPC code can be carried out using an algorithm
proposed as probabilistic decoding (Probabilistic Decoding) by the Gallager, that is, a message
passing algorithm by belief propagation on a so-called Tanner graph including a 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. [0012] It is to be noted that, in the following description, a real number value where
the "0" likelihcoements whose value is “1” is very small {matrix in
which almost all elements are 0).
[0006]
FIG. 1 shows an example of a parity check matrix H
0of an LDPC code,
[0007]
In the parity check matrix H of FIG. 1, the weight
of each column (column weight) (number of “1”) (weight)
is "3” and the weight of each row (row weight) is “6.”
[0008]
In encoding by LDPC codes (LDPC encoding), for
example, a generator matrix G is produced based on a
parity check matrix H and this generator matrix G is
multiplied by two-dimensional information bits.to produce
a codeword (LDPC code).
[0009]
In particular, an encoding apparatus which carries
out LDPC encoding first calculates a generator matrix G
which satisfies an expression GH' = 0 together with a
transposed matrix H' of a parity check matrix H. Here, if
the generator matrix G is a K ®x N matrix, then the
encoding apparatus multiplies the generator matrix G by a

bit string (vector u) of K information bits to produce a

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



in the value of the nth code bit of an LDPC code (one codeword) received by the reception side is
represented in a log likelihood ratio is suitably referred to as reception value uoi. Further, a message
outputted from a check node is represented by uj and a message outputted from a variable node is
represented by vi. [0013] 5 First, in decoding of an LDPC code, as seen in FIG. 2, an LDPC code
is received and a message (check node message) ul is initialized to "0" and besides a variable k
which assumes an integer as a counter of repeated processes is initialized to "0" at step Gil,
whereafter the processing advances to step S12. At step S12, mathematical operation represented by
an expressiorP{g ¢arfabl® nodemathensbiticdl 6pSation)is cafried oot Basedsn #iereception value
uoi obtained by the reception of the LDPC code to determine a message (variable node message) vi.
Further, mathéREHEAIGPersicit repréSertbd By BREprEionts) (ERBER RoFE mtherRatidal
operation) is carried out based on the message vi to determine the message uj. [0014] [Expression 1]
cb-1 vfl=uw... %’_P)Oj]—‘g}[0015] [Expression 2]

Decoding of the LDPC code can be carried out using
an algorithm proposed as probkabilistic decoding
(Probabilistic Decoding) by the Gallager, that is, a
message passing algorithm by belief propagation on a so-
called Tanner graph including a wvariable node (also
called message node) and a check node. In the following
description, each of the variable node and the check node
ig suitably referred to simply ag node.

[0011]

FIG. 2 illustrates a procedure of decoding of an
LDPC code.

[0012]

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) received by the reception side 1s represented
in a log likelihood ratio is suitably referred to as
reception value ug. Further, a message outputted from a
check node 1s represented by u; and a message outputted
from a variable node is represented by vj.

[0013]



nhto, v, m - = I tann 212, [0016] 6 expression (2) are parameters which can be selected arbitrarily and
represent the number of "Is" in a vertical direction (column) and a horizontal direction (row) of the
parity check matrix H. For example, in the case of a (3, 6) code, de = 3 and de = 6. [0017] Itis to
be noted that, in the variable node mathematical opeyation of the expression (1) and the check node
mathematical operation of the expression (2), the range of the mathematical operationis 1 to de - 1 or
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, e éffeckiffodie frathdfiatidalbperation ePthe expressicn (2)Vs tafried out by
producing in advance a table of a function 18(v2, vM represented by an expression (3) defined by one
output with respecito WhE ngiits 1 dhdF S ard TG thetaBRiarEessivaRfediisvely) as

represented br%/easnsgx resil?nfél) 1[2 ?]a[Ex essmn 3;\[}

and beslides a variable k
which assumes an integer as a counter of repeated
processes is initialized to “0” at step S511, whereafter
the processing advances to step S12. At step 512,
mathematical operation represented by an expression (1)
(variable node mathematical operation) is carried ocut
based on the reception value ug obtained by the reception
of the LDPC code to determine a message (variable node
message) vi. Further, mathematical operation represented
by an expression (2) (check node mathematical operation)
is carried out based on the message v; to determine the
message .

[(0014]

[Expression 1]

dv—1

Vi = Mot + Zuf (1)
J=1

[0015]

[Expression 2]

[0016]

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



x = 2 tanh ltanh(v, / 2) tanh(v2 / 2)1 = R(v1,v,)- (3) [0019] 7 [Expression 4] uj = R(v R(VZ,R(V?, .R(v,v
dc_1)D) [0020] At step 312, the variable k is incremented by "1" further, and the processing
advances to step 313. At step 313, it is decided whether or not the variable k is higher than a .
predetermined repeated decoding time number C. Ifdt is decided at step 313 that the variable k is not
higher than C, then the processing returns to step 312, and similar processing is repeated thereafter.
[0021] On the other hand, if it is decided at step 313 that the variable k is higher than C, then the
processing advances to step 314, at which a message vi as a decoding result to be outputted finally by
carrying out expression (2} are parameters which can be selected

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

vertical direction (column) and a horizontal direction

{row) of the parity check matrix H. For example, in the

case of a (3, 6) code, d, = 3 and d. = 6.

(001773

It is to be noted that,'in the variable node
mathematical operation of the expression (1) and the
check node mathematical operation of the expression (2)

'
the range of the mathematical operation is 1 to dy - 1 or
1 te 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. Meanwhlile, the check node
mathematical operation of the expressién (2} is carried
out by producing in advance a table of a function R{vy,

ve) represented by an expression (3) defined by one output
with respect to two inputs vy and v, and using the table
successively (recursively) as represented by an
expression (4).

(00187

[Expression 3]

x =2 tanh ™ {tanh(v, / 2) tanh(v, /2)} = R(v,,v,) . (3

[0019]



mathematical operation represented by an expression (5) is determined and outputted, thereby
ending the decoding process of the LgPC code. [0022] [Expression 5] (1, = uoi +(5) 1 =1 [0023] 8 (5) is
carried out, different from the variable node mathematical operation of the expression (1), using
messages uj from all edges connecting to the variabte node. [0024] FIG. 3 illustrates an example
Of the parity check matrix H of a (3, 6) LOPS code (encoding rate: 1/2, code length: 12) [0025] In the
parity check matrix H of FIG. 3, the weight of a column is 3 and the weight of a row is 6 similarly

[Expression 4] :
t; = RO Ry, RV ROy 00, D)) . (4)
[0020]

At step 3812, the ﬁariable k is incremented by “1”
further, and the processing advances to step 313. At step
513, it is decided whether or not the variable k is
higher than a predetermined repeated decoding time number
C. If it is decided at step 513 that the variable k is
not higher than C, then the processing returns to step
512, and similar processing is repeated thereafter.

[0021]

On the other hand, if it is decided at step $S13
that the wvariable k is higher than C, then the processing
advances to step S14, at which a message v, as a decoding
result to be outputted finally by carryving out
math@maticai operation represented by an expression (5)
is determined and outputted, thereby ending the decoding
precess of the LDPC code.

[0022]

[Expression 5]

b
Vi = Uoi + Zuj o (B
=1

[0023]

Here, the mathematical operation of the expression



as in FIG. 1. [0026] FIG. 4 shows a Tanner graph of the parity check matrix H of FIG. 3. [0027]
Here, in FIG. 4, a check node is represented by ," and a variable node is represented by "=." A
check node and a variable node correspond to a row and a column of the parity check matrix H,
respectively. A connection between a check node ang a variable node is an edge and corresponds to
"1" of an element of the parity check matrix. [0028] In particular, where the element in the jth row of 9
the ith column of the parity check matrix is 1, the ith variable node (node of "=") from above and the jth
check node (node of "+") from above are connected by an edge. The edge represents that a code bit
corresponding! o theSvafiable REd© Has aohbtrasit eohditionicotrespondingaothdeheck node. [0029]
In the sum product algorithm (Sum Product Algorithm) which is a decoding method for LDPC codes,
variable node TRathehmtitaPdpeiation hha chieek nodeHathRA Al dddperafididre carried out

repetitively. [0030]S . ) ,
messages uy from all edges connecting to the variable node.

[0024]

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

[0025]

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

[00286]

FIG. 4 shows a Tanner graph of the parity check

matrix H of FIG. 3.

[C027]

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

[0028]

In particular, where the element in the ith row of



FIG. 5 illustrates the variable node mathematical operation carried out with regard to a variable node.
[0031] With regard to the variable node, a message vi corresponding to an edge to be calculated
is determined by variable node mathematical operation of the expression (1) which uses messages IA,
and u2 from the remaining edges connecting to the variable node and the reception value uoi. Also a
message corresponding to any other edge is determined similarly. [0032] FIG. 6 illustrates the check
node mathematical 10 operation carried out at a check node. [0033] Further, if, where x0, a function
p(x) is defined as an expression cp(x) = In(tanh(x/2)), then since an expression cp-1(x) = 2tanh-1(e-x)

is satisfied, thé BRpressiciP ey eante trafsorfied intelarexprassion (F1 [6036]Expidssion 7]

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 preoduct algorithm (Sum Product
Algorithm) which is a decoding method for LDPC codes,
variable node mathematical operation and check nodé
mathematical ccoperation are carried out repetitively.
[0030]

FIG. > illustrates the variazble node mathematical
operation carried out with régard to a variable node.
(00317

With regard to the variable node, a message v
corresponding to an edge to be calculated is determined
by variable node mathematical operation cof the expression
(1) which uses messages u; and u; from the remaining edges
connecting to the variable node and the reception value
Uoy. Alsoc a message corresponding to any other edge is
determined similarly.

[0032]

FIG. 6 illustrates the check node mathematical



11 141= 0 [0037] --1 EO v7)nsign(v,)(7) i=1 At the check node, the check node mathematical
operation of the expression (2) is carried out in accordance with the expression (7). [0038] In
particular, at the check node, the message uj corresponding to the edge to be calculated is determined
by check node mathematical operation of the expression (7) using messages v1, v2, v3, v4 and v5
from the remaining edges connecting to the check node. Also a message corresponding to any other
edge is determined in a similar manner.

operation carried out at a check ncde.

[0033]

Here, the check ncde mathematical operation of the

expression (Z2) can be carried out by rewriting the

expression (Z) into an expression (&) using the

relaticnship of an expression-a x b = exp{ln(lal) +

In{lbl)} x sign{a) x sign{b). It is to be noted that

sign(x) is 1 where % 2 0 but is -1 where x < 0.

[0034]

[Expression 6]

el v,
w =2tanh™ IIthfg}

i=1
1anh£%)n x cﬁl Sign(ianh[gn

i=1

de—1
=2tanh | exp] Y In[
i=1

[

de—1 ’v4 de-1

=2tanh” | exp{— Z — In| tanh Y X HSigﬂ(Vf) e (6)
i=1 qoi=1

[0035]

Further, 1if, where x 2 0, a function ¢(x) is
defined as an expression ¢(x) = ln(tanh(x/2))}, then since
an expression ¢ '(x) = 2tanh™*{e™®) is satisfied, the
expression (6) can be transformed into an expression (7).

[0036]

[Expression 7]



[0039] It is to be noted that the function p(x) of the expression (7) can be represented also as p(x)
=In((ex + 1)4(ex - 1)), and where x > 0, p(x) = p-1(x). When the functions p(x) and p41(x) are
incorporated in hardware, while they are sometimes incorporated using an LOT (Look Up Table), such
LUTs become the same LOT. [0040] Non-Patent.Document 1: DVB-S.2: ETSI EN 302 307 V1.1.2
(2006-06) 12 Disclosure of Invention Technical Pro &am [0041] The LDPC code is adopted in
DVB-S.2 which is a standard for satellite digital broadcasting and DVB-T.2 which is a standard for
terrestrial digital broadcasting of the next generation. Further, it is planned to adopt the LDPC code in
DVB-C.2 which is a stdndéard far @ATV (Cable Television) digital broadcasting of the next generation.
[0042] In @igital r@@@iﬂét nglir] eigrpliance with a standard for DVB such as DVB-S.2, an LDPC
code is converted (synikdlized) inte-$ymbols of orthogonal modulation (digital modulation) such as
QPSK (Quadr%uor% 7F’Jhase Shift Keying), and the symbols are mapped to signal points and transmitted.
[0043]

At the check node, the check node mathematical
operation cf the expression (2} is carried out in
accordance with the expression (7).

(00387

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 vy, vz, Vs, vy and vs from the remaining
edges connecting to the check node. Also a message
corresponding to any other edge is determined in a
similar manner.

[C039]

it is to be noted that the function ¢(x) of the
expression (7) can be represented alsoc as ¢(x) = 1ln/{{e* +
1)/{e* - 1)), and where x > 0, ©(x) = ¢ *(x). When the
functions ¢ (x)} and ¢ *(x) are incorporated in hardware,
while they are sometimes incorporated using an LUT (Look
Up.Table), such LUTs become the same LUT.

(00407
Non-Patent Document 1: DVB-S.2: ETSI EN 302 307

V1.1.2 (2006-06)



In symbolization of an LDPC code, replacement of code bits of the LDPC code is carried out in a unit
of two or more bits, and code bits after such replacement are determined as bits of a symbol. [0044]
While various methods have been proposed as a 13 method for replacement of code bits for
symbolization of an LDPC code, proposal of a method which further improves the tolerance to various
errors in comparison with methods proposed already is demanded. [00451 Further, also with
regard to the LDPC code itself, proposal of an LDPC code which improves the tolerance to errors in
comparison with the LDPC codes prescribed in DVB standards such as the DVB-S.2 standard is
demanded. [0D46} 1 osuitembdditrents of the present invention make possible to improve the
tolerance to errors. Technical Solution [0047] A data processing apparatus or a data processing
method accordinghtoiareémbodiment of the present invention is a data processing apparatus or a data
processing method, wherein, where code bits of an LDPC (Low Density Parity Check) code having a
code length of. Nbits are written in a column direction of storage means for storing the code bits in a
row direction and the column direction and m bits of the code bits of the LDPC code read out in the

~row direction are set as Bfie SyfboF il bésigedgted in DVB-S.2 which is a

standard for satellite digital broadcasting and DVB-T.2
which is a standard for terrestrial digital broadcasting
of the next generation. Further, it is planned to adopt
the LDPC code in DVB-C.2 which is a standard for CATV
(Cable Television) digital broadcasting of the next
generation.

[0042]

In digital broadcasting in compliance with a
standard for DVB such as DVB-3.Z, an LDPC code 1s
converted (symbolized) into symbols of orthogonal
modulation {digital modulation) such as QOPSK (Quadrature
Phase Shift Keying), and the symbols are mapped to signal
points and transmitted.

[CG43]

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

[0044]

While various methods have been proposed as a



14 predetermined positive integer is represented by b, the storage means stores mb bits in the row
direction and stores N/(mb) bits in the column direction, the code bits of the LEW code being written in
the column direction of the storage means and réad out in the row direction, the data processing
apparatus including replacement means for or a replacing step of replacing, where the mb code bits

read out REREFEW ditectich LAHISBRaddimERRE sétdsh §9hbSETRRhBcote bift s R that the
code bits aftsr the Jgplacsment form the sympol bityreprasentatiye afthe symbalsetheiRPC code
being an LDPC code which IS prescribed in the DVB-S.2 or DVB-T.2 standard and which has a code
length N at64;886@nad has anantoding mterof2/3, the nobitebeingcBibite Witile thetibteder b is 2, the
8 bits of the LDPC code being mapped as one_symbol to ones of 256 signal points prescribed in
256QAM PHeRISEGehE5ATKavinig A GRS for storing 8 x 2 bits in the row direction and storing
64,800/(8 [%ghgi]ts in the column direction, the replacement means carrying out, where the i+Ith bit
from the most significant bit of the 8 x 2 code bits read out in the row direction of the storage means is
represented as bit bFand teedi+thk bitdromitiie nmestesighificanthbi¢ oflihB® x2&ymbbkkitsof two
successive symbols is represented as bit yi, 15 replacement for allocating the bit bo to the bit yn, the

bit b, to tHEFBIPGP2the B b3 %o HBHit y5°Hfe BB tHEBHIBSthe B4 15 16E BItSB, the bit bs to
the bit Y23, the hit b6 to.the hit yn, 4he hit by tethe bibye, the hitbStodhe pitysqthebithgsto the bit yi,
the bit bn to the bit yn, the bit b11 to the bit y2, the. bit bn to the bit yo, the bit b12 to the bit yn, the bit
b14 to thesbitydaadd: theubih bago the bRYR- 002183} t andamdhe ndsodim@edas described above, the
LDPC code is an LDPC code which is prescribed in the DVB-S.2 or DVBT.2 standard and which has a
code IengEﬁ RE6H 64,800 and has an encoding rate of 2/3, and the m bits are 8 bits while the integer b
is 2. The 8 bits of the,|, DR gade are mapped,as ong-swohel to opes of 284 sigpakpointsyprescribed
in 256QAM. The storage means has 16 columns for storing 8 x 2 bits in the row direction and stores
64,800/(8pc2Ehits. ik the colpmo direthien. Hnlhisanstante, wlrerexthe i+lth bit from the most significant
bit of the 8 x 2 cade bits read out in the row direction of the storage means is represented as bit bi and
the h bit fFoTR e ffst SRRATCERATDIt of the 8 x 2 symbol bits of two successive symbols is represented
as bity,, rF@@gﬁnent for allocating the bit 16 bo to the bit ym, the bit b1 to the bit y7, the bit b2 to the
bit yl, the bit 102 to the bit ys, the bit b4 to the bit Y6, the bit b5 to the bit yn, the bit b5 to the bit ym, the
bit b7 to the bit y9, the bitsito theobit y5; thee bitthdatosthe it p24, the Bitt#l 0 tortheelsis 12, the bit bm
to the bit y2, the bit bm to the bit -575, the bit bn_to the bit y20, the bit b14 to the bit 1.76, and the bit
bm to the ity EARBAGHEI00A0] 5" SRS o & firsERSpdct 5P préd% it hivaiition, there is

provided an egcoding meansdaronan £peading:sier.of cargyingouencoding, By A RC code which
has a code length of 64,800 bits and an encoding rate of 2/3, a parity check matrix of the LDPC code
being confijaresisuch thattenanis ofithe valoé 1 shanlibfdfmatiervmatexswhich eerrédponds to the

code length of the parity check matrix and.an information_length,corresponding to the encoding rate,

decided by F&rity CRetk Heafrkthifal V3R tabRIreprésenthtivé oF thé Fodifiohd SFthe eléments of
the value 1 pfthe inforraation.malix are reangeddn aspariod of eyeiy:36Q selupmsdnghe golumn
direction, the parity check matrix initial value table being formed from

in a row direction and the column direction and m bits of

the code bits of the LDPC code read out in the row

direction are set as one symbol, and besides a
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predetermined positive integer is represented by b, the
storage means stores mb bits in the row direction and
stores N/{mb) bits in the column directicn, the code bits
of the LDPC code being written in the column.direction of
the stcrage means and read out in the row direction, the
data processing apparatus including replacement means for
or a replacing step of replacing, where the mb code bits
read out in the row direction of the storage means set as
b symbols, the mb code bits such that the code bits after
the replacement form the symbol bits representative of
the symbols, the LDPC code being an LDPC code which is
prescribed in the DVB-5.2 or DVB-T.2 standard and which
has a code length N of 64,800 and has an encoding rate of
2/3, the m bits being 8 bits while the integer b is 2,
the 8 bits of the LDPC code being mapped as one symbcl to
ones of 256 signal points prescribed in 256QAM, the
storage means having 16 columns for steoring 8 x 2 bits in
the row direction and storing 64,800/(8 x 2) bits in the
column direction, the replacement means carrying out,
where the i+lth bit from the most significant bit of the
8 x 2 code bits read out in the row direction of the
storage means 1s represented as bit b: and the i+ith bit
from the most significant bit of the 8 x 2 symbol bits of

two successive symbols 1is represented as bit vy,
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replacement for allocating tii bit by to the bit vyis, the
bit b: to the bit vy, the bit b; to the bit y,;, the kit b; to
the bit vys, the bit by to the bit ys, the bit bs to the bit
vi3, the bit bg to the bit y;;, the bit b; to the bit y,, the
bit by to the bit vy, the »it by to the bit y.s, the bit by
to the bit vy, the bit b;; to the bit y;, the bit b, to the
kit vy, the bit bj;; to the bit vy, the bit by, to the bit v,
and the kit b;s to the bit vy..
[0048]

In the embodiment as described above, the LDBC code
'is an LDPC code which is prescribed in the DVB-35.2 or DVB-
T.2 standard and which has a code length N of 64,800 and
has an encoding rate of 2/3, and the m bitsrare 8 bits
while the integer b is 2. The 8 bits of the LDPC code are
mapped as one symbol to ones of 256 signal points
prescribed in 256CAM. The storage means has 16 columns for
gtoring 8 x 2 bkits in the zrow direction and stores
64,800/(8 x 2} Dbits in the column direction. In this
instance, where the i+ith bit from the most significant bit
of the 8 x 2 code bits read out in the row direction of the
storage means 1is represented as bit b; and the i+lth bit
from the most significant bit of the 8 x 2 symbol bits of

two successive symbols is represented as bit y:, replacement

for allocating the bit



12985 15710 20236 20393 15653106465949266495687273438720 15785 16434 16727
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by to the bit vy;s, the bit by to the bit y,;, the bit b, to
the bit y;, the bit b: to the bit ys, the bit b; to the bit
ve, the bit bs to the bit v:;, the bit bs to the bit y;;, the
bit by to the bit ys, the bit bs to the bit vy, the bit bs to
the bit yi4, the bit b;, to the bit yi;, the kit b;; to the
bit y;, the bit by, to the bit y,;, the bit by; to the bit vyio,
the bit by to the bit vy., and the bit b;s to the bit vy, is
carried out.

[0049]

According to & first aspect of the present
invention, there is provided an encoding means for or an
enceding step of carrying out encoding by an LDPC code
which hag a code length of 64,800 bits and an encoding rate
of 2/3, a parity check matrix of the LDPC code being
configured such that elements of the wvalue 1 of an
information matrix, which corresponds to the code length of
the parity check matrix and an information length
corresponding to the encoding. rate, decided by a parity
check matrix initial wvalue table repregentative of the
positions of the elements of the value 1 of the information
matrix are arranged in a period of every 360 columns in the
column direction, the parity check matrix initial wvalue

table being formed from
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317 2255 2324 2723 3538 3576 6194 €700 9101 10057 12739
17407 21039

1958 2007 3294 4394 12762 14505 14593 14692 16522 17537
19245 21272 21379

127 860 5001 5633 8644 9282 12690 14644 17553 19511 19681
20854 21002

2514 2822 5781 6297 8063 9469 9551 11407 11837 12985
15710 20236 20393

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

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

4257 10449 12406 14561 16049 16522 17214 18029 18033
18802 19062 19526 20748

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

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

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

2120 2648 3155 3852 6888 12258 14821 15359 16378 16437
17791 20614 21025

1085 2434 5816 7151 8050 9422 10884 12728 15353 17733

18140 18729 20920



41243355826142978415765849320 11683 11819 13024 1448616860
7775906740385508717877011436 12846 13629 14755 156881639216419

18

856 169C 12787
6532 7357 9151
4210 16615 18152
11494 14036 17470
2474 10291 10323
1778 6873 10739
4347 8570 18748
2189 11942 20666
3868 7526 17706
8780 14796 18268
160 16232 17399
1285 2003 18822
4658 17331 20361
2765 4862 5875
4565 5521 8759
3484 7305 15829
5024 17730 17879
7031 12346 15024
179 6365 11352
2480 3143 5098
2643 3101 21259
4315 4724 13130
584 17365 18322

5983 8587 9627



40935045603772488633977110260 10809 11326 12072 175161934419938
212026483155385268881225814821 15359 16378

19

10837 15102 20876
10448 20418 21478
3848 12029 15228
708 5652 13146
5998 7534 16117
2098 13201 18317
9186 143548 17776
5246 10388 18597
3083 4544 21021
13726 18495 19921
6736 10811 17545
10084 12431 14432
1064 13555 17033
679 9878 13547
3422 9910 20194
3640 3701 10046
5862 10134 11498
5923 9580 15060
1073 3012 16427
5527 20113_20883
7058 12824 15151
9764 12230 17375
772 7711 12723

555 13816 15376



16437 177912061421025 10852434581671518050942210884 12728 15353 17733 1814018729
20920

20

10574 11268 17932
15442 17266 20482
380 3371 8781
1051z 1221¢ 17180
4309 14068 15783
3871 11673 20009
9259 14270 17199
2947 5852 20101
3965 9722 15363
1429 5688 16771
6101 6849 12781
3676 9347 18761
350 11659 18342
5961 14803 16123
2113 S163 13443
2155 9808 12885
2861 7988 11031
7309 5220 20745
6834 8742 11977
2133 12908 14704
10170 13809 18153
13464 14787 14975
799 1107 3789

3571 817¢ 10165



856 1690 12787 6532 7357 9151 4210 16615 18152 11494 19036 17470 2474 10291 10323 1778
6973 10739 4347 9570 18748 2189 11942 20666 3868 7526 17706 8780 14796 18268 160 16232
17399 1285 2003 18922 4658 17331 20361 2765 4862 5875

21

5433 1344¢ 15481
3351 6767 12840
8950 8974 11650
1430 4250 21332
6283 10628 15050
8632 14404 1691¢
6509 10702 16278
15900 16395 17995
8031 18420 19733
3747 4634 17087
4453 6297 16262
27%2 3513 17031
14846 20893 21563
17220 20436 21337
275 4107 10497
3536 7520 10027
14089 14943 19455
1965 3931 21104
2439 11565 17932
154 13279 21414
10017 11269 1654¢
?169 1016l 16928
10284 16791 20655

36 3175 8475



4565 5521 8759 3484 7305 15829 5024 17730 17879 7031 12346 15024 179 6365 11352 2490 3143
5098 2643 3101 21259 4315 4724 13130 594 17365 18322 5983 8597 9627 10837 15102 20876

10448 20418 21478 3848 12029 15228
2605 16269 19290

8947 9178 15420
5687 9156 12408
8026 9738 1471%
4935 B093 19266
2667 10062 15972
6385 11318 14417
8800 18137 18434
5824 5927 15314
6056 13168 151723
3284 13138 189129
13115 17259 17332.
[0049a]

According to a second aspect of the present
invention, there 1is provided an encoding method for an
encoding apparatus which carries out encoding by an LDPC
(Low Densgity Parity Check) code, comprising: a step carried
out by said encoding apparatus of carrying out encoding by
an LDPC code which has a code length of 64,800 bits and an
encoding rate of 2/3; a parity check matrix of the LDPC
code being configured such that elements of the value 1 of
an information matrix, which corresponds to the code length
of the parity check matrix and an information length
corresponding to the encoding rate, decided by a parity
check matrix initial wvalue tabkle representative of the.
positions of the elements of the value 1 of the information
matrix are arranged in a period of every 360 columns in the
column direction; the parity check matrix iIinitial wvalue
table being formed from
317 2255 2324 2723 3538 3576 6194 6700 9101 10057 12739
17407 21039
1958 2007 3294 4394 12762 14505 14583 14652 16522 17937



708 5652 13196 5998 7534 16117 2098 13201 18317 9186 14548 17776 5246 10398 18597 3083
4944 21021 13726 18495 19921 6736 10811 17545 10084 12911 14432 1064 13555 17033 679 9878

13547 3422 9910 20194 3640 3701 10046 5862 10134 11498
19245 231272 21379

127 860 5001 5633 8644 9282 12650 14644 17553 15511 19681
20954 21002

2514 2822 5781 6297 8063 3546% 5551 11407 11837 12885 15710
20236 20383

1565 3106 4659 49826 6495 6872 7343 8720 15785 16434 16727
19884 21325

706 3220 8568 108%6 12486 13663 163928 16599 19475 19781
20625 20961 21335

4257 10449 12406 14561 16049 16522 172314 18029 18033 18802
19062 19526 20748

412 433 558 2614 2878 4157 6584 9320 11683 11812 13024
14486 16860

777 5906 7403 B550 8717 8770 11436 12846 13629 14755 15688
16392 16419

4083 5045 6037 7248 B633 9771 10260 10809 11326 12072 17516
18344 19538

2120 2648 3155 3852 6888 12258 14821 15358 16378 16437
17791 20614 21025

1085 2434 5816 7151 8050 92422 10884 12728 15353 17733 18140
18729 20920

856 16920 12787

6532 7357 9151

4210 16615 18152

11494 14036 17470

2474 10281 10323

1778 6973 10739

4347 9570 18748

2189 11942 20666

3868 7526 17706

8780 14796 18268

160 16232 17399



5923 9580 15060 1073 3012 16427 5527 20113 20883 7058 12924 15151 9764 12230 17375 772
771112723 555 13816 15376 10574 11268 17932 15442 17266 20482 390 3371 8781 10512 12216

17180 4309 14068 15783 3971 11673 20009
1285 2003 18922

4658 17331 20361
2765 4862 5875
4565 5521 8759
2484 7305 15829
5024 17730 17879
7031 12346 15024
172 6365 11352
2490 3143 5098
2643 3101 21259
4315 4724 13130
594 17365 18322
5983 85927 9627
10837 15102 20876
10448 20418 21478
3848 12029 15228
708 5652 13146
5998 7534 16117
2098 13201 18317
9186 14548 17776
5246 10398 18597
3083 4944 21021
13726 184585 19921
6736 10811l 17545
10084 12411 14432
1064 13555 17033
679 2878 13547
3422 9910 20194
3640 3701 10046
5862 10134 11498
5923 9580 15060
1073 2012 16427



9259 14270 17199 2947 5852 20101 3965 9722 15363 1429 5689 16771 6101 6849 12781 3676
934718761 350 11659 18342 5961 14803 16123,2113 9163 13443 2155 9808 12885 2861 7988

11031 7309 9220 20745 6834 8742 11977 2133 12908 14704
5527 20113 20883

7058 12924 15151
9764 12230 17375
772 7711 12723
555 13816 15376
10574 11268 17932
15442 17266 20482
390 3371 8781
10512 12216 17180
4309 14068 15783
3871 11673 20009
9259 142706 17198
2947 5852 20101
3965 9722 15363
1429 5689 16771
6101 6849 12781
3676 9347 18761
350 11659 18342
5961 14803 1lel23
2113 9163 13443
2155 9808 12885
2861 7988 11031
7309 9220 20745
6834 8742 11977
2133 12908 14704
10170 13809 18153
13464 14787 14975
725 1107 3789
3571 8176 10165
5433 13446 154381
3351 6767 12840
8950 8974 11650



10170 13809 18153 13464 14787 14975 799 1107 3789 3571 8176 10165 5433 13446 15481 3351
6767 12840 8950 8974 11650 1430 4250 21332,6283 10628 15050 8632 14404 16916 6509 10702

16278 15900 16395 17995 8031 18420 19733
1430 4250 21332

6283 10628 15050
8632 14404 16916
6509 10702 16278
15900 16395 17995
8031 18420 19733
3747 4634 17087
4453 6297 16262
2792 3513 17031
14846 20893 21563
17220 20436 21337
275 4107 10497
3536 7520 10027
14089 14943 19455
1965 3931 21104
2439 11565 17932
154 15279 21414
10017 11269 16546
7169 10161 16928
10284 16791 20655
36 3175 8475

2605 16269 19290
8947 9178 15420
5687 9156 12408
8096 9738 14711
4935 8093 19266
2667 10062 15972
6389 11318 14417
8800 18137 18434
5824 5927 15314
6056 13168 15179
3284 13138 18919



3747 4634 17087 4453 6297 16262 2792 3513 17031 14846 20893 21563 17220 20436 21337 275
4107 10497 3536 7520 10027 14089 14943 19455.1965 3931 21104 2439 11565 17932 154 15279

21414 10017 11269 16546 7169 10161 16928 10284 16791 20655
13115 17259 17332.

[0050]

In the aspects as described above, encoding by an
LDPC code whose code length i1is 64,800 bits and whose
encoding rate 1s 2/3 1is carried out. The parity check
matrix of the LDPC code is configured such that elements of
the value 1 of an information matrix, which corregponds to
the code length of the parity check matrix and an
information length corresponding to the encoding rate,
decided by a parity check matrix initial wvalue table
representative of the positions of the elements o©of the
value 1 of the information matrix are arranged in a periocd

of every 360 columns in the column direction. The



3631758475 22 2605 16269 19290

23

parity check matrix initial value table is formed from

317 2255 2324 2723 3538 3576 61%4 6700 %101 10057 12739
17407 21039

1958 2007 3294 4394 12762 14505 14583 14692 16522 17737
19245 21272 21379

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

2514 2822 5781 €297 8063 9469 9551 11407 11837 12985
15710 20236 20393

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

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

4257 10449 12406 14561 16049 16322 17214 18029 18033
18802 18062 19526 20748

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

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

4093 5045 6037 7248 8633 9771 10260 10802 11326 12072
17516 19344 19938

2120 Ze48 3155 3852 6888 12258 14821 15359 16378 16437
17791 20614 21025

1085 2434 5816 7151 8050 09422 10884 12728 15353 17733



8947 9178 15420 5687 9156 12408 80969738 14711
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18140 18729 20820
856 1680 12787
6532.7357 2151
4210 16615 18152
11494 14036 17470
2474 10291 10323
1778 6973 10739
4347 9570 18748
2189 11942 20666
3868 7526 17706
8780 14796 18268
160 16232 17399
12835 2003 18822
4658 17331 203¢l
2765 4862 5875
4565 5521 8759
3484 7305 15829
5024 17730 17879
7031 12346 15024
179 6365 11352
2490 3143 5098
2643 3101 21259
4315 4724 13130

594 17365 18322



4935 8093 19266

5983 8597 9627
10837 15102 20876
10448 20418 21478
3848 12029 15228
708 5652 13146
5998 7534 16117
2098 13201 18317
9186 14548 17776
5246 10358 18597
3083 4944 21021
13726 18495 19921
6736 10811 17545
10084 12411 14432
1064 13555 17033
€79 9878 13547
3422 9910 20194
3640 3701 10046
5862 10134 11498
5923 9580 15060
1073 3012 16427
5527 20113 20883
7058 12924 15151
9764 12230 17375

772 7711 12723

2667 10062 15972

25



6389 11318 14417

555 1381le 15376
10574 11268 17832
15442 17266 20482
390 3371 8781
10512 12216 17180
4309 14068 15783
3971 11673 20009
9259 14270 17199
2947 5852 20101
3965 9722 15363
1429 5689 16771
6101 6849 12781
3676 9347 18761
350 11659 18342
5961 14803 16123
2113 9163 13443
2155 9808 12885
2861 7988 11031
7309 9220 20745
6834 8742 11977
2133 12908 14704
10170 13809 18153
13464 14787 14975

799 1107 3789

8800 18137 18434

26



5824 5927 15314 6056 13168 15179 3284 13138 18919

27

3571 8176 10165
5433 13446 15481,
3351 6767 12840
8950 8974 11650
1430 4250 21332
6283 10628 15050
8632 14404 16916
6509 10702 16278
15800 16395 17995
8031 18420 18733
3747 4634 17087
4453 6297 16262
2792 3513 17031
14846 20893 21363
17220 20436 21337
275 4107 10497
3536 7520 10027
14089 14943 19455
1265 3931 21104
2439 11565 17932
154 15279 21414
16017 11269 16546
7169 1016l 16928

10284 16781 20655



13115 17259 17332  [0049a]

36 3175 8475

2605

8947

5687

8036

4935

2687

£389

8800

5824

5056

3284

13115 17259 17332.

156269 15290

9178 15420

9156 12408

2738 14711

8093 15266

10062 15972

11318 14417

18137 18434

5927 15314

13168 15179

13138 189195

[0051]

apparatus may be an independent apparatus or may be an
internal block which composes one apparatus.

Advantageous Effect

It is to be noted that the data processing

[co52]

the tolerance to errors can be improved.

Brief Description of Drawings

According to embodiments of the present invention,

[0053]

[{FIG.

1] FIG. 1 is a wview illustrating a parxity check

28



According toa second aspectof the present invention,there isprovidedan encoding method foran
encoding apparatus

29

matrix H of an LDPC code.

[FIG. 2] FIG. 2 is a flow chart illustrating a deéoding
procedure of an LDPC code.

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

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

parity check matrix.

T

[FIG. 5] FIG. 5 is & view showing a variable node,.

[FIG. 6] FIG. 6 is a view showing a check node.

[FIG. 7] FIG. 7 i1s a view showing an example of a
configuration of an embodiment ¢f a transmission system
to which the present invention is applied.

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

(FIG. 9] FIG. 9 is a view illustrating a parity check
matrix,

[FIG. 10] FIG. 10 is a view illustrating a parity matrix.
[FIG. 11] FIG. 11 is a view illustrating & parity check
matrix of an LDPC code and column weights prescribed in
the DVB-3.2 standard.

[FIG. 127 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 640QAM.



which carries out encoding by an LDPC (Low Density Parity Check) code,comprising: a step carried
out by said encoding apparatus of carrying out encoding by an LDPC code which has a code length of
64,800 bits and an encoding rate of 2/3; a parity check matrix of the LDPC code being configured such
that elements of the value 1 of an infoimation matrix, which corresponds to the code length of the
parity check matrix and an information length corresjiﬂ)nding to the encoding rate, decided by a parity
check matrix initial value table representative of the positions of the elements of the value 1 of the
information matrix are arranged in a period of every 360 columns in the column direction; the parity

check matrix iqg'@éyalyg tabje- heing formed from 317 2255,2324:2723 35338, 3576 +6700 9101
10057 12739 17407 21039 1958 2007 3294 4394 12762 14505 14593 14692 16522 17737 22a
arrangement of 64QAM.
[FIG. 151 FIG. 15 is a view illustrating a signal point
arrangement of GA4QAM.
[FIG. 16] FIG. 16 1s a view illustrating prccessing of a
demultiplexer 25.
[FIG. 17] FIG. 17 is a view illustrating processingrof
the demultiplexer 25.
[FIG. 18] FIG. 18 is a view showing a Tanner graph
regarding decoding of an LDPC code.
[FIG. 1¢] FIG. 19 is a view showing a parity matrix Hg
having a stalrcase structure and a Tanner graph
corresponding to the pariiv matrix Hq.
[FIG. 2C] FIG. 20 is a view showing the parity matrix He
of a parity check matrix H corresponding to the LDPC code
after parity interleaving.
[FIG. 21] FIG. 21 is a view illustrating a conversion
parity check matrix.
[F1IG. 22] FIG. 22 is a view illustrating processing of a
column twist interleaver 24,
[FIG. 23] FIG. 23 is a view lilustrating column numbers
of a memory 31 necesgsary for the column twist
interleaving and addresses of writing starting positions.

[FIG. 24] FIG. 24 is a view illustrating column numbers



19245 21272 21379  127860500156338644928212690 14644 17553 19511 19681 20954 21002
31

of the memory 31 necessary for the column twist
interleaving and addresszses of writing starting positions.
[FIG. 25} FIG. 25 is a flow chart 1ilustrating a
transmission process.

[FIG. 26] FIG. 26 1s a view showing a modél of a
communication path adopted in a simulation.

[FIG. 27] ¥IG. 27 is a view illustrating a relationship
between an error rate obtained by the simulation and a
Doppler freguency f£4 of a flutter.

[FIG. 281 FIG. 28 1g a view illustrating a relationship
between an error rate cbtained by the simulation and a
Doppler frequency f4 of a fiutter.

[FIG. 297 FIG. 2% is a block diagram showing an example
of a configuration cof an LDPC encoding section 21.

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

[FIG. 31] FIG. 31 is a view 1llustrating a parity check
matrix initial value table of an encoding rate of 2/3 and
a code length of 16,200.

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

[FIG. 33] FIG. 33 is a view i1llustrating the parity check

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



2514282257816297806394699551 11407 11837 12985 15710 20236 20393
1565310646594926649568727343 8720 15785
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and the code length of 64,800.

[FIG. 34} FIG. 34 is a view illustrating the parity check
matrix initial value table of the encoding rate of 2/3
and the code length of €4,800.

[FIG. 35] FIG. 35 is a view illustrating a parity check
matrix Initial value table of an encoding rate of 3/4 and
a code length of 16,200,

[FIG. 36€] FIG. 36 1s a view illustrating a parity check
matriz initial value table of an encoding rate of 3/4 and
a code length of €4,800.

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

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

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

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

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

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



16434 16727 19884 21325 7063220856810896124861366316398 16599 19475 19781 20625
20961 21335
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a code length of 64,800.

[FIG. 42] FIG. 42 is a view illustrating the parity check
matrix initial wvalue table of the encoding rate of 4/5
and the code length of 64,800.

[FIG. 437 FIG. 43 is a view illustrating the parity check
matrix initial value table of the encoeding rate of 4/5
and the code length of 64,800.

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

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

[FIG. 461 FIG. 46 is a view illustrating a parity check
matrix initial value table of an encoding rate of 3/6 and
a code length of 64,800,

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

[FIG. 48] FIG. 48 is a view illustrating the parity check
matrix initial value table of the encoding rate of 5/6

and the ccde length of 64,800.

LEn ]

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

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



42571044912406145611604916522 17214 18029 18033 18802 19062 19526 20748
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and the code length of 64,800.

[FIG. 50] FIG. 50 is a view illustrating a parity check
matrix initial value table of an encoding rate of 8/9 and
a code length of 16,200,

[FIG. b1l FIG. 51 is a view illustrating the parity check
matrix initizl value table of the enceding rate of 8/9
and the code length of 64,800,

[FIG. 52] FIG. 52 is a view illustrating the parity check
matrix initial wvalue table of the encoding rate of 8/9
and the code length of 64,800.

[FIG. 53] FIG. 53 is a view illustrating the parity check
matrix initial value table of the encoding rate of 8/9%
and the code length of €4,800.

[FIG. 541 ®IG. 54 is a wview illustrating the parity check
matrix initial value table of the encoding rate of 8/9
and the code length of 64,800,

[FIG. 55] FIG. 55 is a view illustrating a parity check
matrix initial value table of an encoding rate of 9/10
and a code length of 64,8C0.

[FIG. 561 ¥IG. 56 is a view illustrating the parity check
matrix initial value table of the encoding rate of 9/10
and the cocde length of 64,800.

[FIG. 57} FIG. 57 1s & view illustrating the parity check

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



9320 11683 11819 13024 14486 16860 7775906740385508717877011436 12846 13629 14755
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and the code length of 64,300.

[FIG. 58] FIG. 58 is a view illustrating the parity check
matrix initial value table of the encoding rate of 9/1C
and the code length of 64,800C.

[FIG. 58] FIG. 5% is a view illustrating a method cf
detérmining a parity check matrix H from a parity check
matrix initial table.

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

[FIG. 611 FIG. €1 18 a view illustrating a replacement
process in accordance with the existing methods.

[FIG. 62] TFIG. 62 is a view illustrating code bit groups
and symbol bit groups where an LDPC code having a code
length of 64,800 and an encoding rate of 2/3 is modulated
by 2560AM and the multiple b is Z.

[FIG. 63] FIG. 63 is a view illustrating an allocation
rule where an LDPC code having a code length of 64,800
and an encoding rate of 2/3 is modulated by Z2560AM and
the multiple b is 2.

[FIG. 64] FIG. 64 i1s a view illustrating replacement of
code bits in accordance with the allocation rule where an
LDPC code having a code length of 64,800 and an encoding

rate of 2/3 is modulated by 256QAM and the muitiple b is
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[FIG. 65] FIG. 65 1s a view illustrating BERs where a
replacement process of a new replacement method and where
a replacement process of an existing method is carried
out.

[FIG. €6] FIG., 66 is a view illustrating an example of 2
parity check matrix initial value table for an LDPC code
whose E,/Ng as a performance threshold value 1s better
than that ¢f a standard cods.

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

[FIG. 68] FIG. 68 is a view 1llustrating the example of
the parity check matrix initial wvalue table for an LDPC
code whose Ey,/Nyg as a performance threshold value is
better than that of the standard code.

[FIG. 681 FIG, €9 is a view illustrating relationships of
the E /Ny and the BER regarding the standard code and a
prdposed code.

TFIG, 70) FIG. 70 is a blceck diagram showing an example
of a configuration of a reception apparatus 12.

[FTG. 711 FIG. 71 is a flow chart illustrating a
reception process.

[FIG. 721 FIG. 72 is a view illustrating an example of a
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parity check matrix of an LDPC code.

[FIG. 73] FIG. 73 is a view illustrating a matrix
(conversion parity check matrix) obtained by applying row
replacement and column replacement to a parity check
matrix.

[FIG. 741 FIG. 74 is a view illustrating a conversion
parity check matrix divided into a unit of 5 x 5 bits.
[FIG., 75] FIG. 75 is a block diagram showing an example
of a configuration of a decoding apparatus in which node
mathematical operation is carried out collectively for P
nodes.

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

[FIG. 771 FIG. 77 is a block diagram showing an example
of a configuration of an embodiment of a computer to
which the present invention is applied.

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

[FIG. 787 FIG. 79 is a view illustrating an example of a
parity check matrix initial value table of an encoding
rate of 2/3 and a code length of 64,800.

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

the parity check matrix initial value table of the
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encoding rate of 2/3 and the code length of 64,800.

[FIG. 8l] FIG. 81 iz a view illustrating the example of
the parity check matrix Initial wvalue table of the
encoding rate of 2/2 and the code length of 64,800.

[FIG. BZ2] FIG. 82 1s a view 1llustrating an example of a
parity check matrix initial value table of an encoding
rate of 3/4 and.a code length of 16,200,

[FIG. 83] FIG. 83 is a view illustrating an example of a
parity check matrix initial value table of an encoding
rate of 3/4 and a code length of 64,800.

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

[FIG. 8b1 PFIG. 85 is a view 1llustrating the example of
the parity check matrix initial wvalue table of the
encoding rate of 3/4 and the code length of 64,800.

[FIG. 86] FIG. 86 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 ©4,800.

[FIG. 871 FIG. 87 is a view illustrating an example of a
parity check matrix initial value table of an encoding
rate of 4/5 and a code length of 16,200.

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

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

[FIG. 89] FIG. 89 is a view illustrating the example cf
the parity check matrix initial value table of the
encoding rate of 4/5 and the code length of 64,800.
[FIG. 901 FIG. 90 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 4/5 and the code length of 64,800.
[FIG. 917 FIG. 91 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. 927 FIG. 92 is a view illustrating an example of a
parity check matrix initial value table of an encoding
rate of 5/6 and a code length of 16,200.

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

[FIG. 94] FIG. 94 is a view illustrating the example of
the périty check matrix initial vaiue tapble of the
encoding rate of 5/6 and the code length of 64,8300,
[FIG. 95] FIG. 95 is a view illustrating the example of
the parity check matrix initial value tabie of the
encoding rate of 5/6 and the code length of 64,800.
[FIG. 96] FIG. 96 is a view illustrating the example of

the parity check matrix initial wvalue table of the
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encoding rate of 5/6 and the code length of 64,800,

[FIG. 97] FIG. 97 is a view illustrating an example of a
parity check matrix initial value table of an encoding
rate of 8/9 and a code length of 16,200,

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

[FIG. 991 FIG. 99 is a wview illustrating the example of
the parity check matrix initial value table of the
encoding rate of 8/9 and the code length of 64,800.

[FIG. 100] FIG. 100 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 8/9 and the code length of 64,800.

[FIG. 1011 FIG. 101 is a view illustrating the example otf
the parity check matrix initial value table of the
encoding rate of 8/9 and the code length of 64,800,

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

[FIG. 103] FIG. 103 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 9/10 and the code length of 64,8400.

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

the parity check matrix initial value table of the
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encoding rate of 9/10 and the code length of 64,80C.

[FIG. 105] FIG. 105 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of %/10 and the code length of ©4,800.

[FIG. 1061 FIG, 106 is a view illustrating an sexample of
a parity check matrix initial value table of an encoding
rate of 1/4 and a code length of €4,800.

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

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

[FIG. 10%] FIG. 109 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 1/3 and the code length of 64,800.

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

[FIG. 1111 FIG. 111 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 2/5 and the code length of 64,800.

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

a parity check matrix initial value table of an encoding
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rate of 1/2 and a code length of 6€4,800.

[FIG. 113] FIG. 113 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 1/2 and the code length of 64,800.

[FIG. 1141 FIG. 114 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 1/2 and the code length of 64,800.

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

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

[FIG. 117] FIG. 117 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 3/5 and the code length of 64,800.

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

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

[FIG. 1201 FIG. 120 is a view illustrating an examplie of

a parity check matrix initial value table of an encoding
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rate of 2/5 and a code length of 1e6,200.

[FIG. 1211 FIG. 121 is a view illustrating an example of
a parity check matrik initial value table of an encoding
rate of 1/2 and a code length of 16,200.

[FIG. 122] FIG. 122 1is a view illustrating an example of
a parity check matrix initial value table of an encoding
rate of 3/5 and a code length of 16,200,

[FIG. 123] FIG. 123 is a view illustrating another
example of the parity check matrix initial value table of
the encoding rate of 3/% and the code length.of 16,200.
[FIG. 124] FIG. 124 is a view i1llustrating a method of
determining a parity check matrix H from a parity check
matrix initial tabl@.

[FIG. 125] FIG. 125 is a view illustrating an example of
replacement of code bits.

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

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

[FIG. 128] FIG. 128 ils a view illustréting a still
further example of replacement of code bits.

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

[FIG. 13C] FIG. 130 is a view i1llustrating another
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simulation result of the BER.

[FIG. 131] FIG. 131 is a view illustrating a further
simulation result of the BER.

[FIG. 132] TFIG. 122 is a view illustrating a still
simulation result of the BER.

[FIG. 1331 FIG. i33 is a view illustrating an example of
replacement of code bits.

[FIG. 134] FIG. 134 is a view illustrating another
example of replacement of code bits.

[FIG. 135] FIG. 135 is a view illustrating a further
example of replacement of code bits.

[FIG. 136] FIG. 136 is a view illustrating a still
further example of replacement of code bits.

[FIG. 137] FIG. 137 is a view illustrating a yet further
example of replacement of code bits.

[FIG. 138] FIG. 138 is a view illustrating a yet further
example of replacement of code bits.

[FIG. 139] FIG. 139 is a view illustrating a yet further
example of replacement of code bits.

[FIG. 1401 FIG. 140 is a view illustrating a yet further
exam?le of replacement of code bits.

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

[FIG. 142] FIG. 142 is a view illustrating a yet further
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above, encoding by an LDPC code whose code Ien‘b?h is 64,800 bits and whose encoding rate is 2/3 is
carried out. The parity check matrix of the LDPC code is configured such that elements of the value 1
of an information matrix, which corresponds to the code length of the parity check matrix and an

information length, cqrrespongding to-the-encading rate, decided by a parity check matrix initial value
table representative of the positions of the elements of the value 1 of the information matrix are
arranged in a perigd of gyery 369 .columnsdn the,eelumn direction: The a yet further
example of replacement of code bits.
[FIG. 1447 FIG. 144 is & view illustrating a yet further
example of replacement of code bits.
EFIG. 145] FIG. 145 is a view illustrating processing of
a multiplexer 54 which comﬁoses a deinterleaver 53.
[FIG. 146] FIG. 146 is a view iiiustrating processing of
a column twist deinterleaver 55.
[FIG. 1471 FIG. 147 is a block diagram showing anothsr
example of a configuration of the reception apparatus 12.
[FIG. 1481 FIG. 148 is a block diagram showing a first
example of a configuration of a reception system which
can be applied to the reception apparatus 12.
[FIG. 149] FIG. 149 is a block diagram showing a second
example of the configuration of the recepticn system
which can be applied to the reception apparatus 12.
(FIG. 150] FIG. 150 is a block diagram showing a third
example of the configuration of the reception system
which can be applied to the reception apparatus 12.
Explanation of Reference Symbols
[0054]
11 Transmission apparatus, 12 Reception apparatus,

21 LDPC encoding section, 22 Blt interleaver, 23 Parity
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interleaver, 24 Column twist interleaver, 20
Demultiplexer, 26 Mapping section, 27 Orthogonal
modulation section, 31 Memory, 32 Replacement sectilon, 51
Orthogenal demodulation section, 52 Demapping section, 53
Deinterleaver, 54 Multiplexer, 55 Column twist
deinterleaver, 56 LDPC decoding section, 300 Edge data
storage memory, 301 Selector, 302 Check node calculation
section, 303 Cyclic shift circuit, 304 Edge data storage
memory, 305 Selector, 306 Reception data memory, 307
Variable node calculation section, 308 Cyclic shift
circuit, 309 Decoded word calculaticen section, 310
Reception data re-arrangement section, 311 Decoded data
re~arrangement section, 601 Encoeding processing block,
602 Sﬁorage block, 611 Encoding rate setting portion, 612
Tnitial value table reading out portion, 613 Parity check
matrix production portion, 614 Information bit reading
out portion, 615 Encoding parity mathematical operatiocn
portion, 616 Control portion, 701 Bus, 702 CPU, 703 ROM,
704 RAM, 705 Hard disk, 706 Cutputting section, 707
Inputting section, 708 Communication section, 709 Drive,
710 Input/output interface, 711 Remcvable recording
medium, 1001 Reverse replacement sectiocn, 1002 Memory,
1011 Parity deinterleaver, 1021 LDPC decoding section,

1101 Acguisition section, 1101 Transmission line decoding
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processing section, 1103 Information source decoding
processing section, 1111 OQutputting section, 11Z1
Recording section

Best Mode for Carrying Out the Invention

[0055]

FTG. 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 cof a plurality of apparatus irrespective of
whether or not the individual component apparatus are
included 1n the same housing).

[0056]

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

06571

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

resultant data through, for example, a communication path
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13 such as a satellite channel, ground waves and CATV
network.
[0058]

The reception apparatus 12 is, for example, a tuner,
a television receiver or a STB (Set Top Box) for
recelving a television broadcasting program or PC
{Personal Computer) for receiving IPTV (Internet Protocol
Teleﬁisien), and receives LDPC codes transmitted thereto
from the transmission apparatus 11 through a
communication path 13, decodes the LDPC codes into object
data and outputs the object data.

[0059]

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

{OO6OI.

However, in the communicaticn path 13 such as
ground waves, burst errors of erasure sometlmes ocours.
For example, in an OFDM (Orthogeonal Freguency 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
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(erasure) in response to a delay of an echo (paths other
than the main path).
[0061]

further, alsc in a flutter (communication path in
which an echo whose delay is zero and to which a Doppler
(dopper) frequency is applied 1s added), where the D/U is
0 dB, a case wherein the power of an entire OFDM symbol
at a specific point of time is reduced to zero (erasure)
by the Doppler frequency occurs.

00621

Further, from a situation of wiring lines on the
reception apparatus 12 side from a reception section {not
shown) such as an antenna or the like for receiving a
signal from the transmission apparatus 11 to the
reception apparatus 12 or from instability of the power
supply to the reception apparatus 12, burst errors
sometimes appear.
r0063]

Meanwhile, in decoding of LDPC codes, since
variable node mathematical operation of the expression
(1} wherein addition of (reception wvalues upg of) code
bits of an LDPC code as seen in FIG. 5 above described is
carried out in a column of the parity check matrix H and

hence a variable node corresponding to a code bit of the
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LDPC code, if an error oCccurs with the code bit used for
+the variable node mathematical operation, then the
accuracy of a message to be determined drops.

[0064]

Then, since, in decoding of the LDPC code, the
message determined at the variable node connecting to the
check node is used to carry out check node mathematical
operation of the expression (7) at the check node, if the
number of check nodes where (code bits of the LDPC code
corresponding to) a plurality of variable nodes connected
rhereto exhibit an error (including erasure) at the same
time becomes great, then the performance of the deccding
detericrates.

[0C65]

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
probability that the value may be O 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 egual probabilities does not
contribute to one cycle of decoding processing (one set
of variaple node mathematical operation and check ncde

mathematical operationj, and as a result, an increased
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number of times of repetition of decoding processing are
required. Conseguently, the performance of the decoding
deteribrates. Further, the power consumption of a
recepticon apparatus 12 which carries out decoding of the
LDPC code increases.

[0066]

Accordingly, the transmission system shown in FIG.
7 1s configured such that the tolerance fo burst‘erroxs
or erasure 1is improved while the performance in an AWGHN
communication path i1s maintained.

[0067]

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

[0068]

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.

[0068G]

To the LDPC encoding sectilon 21, cobiect data are

supplied.
[0070]
The LDPC encoding section 21 carries out LDPC

encoding of the object data supplied thereto in
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acceordance with a parity check matrix in which a parity
matrix which is a portion corresponding to parity bits of
an LDPC code has a staircase structure and outputs an
LDPC code wherein the object data are information bits.
[0071]

In particular, the LDPC encoding section 21 carries
out LDPC encoding of encoding the cobject data into an
LDPC code prescribed, for example, in the DVE-5.2 or DVBE-
T.2 standards and cutputs an LDPC ccde obtained as a
result of the LDPC encoding.

00721

Here, in the DVB-T.2 standard, it is scheduled to
adopt the LDPC codes prescribed in the DVB-8.2 standard.
The LDPEC ccde prescribed in the DVB-5.2 standard is an
IRA (Irregular Repeat Accumulate) code, and the parity
matrix in the parity check matrix of the LDPC cocde has a
stalrcase structure. The parity matrix and the staircase
structure are hereinafter described. Further, the IRA
code 1s described, for example, in “Irregular Repeat-
Accumulate Codes,” H. Jin., A. Khandekar, and R. J.
McEliece, in Proceedings cf Znd International Symposium
on Turbo codes and Related Topics, pp.l1-8, Sept. 2000.
[0073]

The LDPC code outputted from the LDPC encoding
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section 21 is supplied to the bit interleaver 22.
[0074]

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

[C075]

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

[00767]

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

(00777

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

[0078] |

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

[0078]

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

[¢cosc)

The mapping section 26 maps the symbol 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.

[0081]

In particular, the mapping section 26 maps the LDPC
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code from the demultiplexer 25 into a signal point
determined by the modulation system, on an IQ plane (IQ
constellation) defined by an I axis representative of an
I component which is in phase with a carrier and a Q axis
representative of a Q component which is orthogonal te
the carrier wave.

[0082]

Here, as the modulation method of orthogonal
medulation carried cut by the orthogeonal modulation
section 27, modulaticn methods including, for example, a
modulation method defined in the DVB-T standards, that is,
for example, QPSK (Quadrature Phase Shift Keying), 16QAM
{Quadrature Amplitude Modulation), 64QAM, 256QAM, 1024QAM,
40960AM and so forth are avallable. What modulation
method should be used for orthogonal modulation to be
carried cut by the orthegonal modulation section 27 is
set in advance, for example, 1n accordance with an
operation of the transmission apparatus 11 by an operator.
It is to be noted that the orthogonal modulation section
27 can carry out socme other orthogonal modulation such as,
for example, 4PAM (Pulse Amplitude Modulation).

00831
The symbol mapped to a signal pcint by the mapping

section 26 is supplied to the orthogonal modulation
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section 27.
(00843

| The orthogonal modulation section 27 carries out
orthogonal modulation of a carrier in accordance with
(the symbol mapped to) the signal point from the mapping
section 26 and transmits a mocdulation signal obtained by
the orthogonal modulation through the communication path
13 (FIG. 7).
(00851

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

[0086]

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

[0087]

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

(0088}

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

[0089]

FIG. 10 illustrates the parity matrix He of the
parity check matrix H of an LDPC code prescribed in the
DVB-S.2 (and DVB-T.2) standard,

[0090]

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

rows. Meanwhile, the column weight is 1 with regard to
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the last column but is 2 with regard to all of the
remaining colunmns.
[0091]

As described above, the LDPC code of the parity
check matrix H wherein the parity matrix He has a
staircase structure can be produced readily using the
parity check matrizx H.

[00692]

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

[0093]

Here, in this instance, the row vector ¢ can be
presented by an expression ¢ = [AIT] from the row vector
A as information bits and the row vector T as parity 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).

[0094]

It is necessary for the parity check matrix H and
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the row vector ¢ = [A|T] as the LDPC code fo satisfy an
expression Hc' = 0, and where the parity matrix Hy of the
parity check matrix H = [Hy|Hy] has such a stalrcase
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 determined 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.

[0C95]

FIG. 11 illustrates the parity check matrix H of an
LDPC code and column weights defined in the DVB-35.2 (and
bVB-T.2) standard.

00961

In particular, FIG. 11A illustrates the parity
check matrix H of an LDPC code defined in the DVB~5.2
standard.

[60S7]

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

weight is 1.



5824 5927 15314 6056 13168 15179 3284 13138 18919 13115 17259 17332. [0051] It is to be
noted that the data processing apparatus may be an independent apparatus or may be an internal
block which composes one apparatus. Advantageous Effect [0052] According to embodiments
of the present invention, the tolerance to errors candye improved. Brief Description of Drawings [0053]
[FIG. 1] FIG. 1 is a view illustrating a parity check 29 matrix H of an LDPC code.
[0098]
Here, KX + K3 + M-1 + 1 is egual to the code length
N.
[0099]
In the DVB-5.2 standard, the column numbers KX, K3
and M (parity length) as well as the column weight X are
prescribed in such a manner as seen in ¥FIG. 11B.
[0100]
In perticular, FIG. 11B illustrates the column
numbers KX, X3 and M as well as the column weight X
regarding different encoding rates of LDPC codes
prescribed in the DVB-35.2 standard.
[0101]
In the DVB-3.Z standard, LDPC codes of the code
lengths N of 64,800 bits and 16,200 bits are prescribed.
(01021
And as seen in FIG. 11B, for the LDPC code whose
code length N is ©4,800 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.
[0103]

Regarding LDPC codes, it is known that code bits



[FIG. 2] FIG. 2 is a flow chart illustrating a decoding procedure of an LDPC code. [FIG. 3] FIG. 3is a
view illustrating an example of a parity error matrix of an LDPC code. [FIG. 4] FIG. 4 is a view showing
a Tanner graph of a parity check matrix. [FIG. 5] FIG. 5 is a view showing a variable node. [FIG. 6]
FIG. 6 is a view showing a check node. [FIG. 7] FIG;{/ is a view showing an example of a
configuration of an embodiment of a transmission system to which the present invention is applied.
[FIG. 8] FIG. 8 is a block diagram showing an example of a configuration of a transmission apparatus
11. [FIG. 9] FIG. 9 is a view illustrating a parity check matrix. [FIG. 10] FIG. 10 is a view illustrating a
parity matrix. [FIGr & 3PFIG11Biste viewsill b Sirating: a pagityp elféck/malirieof & LBPC Bode and column
weights prescribed in the DVB-S.2 standard. [FIG. 12]. 12 is a view illustrating a signal point-

arrangement 8fE6OAN G MEFIFIE. is}rguamémmi&ra@ﬁﬁaﬂab§15ﬁa|apd1ﬁw&¥aﬁg%rﬁént of 64QAM.
30 [FIG. 14]FIG 14|s

[0104]

The parity check matrix H prescribed in the DVB-5.2
standard and illustrated in FIG. 11 has a tendency that a
column nearer to the head side (left side) has a higher
column weight. Accordingly, the LDPC code corresponding
to the parity check matrix H has a tendency that a code
bit nearer tco the head is higher in tolerance to an error
(has a higher tolerance to an error} and a code bit
nearer to the tail is lower In tolerance to an error.
[0105]

FIG. 12 illiustrates an arrangement of (signal

Qints corresponding to} 16 symbols on the IQ plane where
16QAM 1s carriled out by the orthogonal modulation section
27 of FIG. 8.

[0106]

In particular, FIGC. 122 illustrates symbols of
16QAM.
[0107]

In 16Q2M, one symbecl represents 4 bits, and 16 (=
2%y symbols exist. Then, the 16 symbols are disposed such

that they form a sguare shape of 4 x 4 symbois in the I



arrangement of 64QAM. a view illustrating a signal point [FIG.15]FIG.15is arrangement of 64QAM. a
view illustrating a signal point [FIG.16]FIG.16is demultiplexer 25. a view illustrating processing of a
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direction x @ direction centered at the origin of the I0
rplane.
[0108]

Now, if the i+lth bit from the most significant bit
of the bit string represented by one symbol is
represented as bit y;, then 4 bits represented by one
symbol of 1eQAM can be represented as bits vyg, vi, v and
vz in order beginning with the most significant bit.
Where the medulation method is 16QAM, 4 code bits of the
LDPC code are set (symbolized) as a symbol (symbol value)
of the 4 bits vy to va.

[0108]

FIG. 12B indicates bit boundaries regarding the 4
bits (hereinafter, bit is also referred to as symbol bit)
Yo tO y3 represented by the symbol of the 150AM,

[0110]

Here, a bit boundary regarding a symbol bit vy; (in

-t

FIG. 12, 1 = 0, 1, 2, 3} signifies a boundary between a
symbol whose bit y; is 0 and another symbol whose bit y;
is 1.
(01111

As seen in FIG. 12B, as regards the most

significant symbol bit yp from among the 4 symbol bits vy

To y3 represented by the symbol of 160AM, only one



[FIG.17]FIG.17is the demultiplexer 25. a view illustrating processing of [FIG.18]FIG.18is a view
showing a Tanner graph regarding decoding of an LDPC code. [FIG. 19] FIG. 19 is a view showing a
parity matrix HT having a staircase structure and a Tanner graph corresponding to the parity matrix
HT. [FIG. 20] FIG. 20 is a view showing the parity raatrix HT of a parity check matrix H corresponding
to the LDPC code after parity interleaving. [FIG. 21] FIG. 21 is a view illustrating a conversion parity
check matrix.
location cf the Q axis on the IQ plane makes & bit
boundary, and as regards the second symbol bit y; (second
from the most significant bit), only one location of the
I axis on the IQ plane makes a bit boundary.
[0112]
Further, as regards the third symbol bit yi;, each
of two locations between the first and second columns and
between the third and fourth columns from the left of the
4 x 4 symbols makes a boundary;
[0113]
Furthermore, as regards the fourth symbol bit vys,
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.
(01147
The symbol bit y; represented by a symbol is less
likely to become errconeocus and becomes lower in error
probability as the number of symbols spaced away from a
bit boundary increases but is more likely to become
erroneous and becomes higher in error probability as the
number of symbols positioned nearer to a bit boundary
increases.

[0115]

If a bit which is less likely to become erroneous



[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 31 of
the memory 31 necessary for the column twist interleaving and addresses of writing starting positions.
[FIG. 25] FIG. 25 is a flow chart illustrating a transmission process. [FIG. 26] FIG. 26 is a view
showing a model of a communication path adopted in a simulation. [FIG. 27] FIG. 27 is a view
illustrating a relationship between an error rate obtained by the simulation and a Doppler frequency fd
of a flutter. [FIG.528]FI61r 284s hwiew ilistating asrelationshiprbdtwean ansérrorate dbfained by the
simulation and a Doppler frequency fd of a flutter, [FIG. 29] FIG. 29 is a block diagram showing an
example of a ebffiguraéén BRaR L DECBREBihg 'Sectiofh 21° FHIEB0F FIS S5 fléw chart
illustrating a process of LDPC encoding section, [FIG. 31] FIG. 31 is a view illustrating a parity check

matrix initial vafirtabfet 6F4R enE8diAG rafer6F2/3 ahd s E6de gt of £6,2002 fFiG.32] FIG. 32 is a

view illustratin al;]):arit check rgatrg?qinitigl value tﬁbl}:e) .otf an en%oding rate of 2/3 a{&nd a code length of
64,800. [FIG%ﬁ 1G> 3398 AVidw i Il?stratiﬁﬁ?ﬁg parity ¢hedk matrix iditial vaiié" able B¥ the encoding

rate of 2/3 symbols of 16QAM, the most significant symbol bit vy, and
the second symbol bit y; are strong bits and the third
symbol bit vz and the fourth symbol bit vs; are weak bits.
[0116]

FIGS., 13 to 15 illustrate arrvangements of (signal
points corresponding to) 64 symbols on the IQ plane whers
640QAM 1s carried out by the corthogenal modulation section
27 of FIG. 8.

[01173

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

[0118]

The symbol bits represented by one symbol of 640AM
can be represented as bits ve, Vi, VY2, Y3, Ve, and ys in
ocrder beginning with the most significant bit. Where the
modulation method i1s 94QAM, 6 code bits of the LDPC code

are set (sympolized) as a symbol {symbol value) of the 6



32 and the code length of 64,800. [FIG. 34] FIG. 34 is a view illustrating the parity check matrix initial
value table of the encoding rate of 2/3 and the code length of 64,800. [FIG. 35] FIG. 35 is a view
illustrating a parity check matrix initial value table of an encoding rate of 3/4 and a code length of
16,200. [FIG. 36] FIG. 36 is a view illustrating a parify: check matrix initial value table of an encoding
rate of 3/4 and a code length of 64,800. [FIG. 37] FIG. 37 is a view illustrating the parity check
matinitial value table of the encoding rate of 3/4 and the code length of 64,800. [FIG. 38] FIG. 38 is a
view illustrating the parity check matrix initial value table of the encoding rate of 3/4 and the code
length of 64,800 L[FIG. 39% FIG. 39 is a view illustrating the parity check matrix initial value table of the
encoding .ate of 3/4 and the code length of 64,800. [FIG. 40] FIG. 40 is a view illustrating a parity
check matrix ihitiak Value table of an encoding rate of 4/5 and a code length of 16,200. [FIG. 41] FIG.

41 is a view illustrating a parity check matrix initial value table of an encoding rate of 4/5 and
Here, FIG. 13 indicates bit boundaries regarding

the most significant symbol bit yg and the second symbol
bit y; from among the symbol bits yy to ys of symbols of
GAQAM; FIG. 14 indicates bit boundaries regarding the
third symbol bit vy, and the fourth symbol bit yi; and FIG.
15 dIndicates bit boundaries regarding the fifth symbol
bit va and the sixth symbol bit ys.

10120]

As seen in FIG. 1?, the number of bit boundaries
with regard to each of the most significant symbol bit vy
and the second symbol bhit yi1 15 one. Meanwhile, as seen
in FIG. 14, the number of bit boundaries with regard to
each of the third symbol bit y; and the fourth symbol bit
Vs 18 twoe, and as seen in FIG. 15, the number of bit
boundarieé with regard to each of the fifth symbol bit vy,
and the sixth symbol hit vyvs is four.

[G121]

Accordingly, among the symbol bits yy to ys; of
symbols of 64QAM, the most significant symbol bit yg and
the second symbol bit y; are the strongest bits, and the
third symbol bit y; and the fourth symbel bit vyvi are the

second strongest bits. Then, the fifth symbol bit vs; and



33 a code length of 64,800. [FIG. 42] FIG. 42 is a view illustrating the parity check matrix initial value
table of the encoding rate of 4/5 and the code length of 64,800. [FIG. 43] FIG. 43 is a view illustrating
the parity check matrix initial value table of the encoding rate of 4/5 and the code length of 64,800.
[FIG. 44] FIG. 44 is a view illustrating the parity chegl matrix initial value table of the encoding rate of
4/5 and the code length of 64,800. [FIG. 45] FIG. 45 is a view illustrating a parity check matrix initial
value table of an encoding rate of 5/6 and a code length of 16,200. [FIG. 46] FIG. 46 is a view
illustrating a parity check matrix initial value table of an encoding rate of 5/6 and a code length of
64,800. [FIG.14TH FGx47 isaview ilRistratingathe parity slveciemiatrixiinitial value table of the encoding
rate of 5/6 and the code length of 64,800. [FIG. 48] FIG. 48 is a view illustrating the parity check
matrix initial vaitire?table of the encoding rate of 5/6

From FIG. 12 and further from FIGS. 13 to 15, it
can be seen that, as regards symbol bits of symbols of
crthogonal modulatiocn, there is a tendency that a high-
crder bit i1s a strong bit and a low-order bit 1s a weak
bit.

10123]

Here, as described hereinabove with reference to
FIG. 11, an LDPC code ocutputted from the LDPC encodiﬁg
secticon 21 {(FIG. 8) includes code bits which are tclerant
to errors and code bits which are less tolerant to errors.
[0124]

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

[0125]

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

[01z26]

Therefore, an interleaver has been proposed which



and the code length of 64,800. [FIG. 49] FIG. 49 is a view illustrating the parity check matrix initial
value table of the encoding rate of 5/6 34 and the code length of 64,800. [FIG. 50] FIG. 50 is a view
illustrating a parity check matrix initial value table of an encoding rate of 8/9 and a code length of
16,200. [FIG. 51] FIG. 51 is a view illustrating the pafity checkmatrix initial value table of the encoding
rate of 8/9 and the code length of 64,800. [FIG. 52] FIG. 52 is a view illustrating the parity check
matrix initial value table of the encoding rate of 8/9 and the code length of 64,800. [FIG. 53] FIG. 53 is
a view illustrating the parity check matrix initial value table of the encoding rate of 8/9 and the code
length of 64,800 §FIZ:524 F1G084 i atsew flluptrating the padtyschdek Thattixdnital valae table of the

encoding rate of 8/9 and the code length of 64,800.
of the LDPC code which are low in tolerance to an error

are allocated to strong bits (symbol bits) of a symbol of
orthogonal modulation.
[01271

The demultiplexer 25 of FIG. 8 carries out
processing of the interleaver.
[0128]

FIG. 16 is a view illustrating processing of the
demultiplexer 25 of FIG. 8.
101293

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

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

To the memory 31, an LDPC code from the LDEC
encoding section 21 is supplied.
(0132]

The memory 31 has a storage capacity for storing mb
bits in the (horizoental) direction of a row and storing
N/ {mb) bits in the (vertical) direction of a column. The

memory 31 writes code bits of the LDPC code supplied



[FIG. 55] FIG. 55 is a view illustrating a parity check matrix initial value table of an encoding rate of
9/10 and a code length of 64,800. [FIG. 56] FIG. 56 is a view illustrating the parity check matrix initial
value table of the encoding rate of 9/10 and the code length of 64,800. [FIG. 57] FIG. 57 is a view
illustrating the parity check matrix initial value table gfthe encoding rate of 9/10 35 and the code
length of 64,800. [FIG. 58] FIG. 58 is a view illustrating the parity check matrix initial value table of the
encoding rate of 9/10 and the code length of 64,800. [FIG. 59] FIG. 59 is a view illustrating a method of
determining a parity check matrix H from a parity check matrix initial table. [FIG. 60] FIG. 60 is a view
illustrating a réplacement piocessdn acéomiande withitherexistihgmaetho dsufFIG 61T EHE. 61 is a view
illustrating a replacement process in accordance with the existing methods. [FIG. 62] FIG. 62 is a view
illustrating codébit gtdups'&nd SYmBBIBIE GictipsiiAeld & LDEG d¢e halingzesde lgngth of 64,800
and an encoding rate of 2/3 is modulated by 256QAM and the multiple b is 2. [FIG. 63] FIG. 63 is a
view illustratingP&fs aftdéation‘rufé fneréad THIE tod8 Haviiy & €ode length of 64,800 and an
encoding rate céf&zé% is modulated by 256QAM and the multiple b is 2. [FIG. 64] FIG. 64 is a view
illustrating repi e ént of code bits in accordance with the allocation rule where an LDPC code having

a code length of 64,809I gpgrarher}cmod{%gf ga};tr% a?{ Eé% i%@ggg@t%d Qy ggg%AyM fé‘rﬁi gtjgg rp_[l)ntiple bis
represents the code length of the LDPC code as described
hereinabove.

[0134]

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

FIG. 16A 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 one symbcel i1is 6 bits.
[0136]

Further, in FIG. 16A, the multiple b is 1, and

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



36 [FIG. 65] FIG. 65 is a view illustrating 3ERs where a replacement process of a new replacement
method and where a replacement process of an existing method is carried out. [FIG. 66] FIG. 66 is a
view illustrating an example of a parity check matrix initial value table for an LDPC code whose Eb/No
as a performance threshold value is better than that;of a standard code. [FIG. 67] FIG. 67 is a view
illustrating the example of the parity check matrix initial value table for an LDPC code whose Eb/No as
a performance threshold value is better than that of the standard code. [FIG. 68] FIG. 68 is a view
illustrating the example of the parity check matrix initial value table for an LDPC code whose Eis/No as
a performancé thresholdfvalue Is Bétiér than that sfahestaritiorg ¢bden [FIG 9] FIG. 69 is a view
illustrating relationships of the Es/No and the BER regarding the standard code and a proposed code.
[FIG. 70] FIG %70 4 btk diagram showing an example of a configuration of a reception apparatus
12. [FIG. 71] @g ; is a flow chart illustrating a reception process. [FIG. 72] FIG. 72 is a view
illustrating an ?np%e of a 37 parity check matrix of an LDPC code. [FIG. 73] FIG. 73 is a view
illustrating a matrix (conversion patrity check matrix) obtained by applying.row replacement and column
replacement to a parity}EI check r%a%r?x%/lflé%? 7r4ﬁ(13—']f82.1725—ias%%ﬁev}\4} [ ﬁgs%{rgt?ﬁg awc%ﬁ\:/%ersion parity check

matrix divided,ipta g inief & Bts: (13 751 LG 75 3 black diagram shawing.an gxample of a
configuration of a decoding apparatus in which node mathematical operation Is carried out collectively
forPnodes. :he row direction is hereinafter referred to suitably as
column, In FIG. 10A, the memory 31 includes gix (= 6 »x 1)
columns.
[0138]
The demultiplexer 25 carries out writing of the
code bits of the LDPC code in a downward direction from
above of a column which forms the memory 31 (in a column
direction) beginning with & left side column toward a
right side column.
[0139]
Then, if the writing of the code bits ends with the
lowermost bit in the rightmost c¢olumn, then the code bits
are read out and supplied to the replacement section 32
in a unit of 6 bits (mb kits) in the row direction
beginning with the first row of all of the columns which
form tThe memcry 31.
[0140]

The replacement section 32 carries out a

replacement process of replacing the position of code



[FIG. 76] FIG. 76 is a block diagram showing an example of a configuration of a LDPC decoding
section 56. [FIG. 77] FIG. 77 is a block diagram showing an example of a configuration of an
embodiment of a computer to which the present invention is applied. [FIG. 78] FIG. 78 is a view

. illustrating an example of a parity check matrix initiat #alue table of an encoding rate of 2/3 and a code
length of 16,200. [FIG. 79] FIG. 79 is a view illustrating an example of a parity check matrix initial
value table of an encoding rate of 2/3 and a code length of 64,800. [FIG. 80] FIG. 80 is a view
illustrating the example of the pariEy check matrix initial value table of the 38 encoding rate of 2/3 and
the code lengti6£6£.800. fEGS siFRIG WrEisieTieivilldstrating MHeteanipleled tihe Pafiy check matrix
initial value table of the encoding rate of 2/3 and the code length ofiﬁlﬁoo. FIG. 82] FIG. 82 is a view
illustrating an €Xamigie Of B%a?i?fcﬁ@@%ﬁ%@ﬂ?ﬁﬁiaﬁa@e%gfﬁoﬁ &ifcotfing Fate &f3/4 3nd a code

length of 16,200(.j£F| . 83] FIG. 83 ista \Qew iIIusﬁzatin an example_of ity check matrix initial value
table of an entoding rateé of 3714 and & Eode feng 8?34%88‘? G?B4ﬁ$§f 4 is a view illustrating the
example of th(?3 éué check matrix initial value table of the encoding rate of 3/4 and the code length of
64,800. [FIG. ?F IG. 85 is a view illustrating the example of the parity check matrix initial value table

- of the encoding rate of 3/4 dithe code length of 64,800, JEIG,;86] FIG. 86 is g view dllustrating the

example of the parity check matrix initial value table of the encoding rate of 3/4 and the code length of
64,800. are read out in the row direction from the memcry 31, if

the ith bit {(i = 0, 1, .., mb-1) from the most significant
bit from among the mb code bits read out from the memory
31 is represented by bit bi;, then the & code bits read out
in the row direction from the memcry 31 can be
reprasented as bits by, b1, bz, bi, bs and by in order
beginning with the most significant bit.

[0142]

A relationship of the column weight described
hereinabove with reference to FIG. 11 leads that the ccde
bit positioned in the direction of the bit by is a code
bit high in tolerance tc an erfor while the code bit in
the direction ¢f the bit bs i3 a code bit low in tolerance
to an error.

[0143]

The replacement section 32 carries out a
replacement process of replacing the position of the ¢
code bits by to bs from the memeory 31 such that a code bit

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



[FIG. 87] FIG. 87 is a view illustrating an example of a parity check matrix initial value table of an
encoding rate of 4/5 and a code length of 16,200. [FIG. 88] FIG. 88 is a view illustrating an example of
a parity check matrix initial value table of an encoding 39 rate of 4/5 and a code length of 64,800.
[FIG. 891 FIG. 89 is a view illustrating the example of the parity check matrix initial value table of the
encoding rate of 4/5 and the code length of 64,800. [FIG. 90] FIG. 90 is a view illustrating the example
of the parity check matrix initial value table of the encoding rate of 4/5 and the code length of 64,800.
[FIG. 91] FIG. 91 is a view illustrating the example of the parity check matrix initial value table of the
encoding rate®t4#75 ahth&cdde length oF64/BD0NIEIG WA FIBa ¥2ks adddw dRistrating an example
of a parity check matrix initial value table of an encoding rate of 5/6 and a code length of 16,200. [FIG.
931 FIG. 93 iSta™idw Tilustrating an'ékanple of a5ty Bhédematmeitial Yaludi bR of an encoding
rate of 5/6 and a code length of 64,800. [FIG. 94] FIG. 94 is a view illustrating the example of the parity
check matrix Mitial vafue-fablé of thé BficSaiig Fate ot gé%% the code length of 64,800. [FIG. 95] FIG.
95 is a view illt:?lirgﬂrglg the example of the parity check matrix initial value table of the encoding rate of
5/6 and the code length of 64,800. [FIG. 96] FIG. 96 is a view illustrating the example of the parity

check matrix initial Val%@@gle ggwea‘lgeplacement method for replacing the &

code bits by to bs from the memory 31 so as to be
allocated to the 6 symbol bits yg te ys representative of
one symbol of 640QAM, various systems have been propocsed.
[0145]

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

[014¢6]

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

(0147]

Bs the first replacement method, 1t 1s proposed to
adopt one of three kinds of replacement methods in FIG,

- 16B, and as the second replacement method, it is proposed
to adopt one of two kinds of replacement methods in FIG.

16C.



encoding rate of 5/6 and the code length of 64,800. [FIG. 97] FIG. 97 is a view illustrating an example
of a parity check matrix initial value table of an encoding rate of 8/9 and a code length of 16,200. [FIG.
98] FIG. 98 is a view illustrating the example of the parity check matrix initial value table of the
encoding rate of 8/9 and the code length of 64,800.-{FIG. 99] FIG. 99 is a view illustrating the example
of the parity check matrix initial value table of the encoding rate of 6/9 and the code length of 64,800.
[FIG. 100] FIG. 100 is a view illustrating the example of the parity check matrix initial value table of the
encoding rate of 8/9 and the code length of 64,800. [FIG. 101] FIG. 101 is a view illustrating the
example of thépatity check matrix initial value table of the encoding rate of 8/9 and the code length of

64,800. [FIG. 102] FIG. 102 is a view illustrating an example of a parity check matrix initial value table
of an encoding rate of 8A0%&T &'toae |ERgtheTBREE00 TFIEC 03 1EIG.S103 REPFied iflGstrating the
example of the parity check matrix initial value table of the encoding rate of 9/10 and the code length
of 64,800. [FIS 1541 FIG21684% 3 view ilifrating & LR&HBRIGH tRE B chEck diatrix initial value
cable of the %ncoding rate of 9/10 and the code length of 64,800. [FIG. 105] FIG. 105 is a view
illustrating the exarﬁf)lleoo‘foLﬁer parity check matrix initial value table of the encoding rate of 9/10 and the
code length of ?ﬂg . [FIG. 106] FIG. 106 is a view illustrating an example of a parity check matrix
initial value table of an encoding rate of 1/4 and a code length of 64,800.

FIG. 17 illustrates an example of a configuration
cf the demultiplexer 25 in a case wherein the modulation
method is 64QAM {accordingly, the bit number m of code
bits of an LDPC code mapped to one symbol is 6 similarly
as in FIG. 10) and the multiple b is 2, and a fourth
replacement method.

[0150]

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

[0151]

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

[0152]

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 & left side column toward a



[FIG. 107] FIG. 107 is a view illustrating the example of the parity check matrix initial value table of the
encoding rate of 1/4 and the code length of 64,800. [FIG. 108] FIG. 108 is a view illustrating an
example of a parity check matrix initial value table of an encoding rate of 1/3 and a code length of
64,800. [FIG. 109] FIG. 109 is a view illustrating the;example of the parity check matrix initial value
table of the encoding rate of 1/3 and the code length of 64,800. [FIG. 110] FIG. 110 is a view
illustrating an example of a parity check matrix initial value table of an encoding rate of 2/5 and a code
length of 64,800. [FIG. 111] FIG. 111 is a view illustrating the example of the parity check matrix initial
~ value table ofthé&ehcadite rafel 812/5ahditheccodesiéng e 64E800 e [FGE L1 REERG et 2is a view
illustrating an example of a parity check matrix initial value table of an encoding 42 rate of 1/2 and a
code length of 845869: [FfG. 113] FIG. 113 is a view illustrating the example of the parity check matrix
initial value table of the encoding rate of 1/2 and the code length of 64,800. [FIG. 114] FIG. 114 is a
view iIIustratinﬁj)ﬁﬁ;éxample of the parity check matrix initial value table of the encoding rate of 1/2 and
the code length of 64,800. [FIG. 115] FIG. 115 is a view illystrating an example of a parity check matrix
initial value table of anafglneitrcg)(:lin_‘Lgf}aﬁfél of 3/5 iﬁ@ 4 c%ﬂecigr(l#geth%ojf §651 TFI‘@.%G& G. 116 is a view
illustrating the}Lexam Ies[ f|t(§§ ari}gl(éheck maﬁr%n iCr)liStitaI valfe tabletcg %rrlle e coding erage.%fSC%IS and the

code length o %%e R ﬁ] h‘i:ﬁ:ﬁ aview |IIugs?ra\fllrrlif:]1 the examp & of the parljfy check matrix

initial value table. of.the engoding rate of 3/5 and the eode langth,0t64.800. v s on 32

in a unit of 12 bits {mb bits) in the row direction
beginning with the first row cof all of the columns which
form the memory 31.
(01541

The replacement secticon 32 carries out a
replacement process of replacing the position of 12 code
bits from the memory 31 in accordance with the fourth
replacement method and outputs the 12 bits obtained by
the replacement as 12 bits representative of two symbols
{b symbols) of 64QAM, in particular, as 6 symbol bits vy,
Vi, Yor ¥i, ye and ys representative of one symbol of 64QAM
and & symbol bits Vo, Vi, Yzr V3, Y2 and ys representative
of a next one symbol.
[0155]

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

[0156]



[FIG. 118] FIG. 118 is a view illustrating an example of a parity check matrix initial value table of an
encoding rate of 1/4 and a code length of 16,200. [FIG. 119] FIG. 119 is a view illustrating an example
of a parity check matrix initial value table of an encoding rate of 1/3 and a code length of 16,200. [FIG.
120] FIG. 120 is a view illustrating an example of a parity check matrix initial value table of an
encoding 43 rate of 2/5 and a code length of 16,200. [FIG. 121] FIG. 121 is a view illustrating an
example of a parity check matrix initial value table of an encoding rate of 1/2 and a code length of
16,200. [FIG. 122] FIG. 122 is a view illustrating an example of a parity check matrix initial value table
of an encoding rate of 3/5 arfd Acode |enghbi 63200 WJRIG: 12BEFIGLE23isea Yiehsilldstrating
another example of the parity check matrix initial value table of the encoding rate of 3/5 and the code
length of 16,206 fEiG2 124] BHS A 2918 ERvib WAl Statiigta niethed B déteririnifg a parity check
matrix H from a parity check matrix initial table. [FIG. 125] FIG. 125 is a view iIIustratir]g}an example of

replacement &t coebits"JRIG . 1261718712658 2ARERSHUstRENG HhothSexEfisie df Féplacement of

code bits. [FIG. 127] FIG. 127 is a view illustrating a further example of replacement of code bits.
e SaEA L SFati & G iR Sl of P &SRt GPABtette. (FIG. 129

[FIG. 128] FIG 12675 8 View |ﬂus"[?at¥rl19 as

FIG.129is a \fir?wtiﬂlés%%th%%ﬂ{%ulgg%%£%spuclti%fnthlen% gding description given
wilth reference toHFIG. 17, the i+1th bit from the most
significant bit from among the mb symbol bits of thé b
successive symbels 1s represented as bit (symbol bit) vy
for fhe convenience of description.
[C157]

Morecver, which replacement method 1s optimum, that
is, which replacement method provides improved error rate
in an AWGN communication path, differs depends upon the
encoding rate, code length and modulation method of LDPC
code and sc forth.

[0158]

Now, parity interleave by the parity interleaver 23
of FIG. § is described with reference to FIGS. 18 to 20.
[0159]

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

[0160]
If a plurality of (code bits corresponding to)

variable nodes connecting to a check node such as two



[FIG. 130] FIG. 130 is a view illustrating another 44 simulation result of the 3ER. [FIG. 131] FIG. 131
is a view illustrating a further simulation result of the BER. [FIG. 132] FIG. 132 is a view illustrating a
still simulation result of the BEE. [FIG. 133] FIG. 133 is a view illustrating an example of replacement
of code bits. [FIG. 134] FIG. 134 is a view illustratingsanother example of replacement of code bits.
[FIG. 135] FIG. 135 is a view illustrating a further example of replacement of code bits. [FIG. 136] FIG.
136 is a view illustrating a still further example of replacement of code bits. [FIG. 137] FIG. 137 is a
view illustrating a yet further example of replacement of code bits. [FIG. 138] FIG. 138 is a view
illustrating a yet furitiereexamilsie of véplacerhsatiofdoderitss [FIG:11393 FEG 283965 & View illustrating a
yet further example of replacement of code bits. [FIG. 140] FIG. 140 is a view illustrating a yet further
exwﬂpb(ﬁréﬂ%%éﬁ@ﬁxﬁ%%ﬁe%ﬁs?hown in FIG. 18, then the check node

returns a message of an egqual probability representing
that the probability that the value may be 0 and the
probability that the value may be 1 are egual to each
other Lo all variable nodes connecting to the check node.
Therefore, 1f a plurality of wvariable nodes connecting to
the same check ncode are placed into an erasure state or
the like at the same time, then the performance in
decoding 1s deteriorated.

[01lel]

Incidentally, an LDPC code outputted from the LDEC
encoding section 21 of FIG. 8 and prescribed in the DVB-
S.2 standard is an IRA code, and the parity matrix He of
the parity check matrix H has a staircase structure as
shown in FIG. 10.

(01623

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

[C1le3]

In particular, FIG. 1%A illustrates a parity matrix

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

Tanner graph corresponding to the parity matrix He of FIG.



[FIG. 141] FIG. 141 is a view illustrating a yet further example of replacement of code bits. [FIG. 142]
FIG. 142 is a view illustrating a yet further 45 example of replacement of code bits. [FIG. 143] FIG.
143 is a view illustrating a yet further example of replacement of code bits. [FIG. 144] FIG. 144 is a
view illustrating a yet further example of replacement;of code bits. [FIG.FIG. 145 is a view illustrating
processing of a multiplexer 54 which composes a deinterleaver 53. [FIG. 146] FIG. 146 is a view
illustrating processing of a column twist deinterleaver 55. [FIG. 147] FIG. 147 is a block diagram
showing another example of a configuration of the reception apparatus 12. [FIG. 148] FIG. 148 is a
block diagramlshewing a first example of a configuration of a reception system which can be appliedito
the reception apparatus 12. [FIG. 149] FIG. 149 is a block diagram showing a second example of the
configuration dfth&%éception system which can be applied to the reception apparatus 12. [FIG: 150]
FIG. 150 is a block diag}ram showing a third example of the configuration of the reception system

which can be applied 687 fedeptioh Hppa¥atlié 12 Expranitiorfof REMEFETRESymbols [0054] 11

Transmission aggaratus, 12 Recegtion aggaratus, oo o
structure, in the Tanhher graph of the parity matrix He,

variable nodes of the LDPC code which correspond to a
column of an element of the parity matrix Hy having the
value of 1 and whose message 1s determined using adjacent
code bits (parity bits) are connected to the same check
node.

[0165]

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
o a plurality of variable ncdes corresponding to the
plural parity bits which have become an error ({(variable
nodes whose message are to be deterﬁined using parity
bits) returns a message of an equal probability
representing that the probability that the value may be 0
and the prcbability that the value is 1 may be egual fo
each other to the variable nodes connacting to the check
node, The performance of the decoding deteriorateg. Then,
where the burst length (number of bits which are made an
error by a burst) i1s great, the performance of the

deceoding further detseriorates.



46 interleaver, 24 Column twist interleaver, 25 Demultiplexer, 26 Mapping section, 27 Orthogonal
modulation section, 31 Memory, 32 Replacement section, 51 Orthogonal demodulation section, 52
Demapping section, 53 Deinterleaver, 54 Multiplexer, 55 Column twist deinterleaver, 56 LDPC
decoding section, 300 Edge data storage memory, 301 Selector, 302 Check node calculation section,
303 Cyclic shift circuit, 304 Edge data storage memory, 305 Selector, 306 Reception data memory,
307 Variable node calculation section, 308 Cyclic shift circuit, 309 Decoded word calculation section,
310 Reception data re-arrangement section, 311 Decoded data re-arrangement section, 601 Encoding
processing bld&k 602 Storage block, 611 Encoding rate setting portion, 612 Initial value table reading
out portion, 613 Parity check matrix production portion, 614 Information bit reading out portion, 615
Encoding parity matheratiEarsFetation poRih: 616 Corftit porticre 781Bas, T02-EPY, 703 ROM,
704 RAM, 705 Hard disk, 706 Outputting section, 707 Inputting section, 708 Communication section,
709 Drive, 71BTAPGHOPGEnterfatac? 11 kb mGRibld Féchraing Tfediths H0v4iReverse replacement
section, 1002 Memory, 1011 Parity deinterleaver, 1021 LDPC decoding section, 1101 Acquisition
section, 1101%%%5%%%}?5“%; dé(go%o&fﬁg 57 Slao%]éégiﬁg%%Eti&ﬁ,%‘i%ﬁf&n?aﬁion source decoding
processing section, 1111 Oufputting sectian, 1121 Recordi ection Best Maode f Ig:}%rrying Out the
Invention [Oog‘ﬂgeﬁeﬁfg}? hgﬁﬁga%ye%alrnﬁgleoo at%oenf%ﬁgéﬁo%ogfe an%r%%o iment of a transmission
system to whigh e, presen inuenyion Js applisdghe ieym system signifies Aladicl aggregate of a
plurality of apparatus irrespective of whether or not the individual component apparatus are included in
the same housing).7[P056] Referring to FIG. 7, the transmission system includes a transmission
apparatus 11 and a reception apparatus 12. [0057] The transmission apparatus 11 carries out, for
example, transmissiongbtpadeast) (transferef A television preadcasting programyThatis, the
transmission apparatus 11, for example, encodes object data which are an object of transmission such
as image data;'setndrgata and:sodforthassa televisiondreadcasting pregean mtean-LRPC code and
transmits the resultant data through, for example, a communication path

parity interleave carried out by the parity interleaver

23 of FIG. 8.
[0168]

Here, the information matrix Hp of the parity check
matrix H corresponding fTo the LDPC code prescribed in the
DVE-5.2 standard and outputted from the LDPC encoding
section 21 has a cyclic structure.

[0169]

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

columns is cyclically shifted in the column direction by



48 13 such as a satellite channel, ground waves and CATV network. [0058] The reception
apparatus 12 is, for example, a tuner, a television receiver or a 5TH (Set Top Box) for receiving a
television broadcasting program or PC (Personal Computer) for receiving IDTV (Internet Protocol
Television), and receives LDPC codes transmitted thgreto from the transmission apparatus 11 through
a communication path 13, decodes the LDPC codes into object data and outputs the object data.
[0059] Here, it has been known that LDFC codes utilized in the transmission system in FIG. 7
exhibit a very high capacity in an AWGN (Additive White Gaussian Noise) communication path. [0060]
However, in the gomatunication pathrE3isech as grountbwaves, bursteervers e erasure sometimes
occurs. For example, in an OFDM (Orthogonal Frequency Division Multiplexing) system, in a
multi-path envitdniiéraviereift theBNY (Dasird® L0 desiFessRatio) isi0dBi{power of Undesired =

. echo is equal to the power of Desired = main path), the power of a particular symbol becomes zero 49

(erasure) in résponsd 18 % deii§ of B¥Eho(pathsSthEFhan the in&ik patfy). Structure

1s hereinafter referred to sultably as a unit coclumn
number of the cyclic structure.
[01707

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

(0171}

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

[0172]

With regard to LDPC codes whose code length N is
04,800 bits and which have the eleven different encoding
rates, it_is prescribed in the DVB-5.2 standard that the

column number P of the cyclic structure i1s prescribed to



[0061] Further, also in a flutter (communication path in which an echo whose delay is zero and to
which a Doppler (dopper) frequency is applied is added), where the D/U is 0 dB, a case wherein the
power of an entire OFDM symbol at a specific point of time is reduced to zero (erasure) by the Doppler
frequency occurs. [00.62] Further, from a situatign of wiring lines on the reception apparatus 12
side from a reception section (not shown) such as an antenna or the like for receiving a signal from the
transmission apparatus 11 to the reception apparatus 12 or from instability of the power supply to the
reception apparatus 12, burst errors sometimes appear. [0063] Meanwhile, in decoding of LOP
codes, since vdrtabiié hele hiathematialoperatian of thetéxpregsion y(1)-whetdintaddition of (reception
values uoi of) code bits of an LDPC code as seen in FIG. 5 above described is carried out in a column
of the parity chéERRiatrix #’4nd’hence a variable node corresponding to a code bit of the 50 LDPC
code, if an error occurs with the code bit used for the variable node mathematical operation, then the
accuracy of a[r%gsgabe to be determined drops. [0064] Then, since, in decoding of the LDPC

code, the message determined at the variable node co ing ta the check node is used to carry out
check node mathemat:i:ce:gﬁj)%eergﬁoﬁv %F{herg ar]égi?%ﬁ ( rﬂbe:glptéth%oc%ees(’:k""no%see,3 if%ﬁgenumber of check

nodes where gceorgit%itstﬁof .ttlswe é_PFé% gog : é:é)rrﬁeggovnqglilr)gﬁo]_b% \péurggté/ ogﬂ/g‘;iggle nodes connected

g _ 1 f
thereto exhibit an error (including erasure) at the same time becomes great, then the performance of

the decoding deteriorates. 0068k . Farexample.if byo of more.of the yarjable nodes gonnected to

the check node suffer from erasure at the same time, then thé check node returns a message that the

probability that the valuetnay be-Q-and the probability that the yaluie may be |argeaual tg,each other

to all variable nodes. In this instance, those check nodes to which the message of the equal
probabilities does ngt contribute to gre cyelerof desedingiprecessing (one setafrmariabie:-node

mathematical operation and check node mathematical operal-ion), and as a result, an increased
depending upon the encoding rate. Accerdingly, also the
value g 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
length M by the column number P of the cyclic structure
(the product c¢f P and g which are divisors of the parity
length M is the parity length M).
[0174]

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 1s represented by y, the parity interleaver 23
interleaves, as parity interleave, the Ktgxty+lth code
bit from among parity bits which are K+lth to K+Mtb (K +
M = N} bits of the LDPC code from the LDPC encoding

secticon 21 to the position of the K+Py+x+lth code bit.



51 number of Limes of repetition of decoding processing are required. Consequently, the performance
of the decoding deteriorates. Further, the power consumption of a reception apparatus 12 which
carries out decoding of the LDPC code increases. [0066] Accordingly, the transmission system shown
in FIG. 7 is configured such that the tolerance to bugst errors or erasure is improved while the
performance in an AWGN communication path is maintained. [0067] FIG. 8 shows an example of
a configuration of the transmission apparatus D. of FIG. 7. [0068] Referring to FIG. 8, the
transmission apparatus 11 includes an LDPC encoding section 21, a bit inte leaver 22, a mapping
section 26 and @nh7arthogonal modulation section 27. [0069] To the LDPC encoding section 21,
object data are supplied. [0070] :
According to such parity interleave, since the
(parity bits corresponding to) wvariable 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.
[0176]
It is to be noted that the LDPC code after the
parity interleave by which the K+gx+y+lth code bit is
interleaved to the position of the K+Py+x+lth code bit
coincides with the LDPC code of a parity check matrix
(hereinafter referred to also as conversion parity check
matrix) obtained by column replacement of replacing the
K+gu+y+lth column of the original parity check matrix H
into the K+Py+x+1lth column.
[0L77]
Further, in the parity matrix of the conversion
parity check matrix, a pseudo cyclic structure whose unit

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

FIG. 20.



‘The LDPC encoding section 21 carries out LDPC encoding of the object data supplied thereto in 52
accordance with a parity check matrix in which a parity matrix whioh is a portion corresponding to
parity bits of an LDPC code has a staircase structure and outputs an LDPC code wherein the object
data are information bits. [0071] In particular, trggel LDPC encoding section 21 carries out LDPC
encoding of encoding the object data into an LDPC cdde prescribed, for example, in the DVB-S.2 or
DVBT.2 standards and outputs an LDPC code obtained as a result of the LDPC encoding. [0072]
Here, in the DVB-T.2 standard, it is scheduled to adopt the LDPC codes prescribed in the DVB-S.2
standard. The [LDR€ code prescribed in the DVB-S.2 standard is an IRA (Irregular Repeat
Accumulate) code, and the parity matrix in the parity check matrix of the LDPC code has a staircase
structure. The parity métixsandtihe staiccate stpucture arterhereinaftes descritieds Rurther, the IRA
code is described, for example, in "Irregular Repeat-Accumulate Codes,” H. Jin., A. Khandekar, and R.
J. McEliece, irf PFécEedings'6f.2ihd imernatippal:Symposinimon I urbe todes andRelated Topics,
pp.1-8, Sept. 2000. [0073] The LDPC code outputted from the LDPC encoding 53 section 21 is
supplied to th&bitGhterlBavér 2290674 IThe BRtiiteHeaver Z2isid dataprocessihgrapparatus for
interleaving data and includes a parity interleaver 23, a column twist interleaver 24 and a demultiplexer
(DENMJX)Z[O%%%flned by applylng column replacement corresponding to

parity interleave to the parity check matrix of the LDPC

code prescribed in the DVB-S5.2 standard, a portion of 360

rows x 360 columns (shift matrix hereinafter 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} cyolic

structure but has a pseudec cyclic structure.
[0179]

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

[0180]

Now, column twist interleave as a re-arrangement

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

described with reference to FIGS. 21 to 24.



The parity interleaver 23 carries out parity interleave of interleaving parity bits of the LDPC code from
the LDPC encoding section 21 to positions of other paritys and supplies the LDPC code after the parity

interleave to the column twist interleaver 24. [0076] The column twist interleaver 24 carries out
column twist interleave for the LDPC code from the parity interleaver 23 and supplies the LOPS code
after the column twist interleave to the demultiplexer 25. [0077] In particular, the LOPS code is

transmitted after two or more code bits thereof are mapped to signal points representing one symbol of
orthogonal modulation by the mapping section 26 hereinafter described. [078] The column twist
interleaver 24[carfies out, for 54 example, such column twist interleave as hereinafter described as a
re-arranging process of re-arranging code bits of the LDPC code from the parity interleaver 23 such
that a plurality of code bits ofither LBPE¢ode correspondiniy:to the vafue 'l incléded ircore arbitrary
row of the parity check matrix used in the LDPC encoding section 21 are not included in one symbol.
[0079] TRe BeniitiflerercZSigaries Dub & rebraciiy proeess of replacing e positoRs of two or
more code bits of the LDPC code (which are to be a symbol) from the column twist interleaver 24 to
obtain an LDPE o8&osedIeiancs i AN ERES HEiRRIEEd. Thent #fe dEmultiBieasr25 supplies

two or more code bits of an LDPC code obtained bg/ the replacement process as a symbol to the
Qﬁgzgtlllzatlon efficiency of frequencies. In particular,

mapping secti

for examplie, where 2 bits of the code bits are used to
form one symbel, 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.
(01827

Where two or more ones of the code bits are
transmitted as one symbol in this manner, if erasure or
the like occurs with a certain symbcl, the all of the
code bits (allocated to the symbol bits) of the symbol
become an error {(erasure).
[0183]

Accordingly, in order to lower the probability that
a plurality of (code bits corresponding to} variable
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 aveid the variables nodes
corresponding to code bits of cne symbel from connecting

to the same check node.



- [00801 The mapping section 26 maps the symbol 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. [0081] 55 code from the demultiplexer 25 into a signal point
determined by the modulation system, on an 1Q plage (IQ constellation) defined by an | axis
representative of an | component which is in phase with a carrier and a Q axis representative of a Q
component which is orthogonal to the carrier wave. [0082] Here, as the modulation method of
orthogonal modulation carried out by the orthogonal modulation section 27, modulation methods
including, for eéxaimgle, a modulation method defined in the DVB-T standards, that is, for example,
QPSK (Quadrature Phase Shift Keying), 16QAM (Quadrature Amplitude Modulation), 64QAM,
256QAM, 1024QAM, 45960AM hnd sofotthcaraaavaildblel Whatrtadduldtish afethed 5REGd be used
for orthogonal modulation to be carried out by the orthogonal modulation section 27 is set in advance,
for example, iff A¢EorIaRHEE Wilth&n thefatforP e transhiiBsidh Gpparatts 1R byt&foperator. It is to

be noted that the orthogonal modulation section 27 can carry qut spome other orthogonal modulation

such as, for example: 2B AN (PuRB AR plitdENEdRt6r). [6683]) 1L °FRa syrbdAldpibed to a
signal point by,the mapping section 26 fs supplied g the orthogonal medulation o .
gtaircase 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, 2 pseudo cyclic structure as
described hereinabove) appears also in the parity matrix
as described in FIG. 20,
[0185]

FIG. 21 shows & conversion parity check matrix.
[0186]

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

{0187]

In FIG. 214, the position of an element having the
value of 1 in the conversion parity check matrix is
indicated by a dot {-}.

[0188]

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



56 section 27. [0084] The orthogonal modulation section 27 carries out orthogonal modulation of
a carrier in accordance with (the symbol mapped to) the signal point from the mapping section 26 and
transmits a modulation signal obtained by the orthogonal modulation through the communication path
13 (FIG. 7). [0085] Now, FIG. 9 illustrates a pagity check matrix H used in LDPC encoding by the
LDPC encoding section 21 of FIG. 8. [0086] The parity check matrix H has an LDGM
(Low-Density Generation Matrix) structure and can be represented by an expression H = [HAIHT] from
an informationHA of a portion corresponding to information bits and a parity matrix HT corresponding
to parity bits A6 akicHg E66& biS of the-DPC d6de (Mhstrix if Which lefrients ®f the information
matrix HA are elements on the left side and elements of theéparity matrix HT are elements on the right

side). [0087] ABF Fh& bRThuRiBerof iffofnAtiBH bits AnBthé 57 bit Mimber B pafity Bit€from among
code bits of one LDPC codcgdf(eone codeword) are referred.to as information length K and parity length

M, and the bithamb&FFcdde-bits of'6né EDP T code f&refétiéd to as code length N
(01897 '

In FIG. Z1R, the code bits of the LDPC code after
the parity interleave are writien in the column direction
in foﬁr columns which form the memory 31 of the
demultiplexer 25 using 160AM as the modulation method.
[0190]

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

[0191]

In this instance, the 4 code bits By, By, Bz and Bs
which make one symbol sometimes make code bits
corresponding to 1 and included in one arbitrary row of
the parity check matrix after the conversion of FIG. 214,
and in this instance, variable nodes corresponding to the
code bits By, Bi, B, and B:; are connected to the same check
node.

[0182]
Accordingly, where the 4 code bits By, By, B; and Bs

of one symbol become code bits corresponding to 1 and



+ M). [0088] The information length K and the parity length M regarding an LDPC code of a
certain code length N depend upon the encoding rate. Meanwhile, the parity check matrix H is a matrix
whose rows x columns are M x N. Then, the information matrix HA is an M x K matrix and the parity
matrix HT is an M x M matrix. [0089] FIG. 10 ifisstrates the parity matrix HT of the parity check
matrix H of an LDPC code prescribed in the DVB-S.2 (and DVB-T.2) standard. [0090] 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:6fH@Sshrity nfatfix HIPist 1a4ith F&yard o IHEARPTHR bt 2 Rath¥egard to all of the
remaining rows. Meanwhile, the column weight is 1 with regard to 58 the last column but is 2 with

regard to all of i7& Feraintrig columms FE0TT] AXGESCTiIbEY dboba Sthe P S code Dt thé' Par check

matrix H wherein the parity matrix HT has a stajrcase structure can he produced readily using the
[xnﬂycheckrﬁ&m§I$ ec% node to Shlc% bge varlgg = noge£ coLresponAXng

tc the code bits By, By, B; and B3 are connected cannot
determine an appropriate message. As a result, the
performance in decoding deteriorates.

(01937

Also with regard to the encoding rates other than
the encoding rate of 3/4, a plurality of code bits
corresponding to a plurality of wvariable nodes connecting
to the same check node sometimes make one symbol of 16QBM
similarly.

[0184]

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

[0195]

FIG. 22 is a view 1llustrating the column twist

interleave.

(0196}



[0092] In particular, an LDPS code (one codeword) is represented by a row vector c and a
column vector obtained by transposing the row vector is represented by cT. Further, a portion of
information bits from within the row vector ¢ which is an LDPS code is represented by an row vector A
and a portion of parity bits is represented by a row vector T. [0093] Here, in this instance, the row
vector ¢ can be presented by an expression ¢ = [AL1T] 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). [0094] 59 the row vector
¢ = [A]T] as the LDPC &8d@#dF §atidfy ah-exXpressien HeTl 0 e ®Rele the|5atfty Ynatfix HT of the
parity check matrix H = [HAIHT] has such a staircase_structure as shown in FIG. 10, the row vector T

as parity bits which form§ th& fowt Vectot c= faEFWhichRafifds the expression HeT - 0 can be
determined ser%uen ially by successively setting the elements in the rows beginning with the elements
in the first rowt fthe column vector HcT in the expression HcT - O to zero. [0095] FIG. 11
illustrates the parity chgck matrix H of.an LDPC caode and column wejghts defined in the DVB-S.2 (and
DVB-T.2) standard. [0 Memory fﬁ %as a é%orage capa0lg§ 2 8¢ s%%rlgé iite!

bits in the column (verﬁical) direction and stores N/ (nmb)
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 cclumn twist interleave.
[C198]

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 cof code bits
read cut in the row direction and used to make one symbol
may not become code bits corresponding to 1 and included
in one arbitrary row of the conversicn parity check
matrix (re-arranges the code bits of the LDPC code such
that a plurality of code bits corresponding to 1 and
included in one arbitrary row of the parity check matrizx
may not be included in the same symbol).

[0199]



In particular, FIG. 11A illustrates the parity check matrix H of an LDPC code defined in the DVB-S.2
standard. [0097] With regard to KX columns from the first column of the parity check matrix H, the
column weight is X; with regard to succeeding K3 columns, the column weight is 3; with regard to
succeeding M-1 rows, the column weight is 2; and wih regard to the last one column, the column
weight is 1. 60 [0098] Here, KX + K3 + M-1 + 1 is equal to the code length N. [0099] In the
DV8-S.2 standard, the column numbers KX, 1(3 and M (parity length) as well as the column weight X
are prescribed in such a manner as seen in FIG. 113. [0100] In particular, FIG. 113 illustrates the
column numbers KX, Li{8and M&s.welk as thes solumreweight X refarding diffeyemténicoding rates of
LDPC codes prescribed in the DVB-S.2 standard. [0101] In the DVB-S.2 standard, LDPC codes
of the code leA§ths ¢ oiE4800 Bils dng 18, 00t diel greserbett {0ToR]1s 16QAM and

besides the multiple b described hereinabove with
reference to FIG. 16 is 1. Accordingly, the bit number m
of code bits of an LDPC code to bhe one symbol i 4 bits,
and The memory 31 is formed from four (= mb) columns.
[0200]

The column twist interleaver 24 (instead of the
demultiplexer 25 shown in FIG. 16} carries out wriﬁing of
the code kits of the LDPC ccde in a downward direction
{column direction) from above intce the four columns which
form the memory 31 beginning with a left side column
towards a right side column.

[0201]

- Then, when the writing of code bits ends to the
rightmest column, the column twist interleaver 24 reads
rout the code bits in a unit of 4 bits (mb bits) in the
row direction beginning with the first row of all columns
which form the memory 31 and outputs the code bits as an
LDPC code after the column twist interleave to the
replacement section 32 (¥IGS. 16 and 17) of the
demultiplexer 25.

10202]

However, 1f The address of the head: (uppermost)



And as seen in FIG. 113, for the LDPC code whose code length N is 64,800 bits, 11 encoding rates
(nominal rates) 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6, 8/9 and 9/10 are prescribed, and for the LDPC
code whose code length N is 16,200 bits, 10 encoding rates 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6
and 8/9 are prescribed. [0103] Regarding LDPC codgs, it is known that code bits 61 corresponding to
a column of the parity check matrix H which has a higher column weight exhibits a lower error rate.
[0104] The parity check matrix H prescribed in the DVB-S.2 standard and illustrated in FIG. 11
has a tendency that a column nearer to the head side (left side) has a higher column weight.
Accordingly, the $ DRP@codé cesrespondingrto the parityecheckaratrix H has@ tendency that a code bit
nearer to the head is higher in tolerance to an error (has a higher tolerance to an error) and a code bit
nearer to the tailds ffersinadlerdrrcectosdrt éors [0L03]MRIG: A Rultustrbtes ah iarrarigement of (signal
points corresponding to) 16 symbols on the IQ plane where 16QAM is carried out by the orthogonal
modulation setfiBA 2T76TEIG. BY [01067 pakticutar, F1G 2 EZA IRSHates sifHbol5 ot 16TRM.

columnn twist interleaver 24 sets, for the leftmost column,
the writing starting position to the position whose
address is 0; sets, for the second column (from the left),
the writing starting pesition to the position whose
address 1s 2; sets, for the third column, the writing
starting positicn to the pesition whose address is 4; and
sets, for the fourth column, the writing starting

position to the position whose address is 7.

[0203]

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

[0204]
By carrying out such column twist interleave as

described above, such a situation that a plurality of



[0107] 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 | 62 direction x Q
direction centered at the origin of the 1Q plane. [0108] Now, if the i+lth bit from the most significant
bit of the bit string represented by one symbol is reprgsented as bit yi, then 4 bits represented by one
symbol of 16QAM can be represented as bits yo, yi, Y2 and y3 in order beginning with the most
significant bit. Where the modulation method is 16QAM, 4 code bits of the LDPC code are set
(symbolized) as a symbol (symbol value) of the 4 bits yo to y3. [0109] FIG. 12B indicates bit
boundaries regadiding the 4ditsrghereindftery bitds alspireferted-1o as symbokbit)yotediSsrepresented
by the symbol of the 16QAM. [0110] Here, a bit boundary regarding a symbol bit yi (in FIG. 12, i =
0, 1, 2, 3) signifies adiourdabP beffeciia sy MBBFWhBSEDItSF 5 0-afE atidther 8ol Whose bit yi is

1. [0111] As seen in FIG. 12B, as regards the most ,
16CAM (incliuded into the same symbol) with regard te LDPC

codes of all encoding rates whose code length N is 64,800
as prescribed in the DVB-5.Z2 standard can be prevented,
and as a result, the perfcrmance in decoding in a
communication path which provides erasure can be improved.
(02057

FIG., 23 illustrates the number of columns of the
memory 31 necessary for column twist interleave and the
address of the writing starting position for each
modulation method with regard to LDPC codes of the eleven
different encoding rates having the code length N of
64,800 as prescribed in the DVB-S5.Z standard.

[0z206]

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

[¢z207]
Then, the writing starting position for the first

one of the two columns of the memory 31 is set to the



significant symbol bit yo from among the 4 symbol bits yo to y3 represented by the symbol of 16QAM,
only one 63 location of the Q axis on the 1Q plane makes a bit boundary, and as regards the second
symbol bit yi (second from the most significant bit), only one location of the | axis on the IQ plane
makes a bit boundary. [0112] Further, as regards thgqthird symbol bit y3, each of two locations
between the first and second columns and between the third and fourth columns from the left of the 4 x
4 symbols makes a boundary. [0113] Furthermore, as regards the fourth symbol bit y3, each of
two locations between the first and second rows and between the third and fourth rows of the 4 .x 4
symbols makes aoundar $6E1 4)ddre Theisyntbol Bicyi tegresehtedisy & symbolis less likely to
become erroneous and becomes lower in error probability as the number of symbols spaced away
from a bit bourlaly-ineredses Hitds AfoteTiRelytod BHbtohie &fénésus-&fd Beedrheshigher in error

probability as the number or symbols positioned nearer to a bit boundary increases. [0115]
whose address 1s Z.

[0208]

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

10209]

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

[0210]

Then, the writing starting position for the first
one of the four columns c¢f the memory 31 is set to the
positicn whoge address is 0, the writing starting
position for the seccond column is seft to the position
whose address 1s 2, the writing starting position for the
third column is set to the position whose address is 4,

and the writing starting position for the fourth column



If a bit which is less likely to become erroneous 64 (is tolerant to an error) is referred to as "strong bit"
but a bit which is more likely to become erroneous (is less tolerant to an error) is referred to as "weak
bit," then as regards the 4 symbol bits yo to y3 represented by symbols of 16QAM, the most significant
symbol bit yo and the second symbol bit yl are strong bits and the third symbol bit y2 and the fourth
symbol bit y3 are weak bits. [0116] FIGS. 13 to 15 illustrate arrangements of (signal points
corresponding to) 64 symbols on the IQ plane where 64QAM is carried out by the orthogonal
modulation section 27 of FIG. 8. [0117] In 64QAM, one symbol represents 6 bits, and 64 (= 26)
symbols existi Theatheb4-symbelsidre dirantedesuchthastheyimake a square of 8 x 8 symbols in
the | direction x Q don centered at the origin of the 1Q plane. [0118] The symbol bits represented
by one symbol ©f B4QAM can be represented as bits yo,Y| y2, y3, y4, and y5 in order beginning with

the most significant bit. Where the modulation method is 64QAM, 6 code bjts of the LOPC code are
set (symbolized) as a symbdi (5ymb6I FaIlEfofthas e5iltyo P37 Jotforr o

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

[0212]

Where the multiple b is 1 and besides, since, for
example, 16QAM is adopted as the modulaticon method, the
bit number m of one symbol is 4 bits, according to
FIG. 23, the memory 31 has four columns for storing 4 x 1
bits in the row dire;tion and stores 64,800/(4 x 1} bits
in the column direction.

(021327

Then, the writing starting position for the first
one of the four columns of the memory 31 is set to the
position whose address i1s 0, the writing starting
pesition for the second cclumn is set to the position
whose address is 2, the writing starting pesition for the
third column is set to the position whose address 1s 4,
and the writing starting positicn for the fourth column
is set to the position whose address is 7.

[0214]

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



Here, FIG. 13 indicates bit boundaries regarding the most significant symbol bit yo and the second
symbol bit yi from among the symbol bits ye to y5 of symbols of 64QAM; FIG. 14 indicates bit
boundaries regarding the third symbol bit y2 and the fourth symbol bit y3; and FIG. 15 indicates bit
boundaries regarding the fifth symbol bit y4 and thegsixth symbol bit y5. [0120] As seen in FIG.
13, the number of bit boundaries with regard to each of the most significant symbol bit yo and the
second symbol bit yi is one. Meanwhile, as seen in FIG. 14, the number of bit boundaries with regard
to each of the third symbol bit y2 and the fourth symbol bit y3 is two, and as seen in FIG. 15, the
number of bit beamdares withAdgard taceacheof the fifthesymalobl bittyidoandéhignsistth symbol bit y5 is
four. [0121] Accordingly, among the symbol bits yo to y5 of symbols of 64QAM, the most
significant symbé| Bitij& andthe Seedid symbolbit §i dréthestrongesthiis:@antcthe third symbol bit y2
and the fourth symbol bit y3 are the second strongest bits. Then, the fifth symbol bit y4 and 66 the
sixth symbol ﬁg&s afe the-WeakESt bite. [0 22} Er6mIbG. A2 aie furthef frohPEIGS. £3 to 15, it can be
seen that, as regards symbol bits of symbols of orthogonal modulation, there is a tendency that a

high-order bit4s 3 Strong bitalid 218w ord&rbit f¥'a Weakhit §6524 - 80etd, &s described
hereinabove Wiﬂ% referenci_(la to FI?. 11, ?n LDPC code outputted from the LDPC encoding section 21
(FIG. 8) includes-Sode bits' Whith & toleramt to'ésrs and code bits which are less tolerant to errors.
[0124] Meanwhile, as described hereinabove with reference to FIGS. 12 to 15, symbol bits of
symbols of orthogonal modulation carried out by the orthogonal modulation section 27 include strong

_bﬂsand\NeakaS. Then, the writing starting position for the first

one cof the eight columns of the memory 31 is set to the
position whose address is (O, the writing starting
position for the second column is set to the position
whose address is 0, the writing starting position for the
third column is set to the position whose address is Z,
the writing starting position for the fourth column is
set Lo the ﬁosition whose address is 4, the writing
starting position for the fifth column is set to the
position whose address is 4, the writing'starting
position for the sixth column is set to the position
whose 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 cclumn
is set to the position whose address is 7.
(02167

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

example, ©40AM 1s adepted as the modulation method, the



[0125] Accordingly, if a code bit of the LDPC code which is low in tolerance to an error is allocated to a
weak symbol bit of a symbol of orthogonal modulation, then the tolerance to an error drops as a whole.
[0126] Therefore, an interleaver has been proposed which 67 interleaves code bits of an LDPC code
such that code bits of the LDPC code which are lovgin tolerance to an error are allocated to strong bits
(symbol bits) of a symbol of orthogonal modulation. [0127] The demuitiplexer 25 of FIG. 8 carries
out processing of the interleaver. [0128] FIG. 16 is a View illustrating processing of the
demultiplexer 25 of FIG. 8. [0129] In particular, FIG. 16A shows an example of a functional
configuration of thendemaltiplexef 25ne symbol is 6 bits, accordir_lg to

FIG. 23, the memory 31 has six columns for storing 6 x 1

bits in the row direction and stores 64,800/(6 x 1) bits

in the column direction.

[0217]

Then, the writing starting position for the first

one of the six columns of the memcory 31 is set to the

position whose addresgs 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 cclumn is set to the position whose address 1s b,

the writing starting position for the fourth column is

set to the position whose address is 9

the writing starting position for the fifth column is set

to the position whose address is 16, and the writing

étérting position for the sixth column is set to the

position whose address is 13.

[0218]

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

example, 640Q0AM is adopted as the medulation methed, the

bit number m of one symbol is 6 bits, according to

FIG. 23, the memory 31 has twelve columns for storing 6 x

2 bits in the row direction and stores 64,8C0/(6 x 2)

bits in the column direction.



[0130] The demultiplexer,25 includes a memory 31 and a replacement section 32. [0131] To
the memory 31, an LDPC code from the LDPC encoding section 21 is supplied. [0132] The
memory 31 has a storage capacity for storing mb bits in the (horizontal) direction of a row and storing
N/(mb) bits in the (vertical) direction of a column. Thg,memory 31 writes code bits of the LDPC code
supplied 68 thereto into the column direction and reads out the code bits in the row direction and then
supplies the read out code bits to the replacement section 32. [0133] Here, N (= information
length K + parity length M) represents the code length of the LDPC code as described hereinabove.
[0134] Infaddhitidn, in represents the bit number of code bits of an LDPC code to be one symbol,
and b is a predetermined positive integer and is a multiple to be used for multiplying m by the integer.
The multiplexer 25 convBfE (syhBolizesy e cé&@ﬁﬁé%@tﬁ@ﬁ@P@&d@%t&%ﬁngé%%s described

above, and the multiple b represents the number of symbols obtained in a way by sin%Ie time
symbolizationBifthe makiplexer 258 [Abjrns of the memory 3. is sét’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 ceolumn is set to the position whose address is 2,
the‘writing starting position for the fourth column is
set to the position whose address is 2, the writing
starting position for the fifth column is set to the
position whose address is 3, the writing starting
pesition for the sixth column i1s set to the position
whose address is 4, the writing starting positicn 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 positicon for the ninth column is set to the
position whose address is 5, the writing starting
position for the tenth column is set to the position
whose address is 7, the writing starting position for the
eleventh column is set to the position whose address 1s 8,
and the writing starting position for the twelfth column
is set to the position whose address is 9.

[0220]



FIG. 16A 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 one symbol is 6 bits.
[0136] Further, in FIG. 16A, the multiple b is 1, and 69 x 1) x (6 x 1) bits in the column direction x row
direction. [0137] Here, a storage region of the memory 31 which extends in the column direction
and includes one bit in the row direction is hereinafter referred to suitably as column. In FIG. 16A, the
memory 31 includes six (= 6 x 1) columns. [0138] The demultiplexer 25 carries out writing of the
code bits of the LDPC code in a downward direction from above of a column which forms the memory
31 (in a column directiGf)eseyinmingwith-a fefeside tolumaeeward adRht sitlencstumAf0139]

Then, if the writing of the code bits ends with the lowermost bit in the rightmost column, then the code
bits are read GEEHAI-§upplietibhe Fepidesmant Sectiphezrodulation method, the

bit number m of one symbol is 8 bits, according to
PIG. 23, the memory 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.
[0221] |

Then, the writing starting position for the first
one of the eight columns of the memory 31 is set to the
position whose address is (¢, the writing starting
pogition for the second cclumn 1s set to the position
whose address is 0, the writing starting position for the
third column is set to the position whose address is 2,
the writing starting position for the fourth column 1s
set to the positiqn whose address 1is 4, the writing
starting position for the fifth column is set to the
position whose address is 4, the writing starting
position for the sixth column is set to the pesition
whose address 1s 5, the writing starting position for the
seventh column is set to the position whose address 1s 7,
and the writing starting position for the eighth column
is set to the position whose address is 7.
[0222]

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



in a unit of 6 bits (mb bits) in the row direction beginning with the first row of all of the columns which
form the memory 31. [0140] The replacement section 32 carries out a replacement process of
replacing the position of code 70 bits of 6 bits from the memory 31 and outputs the 6 bits obtained by
the replacement as 6 symbol bits yo, Ory Y2r Y3r ¥4 and y5 representative of one symbol of 64QAM.
[0141] In particular, while mb code bits (here, 6 bits) are read out in the row direction from the
memory 31, if the ith bit (i = 0, 1, .., mb-1) from the most significant bit from among the mb code bits
read out from the memory 31 is represented by bit bi, then the 6 code bits read out in the row direction
from the menfory B8R kan BE FSPrssamted bibits106, 10E BoB31 B4 and BSihisider BEFnning with
the most significant bit. [0142] A relationship of the column weight described hereinabove with
reference to FIGE 12 18RES that e £68e Bitpushioredinthé JireBféiP5Fthe%itHo 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 i}pitolerance to an
error. [0143] L THereplate&iiSettion 3¥°carfes buta répacemaht pfotess of fépldcing the
position of the,6 code bits 100 to,b5 from the;memory, 31.sueh thata cods bithich is Joy in tolerance
to an error from amongJI 86
' bits in the column direction.
(02231
Then, the writing starting position for the first

one of the sixteen coclumns of the memcry 31 is set to the

position whose address is 0, the writing starting

position for the second column is set to the position

whose address is 2, the writing starting position for the

third column is set to the position whose address is 2,

the writing starting position for the fourth column is

set to the position whose address 1s 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 cclumn is

set to the position whose address is 15, the writing

starting position for the ninth column is set to the

position whose address is 16, the writing starting

position for the tenth column is set to the position



71 code bits 130 to b5 from the memory 31 may be allocated to a bit which is high in tolerance from
among the symbol bits yo to y5 of one symbol of 64QAM. [0144] Here, for a replacement method
for replacing the 6 code bits bo to b5 from the memory 31 so as to be allocated to the 6 symbol bits yo
to y5 representative of one symbol of 64QAM, variaus systems have been proposed. [0145] FIG.
163 illustrates a first replacement method; FIG. 160 illustrates a second replacement method; and FIG.
160 illustrates a third replacement method. [0146] In FIG. 163 to FIG. 160 (similarly also in FIG.
17 hereinafter described), a line segment interconnecting the bits 'di and yj signifies that the code bit bi
is allocated to" eSSy raB6IIfE of the SymboF(i¥ Feptadstl ints e pesiticht of tHesyrfifol bit yj). [0147]
As the first replacement method, it is proposed to adopt one of three kinds of replacement methods in
FIG. 163, anc?ﬁ@ e S¥ESHd rephacdftentm&fhbd “ R i propdRad 1o RUoBrERE of fivd kindls of

reMacementggﬂ%%FIQJQQN%EQigg starting position for the twelfth

column is set to the positicon whose address i1s 22, the
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 whose address is 27, the writing starting
position for the fifteenth column is set to the position
whose address 1s 28, and the writing starting position
for the sixteenth column is set to the position whose
address 1is 3Z.

[0224]

Where the multiple b 1s 1 and besides, since, for
example, 1024Q0AM is adopted as the modulation method, the
bit number m of one symbol is 10 bits, accdrding to
FIG. 23, the memory 31 has ten columns for storing 10 x 1
bits in the row direction and stores 64,800/(10 x 1) bits
in the column direction.

[(0225]

Thén, the writing starting position for the first
one of the ten columns of the memory 31 1s set to the
position whose address is 0, the writing starting

position for the second column is set to the position



[0148] As the third replacement method, it is proposed to select and use six kinds of replacement
methods in FIG. 16D in order. [0149] FIG. 17 illustrates an example of a configuration of the
demultiplexer 25 in a case wherein the modulation method is 64QAM (accordingly, the bit number m of
code bits of an LDPG code mapped to one symbol ig;6 similarly as in FIG. 16) and the multiple b is 2,
and a fourth replacement method. [0150] ~ Where the multiple b is 2, the memory 31 has a storage
capacity of N/(6 x 2) x (6 x 2) bits in the column direction x row direction and includes 12 (= 6 x 2)
columns. [0151] FIG. 17A illustrates a writing order of an LDPG code into the memory 31. [0152]
The demultipléReE25 EafHEsSGutifritihg 8 code bitsl bPars LBPTG-sedé ea Bownward dirketion from

above of a column which forms the memory 31 (in the column direction) beginning with a left side -
column towargizgird column is set to the position whose address is §,

the writing starting position for the fourth column is
set to the position whose address is 8, the writing
starting position for the fifth column is set to the
pecsition whose address is 11, the writing starting
posifion for the sixth column is set to the position
whose address 1s 13, the writing starting position for
the seventh coiumn is set to the pocsition whose address
is 15, the writing starting position for the eighth
column is set Lo the position whose address is 17, the
writing starting position for the ninth column is set to
the pesition whose address is 18, and the writing
starting position for the tenth column is set to the
position whose address is 20.
02263

Where the multiple b is 2 and besides, since, for
example, 1024QAM is adeopted as the modulation method, the
bit number m of one symbol is 10 bits, according to
FIG. 23, the memory 31 has twenty columns for storing 10
x 2 bits in the row direction and stores €4,800/(10 x 2)
bits in the column direction.
2271

Then, the writing starting position for the first



73 right side column as described hereinabove with reference to FIG. 16. [0153] Then, if the
writing of code bits ends with the lowermost bit in the rightmost column, then the code bits are read out
and supplied to the replacement section 32 in a unit of 12 bits (mb bits) in the row direction beginning
with the first row of all of the columns which form thggnemory 31. [01541 The replacement
section 32 carries out a replacement process of replacing the position of 12 code bits from the memory
31 in accordance with the fourth replacement method and outputs the 12 bits obtained by the
replacement as 12 bits representative of two symbols (b symbols) of 64QAM, in particular, as 6 symbol
bits yo, Yu Y23, ¥4 dritkyd repregemaliEof ofé syRthoNere4QARM ahd 65§mbél bitseyo / y1, y2,
y3, y4 and y5 representative of a next one symbol. [0155] = Here, FIG. 17B illustrates the fourth
replacement RigtHdd-6FthE teprcaRERE proceds by theSrepiatenitht $686Gr 39 of FIG. 17A. [0156]

74 It is to be noted that, where the multiple b_is 2 (similarly also where the multiple b is equal to or

higher than 3F 97 te- fapldc8m&tthrocesd il Qod8 hits ré alioE&ed 15 i §§7fﬁjo%$bits of b

&KmeS&vesm@g%E.address is 1, the writing starting position for the

third column is set to the positicon whese address is 3,
the writing starting pesition for the fourth column is
set to the position whose address is 4, the writing
starting pesiticn for the f£ifth column is set to the
position whose address is 5, the writing starting
position for the sixth cclumn 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 to the
position whose address is 13, the writing starting
position for the tenth column is set to the position
whose address 1s 14, the writing starting position for
the eleventh column is set to the position whose address
is 14, the writing starting positicon for the twelfth
column is set to the position whose address is 16, the
writing starting position for the thirteenth column is
set to the position whose address is 21, the writing

starting position for the fourteenth column is set to the



In the following description including description given with reference to FIG. 17, the i+lth bit from the
most significant bit from among the mb symbol bits of the b successive symbols is represented as bit
(symbol bit) yi for the convenience of description. [0157] Moreover, which replacement method is
optimum, that is, which replacement method provides improved error rate in an AWGN communication
path, differs depends upon the encoding rate, code length and modulation method of LDPC code and
so forth. [0158] Now, parity interleave by the parity interleaver 23 of FIG. 8 is described with
reference to FIGS. 18 to 20. [0159] FIG. 18 shows (part of) a Tanner graph of the parity check matrix
of the LDPC &6d¢. {02600 4f a Ppiliranty of fcade bits Borfédporting fo} ¥atiaBle nodes connecting
to a check node such as two 75 variable nodes suffer from an error such as erasure at the same time
as shown in FIES 48 tert the SRsckiiodesftims FhdiBage of & eqlalprobBBifity repfesenting that

the probability that the value may be Q and the prgbability that the value may be | are equal to each
other to all vaabien888s %Sﬁng in %to the thiek nblie. ThéreforeJif 8% L}r}éﬁ@no?%\’/%rriable nodes

connecting to the same check node are placed Into,an erasuie st or,te ike.ating same time, then

the performance’in d”excocﬁng is Jeteriorated. [8%1]
is 25, the writing starting position for the seventeenth
column is set to the position whose addreés is 25, the
writing starting position for the eighteenth column is
set to the position whose address is 26, the writing
starting position for the nineteenth column is set to the
position whose address is 28, and the writing starting
position for the twentieth column is set to the position
whose address i1s 30.

[0228]

Where the multiple b is 1 and besides, since, for
example, 40960QAM is adopted as the modulation method, the
bit number m of one symbol 1s 12 bits, according to
FIG; 23, the memory 31 has twelve columns for storing 1z
x 1 bits in the row direction and stores 64,800/(12 x 1)
bits in the column direction.

(02297}

Then, the writing starting position for the first
one of the twelve columns of the memory 31 is set to the
position whose address 1s O, the writing starting

position for the second column is set te the position



Incidentally, an LDPC code outputted from the LDPC encoding section 21 of FIG. 8 and prescribed in
the DVBS.2 standard is an IRA code, and the parity matrix HT of the parity check matrix H has a
staircase structure as shown in FIG. 10. [0162] FIG. 19 illustrates a parity matrix HT having a
staircase structure and a Tanner graph corresponding to the parity matrix HT. [0163] In particular,
FIG. 19A illustrates a parity matrix HT having a staircase structure and FIG. 199 shows a Tanner
graph corresponding to the parity matrix HT of FIG. 76 19A. [0164 Where the parity matrix HT
has a staircase structure, in the Tanner graph of the parity matrix HT, variable nodes of the LDPC
code which cofressorigdra e6luith 8f art eferértiofthe pafinE AadriP AT Havirg fiie-valié of 1 and
whose message is determined using adjacent code bits (parity bits) are connected to the same check

node. [0165] L21 5Rccerdingly, Hhé Hdjacent PariB bitd deStribed iR HraHaded into an error state
by burst errors, erasure or the like, then since a check node %nr};ectin éolg pilurality. of variable nodes
rr ble

correspondin&}P(?tﬁérﬁlﬁﬁé]%a?i*ffﬁi‘f%%i%oﬁé\yel%lco%g anérror (Variabfehdc

nOé%% Vj\m/ﬁOSG message

are to be determined usi parityi(tjgits returns a message of an .equal probability representing that the
probability thast%e%vglu%egr%ag}%% and tr‘flé%?gbaabﬁ%?%’ast the véaal‘lue%!%%l %%?kb%g gqual to each other to

the variable nodes conneging.to.ine chegk node cthe.perfarmance;of the decodipg,deteriorates. Then,
W

where the burst Feng%ﬁl?n mber of bits which are made an error by a burst) is great, the performance
(ﬁthedecom@Q@g%§%ge%ﬁ5§@m§ddg%sS is 3, the writing starting

position for the sixth column is set to the position
whose address 1s 4, the writing starting position for the
seventh column i1s set to the position whose address is 4,
the writing starting position for the eighth column is
set to the position whose address is 5, the writing
starting position for the ninth column is set to the
position whose address is 5, the writing starting
position for the tenth column is set to the position
whose address is 7, the writing starting position for the
eleventh column 1s set to the position whose address is §,
and the.wziting starting position for the twelfth column
is set to the position whose address 1s 9.

[0230]

Where the multiple b is 2 and besides, since, for
exanple, 4096QAM is adopted as the modulation method, the
bit number m of one symbol is 12 bits, accbrding to
FIG. 23, the memory 31 has twenty-four columns for

storing 12 x 2 bits in the row direction and stores



[0166] Therefore, in order to prevent the deterioration in performance of decoding described
above, the parity interleaver 23 (FIG. 8) carries out interleave of interleaving parity bits of the LDPC
code from the LDPC encoding section 21 to positions of other parity bits. [0167] FIG. 20
illustrates a parity matrix HT of a parity check matrix)H corresponding to the LDPC code after the parity
interleave carried out by the parity interleaver 23 of FIG. 8. [0168] Here, the information matrix HA
of the parity check matrix H corresponding to the LDPC code prescribed in the DVB-S.2 standard and
outputted from the LDPC encoding section 21 has a cyclic structure. [0169] The cyclic structure
signifies a striiétuité Whetdin'a dert&intedlumn EoincitelsViith aastet eslumn in a cyclically operated
state (rotation) and includes, for example, a structure wherein, for every P columns, the positions of
the value 1 inlthé¥bws of the P columns coincide with positions to which the first one of the P columns
is cyclically shifted in the column direction by 78 a value which ,increas%%in Qﬁgogion to a value q

s

obtained by dividing the'5arity féifgth N G e foildWing: Ihé& Atimber’df #cold 7 5%y clic structure
is hereinafter referred to suitably as a unit column number of the cyclic structure, [0170] . As an
LDPC code p%’?crfb]édtiﬁ%hé 'ﬁ%&%f %Pé:nd%??%rﬁg Sou?éjttte%efrg}r%ntlﬁg {[l;%c %ﬁcggi%gts%ction 21,
two LDPC codes are available includin se whgse 50deﬁ!{e@g§}. i$,64,8Q0 bits and 16,200 bits as
described her%%r?ago?/sélv%ffﬁ?ef‘gnpeonsc% t%ctﬁoée 1. 5?L?lf[ Now?‘\litf att%n%on isl’pai to the LDPC

code whose Gade lengih N is 64,800, fom.(he 4y dferent.LDBCgadlss whose.gode length N s

64,800 bits a 6,200 bits, then eleven different encoding rates are available as the encoding rate of
the LDPC codg whosg s9dedength N is 64,800 bits asdescrbed hergipabevewith sefereace to FIG.

11.
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 is 8, the writing
starting position for the fifth column is set to the
position whose address is 8, the writing starting
position for the sixth column is set to the position
whose address 1s 8, the writing starting position for the
seventh column is set te the position whose address is 10,
the writing starting position for the eighth column is
set to the position whose address is 10,
the writing starting position for the ninth column is set
to the position whose address is 10, the writing starting
position for the tenth column is set to the position
whose address is 12, the writing starting positicn for
the eleventh column is set to the position whose address
is 13, the writing starting position for the twelfth

column is set to the position whose address is 16, the



[0172] With regard to LDPC codes whose code length N is 64,800 bits and which have the eleven
different encoding rates, it is prescribed in the DVB-S.2 standard that the column number P of the
cyclic structure is prescribed to 79 360 which is one of divisors of the parity length M except 1 and M.
[0173] Further, with regard to LDPC codes whose code length N is 64,800 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 ----qx13=gx360 using the valueqwhich is different depending upon
the encoding rate. Accordingly, also the value g is one of the divisors of the parity length M except 1
and M similariyrtdtthe coman hunther® of thercyilic stiyeture antds obtained byrdividing 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 ™ ithesarity ferigth M) JOFR4)2 IS r §fReresthé infofMatior Iengil¥ is represented by
K and an integer higher than 0 but lower than P is represented by x while an integer higher than 0 but
lower than q i§ tépresBRtet B ¥ ithe patity iiteréQvrer Bmtdredvee™as parifAnterRalb the
K+gx+y+Ith code bit from among parity bits which are K+1-th to K+Mth (K + M = N) bits of the LDPC
code from theCBPE LY Se &b 5T to tHe &%ti& Bf thelk+B+ it Eodelbit 80 [0175]
According to such,%%ritx ir%tgge%%, since the (ﬂ?ri% %%n %orreSpontdir%%th)ﬁ\j%?ble'nOdeS connecting

to the same check node are Spaced f? a distance correspoﬁainsgeto the co hUMbEF P of the cyclic

sructure, here by, 360 bits hete.the burstlengih s spallr han 3601, sueh a iaton that a

plurality of variable nodes connecting to the same check node are réndered erroneous at the same

time can be pgevented; As.a resyll, 1he toleranceto.a.burst egor can be impraved, f146]s  Itisto
be noted that the LDPC code after the parity interleave by which the K+gx+y+lth code bit is interleaved

to the position; af the K+Rytxith:code hit geincicesymith theolk-DRE:cade-ofa: patity.cheek matrix
(hereinafter referred to also as conversion parity check matrix) obtained by column replacement of
replacing the K&gxyrtlthscalumntef thecoriginal pasity eheclkematiix-Hdatoithe KetPyrixerIth column.

writing starting position for the eighteenth column is

set to the position whose address is 26, the writing

atarting position for the nineteenth coclumn is set to the

position whose address is 37, the writing starting

position for the twentieth cclumn is set to the position

whose address is 39, the writing starting position for

the twenty-first column is set to the position whose

address is 40, the writing sterting position for the

twenty-second column i1s set to the position whose address

is 41, the writing starting positicn for the twenty-third

column is set to the position whose address is 41, and

the writing starting position for the twenty-fourth

column is set to the position whose address is 41.

[02327

FIG. 24 indicates the number of columns of the



[0177] Further, in the parity matrix of the conversion parity check matrix, a pseudo cyclic structure
whose unit is P columns (in FIG. 20, 360 columns) appears as seen in FIG. 20. 81 [0178] Here,
the pseudo cyclic structure signifies a structure which has a portion having a cyclic structure except
part thereof. In a conversion parity check column opggined by applying column replacement
corresponding to parity interleave to the parity check matrix of the LOPC 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 dees npt Raveraesmplete)foyclic structure bt has atjpseldecycliedtrottare. [0179]

It is to be noted that the conversion parity check matrix of FIG. 20 is a matrix to which also
replacement 6fdigs@ow replacement) fol cenfiguringithe Tohvesion paritycheck matrix from a
configuration matrix hereinafter described is applied to the original parity check matrix H in addition to
the column reptatetméntainith eBresporids fooFarty irﬁ%rléé]\?e.jf@i%b]wdeﬂd?/\? dotGmAtwist
interleave as a re-arrangement process by the column twist interleaver 24 of FIG. 8 is described with

reference to FIES D0 2£ P89 F0181] T3 i tralfomisSion Apparaiid 11 of HiG. 8, two or more of

the code bits ftlge DPC code are transmitted as %a symbol as described hereinabove in order to
improve the u itz tPcl)On gf?ic'r%ﬁa? %Fﬁtéaffeﬁ"&egﬂ% par |cu§2?, fédﬁcézlxrlacr%pﬁg,' where 2 bits of the code bits
are used to fog 8 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.
Where the multiple b is 1 and besides, since, for

example, QPSK is adopted as the modulation method, the
bit number m of cne symbol is 2 bits, according to

FIG. 24, the memory 31 has two columns for storing 2 x 1
bits in the row direction and stores 16,200/(2 x 1} bits
in the column direction. |
[0234]

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

[0235]

Where the multiple b 1s 2 and besides, since, for
example, QPSK is adopted as the modulation method, the
bit number m of one symbol is 2 bits, according to
FIG. 24, the memory 31 has four coclumns for storing 2 x 2

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



[0182] Where two or more ones of the code bits are transmitted as one symbol in this manner, if
erasure or the like occurs with a certain symbol, the all of the code bits (allocated to the symbol bits) of
the symbol become an e(erasure). [0183] Accordingly, in order to lower the probability that a
plurality of (code bits corresponding to) variable nades connecting to the same check node may suffer
from erasure at the same time to improve the performance in decoding, it is necessary to avoid the
variable nodes corresponding to code bits of one symbol from connecting to the same check node. 83
[0184] Meanwhile, in the parity check matrix H of an LDPC code prescribed in the DVB-S.2
standard and Dutpiitted-fréHthedDRCEM®dding 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 pakity Eﬁéck matrix which is a parity check matrix of the LDPC code after parity interleave,
a cyclic structure (accurately, a pseudo cyclic structure as described he einabgve) Aappears also in the

parity matrix as describF il FiG 20 {6 18511 Y1 <fitivd s Sonvérsion Farity hack matrix. [0186]
In particular, £IG, 21A llustrates a conversion parity check matrix of & parity check matrix H which has
position whose address is 0, the writing starting
position for the second column is set toc the position
whose address is 2, the writing starting position for the
third column is set to the position whose address is 3,
and the writing starting position for the fourth column
is set to the position whose address 1s 3.
[0237]
Where the multiple b is 1 and besides, since, for
example, 16Q0AM is adopted as the modulation method, the
bit number m of one symbol is 4 bits, according to
FIG. 24, the memory 31 has four columns for storing 4 x 1
bits in the row direction and stores 16,200/{(4 x 1} bits
in the column direction.
(02383
- Then, the writing starting position for the first
one of the four columns of the memory 31 is set to the
position whose address is 0, the writing starting
position for the second ceclumn 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,



a code length N of 64,800 bits and an encoding rate (r) of 3/4. [0187] In FIG. 21A, the position of
an element having the value of 1 in the conversion parity check matrix is indicated by a dot (.). [0188]
In FIG. 213, a process carried out by the 84 demultiplexer 25 (FIG. 8) for the LDPC code of the
conversion parity check matrix of FIG. 21A, that is,jthe LDPC code after the parity interleave. [0199]

In FIG. 213, 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. [0190] The code bits written in the column direction in the four columns which
form the mensorgi 31harevreat low irstherrow dirsstivhlihciunie 6f 4 bits Whigh ake!sié symbol. [0191]
In this instance, the 4 code bits Bo, B1, B2-and B3 which make one symbol sometimes make code bits
corresponding o 3end-nclidRdin SheatBitraky Féw 31 e parityThéck matrix after the conversion of
FIG. 21A, and in this instance, variable nodes corresponding to the code bits Bo, B1, B2 and B3 are
connected to e sdrhe check node.

Where the multiple b is 2 and besides, since, for
example, 16QAM 1s adopted as the modulation method, the
bit number m of cne symbol is 4 bits, according to
FIG. 24, the memory 31 has eight columns for storing 4 x
2 bits iﬁ the row direction and stores 16,200/(4 = 2)
bits in the column direction.

[024C]

Then, the writing starting position for the first
one of the eight columns of the memory 31 is set to the
position whose address is 0, the writing starting
position for the second column i1s set to the position
whose address is 0, the writing starting position for the
third column is set to the position whose address is G,
the writing starting position for the fourth column is
set to the position whose address is 1, the writing
starting position for the f£ifth column is set to the
position whose address is 7, the writing starting
position for the sixth column 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 pesition for the eighth



[0192] Accordingly, where the 4 code bits 130, B1, Bi and B3 of one symbol become code bits
corresponding to 1 and 85 included in one arbitrary row of the conversion parity check matrix, if
erasure occurs with the symbol, then the same check node to which the variable nodes corresponding
to the code bits Bo, Ba, /32 and B3 are connected ¢ganot determine an appropriate message. As a
result, the performance in decoding deteriorates. [0193] 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. [0194]
Therefore, thecolumin hwistiritericavier 24ccsF s oot edlarm tvistintereave wherein the code bits of
the LOPC code after the parity interleave from the parity interleaver 23 are interleaved such that a
plurality of cod&%fts korresponding to 1 and included in one arbitrary row of the conversion parity

check matrix are not included to one s%mbol [0195] FIG. 22 is a view illystrating the column twist
interleave. [0196] 86 Where the multiple b is 1 and besides, since, for

example, 64QAM is adopted as the modulation method, the
bit number m of one symbol is 6 bits, according to

FIG. 24, the memory 31 has six columns for storing 6 x 1
bits in the row direction and stores 16,200/(6 x 1} bits
in the column direction.

[0242]

Then, the writing starting position for the first
cne of the six columns of the memory 31 is set to the
position whose address is 0, the writing starting
position for the second column is set to the position
whose address is 0, the writing starting position for the
third column is set to the position whose address is Z,
the writing starting positioh for the fourth column is
set to the position whose address i1is 3
the writing starting position for the fifth cclumn is set
to the position whose address is 7, and the writing
starting position for the sixth column 1s set to the
position whose address is 7.

[0243]
Where the multiple b is 2 and besides, since, for

example, 64QAM is adopted as the modulaticn method, the



In particular, FIG. 22 illustrates the memory 31 (FIGS. 16 and 17) of the demultiplexer 25. [0197]

The memory 31 has a storage capacity for storing mb bits in the column (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 bitsgfghe 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. [0198] 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 coluitngisaikiiat arplafality: of sotebits tead obtinhe 26w WiteENion &hd used to make one
symbol may not become code bits corresponding to 1 and included in one arbitrary row of the
conversion parit chébk nidtfix rel&Fanges ot Bikeofthe WFC dlle Stekithat & plurality of

code bits corresponding to 1 and included in one arbitrary row of the parity check matrix may not be
included in thé S%Hessﬂrﬂbﬁﬁ.@[oﬁ%] et 1R%e2RIG 2P ERGWS Gn‘eiample of 2/ configuration of
the memory 31 where the modulation method js. 1L6QAM and besides the multiple b described
hereinabove ﬁﬁ?efé?en%etocﬁ%?q% igjljf%\%iéé%ilﬁgly, the bit number m of code bits of an LDPC
code to be on D?/mﬁol is 4 bits, and the memory 31 is formed from four (= mb) columns. [0200]

The column twist interleaver 24 (instead of the demultiplexer 25 shown in FIG. 16) carries out writing

of the code bits of the %Qggrc%i%ggwﬂyagq gggcﬂi@ﬁ %@éq@@@tgregggn)tfkg%mﬂhpy@ into the four

columns which form the memory 31 beginninga left side column towards a right side column. [0201]

Then, when the wriiag of codg bits ends o, the rightmest cpliwma, theicolumadwist intedeaver 24 reads
out the code bits in a unit of 4 bits (mb bits) in the row direction beginning with the first row of all

columns whicpcf@r;m the, memery 3kand outputs the eede hits as:an [PREcade after the column twist

interleave to the replacement section 32 (FIGS. 16 and 17) of the demultiplexer 25. [0202]
position for the second column is set te the position
whose address is 0, the writing starting positicn for the
third column is set to the peosition whose address is O,
the writing starting position for the fourth column is
set to the position whose address is 2, the writing
starting position for the fifth cclumn is set to the
position whose address is 2, the writing starting
position for the sixth column is set to the position
whose address is 2, the writing starting position for the
seventh column is set to the position whose address is 3,
the writing starting position for the eighth column is
set to the position whose address is 3, the writing
starting pesition 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 pesition

whose address is 6, the writing starting position for the



However, if the address of the head (uppermost) 88 position of each column is represented by 0 and
the addresses of the positions in the column direction are represented by integers of an ascending
order, then the column twist interleaver 24 sets, for the leftmost column, the writing starting position to
the position whose address is 0; sets, for the secong golumn (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. [0203] It is to be noted that, with regard to the columns for which the writing
starting positioh4s any bther positiohthas the positien wheseé dtressds®, aferthecotle bits are
written down to the lowermost position, the writing position returns to the top %)osition whose address
is 0) and writiAgHoWrEto s positien Trniddiaelysreeeding tb We Witingstarfing positiohts carried out.
Thereafter, writing into the next (right) column is carried out. [0204] By carrying out such column
twist interleaveas @&sdrbed Ghdves shicha iftanicn WA EESRrdify &f 89 code bits corresponding to a
plurality of variable nodes connecting to the same check node are made one symbol of 16QAM
(included into Hé Same symbol) with regard to LDPC codes of all encoding rates whose code length N
's 64,800 as prescribeqtn the DYB-5.2 standard can.be prevented. and.as a rgsylt, the performance in
decoding in a

example, 256QAM is adeopted as the modulation method, the

bit number m of one symbol is 8 bits, according to

FIG. 24, the memory 31 has eight columns for storing 8 x

1 bitse in the row direction and stores 16,200/(8 x 1)

bits in the column direction.

[0246]

Then, the writing starting position for the first

one of the eight columns of the memory 31 is set to the

position whose address is 0, the writing starting

position for the second cclumn is set te the position

whose address is 0, the writing starting position for the

third column is set to the position whose address 1is 0,

the writing starting position for the fourth column is

set to the position whose address is 1, the writing

starting position for the fifth column is set to the

position whose address is 7, the writing starting

position for the sixth column is set to the position

whose address is 20, the writing starting position for

the seventh column 1s set to the position whose address



communication path which provides erasure can be improved. [0205] FIG. 23 illustrates the
number of columns of the memory 31 necessary for column twist interleave and the address of the
writing starting position for each modulation method with regard to LDPC codes of the eleven different
. encoding rates having the code length N of 64,800 ag prescribed in the DVB-S.2 standard. [0206]
Where the multiple b is 1 and besides, since, for example, QPSK is adopted as the modulation
method, the bit number m of one symbol is 2 bits, according to FIG. 23, the memory 31 has two
columns for storing 2 x 1 (= mb) bits in the row direction and stores 64,800/(2 x 1) bits in the column
direction. [0207] 20, Teh, theewritindg StartiAG position BPhetirsbodé bf ttvioedtmns of the
memory 31 is set to the 90 position whose address is 0, and the writing starting position for the
second colunfi?is“&et t6 the® Bosition Whose Sddrass 246308 ©§fistd be'noted that the multiple
bis 1, for examplegwhere one of the first to third replacement methods of FIG. 16 is adopted as the

~ replacement m&tidd of the replacement process of the demultiplexer 25 (FIG. 8) or in a like case.

[0209] Wwhere the multiple b is 1 and besides, since, for

example, 1024QAM is adopted as the modulation method, the
bit number m of one symbol is 10 bits, according to

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

i0248]

Then, the writing starting position for the first
one of the ten columns of the memory 31 i1s set to the
position whose address is 0, the writing starting
position for the second column is set to the position
whose address is 1, the writing starting position for the
third column is set to the position whose address is 2,
the writing starting position for the fourth column is
set to the position whose address is 2, the writing
starting position for the fifth column is set to the
position whose address is 3, the writing starting
position for the sixth column is set to the position
whose address is 3, the writing starting position for the
seventh column is set to the position whose address is 4,

the writing starting position for the eighth column is



Where the multiple b is 2 and besides, since, for example, QPSK is adopted as the modulation
method, the bit number m of one symbol is 2 bits, according to FIG. 23, the memory 31 has four
columns for storing 2 x 2 bits in the row direction and stores 64,8001(2 x 2) bits in the column
“direction. [0210] Then, the writing starting position for the first one of the four columns of the
memory 31 is set to the position whose address is 0, the writing starting position for the second
column is set to the position whose address is 2, the writing starting position for the third column is set
to the position whose address is 4, and the writing starting position for the fourth column 91 is set to

the position wibse Hddréss ROE {6290 “IOTSs 16 BeTivted that the ifultipid 482, for example,

where fourth replacement method of F%(G. 17 is adopted as the replacement method of the
replacement 5rotb5 OF (e demultBlexer 25 RIG. &) 05121 ™" Wheré thé fitigle h s 1 and
besides, since,ofgg «P{%@p‘!& éLGQAé{ IS aggptleg as the @ogﬁlgti%g p%eltlglod,stpgrbtitinumber m of one
symbol is 4 biEtjs, according to FIG! ,]iﬁe memory 31 has four colamns for storing 2%1 bits in the row

direction and stores 64,800/(4 x fLbits.in the colump direction. [0218}, . , Jhem, fhe writing starting

position for the first one of the four columns of the memory 31 is set to thé position whose address is
0, the writing starting pasitian forsthe-second column is set to the position whose address is 2, the
writing starting position for the third column is set to the position whose address is 4, and the writing
starting position fardthe fourth column is set to the position whose address is 7.

Where the multiple b is 2 and besides, since, for
example, 10240AM is adopted as the modulation method, the
bit number m of one symbol is 10 bits, according to
FIG. 24, the memory 31 has twenty columns for stoering 10
x 2 bits in the row direction and stores 16,200/(10 = 2)
bits in the column direction.

[0250]

Then, the writing starting position for the first
one of the twenty columns of the memcry 31 is set to the
position whose address 1s 0, the writing starting
position for the second column is set To the pesition
whose address is 0, the writing starting position for the
third column is set to the position whose address is 0,
the writing starting position for the fourth column is
set to the position whose address is 2, the writing
starting position for the fifth coclumn is set to the
position whose address is 2, the writing starting

position for the sixth column 1s set to the position



[0214] 92 example, 16QAM is adopted as the modulation method, the bit number m of one symbol is
4 bits, according to FIG. 23, the memory 31 has eight columns for storing 4 x 2 bits in the row direction
and stores 64,800/(4 x 2) bits in the column direction. [0215] Then, the writing starting position for
the first one of the eight columns of the memory 31l.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 tg the position whose address is 4, the writing_starting position for

the fifth colunii' & $et36 & Positicn Whosecadtbress 194 Tha writhg SRRhgsositior-for the sixth

column is set to the pgsi(t:ion Whosesadsder%ss%is %,hthe Writi.n?starti d%ositio for the sgveénth column is

set to the posﬁ%‘ﬁevr\]/hose 8(1:18}%%3%5 7, and fe wrfﬁnaos%é}r |ﬁ8rﬁao‘§| ion for %Itgiaﬁthlcolumn is set to

e posion gse U ess S I0ZIS, o Wher hequte Lo esin, rce for xemple

64QAM is adopted as the modulati e 93'bit numberm
to FIG. 23, the memgry. 3L hag §§B%"19!H”k9§59§s‘i§<ﬁi@9e@§ 1ihitsin the, ow direction and stores

64,800/(6 x 1) bits in the column direction. [0217
starting poesition for the ninth column is set to the
position whose address is 53, the writing starting
position for the tenth column is set to the position
whose address is 5, the writing starting position for the
eleventh column is set to the position whose address is 5,
the writing starting position for the twelfth column is
set to the position whose address is 5, the writing
starting position for the thirteenth column is set to the
position whose address is 5, the writing starting
position for The fourteenth column is set to the position
whose address is 7, the writing starting position for the
fifteenth column is set to the position whose address is
7, the writing starting pesition 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
position for The elghteenth column is set to the position
whose address i1s 8, the writing starting position for the
nineteenth column is set to the peositicn whose address is

8, and the writing starting position for the twentieth



Then, the writing starting position for the first one of the six columns of the memory 31 is set to the
position whose address is 0, the writing starting position for the second column is set to the position
whose address is 2, the writing starting position for the third column is set to the position whose
address is 5, the writing starting position for the fourtitscolumn is set to the position whose address is 9
the writing starting position for the fifth column is set to the position whose address is 10, and the
writing starting position for the sixth column is set to the position whose address is 13. [0218]

Where the multiple b is 2 and besides, since, for example, 64QAM is adopted as the modulation

method, the Bt HUBer éfedfnetéﬂ/rﬁ% iS BWils! GBCHTAMF Lo EIEF 935 thePmethory 31 has twelve

columns for st[oq%@ q X 2 bits in the row direction and stores 64,800/(6 x 2) bits in the column direction.
94 [0219] en, the writing starting position for the first one of the twelve columns of the memory

31 is set to the positiorg‘7 hgge éjr §§i§ 0, the writing starting. position for the second column is set
to the position whose ac;!)\(;eress %Q t ej\“/vbrllt%%estglrti}h% pfos?tzllogh o??ﬁeac:%?ﬁd Collrmn’is s&f to the position

whose address is, the wiitipgstarting positiondar the foyrth.column is set tothe pesition.whose

address is 2, the writing starting position for the fifth column is set to the position whose address is 3,

the writing stasting pasitien far the sixh colump is set tothg positionwhose 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 theeighthaoluma issebtethe pasitionwhose address:is:5 rhe whiting starting position for
the ninth column is set to the position whose address is 5, the writing starting position for the tenth
column is set to theopasition witoseagddress-isct, the writingsstarting positioncier the eleyenth column is
set to the position whose address is 8, and the writing starting position for the twelfth column is set to
the position whoke addrésssisc@ J0220]direction.

[0252]

Then, the writing starting position for the first

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

position whose address is 0, the writing starting

position for the second column is set to the position

whose address is 0, the writing starting position for the

third column is set to the position whose address is 0,

the writing starting position for the fourth column is

set to the position whose address is 2, the writing

starting position feor the fifth column is set to the

position whose address is 2, the writing starting

position for the sixth column is set tc the position

whose address is 2, the writing starting position for the

seventh column 1s set tc the pesition whose address is 3,

the writing starting position for the eighth column is

set to the position whose address is 3, the writing



95 Where the multiple b is 1 and besides, since, for example, 256QAM is adopted as the
modulation method, the bit number m of one symbol is 8 bits, according to FIG. 23, the memory 31
has eight columns for storing 8 x 1 bits in the row direction and stores 64,800/(8 x 1) bits in the column
direction. [0221] Then, the writing starting positioh for the first one of the eight columns of the
memory 31 is set to the position whose address is 0, the writing starting position for the second
column is set to the position whose address is 0, the writing starting position for the third column is set
to the position whose address is 2, the_ writing starting position for the fourth column is set to the
position whos8& @tfatedistA hé Wﬁin@oﬁaﬁ%ﬁ pusition for #&Fth Softifin %66t 16 the position
whose address is 4 trg)enwﬂggg g,t%rg%% gosition fgr thceﬁ]sixth %oggmn is set to,the position whose

address is 5, the wiiting starting pasiion for the seventh cltimn s $et to the Pssition whose address is

7, and the writing starting 98§iti9ﬂ fortt t%ig%tgl%% mn_is setto the. position whose address is 7.
[0222] 96 example, 256QAM is agopte as the mogulétsion nicetﬁgd,ttpﬁ% b?tonsujl\ﬁ%gglm of one symbol is

8 bits, accordipg 041G, 23 the memory &J{é%miéffﬁ@t@e%'ym%%fg]bggoﬂe%x gditscipdhe row

direction and stores 64,800/(8 x 2) bits in the column direction. [02 Then, the writing starting

position for the fiestanenofthe shstean calumnsofthe memony;3his,set 1o thepesition whose address
is 0, the writing starting position for the second column is set to the position whose address is 2, the

writing starting pasitine fer-theithird column isyselde the position whese-address is-2,1thewriting
starting position for the fourth column is set to the position whose address is 2, the writing starting
position for the difthecolumn i settestheipositidmwhoseidddressis 27 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 f&the?position whose address is 7, the writing starting position for the eighth column is
set to the position whose address is 15, the writing starting position for the ninth column is set to the
position whose addres¥ 716, thesviting-stattihngepdsition fordheeenitiedlumiis set tbale position 97

example, 40560AM is adopted as the modulaticn method, the
bit number m of one symbeol is 12 bits, according to

FIG. 24, the memory 31 has twenty-four columns for
storing 12 x 2 bits in the row direction and stores
16,2C00/{12 x 2) bits in the column direction.

[0254]

Then, the writing starting position for the first
one of the twenty-four columns of the memory 31 is set to
the pesition whose 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 0, the writing

starting position for the fifth column is set to the



~whose address is 20, the writing starting position for the eleventh column is set to the position whose
address is 22, the writing starting position for the twelfth column is set to the position whose address is
22, the writing starting position for the thirteenth column is set to the position whose address is 27, the
writing starting position for the fourteenth column isiset to the position whose address is 27, the writing
starting position for the fifteenth column is set to the position whose address is 28, and the writing
starting position or the sixteenth column is set to the position whose address is 32. [0224] Where
the multiple b is 1 and besides, since, for example, 1024QAM, is adopted as the modulation method,

the bit numbe? #F &f- & sv&%ﬁﬁisafbiﬁi?ﬁsa&cﬁro{?ng B 94 4RE nidiidiy 8 has ten columns for

storing 10 x 1 boités .ir% the row dirggtion and storgi 64 800/(193% 1)Cbit%'n the column direction. [0225]
Then, the writ?ng S%taﬁi)n% posjftion for thé iFirst(f)new‘lé?f%h(]a" Tert Golumns of thé orﬁé“m%%%l is set to the

position whosg,address,is.0. fhe iiting Sl posilion.far the.gacond colury is. getdo,she position 98
whose address Is 3, the writing starting position for thethird columri is set to the position whose

address is 6, thewriting starting, positian for,the fourth, calumn,is set ta the,position whosg address is

8, the writing starting position for the fifth column is set to the position whose address is 11, the writing

starting positigm for,the sbdhy column is,setiia ihe pesitien whose @Pé%%%isc@ﬁﬁ% writing starting
position for the seventh column is set to the position whose address is 15, the writing starting position

for the eighth geluminvis:set tpthe positionnhoseaddress:isiky/, 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 tothespasition whose addressois 201 {026} r  th¥here the oudltiple biis 2and besides,
since, for example, 1024QAM is adopted as the modulation method, the bit number m of one symbol is
10 bits, accordingttb #1G¢ 23 fthermehwosy 33 drisstweniyscdluminssfor storing JL0s 2 bitstig the row
direction and stores 64,800/(10 x 2) bits in the column direction.

position for the tenth column i1s set to the position

whose address is 1, the writing starting position for the

eleventh column 1is set to the position whose address is 2,

the writing starting position for the twelfth cclumn is

set to the position whose address is 2, the writing

starting position for the thirteenth cclumn is set to the

poesiticn whose address is 2, the writing starting

position for the fourteenth cclumn is set to the position

whoge address i1s 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 92, the writing starting

position for the eighteenth cclumn is set to the position

whose address is 9, the writing starting position for the



[0227] 99 one of the twenty columns of the memory 31 is set to the position whose address is 0, the
writing starting position for the second column is set to the position whose address is 1, the writing
starting position for the third column is set to the position whose address is 3, the writing starting

~ position for the fourth column is set to the position whase 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 whosB Hutr&Sd s, the WiflingSstaftihg Poshith P the fitth ¥61aRH ReE t5thelosition

whose addresjsﬁis 1§ the yvri'g_in starting rJ\gosition for the tenth column is set to the position whose
address is 14, the Witihg StatiePpGSificr fotdh8 efevehtit colimr iR et t6 the fosition whose address
is 14, the writig%fé%rgnggosg@n fgr IC eetwegfstgmgglgrrlnnwg sseé t% e gosition whose address is 16, the
writing starting position for the thirteen chltimn isset {o the posﬂgn whobg a]d fests is 21, the writing
starting position.far the fourteenth column js set t g@et Q0 po: ig%n whose address is 21, the writing
starting position for%hgjfifteenth co u#%gis setto t%e pog%t?on Wsﬁosg a érgegs% is %%u{?% v]\“/ﬁting starting

position for the sixteentticolyma js setio,the position,whaose address is, 25, the wrifing starting position

for the seventeenth column is set to the position whose address is 25, the writing starting position for

the eighteenthsealumivis seb o theoposition whese.addressiis 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 columreisises @ thenpesiter whoseaddress 5030.10228]r i + i Wheyedhe mytiple b is 1 and
besides, since, for example, 4096QAM is adopted as the modulation method, the bit number m of one
symbol is 12 hitss accondingeto EiG: 23y4he merndnyB:-hasitwelve cokummns faristoring 12 x 1 bits in
the row direction and stores 64,800/(12 x 1) bits in the column d ection. [0229] Then, the writing
starting positiGefor the firstionecofatid twelvelcoldins of the hremiary 3inis set tothiengosition whose

address is 0, the writing starting position for the second column is set to the position 101
positicen for the twenty-fourth column is set to the

position whose address is 11.
[0255]

Now, a transmission process carried out by the
transmission apparatus 11 of FIG. 8 is described with
reference to a flow chart of FIG. 25.

[0256]

The LDPC encoding secticn 21 waits that object data
are supplied thereto and, at step 8101, encodes the
object data into LDPC codes and supplies the LDCP codes
to the bit interleaver 22. Thereafter, the processing
advances to step S102.

(02577
At step 5102, the bit interleaver 22 carries out

bit interleave for the LDPC codes from the LDPC encoding



whose address is 0, the writing starting position for the third column is set to the position whose
address is 2, the writing starting position for the fourth column is set to the position whose address is
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 pasition whose address is 4, the writing starting
position for the seventh column is set to the position whose address is 4, the writing starting position
for the eighth column is set to the position whose address is 5, the writing starting position for the ninth
column is set to the position whose address is 5, the writing starting position for the tenth column is set

to the positiort Whose adtresy (s 7 R& wiitifig Starting pBRRIBN8r fHe“diéPenth%diumn is set to the

position whose a drfss is 8, and the Wri%gartin Bosi%%n for the twelfth éolumn is set to the
jtt) 1711 o .
are-the mufti

position whose'Atiress & §110230] &b is 2 Andl besides Sice for example,
4096QAM is ted as_the modulation method, the hit number m of one symbol is 12 bits, according
to FIG. 23, th%%%%r%%%y%lg has%%v%ﬁ%yg otuer%:blu‘”rﬁ As ff)orrOs(t:c?r?nsg'l 19 xJBits |cr)1é %egr%wsd"l?gction and
stores 102 64,809/(12 x 2) bits in the column direction. [0231] Then, the writing starting position
for the first one of the twenty-four columns of the memory 31 is set to the position whose address is 0,
the writing starting gosition for the second column is set to the position whose address is 5, the writing
starting position for the third column is set to the position whose address is 8, the writing starting

position for the fourth columaris set:tosthe pasitionewhese address is 8r the, writing starting position for
the fifth column is set to the position whose address is 8, the writing starting position for the sixth
column is set6 the: positiok Wwhaosetaddress is:8,2he awritingestarting pesition,for the seventh column is
set to the position whose address is 10, the writing starting position for the eighth column is set to the
position whosenaddréss is:16,ahe Writinglstartingcsositionofor the: nintP Cokmunvisiset to the position
whose address is 10, the writing starting position for the tenth column is set to the position whose
address is 125 8 Whiting Staating positionder thieselévdiith collfmn isféetto the ppsitibhivhose address

is 13, the writing starting position for the twelfth column is set to the position whose address is 16, the
interleave to the column twist interleaver 24.

[0259]

The ceolumn twist interleaver 24 carries out column
twist interleave for the LDPC code from the parity
interleaver 23 and supplies a result of the column twist

interleave to the demultiplexer 25.

[0260]

The demultiplexer 25 carries out a replacement
process of replacing the code bits of the LDPC code after
the column twist interleave by the column twist
interleaver 24 and converting the code bits after the
replacement intoc symbol bits (bits representative of
symbols) of symbols.

[Cz61]

Here, the replacement process by the demultiplexer



103 writing starting position for the thirteenth column is set to the position whose address is 17, the
writing starting position for the fourteenth column is set to the position whose address is 19, the writing
starting position for the fifteenth column is set to the position whose address is 21, the writing starting
position for the sixteenth column is set to the positionavhose address is 22, the writing starting position
for the seventeenth column is set to the position whose address is 23, the writing starting position for
the eighteenth column 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 37, the writing starting position for the
twentieth colufrth f2<et18 thié posifion WHosk address &89 ahe Writingl Sartihg Position for the

twenty-first coéumn is set to.the %oosition whose address is 40, the writing starting position for the

twenty-second Lofurmin T$°Eert6ThE Poshtion Wiose address 741 5he Wit startihg position for the

twenty-third column is set to th ition whas ress is 41, and the writing starting position for the
twenty-fourth column Pscs?etgtg t(:lihqeP %%éiti?)rél’v W‘“:jﬁlo%eal gﬂ r%%ss?seff.c%%ﬁaﬁéb. %4%%5%5%% the number of

columns of thg 104 H‘%Q@r%]aﬂ%%e%?{% faor,colymp gﬁ/ﬁ ggeq%%v?? gggiﬁge fgt% res aof the writing

by
starting position for each modulation method with regard to the L es of the 10 different

encoding rates havingsthe codeleagth N1of 16,200.s preseribed dn the DYB-§:2-stapdard. [0233]

Where the multiple b is 1 and besides since, for example, QPSK is adopted as the modulation method,

the bit numbet & ef;0ne symbekisr2 pits,a6c05¢iINg 40 HHG s 24 dbe memery 3L has fwocelumns for
storing 2 x 1 bits in the row direction and stores 16,200/(2 x 1) bits in the column direction. [0234]

Then, the writingsstarting-pasition farithe first one-efithetwe:colwpas oHthe. 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 whosélatfdiéss is 0. [0235]
| The symbols obtained by the replacement process by
the demultiplexer 25 are supplied from the demultiplexer
25 to the mapping section 26,
[0263]
At step 3103, the mapping section 26 maps the
symbol from the demultiplexer 25 to signal points defined
by the modulation method of orthogonal modulation carried
out by the orthogonal modulation section 27 and supplies
the mapped symbol to the orthogonal meodulation section 27.
Then, the processing advances to step S104.
- [02647
At step.8104, the corthogonal modulation section 27
carries out crthogonal modulation of a carrier in
accordance with the signal points from the mapping

section 26. Then, the processing advances to step $105,

at which the modulation signal obtained as a result of



Where the multiple b is 2 and besides, since, for example, QPSK is adopted as the modulation
method, the bit number m of one symbol is 2 bits, according to FIG. 24, the memory 31 has four
columns for storing 2 x 2 bits in the row direction and stores 16,2001(2 x 2) bits 105 the column
direction. [02361 Then, the writing starting position for the first one of 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 column is set to the

position whose SidtesS RE8B23 7P L 4hers the muripR & dnd'Besides: sice: f6r example,

16QAM is adopted as the modulation method, the bit number m of one symbol is 4 bits, according to
FIG. 24, the rﬁéfr%‘é?fﬁi%%sjfgure@o%mhs for storing 4 x 1 bits in the row direction and stores
16,200/(4 x 1){tai§?g‘|}the column direction. [0238] Then, the writing starting position for the first
one of the four columns of the memory 31 is set to the position whose address is 0, the writing starting

position for the second.olumnis sgLto-the position whose addresg.is 2, the rifing starting position for
the third column is set to the position whose address is 3, 106

FIG. 25 is carried out by pipeline repetitively.

[02606]

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

102677

Here, while, in FIG; 8, the parity interleaver 23
which i1s 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 otherwise be configured
integrally with each other.

[0268]
In particular, both cf the parity interleave and

the column twist interleave can be carried out by writing

and reading out of code bits into and from a memory and



and the writing starting position for the fourth column is set to the position whose address is 3. [0239]
Where the multiple b is 2 and besides, since, for example, 16QAM is adopted as the modulation
method, the bit number m of one symbol is 4 bits, according to FIG. 24, the memory 31 has eight
columns for storing 4 x 2 bits in the row direction and stores 16,200/(4 x 2) bits in the column direction.
[0240] Then, the writing starting position for the first one of the eight columns of the memory 31 is
set to the position whose address is 0, the writing starting position for the second column is set to the
position whose address is 0, the writing starting position for the third column is set to the position
whose addres&iR 02 he fhiting Startifg Positiohabr frie fotfth CoNIiRR s 56t B4RE PBSRBN whose
address is 1, the writing starting position for the fifth colymn is set to the pasition whose address is 7,
the writing stafﬁ'ﬁglB%s%gﬁa]fgr%%%ijtﬁrt%?urﬁ 1§ Bettbthe Pdsiion Paddiess is-50, the writing
starting posit?%ré faor the .se%ent cqlumn is et 1o the po(slgt(ieon WQQS% gg%ress is 20,.and the writing

starting position fgratﬁgle‘;fg A" 0‘}%% Unin is set to the pogi?lgn WHOS@ address is O.TO241]

Where the multiple;b is . agd besides..since, for gxample, 64Q0AM is.adoped as the modulation

method, the bit number m of one symbol is 6 bits, according to FIG. 24, the memory 31 has six
columns for stogingdd x 1 bits in the row direction and stores 16,200/(6 x 1) bits in the column direction.
[0242] Then, the writing starting position for the first one of the six columns of the memory 31 is

set to the position whoge agldressyis9, the wiiting starting pesitiepdornthersecond column ds 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 wsitingstariing positiontdoe thexfoutth colwer is:setdodhe pgsition whose
address is 3 the writing starting position for the fifth column is set to the position whose address is 7,
and the writingstarting positersfor. tel sixthodoluma issetitonthevpiositiohr-whase:address is 7.
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.
[0270]
Farther, in additicen to the parity interleaver 23
and the ceolumn twist interleaver 24, also the
demultiplexer 25 may be configured integrally.
[0271]
In particular, alsoc the replacement process carried
cut by the demultiplexer 25 can be represented by a
matrix for converting a write address of the memory 31
for storing an LDPC code inte a read address,
[0272]
Accordingly, if a matrix obtained by multiplication

of a matrix representative of the parity interleave,



[0243] Where the multiple b is 2 and besides, since, for example, 64QAM is adopted as the
modulation method, the 108 bit number m of one symbol is 6 bits, according to FIG. 24, the memory
31 has twelve columns for storing 6 x 2 bits in the row direction and stores 16,2001(6 x 2) bits in the
column direction. [0244] Then, the writing starting position for the first one of the twelve columns
of the memory 31 is set to the position whose address is 0, the writing starting position for the second
column is set to the position whose address is 0, the writing starting position for the third column is set
to the position whose address is 0, the writing starting position for the fourth column is set to the

* position whosBHeress B3 the wrtihg staiig hosttiontfor e fifth eBlunfivissset to the position
whose address is 2, the writing starting position for the sixth column is set to the position whose
address is 2, tHeVirithi SRartY pasifion forthevénth colbrmtg ket to tHe pdsitidtwhose address is
-3, the writing starti,rlig positign for the eighth column is set to the position whose address is 3, the
writing starting position for the-Hinth-columin i§ $eF 5 tHeTrostfiorm WhBBE ddFeEe s 3 the writing
starting positi%r%%rgge tenth %Iumn is sel to the P@fg@nw“osﬁ gggrlgzss is, 6, the writing starting

.. 1INt - - .
position for th leventh column is set to the posmonl Whose addresasnf%l 7, and the writing starting

s oL e e L o e e
m of one symbelds 8.hits, Accrding 10 x|
(02731

It is to be noted that it is possible to carry out
only one of or no cne of the parity interleave and the
column twist interleave,

[0274]

Now, a simulation carried out with regard to the
transmission apparatus 11 of FIG. 8 for measuring the
error rate {(bit error rate) is described with reference
to PIGS. 26 to 28.

[0275]

The simulation was carried out adopting a
communication path which has a flutter whose D/U is (O dE.
[0276]

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

[0277]
In particular, FIG. 26A shows a modei of the

flutter adopted in the simulation.



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. [0246] Then, the writing starting position for the first
one of the eight columns of the memory 31 is set to the position whose address is 0, the writing
starting position for the second column is set to theipgsition 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, the writing starting position for the sixth column is set
to the position[%?)éé address is 20, the writing starting position for the seventh column is set to the
position whose address 110 js,20, and the writing starting position for the eighth column is set to the
position whose address 7§ 51 [02%7] FIG'V\\%‘uéﬁe Oﬂﬁﬁlti%lé“ﬁﬁjé; and Besides, since, for example,
1024QAM is adopted as the modulation method, the bit number m of one symbol is 10 bits, according
to FIG. 24, the Cr)nngnrﬁgrlyc?f has tén %%Iu%gr}%c%rqg%sring}ieo ﬁ%%téﬁﬁ the Fow %ﬁ%gt%in %Hd stores
16,200/(10 x 1),hits,in the column diregtign. [02481 Then, the writing starting position for the first
one of the ten columns of the memory 31 is set to the position whose address is 0, the writing starting
position for theseggnd column is set to the position whose address is 1, the writing starting position for
the third column is set to the position whose address is 2, the writing starting position for the fourth
column is set to the positionwhose-address is 2he writingsstartingaosition for tha fifth golumn is set
to the position whose address is 3, the writing starting position for the sixth column is set to the
position whoseraddiess:is 3, the weiting.staringqposition. fop the. seventhreolymn is setio the position
whose address is 4, the writing starting position for the eighth column is 111 set to the position whose
address is 4, thebwriting startimg position Tor (the menthColume is Jettto:tlie position whose address is 5,
and the writing starting position for the tenth column is set to the position whose address is 7. [0249]
in the simulation, an expected value E[N’] of the power

was approximated by AWGN.
[0280]

FIG3. 27 and 28 illustrate relationships between
the error rate obtained by the simulation and the Doppler
fregquency f4 of the flutter.

[0281]

It is to be noted that FIG. 27 illustrates a
relationship between the error rate and the Doppler
frequency fy4 where the modulation method is 16GAM and the
encoding rate (r) is (3/4) and besides the replacement
method is the first replacement method. Meanwhile, FIG.
28 illustrates the relationship between the error rate
and the Doppler fregquency fy where the modulation method
is 640QAM and the encoding rate (r) is (5/6) and besides

the replacement methcd is the first replacement method.



Where the multiple b is 2 and besides, since, for example, 1024QAM is adopted as the modulation
method, the bit number m of one symbol is 10 bits, according to FIG. 24, the memory 31 has twenty
columns for storing 10 x 2 bits in the row direction and stores 16,200/(10 x 2) bits in the column
direction. [0250] Then, the writing starting positjon for the first one of the twenty columns of the
memory 31 is set to the position whose address is 0, the writing starting position for the second
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 whosé &efttfess 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 112 whose
address is 2, the writin§ $HriAg positiohfor the? devietith Tounin i< set o tHE oSt hose address is
2, the writing starting position for the eighth colump is set to the position whose address is 2, the
writing startind“ %%t%é%% For %%eniﬁﬁig&u%rhs?gls%t %ﬁe %h"‘éesg‘siﬁgngwﬁlégg Adtiress ig ; tﬁélﬁ/riting
starting positi r-the tenth column is. set ta the ition.- whose address is 5, the writing starting
position for th%%e# vle%etrh%c%ﬁ U‘né Lfj}s“'get%tdo t‘ﬂeepl{))asiti%(;ins‘L Wﬁ%sé agdpe%gll%%, %h%v%ﬁ NG Starting position

for the twelfth colymn is getdo the position whase: address is 5. the wiiting starting position for the

thirteenth column is set to the position whose address’is 5, the writing starting position for the

fourteenth column.isset t,the pesition whose addiess,is 4, 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 pesitiar Whose asldressvisef, theavriting:startingpasition-fos the sgventeenth column is set
to the position whose address is 7, the writing starting position for the eighteenth column is set to the
position whosé :address:ig & thenaritingstaptind:positipn ferthemineteenth=columaris sebtosthe position
whose address is 8, and the writing starting position for the twentieth 113 column is set to the position
whose addresstis 10af0251] interieave, column twist interleave and
replacement process was carried out.
0283
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 1s carried out.
(02847
Now, the LDPC encoding section 21 of FIG. 8 is
described furthermcore.
[0285]
As described referring to ¥FIG. 11, in the DVB-§8.2
standard, LDPC encoding of the two different code lengths

N of 64,800 bits and 16,200 bits are prescribed.

[0286]



Where the multiple b is 1 and besides, since, for example, 4096QAM is adopted as the modulation
method, the bit number m of one symbol is 12 bits, according to FIG. 24, the memory 31 has twelve
columns for storing 12 x 1 bits in the row direction and stores 16,200/(12 x 1) bits in the column
direction. [0252] Then, the writing starting position for the first one of the twelve columns of the
memory 31 is set to the position whose address is 0, the writing starting position for the second
column is set to the position whose address is 0, the writing starting position for the third column is set
to the position whose address is 0, the writing starting position for the fourth column is set to the

position whose addres&'i 2, fieFwhitity SEFing PESitISA FRhedfth cottifih‘is Set the position
whose address is 2, the writing starting position for the sixth colymn_is set to the position whose
address is 2,%%% %@i%n%%?asrtiné %sig:gn%lrcfﬁ%lé&eﬁﬁ??&u%ﬂis sef ?d thge/gclﬁsiljfc{f% whose address is
3, the writing startin sitign for t ighth col IS set t position whose. address is, 3, the
writing 114 s?z;{raéhg%ggi‘tioggfgr’ thg?n%th%&%mwg set' t%) tgétﬂpsosﬁi%% WAGSES Address iS Iéc,ithe writing

starting positipg for the tepth-clum ig seLio the positionwhoge addrgss s 6. fhe writing starting

position for the eleventh column is set to the position whose address is 7, and the writing Starting

position for thestwelfth,gqlumn.is st to the pesition whese agdress ig 7. §0253]; ,,, Where the multiple

b is 2 and besides, since, for example, 4096QAM is adopted as the modulation method, the bit number

m of one symppkis,12:bits, aceerding to:EIG 1245 the aemenr3l has twenty-four columns for storing
12 x 2 bits in the row direction and stores 16,200/(12 x 2) bits in the column direction. [0254]

Then, the writing stayting position for the first one of the twenty-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 addresstis OL i weting starting position férithe dlmird eslumrt isssetda il position
whose address is 0, the writing starting position for the fourth column is set to the position whose
address is 0, ffer Weiting stareng position focthedifthicdlomhis Settothe of the

different encoding rates whose code length N is 64,800
bits or 16,200 bits in accerdance with a parity check
matrix H prepared for each code length N and for each
encoding rate.
[0288]

FIG. 29 shows an example of a configuration of the
L.DPC encoding section 21 of FIG. 8.
[0289]

The LDPC encoding section 21 includes an encoding
processing block 601 and a storage block 602.
[0290]

The encoding processing block 601 includes an
encoding rate setting portion 611, an initial wvalue table
reading out portion 612, a parity check matrix production

portion €13, an information bit reading out portion 614,



115 position whose address is 0, the writing starting position for the sixth column is set to the position
whose address is 0, the writing starting position for the seventh column is set to the position whose
address is 0, the writing starting position for the eighth column is set to the position whose address is
1, the writing starting position for the ninth column igzset 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 wt.-Ling starting position
for the twelfth column is set to the position whose address is 2, the writing starting position for the
thirteenth coldiin 5 €8Ctb heTosition WRAGSERAEFEERlis 2P fAwiifiiy Baktirgpoditidn for the
fourteenth column is set to the position whose address is 3, the writing starting position for the fifteenth
column is set 16 thé'pSSitiGh Whdde address 7, RBwftgstarting Positidh-foF B sixtsenth column

is set to the position whose address is 9,.the writing starting position.for the seventeenth column is set
to the positiono\?vhggé %%Q%jrgs?g i5 9, the %vlrﬁi%g;g starting apﬂéﬂgqr%%n%(f%%lé]iahtge%ﬁm &6lufn is set to the

position Whosgnqugggi :Fi%’sth nwrﬂg&stgggueq B%SJE% Efeofg tge 116rréi985qentl} c%IHerEnn is set to the

position whose address is 10, the writing starting position for the ?Wentleth' coltimn i&7set to the position

whose addressyjs 0, the writing:starting position for the twenty-fisst column js set to the position

whose address is 10, the writing starting position for the twenty-second column is set to the position
whose addressisdl0, the writing starting position for the twenty-third column is set to the position
- whose address is 10, and the writing starting position for the twenty-fourth column is set to the position

whose address is 11. [0255F rt i Nowra transmissien precesstcarded:euhby thetransmission
~apparatus 11 of FIG. 8 is described with reference to a flow chart of FIG. 25. [0256] The LDPC
encoding sectidri 23 anaitsathat object dgtanane supplied thereteiand, at:siep 5301 emcodes the object
data into LDPC codes and supplies the LDCP codes to the bit interleaver 22. Thereatfter, the
processing advafrees té steeB#0®.le, in response to an operation of an

operator.
10292]

.The initial value table reading out portion 612
reads out a parity check matrix initial value table
hereinafter described which corresponds to the code
length N and the encoding rate set by the encoding rate
setting portion 611 from the storage block 602.

[0293]

The parity check matrix production portion 613
places, based on the parity check matrix initial value
table read out by the initial value table reading out
portion €12, elements of the value 1 of an information
matrix Hp corresponding to an information length K (= code
length N - parity length M) corresponding to the code

length N and the encoding rate set by the encoding rate



[0257] At step 5102, the bit interleaver 22 carries out bit interleave for the LDPC codes from the
LDPC encoding 117 section 21 and supplies to the mapping section 26 a symbol in which the LDPC
codes after the interleave are symbolized. Thereafter, the processing advances to step 5103. [0258]
In particular, at step 5102, the parity ihterleaver 23 ¢ghe 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. [0259] The column twist interleaver 24 carries out
column twist interleave for the LDPC code from the parity interleaver 23 and supplies a result of the

column twist Mfriebv8 t5He demuttiptexet 25. 163661 ©f TheUemditiBRRer 85 tarries out a

replacement process of reg%acin%the c%%e bits oéthe LDPC %Tode ﬁfter the colum? twist interleave by
the column twist iREBFIeRYRPS4 ahd onvéiting e todd Bits Ater Hhe tebISEEMEREIHE' symbol bits (bits

remesenwmv%ggggyggg)Qgsg?gggbe a parity check matrix H, and stores

the parity check matrix H into the storage hlock 602.
[0294)]

The information bit reading out portion 614 reads
out (extracts) information bits for the information
length K from the ocobiect data supplied to the LDPC
encoding secticon 21.

[0295]

The encoding parity mathematical operation portion
61> reads out The parity check matrix H preduced by the
parity check matrix production portion 013 from the
storage block 602 and calculates parity bits
cerresponding to the information bits read out by the
information bit reading out portion 614 in accordance
with a predetermined expression to produce a codeword
{LDPC code}.

[0296]

The control portion 616 controls the blocks which

compoge the encoding processing kblock 601,
(02971
In the storage block 602, a plurality of parity

check matrix initial value tables and so forth



[0261] 118 25 can be carried out in accordance with the first to fourth replacement methods described
hereinabove with reference to FIGS. 16 and 17 and besides can be carried out in accordance with an
allocation rule. The allocation rule is a rule for allocating code bits of an LDPC code to symbol bits

representative of symbols, and details of the allocation rule are hereinafter described. [0262] The
symbols obtained by the replacement process by the demultiplexer 25 are supplied from the
demultiplexer 25 to the mapping section 26. [0263] At step 5103, the mapping section 26 maps

the symbol from the demultiplexer 25 to signal points defined_by the modulation method of orthogonal
modulation cafed but By the orhbGERACMOAGTRALSH sEEfor 27 R stpphés-fie mappéd symbol to

the orthogonal modulation section 27. Then, the processing advances to step S104. ,[0264] At
Stop 5106, the M GORAFmonIoR sebton by RS 0B o Sor e HEsHufoh G carrier in

accOrdance_V\%iliQethg signal CPQ"?E% gro%h%mggp@g’ %%q%io 26, Tat]g(g, %er %r%e%sli'@% aad}/%nces to step
5105, at which the modulation S|gngl obtained as a result of 119

stored. Further, the storage block 602 temporarily stores

data necessary for processing of the encoding processing

block &C1.

[0298}.

FIG. 30 12 a2 flow chart 1llustrating a reception
process carried out by the reception apparatus 12 of FIG.
29.

[0299]

At step 8201, the encoding rate setting portion 611
determines {sets) a code length N and an encoding rate r
used for carrying out LDPC encoding.

[0300]

At step S202, the initial wvalue table reading out
portion 612 reads cut from the storage block 602 a
predetermined parity check matrix initial wvalue table
correspending to the code length N and the encoding rate
r determined by the encoding rate setting portion 611.
[0301]

At step 8203, the parity check matrix production

portion €13 determines (produces) a parity check matrix H

for an LDPC code having the code length N and the



the orthogonal modulation is transmitted, whereafter the processing is ended. [0265] It is to be
noted that the transmission process of FIG. 25 is carried out by pipeline repetitively. [0266] By carrying
out the parity interleave and the column twist interleave as described above, the tolerance to erasure
or burst errors where a plurality of code bits of an LDRC codes are transmitted as one symbol can be
improved. [0267] 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%[%%%@%?%& HAreREIVErTA may Sthefviss Bekonfiglifeintegraly with each
other. [0268] In (])oarticu ar, both of the parity interleave and the column twist interleave can be
carried out byt And feadifig 08t of EodéBitd-ints ARd Frdift avhémidty ahdl 136 LAR be
represented b%’ rl‘natrix faocg conve [ esses (write re into which writing of code bits is to

rting addr d se t
be carried out ﬁatbo addresSes &eaégu a?f?ljrgsg’esci rom \;a\ﬁﬁgﬁ: reagoalr% %ﬁt 5?1 Code Bits & to be carried

out. value table reading out portion 612, and supplies the

parity check matrix H to the storage block 602 so as to
be stored.
[0302]

At step 5204, the information bit reading out
portion 614 reads out information bits of the information
length K (= N x r) corresponding to the code length N and
the encoding rate r determined by the encoding rate
setting portion 611 from among the object data supplied
to the LDPC encoding section 21 and reads out the parity
check matrix H determined by the parity check matrix
production portion €13 from the storage block 602, and
supplies the information bits and the parity check matrix
H to the encoding parity mathematical operation portion
615.

[C303]

At.step 5205, the encceding parity mathematical
operation portion €15 successively mathematically
operates a parity bit of a codeword ¢ which satisfies an
expression (8).

[0304]



[0269] Accordingly, if a matrix obtained by multiplying a matrix representative of the parity
interleave and a matrix representative of the column twist interleave is determined in advance, then if
the matrix is used to convert code bits, then a result when parity interleave Is carried out and then
LDPC codes after the parity interleave are column f\wgist interleaved can be obtained. [0270]

Further, in addition to the parity inte leaver 23 and the column twist interleaver 24, also the
demultiplexer 25 may be configured integrally. [02711 In particular, also the replacement process
carried out by the demultiplexer 25 can be represented by a matrix for converting a write address of
the memory 31 for storlilﬁg an 1'DDC code ifito a read address. [0272] Accordingly, if a matrix
obtained by rg%gﬁ]ggjation of a matrix representative of the parity interleave, 121 another matrix
representative o column twist interleave and a further matrix representative of the replacement
process is determined 'nagganceex th%n %hf %argg )integjlea\zgled nguggg tVé/ist g)r]terleavg and replacement
process can be carried out cb?lectn?eliy %y the determined matrix. Fow vector as

the codeword (LDPC code), and ¢! indicates inversion of
the row wvector c.
[0306]

Here, as above described, where, from within the
row vector ¢ as an LDPC code (one codeword), a portion
corresponding te the information bits is represented by a
row vector A and a portion corresponding to the parity
bits is represented by a row vector T, the row vector ¢
can be representad by an expression ¢ = [A|T] from the
row vector A as the information bits and the row vector T
as the parity bits.

[0307]

It is necessary for the parity check matrix H and
the row vector ¢ = [A[T] as an LDPC code to satisfy the
expression He' = 0, and where the parity matrix He of the
parity check matrix H = [HxlHs] has a staircase structure
shown in FIG. 10, the row vector T as parity bits which
configures the row vector ¢ = [AIT] which satisfies the
expression Hc' = 0 can be determined sequentially by
setting the elements of each row to zero in order

beginning with the elements in the first row of the



[0273] It is to be noted that it is possible to carry out only one of or no one of the parity interleave
and the column twist interleave. [0274] Now, a simulation carried out with regard to the
transmission apparatus 11 of FIG. 8 for measuring the error rate (bit error rate) is described with
reference to FIGS. 26 to 28. [0275] The simulatign was carried out adopting a communication
path which has a flutter whose D/U is 0 dB. [0276] FIG. 26 shows a model of the communication
path adopted in the simulation. [0277] In particular, FIG. 26A shows a model of the flutter adopted
in the simulation. 122 [0278] Meanwhlle FIG. 26E shows a model of a communication path
which has theFR}igF epreseRted sy tHélnTéb%l BERIGS2eA 0879 = O-

[0308]

If the encoding parity mathematical operation
portion 615 determines a parity bit T for an information
bit A, then it outputs a codeword ¢ = [A|T] represented
by the information bit A and the parity bit T as an LDPC
encoding result of the information kit A.

[0308]

It 1s to be noted that the codeword ¢ has 64,800
bits or 16,200 bits.
[031C]

Thereafter, at step 5206, the control porticn 616
decides whether or not the LDPC encoding should be snded.
If it 1s decided at step 8206 that the LDPC encoding
should not be ended, that is; for example, if there
remain ckject data to be LDPC encoded, then the
processing returns to step S201, and thereafter, the
processes at steps S201 to 5206 are repeated.

(03117

On the other hand, if it is decided at step 5206
that the LDPC encoding should be ended, that 1is, for
example, if there remains no object data to be LDPC
encoded, the LDPC encoding section 21 ends the proceséing.

[031Z2]



It is to be noted that, in FIG. 26B, H represents the model of the flutter of FIG. 26A. Further, in FIG.
26B, N represents ICI (Inter Carrier Interference), and in the simulation, an expected value E[N2] of
the power was approximated by AWGN. [0280] FIGS. 27 and 28 illustrate relationships between
the error rate obtained by the simulation and the Dgppler frequency fd of the flutter. [0281] It is to be
noted that FIG. 27 illustrates a e -a onship between the error rate and the Doppler frequency fd where
the modulation method is 16QAM and the encoding rate (r) is (3/4) and besides the replacement
method is the first replacement method. Meanwhile, FIG. 28 illustrates the relationship between the
error rate and the Doppler #egtsaéEd Wherethefmedaation néthed fs B2OAM ahd thé @hcoding rate
(r) is (5/6) and besides the replacement method is the first replacement method. 123 [0282]

Further, in FIG3159 dndfl8 5 RRKIRPERNE TSticates e F&dGor<Hig bERvEeRIHE &6t rate and the

Doppler frequency fd where all of the parité interleave, column twist int%rleave gnd replacement

process were CATiEd B, Hhd A tHin i€ cive Raicatestha refifionship B&teentHe error rate and

the Doppler frequency fd,where only the repl ent progess from among the arilté/tinte leave,
column twist i%?ecrf’e%l?/%el ZZr:% r%% arcle¥nsen %e%%éﬁés‘?é@wgg %3?%%%%&?[52%3?6%% rotﬁ%?éles. 27 and

28, it can be regaanized duat (e airgr facmptowss, decteases) aliete pll ol e padiydniprieave,
column twist interleave and replacement process are carried out rather than where only the
remacement@Q§§§%Eﬁﬁgg§d£@Exix H produced from a parity check matrix

initial value table corresponding to the predetermined

code length N and the predetermined encoding rate r.

[0313]

Each parity check matrix initial value table is a
table which represents the position of elements of the
value 1 of the information matrix Hp corresponding to the
information length K corresponding to the code length N
and the encoding rate r of the LDPC code of the parity
check matrix H {LDPC code defined by the parity check
matrix H} for every 360 rows (unit column number P of the
periodic structure), and is produced in advance for a
parity check matrix H for each code length N and each
encoding rate r.

[0314]

FIGS. 31 to 58 illustrate some of the parity check

matrix initial value tables prescribed in the DVB-S8.2

standard.

[0315]



[0284] Now, the LDPC encoding section 21 of FIG. 8 is described furthermore. [0286] As
described referring to FIG. 11, 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. [0286] 124 And, for the LDPC code
whose code length N is 64,800 bits, the 11 encoding eates 1/4, 1/3, 2/5, 1/2, 3/5, 213, 3/4, 4/5, 5/6, 8/9
and 9/10 are prescribed, and for the LDPC code whose code length N is 16,200 bits, the 10 encoding
rates 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6 and 8/9 are prescribed (FIG. 11B). [0287] The LDPC
encoding section 21 carries out encoding (error correction encoding) into LDPC codes of the different

encoding rates whose cBdE Tergtfi N 5784, 806 bits or 1&200 bR€in-Adcbrdarcedtith a parity check
s e Saphcede SO Al g snecdng e Q281G 20 shows an
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.
[031¢]

FIGS. 32 to 34 show the parity check matrix initial
value table feor a parity check matrix H prescribed in the
DVB-S.Z standard and having a code length N of 64,800
bits and an encoding rate r of 2/3.

[0317]

It is to be noted that FIG. 33 is a view continuing
from FIG. 32 and FIG. 34 is a view continuing from FIG.
33.

[0318]

FIG. 35 shows the parity check matrix initial value
table for a parity check matrix H prescribed in the DVB-
S.2 standard and having a code length N of 16,200 bits
and an encoding rate r of 3/4.

[0319)]

FIGS. 3¢ to 39 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-5.2 standard and having a code length N of 64,800
bits and an encoding rate r of 3/4.

[(0320]



The LDPC encoding section 21 includes an encoding processing block 601 and a storage block 602.
[0290] The encoding processing block 601 includes an encoding rate setting portion 611, an initial
value table reading out portion 612, a parity check matrix production portion 613, an information bit
reading out portion 614, 125 an encoding parity mathematical operation portion 615, and a control
portion 616, and carries out LDPC encoding of object data supplied to the LDPC encoding section 21
and supplies an LDPC code obtained as a result of the LDPC encoding to the bit interleaver 22 (FIG.
8). [0291] In particular, the encoding rate setting portion 611 sets a code length N and an
encoding rate for LDPC totiés “for eRaripledn tesionsédo ah’opetatiory 6£:n epekatdk10g92)

The initial value table reading out portion 612 reads out a parity check matrix initial value table
hereinafter desERBed Wicﬁ%oﬁ@ébgr{o%‘to%ﬁe tdd8 IEGtH NFaRd the eRBodingTate'Set by the

encoding rate_setting portion 611 from the storage block 602, [0293 The parity check matrix
production po?flygn 6%5%‘ &és, baséd o%}bthé%a?'ity cRECK AL iﬁﬁg?;\(?vglﬁ%qaglgima%%o‘ut by the initial

value table re?g' Lqut portion 612, elements of the value 1 of an information matrix HA corresponding
to an information [ength K (= code length N - parity length M) corresponding to the code length N and

the encoding rate set Wﬂ@e eMOgW§tethg%arity 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 bhits
and an encoding rate r of 4/5.
[0322]

FIGS. 41 to 44 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-5.2 standard and having a code length N of 64,800
bits and an encoding rate r of 4/5.

[0323]

It is to be noted that FIG. 42 1s a view continuing
from FIG. 41 and FIG. 43 is a view continuing from FIG.
42, Further, FIG. 44 is a view continuing from FIG. 43.
[0324]

FIG. 45 shows the parity check matrix initial wvalue
table for a parity check matrix H prescribed in the DVB-
3.2 standard and having a code length N of 16,200 bits
and an encoding rate r of 5/6.

(03257

FIGS. 46 to 49 show the parity check matrix initial



setting portion 611 in a period of 360 columns (unit column number P of the cyclic structure) in the
column direction to produce a parity check matrix H, and stores the parity check matrix H into the
storage block 602. [0294] The information bit reading out portion 614 reads out (extracts)
information bits for the information length K from thg3abject data supplied to the LOPS encoding
section 21. [0295] The encoding parity mathematical operation portion 615 reads out the parity
check matrix H produced by the parity check matrix production portion 613 from the storage block 602
and calculates parity bits corresponding to the information bits read out by the information bit reading

out portion 614%h HecoitfiriceWith & prédeterminetCexpressidr (& prodtite - E6devidrd (LOPS code).

16 contrals the blocks which.compose the encoding. processing block
i ; Roinalrix mitidag

[0296] T ontral partion 6 ntr
601. [0297] B%%ﬁ%hg s?c%r%ag’gb ockagéz,kéabflju?éiitﬁ? of Bty cHed e tables and so

forth 127 indiﬁlgiygllgggrraegp%g%igg fo therggjral encgdmgb.rates illustrated in FIG. 11 in regard to
individual ones of the two code iengtﬁ‘s%l 0 ,860%&5 and 16,200 bits are stored. Further, the
storage block ﬁpgztgﬁnporarily stores data necessary for processing of the encoding processing block
601. [0298]

It is to be noted that FIG. 47 is a view continuing
from FIG. 46 and FIG. 48 is a view continuing from FIG.
47. Further, FIG. 49 is a view continuing from FIG. 48.
10327]

FIG. 50 shows the parity check matrix initial value
table for a parity check matrix H prescribed in the DVB-
S.2 standard and having a cocde length N of 16,200 bits
and an encoding rate r of 8/9.

[0328]

FIGS. 51 to 54 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-5.2 standard and having a code length N of 64,800
bits and an encoding rate r of 8/9.

[C329]

It is to be noted that FIG. 52 is a view continuing
from FIG. 51 and FIG. 53 is z view continuing from
FIG. 52. Further, FIG. 54 is & view continuing from FIG.
53.

[0330]

FIGS. 55 to 58 show the parity check matrix initial



FIG. 30 is a flow chart illustrating a reception process carried out by the reception apparatus 12 of FIG.
29. [0299]. At step 5201, the encoding rate setting portion 611 determines (sets) a code length N
and an encoding rate r used for carrying out LDPC encoding. [0300] At step 5202, the initial value
table reading out portion 612 reads out from the storage block 602 a predetermined parity check
matrix initial value table corresponding to the code length N and the encoding rate r determined by the
encoding rate setting portion 611. [0301] At step 5203, the parity check matrix production portion
613 determines (produces) a parity check matrix H for an LDPC code having the code length N and
the 128 encodmbliate fdeferimiedby e Encoding katéasetting PoitivaB1dilsing ihe party check
matrix initial value table read out from the storage block 602 by the initial value table reading out
portion 612, aRdUpphes e party chieek Mathik#H b HeStorateB16ck'602 sbasttbhe stored. [0302]
At step 3204, the information bit reading out portion 614 reads out information bits of the information
length K (= N%r} CoftBEpditifig &6 the Gode fefigth R&ant! the -encoding rate r determined by the
encoding rateg%aérﬁ?ig1 portion 611 from among the object data supplied to the LDPC encoding section
21 and reads out the parity check matrix H determined by the parity check matrix production portion

613 from the storage black 602, and supplies, the information hits.and the.parity check matrix H to the
encoding parity mather‘llr?gtié"ésl o%%ragt?on |§thrgtii?l)nhcgﬁ:'f~ [O@gé] % At sf%p@fd%,%ﬁg %ﬁ%&dfﬁ% parity

mathematical pperatiop-porgign 615 %gsgiyelygngth@g@icggyxggg@{%%a%gy bit of a codeword ¢
which satisfies an expression (8). [0304]

FIG. 56. Further, FIG. 58 is a view continuing from

FIG. 57.

[0332]

The parity check matrix production porticon 613 (FIG.
29) determines a parity check matrix H in the following
manner using the parity check matrix initial value tables.
[0333]

In particular, FIG. 59 illustrates a method for
determining a parity check matrix H from a parity check
matrix initial value table.

F0334]

It is to be noted that the parity check matrix
initial value table of FIG. 59 indicates the parity check
matrix initial value table for a parity check matrix H
prescribed in the DVB-S.2 standard and having a code
length N of 16,200 bits and an encoding rate r of 2/3

shown in FIG. 31.

[0335]



129 = 0...(8) [0305] In the expression (8), c indicates a row vector as the codeword (LDPC code),
and cT indicates inversion of the row vector c. [0306] Here, as above described, where, from
within the row vector ¢ as an LDPC code (one codeword), a portion corresponding to the information
bits is represented by a row vector A and a portion ¢ggesponding to the parity bits is represented by a
row vector T, the row vector ¢ can be represented by an expression ¢ = [AEI] from the row vector A as
the information bits and the row vector T as the parity bits. [0307] It is necessary for the parity
check matrix H and the row vector ¢ = [AIT] as an LDPC code to satisfy the expression HcT = 0, and
where the parity matrix*HT &F #& panty cHeeksnatfirH BIHAIMTERas & staifcase structureishown in
FIG. 10, the row vector T as parity bits which configures the row vector ¢ = [AIT] which satisfies the
expression HEP B Yetetnfinéd seGueit tHeelbhferits Bféachirav to zero in
p . - - . - - -

order beginning with the elements in the first row of the 130 column vec*t_or‘HOT in the expression
HOT = 0. [03(5% SN (Fh& bnEGdinghatity mathematiCal OPaPAtiot pdribh 15 detefhitres a parity bit
T for an informgtion bit A, then.it outauts & codeword ¢ = [AIT] tepresented

corresponding to the code length N and the encoding rate

r of the LDPC code for every 360 columns (for every unit

column number P of the cyclic structure), and in the

first row of the parity check matrix initial value table,

a number of row numbers of alements 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 is 0) equal to the number of coclumn

weights which the 1+360x{i~1)th column has,

[0336]

Here, since the parity matrix Hy (FIG. 9} of the

parity check matrix H which corresponds to the parity

length M is determined as illustrated in FIG. 19,

according to the parity check matrix initial value table,

the information matrix Hy (FIG. 9) of the parity check

matrix H corresponding to the information length K is

determined.

[0337]

The row number k+1 of the parity check matrix

initial value table differs depending upon the



by the information bit A and the parity bit T as an LDPC encoding result of the information bit A. [0309]
It is to be noted that the codeword ¢ has 64,800 bits or 16,200 bits. [0310] Thereatfter, at step
5206, the control portion 616 decides whether or not the LDPC encoding should be ended. If it is
decided at step 5206 that the LDPC encoding shoud, fiot be ended, that is, for example, if there
remain object data to be LDPC encoded, then the processing returns to step 5201, and thereafter, the
processes at steps 5201 to 5206 are repeated. [0311] On the other hand, if it is decided at step
5206 that the LDPC encoding should be ended, that is, for example, if there remains no object data to
be LDPC encé#éd thé 1-DPC baeadingsection 21 ends the processing. [0312] 131 As described
above, the parity check matrix initial value tables corresponding to the code lengths N and the
encoding rates 2@ prepared, and the LDPC encoding section 21 carries out LDPC encoding for a
predetermined code length N and a predetermined encoding rate r using a parity check matrix H

produced from a parity check PiatAX it & vatie tidte CoftBSpdmtiing T thepRstfetériingd code length
N and the pre gterminedcencoding{rate r. LLO>§13 ach parity check matrix initial value table is a

table which représents the p&aifion o %I*"‘elrfnent%%‘i‘ m@galﬁgjlu& th&Snformakion Tatfix HA

correspondinqé Q@zinfgr ation length,K correspanding to_the caode length N and the encoding rate r
of the LDPC coc?(Le of the %Ha]ﬁéy gﬁ“é‘f:%mg%ixaﬁ ( ﬁfvceg% eoaefl(r%gd by the parity check matrix H) for
every 360 rom@@@gﬁcolumn 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.

K= (k + 1) x 360 e (9)
[0340]

Here, 360 in the expression (9) is the unit column
number P of the cyclic structure described referring to
FIG. 20.

[0341]

In the parity check matrix initial wvalue table of
FIG. 59, 13 numerical values are listed in the first to
third rows, and three numerical values are listed in the
fourth to k+lth {(in FIG. 59, 30th) rows.

[0342]

Accordingly, the number of column weights in the
parity check matrix H determined from the parity check
matrix initial value table of FIG. 59 is 13 in the first
to 1+360x(3-1)-1th rows but is 3 in the 1+360x{3-1)th to
Kth rows.

10343]

The first row of the parity check matrix initial



[0314] FIGS. 31 to 58 illustrate some of the parity check matrix initial value tables prescribed in
the DVB-S.2 standard. [0315] 132 In particular, FIG. 31 shows the parity check matrix initial
value table for a parity check matrix H prescribed in the DVB-S.2 standard and having a code length N
of 16,200 bits and an encoding rate r of 2/3. [0316]: 38 FIGS. 32 to 34 show the parity check matrix
initial value table for a parity check matrix H prescribed in the DVB-S.2 standard and having a code
length N of 64,800 bits and an encoding rate r of 2/3. [0317] It is to be noted that FIG. 33 is a view
continuing from FIG. 32 and FIG. 34 is a view continuing from FIG. 33. [0318] FIG. 35 shows the

parity check niattixgnitidPvaiué tabie for a’farity eheer matrix HGSéscribellin thé BR/BS.25¢tandard

and having a code Ien}glth N of 16,200 bits and an encodln% rate r of 3/4. [0319
1doa(, 4297, 2481, 3369, 345 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 O, 2084, 1613, 1548, 1286, 1400, 3196, 4297, 2481,
3369, 3451, 4620 and 2622 have the value 1 {(and besides
the cother elements have the wvalue 0).

(03443

Meanwhile, the second row of the parity check
matrix initial value table of FIG. 59 includes 1, 122,
1516, 3448, 2880, 1407, 1847, 3799, 3529, 373, 971, 4358
and 3108, and this indicates that, in the 36lst (=
1+360x (2-1)th) column of the parity check matrix H, the
elements in rows of the row numbers of 1, 122, 1546, 3448,
2880, 1407, 1847, 3799, 3529, 373, 971, 4358 and 3108
have the value 1.

[0345]

As given 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
matriz H for every 36C columns.

[0346]
 Bach of the columns of the parity check matrix H

other than the 1+360x(i~-1}th column, that is, each of the



FIGS. 36 to 39 show the parity check matrix initial value table for a parity check matrix H prescribed in
the DVB-S.2 standard and having a code length N of 64,800 bits and an encoding rate r of 3/4. [0320]
133 It is to be noted that FIG. 37 is a view continuing from FIG. 36 and FIG. 38 is a view
continuing from FIG. 37. Further, FIG. 39 is a view Tentinuing from FIG. 38. [0321] FIG. 40 shows
the parity check matrix initial value table for a parity check matrix H prescribed in the DVBS.2 standard
and having a code length N of 16,200 bits and an encoding rate r of 4/5. [0322] FIGS. 41 to 44
show the parity check matrix initial value table for a parity check matrix H prescribed in the DVB-S.2
standard and hRVHEE codeTerrgti @péf(éﬁé@)@%it@%n%ééﬁ‘ &hBodifg FaS of 415 Lj6323] It is to

be noted that FIG. 42 is a view continying from FIG, 41 and FIG. 43 is a view continuing from FIG. 42.
Further, FIG. 31505 i SontRaNGSHe . 43 T e s e parity check matrix

iniial value table for & parity chegk maty Hrepgribed in the,RVBS,2 stapdagd and haying a code
length N of 163, 00 bits
1)th column which depend upon the parity check matrix
initial value table periodically in the downward
direction {(in the downward direction of the column) in
accordance with the parity length M.
[0347]

In particular, for example, the 2+360x(i-1)th
column is a column cbtained by cyclically shifting the
1+360x{i-1)th column in the downward direction by M/360
(= g}, and the next 3+360x{i-1)th is a column obtained by
cyclically shifting the 1+360x{i~1)th cclumn in the
downward direction by 2 x M/360 (= 2 x g} and then
cyclically shifting the cyclically shifted column

(2+360x(1i-1)th column} in the downward direction by M/360

Now, if it is assumed that the numeral valué in the
Jth column (Jjth from the left) in the ith row (ith row
from above) of the parity check matrix initial value
table is represented by b,y and the row number of the Jjth
element of the value 1 in the wth column of the parity

check matrix H 1s represented by Hy,.5, then the row number



and an encoding rate r of 5/6. [0325] 134 value table for a parity check matrix H prescribed in the
DVB-S.2 standard and having a code length N of 64,800 bits and an encoding rate r of 5/6. [0326]

It is to be noted that FIG. 47 is a view continuing from FIG. 46 and FIG. 48 is a view continuing from
FIG. 47. Further, FIG. 49 is a view continuing fromiFG. 48. [0327] FIG. 50 shows the parity check
matrix initial value table for a parity check matrix H prescribed in the DVBS.2_standard and having a
code length N of 16,200 bits and an encoding rate r of 8/9. [0328] FIGS. 51 to 54 show the parity
check matrix initial value table for a parity check matrix H prescribed in the DVB-S.2 standard and

having a codé'tenditt N-GF6 £ 8BB IS and dar'EncSHilg rate’rof 816, [53591°° L “ifis6 Hethoted that
FIG. 52 is a view contining from F1G, pLan\FIG, 2345 2 Yiew copunuing from « +1.e
parity éheck matrix H can be determined in accordance
with an expression (10}.
[0349]
Fy-y = mod{h;,y + mod{(w-1),P}) x q,M} ...(10)
[0350]

Here, mod(x,vy) signifies a remainder when x is
divided by v.

[0351]

Meanwhile, P is a unit number of columns of the
cyclic structure described hereinabove and is, for
example, 1in the DVB-5.2 standard, as described above, 360.
Further, g is a value M/360 obtained by diviﬁing the
parity length M by the unit ceclumn number P (= 360) of
the cyclic structure.

[0352]

The parity check matrix production porticon 613 (FIG.
29} specifies the row number of the elements of the_valu@
1 in the 1+36OX(i—l)tb column of tThe parity check matrix
H from the parity check matrix initial valuve table.

103531
Further, the parity check matrix production portion

613 (FIG. 29) determines the row number H,y of the



FIG. 52. Further, FIG. 54 is a view continuing from FIG. 53. [0330] 135 value table for a parity check
matrix H prescribed in the DVB-S.2 standard and having a code length N of 64,800 bits and an
encoding rate r of 9/10. [03311 It is to be noted that FIG. 56 is a view continuing from FIG. 55 and
FIG. 57 is a view continuing from FIG. 56. Further, £}G. 58 is a view continuing from FIG. 57. [0332]
The parity check matrix production portion 613 (FIG. 29) determines a parity check matrix H in the
following manner using the parity check matrix initial value tables. [0333] In particular, FIG. 59

illustrates a method for determining a parity check matrix H from a parity check matrix initial value
tame_m334]element of the value 1 in the wth column which is a

column other than the 1+4360x(i-1)th column of the parity

check matrix H in accordance with the expression (10) and
produces a parity check matrix H in which the elements of
the row numbers obtained by the foregoing have the value

1.

[0354]

Incidentally, it is known that the LDPC code having
an encoding rate of 2/3 prescribed in the DVB-§8.2
standard is inferior (higher) in the error floor thereof
in comparison with the LDPC codes of the other encoding
rates.

-[0355]

Here, a phenomenon (error floor phenomenon) that,
as the 8/N (Es/Ny) becomes higher, the drop of the error
rate (BER) becomes duller and the error rate stops its
drop occurs, and the error rate when the drop stops is an
error floor.

[035¢6]

If the error floor beccmes higher, then generally
the tclerance to errors in the communication path 13
(FIG. 7) drops, and therefore, it is desirable to take a
countermeasure for improving the tolerance to errors.

[0357]



It is to be noted that the parity check matrix initial value table of FIG. 59 indicates the parity check
matrix initial value table for a parity check matrix H prescribed in the DVB-S.2 standard and having a
code length N of 16,200 bits and an encoding rate r of 2/3 shown in FIG. 31. [0335] 136 As
described above, the parity check matrix initial valug4able is a table which represents the position of
elements of the value 1 of a information matrix HA (FIG. 9) corresponding to the information length K
corresponding to the code length N and the encoding rate r of the LDPC code for every 360 columns
(for every unit column number P of the cyclic structure), and in the first row of the parity check matrix
initial value table, a numbef of RO hEiibetS BF ElehiEnts BPEHeWdlGe 1hf the 12380%F )P column of
the parity check matrix H (row numbers where the row number of the first row of theparity check matrix

H is 0) equal B th8 HumBeHof CORTHRM SveiGhts STHIEH 16 L3600 Ehth o dirhAthak® [0336] Here,

since the parity matrix HT (FIG. 9) af the parity check matrix H which corresponds to the parity length
M is determinga%%llﬁdjls_{r%‘t%d in’F .?LQ?%%&)% f“r%ﬁt%xt% p%ﬁlty(vﬁfge% rﬁ&trii?niﬁé’l%ﬁ?gga%e, the

information m(?g" I@l,?\ (FIG. 9) of the parity check matrix H corresponding to the information length K is
determined. [ 338% The row number k+1 of the parity check matrix initial value table differs

dependinguponthe 1, the replacement process, as a replacement method

for replacing code bits of an LDPC code,_fox example, the
first to fourth replacement methods described hereinabove
afe avallable. However, it i1s demanded to propose a
method which has a further improved tclerance to errors
in comparison with methods proposed already including the
first to fourth replacement methods.

[0359]

Thus, the demultiplexer 25 (FIG. 8) is configured
such that it can carry out a replacement process in
accordance with an allocaticon rule as described
hereinabove with reference to FIG. 25,

[0360]

In the following, before a replacement process in
accordance with an allocation rule is described, a
replacement process by replacement methods (hereinafter
referred to existing methods) proposed already is
described.

[0361]

A replacement process where it i1s assumed that the



137 information length K. [C338] The information length K and the row number k+1 of the parity
check matrix initial value table satisfy a relationship given by an expression (9). [0339] K = (k + 1) x
360... (9) [0340] Here, 360 in the expression (9) is the unit column number P of the cyclic
structure described referring to FIG. 20. [0341] 1 drpthe parity check matrix initial value table of FIG.
59, 13 numerical values are listed in the first to third rows, and three numerical values are listed in the
fourth to k+lth (in FIG. 59, 30th) rows. [0342] Accordingly, the number of column weights in the
parity check matrix H determined from the parity check matrix initial value table of FIG. 59 is 13 in the
first to 1+3603R}-RAFORS DUt 1§34 the- 3 +360YBetPtotK thorowac [0348) Thevfirstrowef the parity

check matrix initial . , : .
existing methods by the demultiplexer 25 is described

with reference to FIGS. 60 and 61.
10362]

FIG. 60 shows an example of the replacement process
of an existing method where the LDPC code is an LDPC code
having a code length N of 64,800 bits and an encoding
rate of 3/5.

10363]

In particular, FIG. 60A illustrates an example of
the replacement method of an existing method where the
LDPC code is an LDPC code having a code length N of
64,800 bits and an encoding rate of 3/5 and besides the
modulatioﬁ method is 160AM and the multiple b is 2.

[0364]

Where the modulation method is 160QAaM, 4 (= m) bits
from among the cede bits are mapped as one symbol to some
cf 16 signal points prescribed by 16QAM.

[0365]

Further, where the code length N is 64,800 bits and
the multiple b is 2, the memory 31 (FIGS. 16 and 17 of
the demultiplexer 25 has eight columns for storing 4 x 2
(= mb) bits in the row direction and stores 64,800/ (4 x

2) bits in the column direction.



138 value table of FIG. 59 includes 0, 2084, 1613, 1548, 1286, 1460, 3196, 4297, 2481, 3369, 3451,
4620 and 2622, and this indicates that, in the first column of the parity check matrix H, the elements in
rows of the row numbers of 0, 2084, 1613, 1548, 1286, 1460, 3196, 4297, 2481, 3369, 3451, 4620 and
2622 have the value 1 (and besides the other elements have the value 0). [0344] Meanwhile, the
second row of the parity check matrix initial value table of FIG. 59 includes 1, 122, 1516, 3448, 2880,
1407, 1847, 3799, 3529, 373, 971, 4358 and 3108, and this indicates that, in the 361st (=
1+360x(2-1)th) column of the parity check matrix H, the elements in rows of the row numbers of 1,
122,1546¢%1Qﬁ@@éo,1407,1847,3799,3529,373,971,4358and3108havethevaMe:L[0345

As given above, the parity check matrix ipitial value table represents the position of elements of the

value 1 of the informatidh mafrix GRGF tHe parfy cHetk MaRrX Fr st &7 386 Cdldthns (B346]

Bach of the columns,of he pacity chesk marx tother than the, 1 360x(: 1th colymn, that is, each of
the :

memory 31 and writing of the 64,800 code bits {one
codeword) ends, the code bits written in the memorleIV
are read out in a unit of 4 x 2 (= mbk) bits in the row
direction and supplied to the replacement section 32
(FIGS. 16 and 17).
[0367]

The replacement section 32 replaces, for example,
the 4 x 2 (= mb) code bits bg, b1, by, bs:, b, bs, bg and b-
read out from the memory 31 such that, as seen in FIG.
60RA, the 4 x 2 (= mb) code bits bg to by are allocated to
4 x 2 {= mb) symbol bits vye, vi, Y2, Y3, Yar V5, Ye and vy
of successive two (= b) symbols.
[C368]

In particular, the replacement section 32 carries
out replacement for allocating

the code bit by te the symbol bit yq,

the code bit by to the symbol bit v,

the code bit b; te the symbol bit vy,

the code kit b; to the symbol bit vy,

the code bit by to the symbol bit vye,

the code bi

ot

by to the symbkol bit ys,



139 columns from 2+360x()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(i1)th column which depend upon the
parity check matrix initial value table periodically in the downward direction (in the downward direction
of the column) in accordance with the parity lengthiMs[0347] In particular, for example, the
2+360x(i-l)th column is a column obtained by cyclically shifting the 1+360x(i-)th column in the
downward direction by M/360 (= q), and the next 3+360x(i-l)th is a column obtained by cyclically
shifting the 1+360x(i-I)th column in the downward direction by 2 x M/360 (= 2 x q) and then cyclically
shifting the cyclically skif@d¢HinR 12+ 560%G )i Bl n the downwaid direction by M/360 (= q).
[0348] Now, if it is assumed that the numeral value in the jth column (jth from the left) in the ith
row (ith row from abové&)*6f thafarity Eh&ek rrathik SnifidfMRitde JF&ﬁe ¥ represented by bij and the row
number of the j EB%Ig ent of the value 1 in the wth column of the parity check matrix H is represented
by Hw_j, then[t € Fow number 140  of the element of the value 1 in the wth column which is a

column other than the 1+ S%(gé({ calum fGIhe |t¥LEI1 matrix H can be de rmlnfd in
accordance with an expression 3%31 %%49 | +mo Walg%i Xq, I\f) a(T ?
the replacement method of an existing method where the
LDPC code is an LDEC code having a code length N of
©4,800 bits and an encoding rate of 3/5 and besides the
modulation method is 64QAM and the multiple b is 2.
[0370]

Where the modulatiocn method is 64QAM, 6 (= m) bits
from among the code bits are mapped as one symbol to some
of 64 signal points prescribed by 64QAM.

(03711

Further, where the code length N i1s 64,800 bits and
the multiple b is 2, the memory 31 (FIGS. 16 and 17! of
the demultiplexer 25 has 12 columns for storing 6 x 2 (=
mb) bits in the row direction and stores 64,800/(6 x 2)
bits in the column direction.

[0372]

In the demultiplexer 25, when the code bits of the
LDPC code are written in the column direction of the
memory 31 and writing of the 64,800 code bits (one
codeword) ends, the code bits written in the memory 31

are read out 1In a'unit cf 6 x 2 (= mb) bits in the row



[0350] Here, mod(x,y) signifies a remainder when x is divided by y. [0351] Meanwhile, P is a
unit number of columns of the cyclic structure described hereinabove and is, for example, in the
-DV3-S.2 standard, as described above, 360. Further, g is a value M/360 obtained by dividing the parity
length M by the unit column number P (= 360) of the gyclic structure. [0352] The parity check
matrix production portion 613 (FIG. 29) specifies the row number of the elements of the value 1 in the
1+360x(i-1)th column of the parity check matrix H from the parity check matrix initial value table. [0353]

Further, the parity check matrix production portion 613 (FIG. 29) determines the row number H,_j of
the direction and supplied to the replacement section 32

(FIGS. 16 and 17).
[0373]

The replacement section 32 replaces, for example,
the 6 x 2 (= mb) cocde bits by, b1, bz, bi, bs, by, bs, by,
bg, ks, b and Dy; read out from the memory 31 such that,
as seen in FIG. 60B, the 6 x 2 (= mb) code bits by to by
are allocated to 6 x 2 (= mb) symbol bits Yor Yir Y2r Vi,
Yar Yir Yer Y7, Yar Yo, Yio and yii of successive two (= b)
symbols.

[0374]

In particular, the replacement section 32 carries
out replacement for allocating

the code bit by to the symbol bit vy,

the code bit by to the symbol bit vy,

the code bit by to the symbol bit vysj,

the code bit bs to the symbol bit vy,

the cecde bit by to the symbol bit vy,

the code bit bs to the symbol bit vy,

the code bit bg to the symbol bit vy,

the code bit b; to the symbol bit vys,

the code bit bg te the symbol bit v,

the code bit by tLo the symbol bit vys,

the code bit bjpy to the symbol. bit v., and



141 element of the value 1 in the wth column which is a column other than the 1+360x(i-1)th column of
the parity check matrix H in accordance with the expression (10) and produces a parity check matrix H
in which the elements of the row numbers obtained by the foregoing have the value 1. [0354]
Incidentally, it is known that the LDPC code havingiary encoding rate of 2/3 prescribed in the DVB-S.2
standard is inferior (higher) in the error floor thereof in comparison with the LDPC codes of the other
encoding rates. [0355] Here, a phenomenon (error floor phenomenon) that, as the S/N (Es/No)
becomes higher, the drop of the error rate (HER) becomes duller and the error rate stops its drop
occurs, and the error rateSwRER & diog stofSistitetdrihsor. 085670+  If the error floor becomes
higher, then generally the tolerance to errors in the communication path 13 (FIG. 7) drops, and
therefore, it is We%?r%gle to take a countermeasure for improving the tolerance to errors. [0357]

In particular, FIG. 60C illustrates an example of
the replacement method of an existing method where the
LDPC code 1s an LDPC code having a code length N of
64,800 bits and an encoding rate of 3/5 and besides the
modulation method is 2560QAM and the multiple b is 2.
[0376]

Where the modulation method is 256QAM, 8 (= m) bits
from among the code bits are mapped as cne symbol to some
of 256 signal points prescribed by 2560AM,.

[0377]

Further, where the code length N is 64,800 bits and
the multiple b is 2, the memory 31 (FIGS. 16 and 17) of
the demnultiplexer 25 has 16 columns for storing 8 x 2 (=
mb) bité in the row direction and stores €4,800/(8 x 2)
bits in the column direction.

[C378]

In the demultiplexer 25, when the code bits of the
1LDPC code are written in.the celumn direciion of the
memory 31 and writing of the 64,800 code bits (one
codeword) ends, the code bits written in the memory 31
are read out in a unit of § x Z (= mb) bits in the row

direction and supplied to the replacement section 32



142 As a countermeasure for improving the tolerance to errors, for example, a replacement
process which is carried out by the demultiplexer 25 (FIG. 8) is available. [0358] In the
replacement process, as a replacement method for replacing code bits of an LOP code, for example,
the first to fourth replacement methods described herginabove are available. However, it is demanded
to propose a method which has a further improved tolerance to errors in comparison with methods
proposed already including the first to fourth replacement methods. [0359] Thus, the
demultiplexer 25 (FIG. 8) is configured such that it can carry out a replacement process in accordance
with an allocatiér pile asdestfibed hereinabove with reference to FIG. 25. [0360] In the following,
before a replacement process in accordance with an allocation rule is described, a replacement
process by reél%%&%%nt methods (hereinafter referred to existingmethods) proposed already is
described. [0361] A repl cemegﬁe%rocess where it is assumed that the 143 replacement process is

carried out in accordanca Wittt e SAEHY metidd By the démuftipieker 25%is YESTRLE with
reference to FIGS. 80and 6L 1) ode bits bg, by, bs, bs, bs, bs, bs, by,

by, by, Do, b1i, b1z, P13, b and bys read out from the
memory 31 such that, as seen in FIG. 60C, the § x 2 (=
mb) code bits by to by are allocated to 8 x 2 (= mb)
symbol DPiTs VYo, Vi, Y2, Y3, Yar Ys. Yer Y7, Yer Yo, Y10, Yils
Yiz, Y13, Via and yis of successive two (= b) symbols.
[0380]

In particular, the replacement section 32 carries
out replacement for allocating |

the code kit by to the symbol bit vis,

the code bit by to the symbol bit v,

the code bit by to the symbol bit vy, -

the code bit bs: to the symbol bit vy,

the code bit by to the symbol bit vg,

the code bit by to the symbol bit yii,

the code bit bg to the symbol bit vy,

the code bit b; to the symbol bit vys,

the code bit bg to the symbol bit vig,

the code bit by to the symbol bit v,

the code bit by to the symbol bit v,

the code bit bi: te the symbol bit vy,



[0362] FIG. 60 shows an example of the replacement process of an existing method where the
LDPC code is an LDPC code having a code length N of 64,800 bits and an encoding rate of 3/5.
[0363] In particular, FIG. 60A illustrates an example of the replacement method of an existing
method where the LDPC code is an LDPC code haying a code length N of 64,800 bits and an
encoding rate of 3/5 and besides the modulation method is 16QAM and the multiple b is 2. [0364]
Where the modulation method is 16QAM, 4 (= m) bits from among the code bits are mapped as one
symbol to some of 16 signal points prescribed by 16QAM. [0365] Further, where the code length
N is 64,800 bits and théRulfiple B2 the:nfeméiyB1sFEIBSL 163ahdvi7) of the demultiplexer 25 has

elght columns for storln%4 2 (= mb) bits in the row direction and stores 64,800/(4 x 2) bits in the
column direction. @ code bit biz to the symbOA bit vys,

the code bit bi; to the symbol bit vy, and

the code bit b;s to the symbol bit vyg.
[0381]

FIG. ¢l shows an example of the replacement process
of an existing method where the LDPC code is an LDPC code
having a code length N of 16,200 bits and an encoding
rate of 3/5.

(03827

In particular, FIG. 61A illustrates an example of
the replacement method of an existing method where the
LDPC code is an LDPC code having a code length N of
16,200 bits and an encoding rate of 3/5 and besides the
modulation method is 160QAM and the multiple b is 2.
[038371

Where the modulation method is 16QAM, 4 (= m) bits
from among the code bits are mapped as one symbol to some
of 16 signal points prescribed by 16CAM.

[G384]

Further, where the code length N is 16,200 bits andg
the multiple b is 2, the memory 31 {FIGS. 16 and 17) of
the demultiplexer 25 has 8 columns for storing 4 x 2 (=

mb) bits in the row direction and stores 16,200/(4 x 2)



194 [0366] In the demultiplexer 25, when the code bits of the LDPC code are written in the
column direction of the memory 31 and writing of the 64,800 code bits (one codeword) ends, the code
bits written in the memory 31 are read out in a unit of 4 x 2 (= mb) bits in the row direction and supplied
to the replacement section 32 (FIGS. 16 and 17). [Q367] The replacement section 32 replaces, for
example, the 4 x 2 (= mb) code bits bo, 101, 102, bo, b4, b5, b6 and b7 read out from the memory 31
such that, as seen in FIG. 60A, the 4 x 2 (= mb) code bits bo to b7 are allocated to 4 x 2 (= mb) symbol
bits yo, Y4, Yor y,y5, Y6 and y7 of successive two (= b) symbols. [0368] In particular, the
replacement s&ction 32 ¢aifieS DUPFEbIACERERtTOT allocating the code bit bo to the symbol bit y7, the
code bit b4 tobflp%§¥mbol bit yl, the code bit b2 to the symbol bit Y4, the code bit b3 to the symbol bit
Y2, the code bi (lthe symbol bit y5, the code bit b5 to the symbol bit y3, 145 '

In the demultiplexer 25, when the code bits of the
LDPC code are written in the column direction of the
memory 31 and writing of the 16,200 code bits (one
codeword) ends,.the code bits written in the memory 31
are read out in a unit of 4 x 2 (= mb) bits in the row
direction and supplied to the replacement section 32
(FIGS. 16 and 17).
038¢]

The replacement section 32 replaces, for example,
the 4 x 2 {= mb) cocde bits by, b1, bz, bz, i, bs, bs and by
read out from the memory 31 such that, as seen in FIG.
6148, the 4 x 2 (= mb) code bits by to by are allocated to
4 x 2 (= mb) symbol bits yo, Vi, Yo, yg} Vir Vs, Ye and ys
of successive two (= b) svmbols. |
[0387]

In particular, the replacement section 32 carries
cut replacement for allocating the code bits bg to by to
the symbol bits yy te yy as in the case of FIG. 6CA
described above.

[0388]
In particular, FIG. 61B illustrates an example of

the replacement methed cof an existing method where the



the code bit bo to the symbol bit y6, and the code bit bo to the symbol bit yo. [0369] In particular,
FIG. 608 illustrates an example of the replacement method of an existing method where the LDPC
code is an LDPC code having a code length N of 64,800 bits and an encoding rate of 3/5 and besides
the modulation method is 64QAM and the multiple b=ig 2. [0370] Where the modulation method is
64QAM, 6 (= m) bits from among the code bits are mapped as one symbol to some of 64 signal points
prescribed by 64QAM. [0371] Further, where the code length N is 64,800 bits and the multiple b
is 2, the memory 31 (FIGS. 16 and 17) of the demultiplexer 25 has 12 columns for storing 6 x 2 (= mb)
bits in the rovi-aifecticiténd &totés B2 BOOKBIE2) Bits ifthd cofiitfin Hiestion.Jos72] In the
demultiplexer 25, when the code bits of the LDPC code are Writtgn in the column direction of the

memory 31 ahd writihg“dfthie BABGH cSHEBItS (Bhe Eodewardy éndétHe 'Rodebits wriften in the
memory 31 afe read Qutin 4 UNole X2 ORI PR MeSWorkipie b is 2.
[0389]

Where the modulation method is 640QAM, 6 (= m) bits
from among the code bits are mapped as one symbol to some
of 64 signal points prescribed by 640QAM.

[03290]

Further, where the code length N is 16,200 bits and
the multiple b is 2, the memcry 31 (FIGS. 16 and 17) of
the demultiplexer 25 has 12 cclumns for storing 6 x 2 (=
mh) bits in the row direction and stores 16,200/(6 x 2)
bits in the column direction.

[0391]

In the demulitiplexer 25, when the code bits of the
LDPC code are written in the column direction of the
memory 31 and writing of the 16,200 code bits (one
codeword) ends, the code bits written in the memory 31
are read out in a unit of & x 2 (= mb) bits in the row
direction and supplied to the replacement section 32
(FIGS. 16 and 17).

(0392]
The replacement section 32 replaces, for example,

the 6 x 2 (: mb) code bits .bg, bl, bz, b3, bg, b5, bg, b'j,



146 direction and supplied to the replacement section 32 (FIGS. 16 and 17). [0373] The
replacement section 32 replaces, for example, the 6 x 2 (= mb) code bits bo, bl, 102, b3, b4, 105, 106,
b7, b8, b9, 14410 and b14 read out from the memory 31 such that, as seen in FIG. 608, the 6 x 2 (=
mb) code bits bo to 1314 are allocated to 6 x 2 (= mb)»symbol bits yo, YIry2, y3 Y4/ y5, Y6r y7r Y8r
Y9r Y10 and yii of successive two (= b) symbols. [0374] In particular, the replacement section 32
carries out replacement for allocating the code bit bO to the symbol bit yfl, the code bit bl to the symbol
bit y7, the code bit b2 to the symbol bit y3, the code bit b3 to the symbol bit yo, the code bit b4 to the
symbol bit y6,4tre Esele Bie b6 theisyifiBel Bity2 fheTeotRDif 56 o the Sy nibsibityd: the code bit b7
to the symbol bit y4, the code bit b5 to the symbol bit yl, the code bit b9 to the symbol bit ye, the code
bit b10 to the &§mBofBit 4, and - 147 the"&5debif bh 16 Th&8ymbBFSit ¥o.18375] £° P particular,

FIG. 60C illustrates 3’1 exarggclie Qgthg rgp%ac ment.method olf n,existing method where the LDPC
o =

code is an LDPC c6de having a c8de length 20%4,865%?@ andléaneHGOdiﬁb’rﬁé’of%?S and besides
the modulat|o94r’ne§hS(,)d ﬁ?S@QA%z’m ;tt]e r?éjl%%lg byllsl be successive two (= b)

symbols.

10393]

In particular, the replacement section 32 carries
out replacement for allocating the code bits by to b to
the symbol bits yp to yi1 @s in the case of FIG. &0B
described above.

[0394]

In particular, FIG. 61C illustrates an example of
the replacement method of an existing method where the
LDPC code is an LDPC code having a code length N of
16,200 bits and an encoding rate of 3/5 and besides the
modulation method is 256QAM and the multiple b is 1.
[0395]

Where the modulatiocn method is 2560AM, 8 (= m) bits
from among the code bits are mapped as one symbol o some
of 256 signal points prescribed by 25600AM.

[0396]

Further, where the code length N is 16,200 bits énd

the multiple b is 1, the memory 31 (FIGS. 16 and 17) of

the demultiplexer 25 has 8 columns for storing 8 = 1 (=



[0376] Where the modulation method is 256QAM, 8 (= m) bits from among the code bits are
mapped as one symbol to some of 256 signal points prescribed by 256QAM. [0377] Further,
where the code length N is 64,800 bits and the multiple b is 2, the memory 31 (FIGS. 16 and 17) of the
demultiplexer 25 has 16 columns for storing 8 x 2 (F #b) bits in the row direction and stores 64,800/(8
X 2) bits in the column direction. [0378] In the demultiplexer 25, when the code bits of the LOPS
code are written in the column direction of the memory 31 and writing of the 64,800 code bits (one
codeword) ends, the code bits written in the memory 31 are read out in a unit of 8 x 2 (= mb) bits in the
row direction &fd stippliedito the%epRidefieht SEélBh 321458 (IGS. 16, ait 17) [0379] The
replacement section 32 replaces, for example, the 8 2 2 (= mb) code bits bo, bl, b2, b3, b4, bs, b5, b7,
b10, bu, b12, BnB14 Rntitis FeadBet from&Reé A¥mory 31 such that, as seen in FIG. 60C, the 8 2 2
(= mb) code b_itg?é) t]o Ns are allocated to 8 2 2 (= mb) symbol bits yo, yIf Y21 Y3l y4, Y5I Y6 r y7, Y81
Y9ryl10, ylr * !

In the demultiplexer 25, when the code bits of the
LDPC code are written in the column direction of the
memery 31 and writing of the 16,200 code bits (one
codeword) ends, the code bits written in the memory 31
are read out in a unit of 8 x 1 (= mb) bits in the row
direction and supplied to the replacement section 32
(FIGS. 16 and 17).

[0398]

The replacement section 32 replaces, for example,
the 8 x 1 (= mb) code bits by, bi, bz, bs, bs, bs, bs, and
by read cut from the memcry 31 such that, as seen in FIG.
61C, the 8 x 1 (= mb) code bits by to by are allocated to
8 x 1 (= mb) symbol bits ys, Vi, V2, V3, Vi, ¥5, ¥s and vyu

of successive one (= b) symbols.

In particular, the replacement section 32 carries
out replacement for allocating

the code bit by to the symbol bit yq,

the code bit b:; to the symbol bit vy,

the code bit b; to the symbol bit yq,

the ccde bit bz to the symbol bit vys,



y12, yn, y14 and yfl of successive two (= b) symbols. [0380] In particular, the replacement section
32 carries out replacement for allocating the code bit bO to the symbol bit y45, the code bit b4 to the
symbol bit ym the code bit b2 to the symbol bit y13, the code bit Ids to the symbol bit y3, the code bit
b4 to the symbol bit y6, the code bit bs to the symbpt bit Y11, the code bit b6 to the symbol bit y9, the
code bit b7 to the symbol bit y5, the code bit Ids to the symbol bit ylo, the code bit Ids to the symbol bit
y6, the code bit No to the symbol bit y4, the code bit 1411 to the symbol bit y7, 149 the code bit b12 to
the symbol b t Yn, the code bit b13 to the symbol bit y2, the code bit Ini4 to the symbol bit yfl, and the
code bit b15 to the synibot bRAAE [63§1]°¢ T FIE B1SHBWR ar ékariple of the replacement process

of an existing method where the LDPC code is an LDPC code having a code length N of 16,200 bits
and an encoding rate of 35 70382P* % Hh p&ticlar, FIE B1ASIstrstes an example of the

replacement method of an existing. method where the LDPC cade,is an LDP% code having a code
length N of 16,200 bitsrta%ned an é%cgé%ggr%\tg of E%aﬁ&/ %E&%ie%s) Jtﬁce Aigduiation method is 16QAM and

the mu!tiple bis 2. [038E334e COHth@éh&m@@?ﬁgn&g{?gﬂi%}gQ oM 4 (= m) bits from among the
code bits are mapped as oné symbol to some o sighal points prescribed by 16QAM.
{0400]

Now, a rsplacement process in accordance with an
allocation rule (héreinafter referred to also as
replacement process in accordance with the new
replacement methed) is described.

[0401]

FIG3. 62 to 64 are views illustrating the new
replacement method.
[0402]

In the new replacement method, the replacement
section 32 of the demultiplexer 25 carries out
replacement of mb code bits in accordance with an
allocation rule determined in advance.

[0403]

The allocation rule is a rule for allocating code
bits of an LDPC code to symbol bits. In the allocation
rule, & group set which is a combination of a code bit
group of code bits and a symbol bit group of symbol bits

to which the code bits of the code bit group are

allocated and a bit number (hereinafter referred to alsoc



[0384] Further, where the code length N is 16,200 bits and the multiple b is 2, the memory 31
(FIGS. 16 and 17) of the demultiplexer 25 has 8 columns for storing 4 x 2 (- rub) bits in the row
direction and stores 16,200/(4 x 2) 150 bits in the column direction. [0385] In the demultiplexer
25, when the code bits of the LDPC code are writtengp the column direction of the memory 31 and
writing of the 16,200 code bits (one codeword) ends, the code bits written in the memory 31 are read
out in a unit of 4 x 2 (= mb) bits in the row direction and supplied to the replacement section 32 (FIGS.
16 and 17). [0386] The replacement section 32 replaces, for example, the 4 x 2 (= mb) code bits
100, hl, b2, b3 4 406PbE ahd BFREE oGtirdiA We Fienfors 3L SYEPthat LA Seéif intErG. 61A, the 4

X 2 (= mb) code hits bo to b7 are allocated to 4 x 2 (= mb) symbol bits yo %lr Y21vy3,y4, %/5, y6 and y7
ofsuccesgveQW%?:Qﬁ%yﬂﬁﬁﬁQ and the symbol bit Qroup of the grdup se

are prescribed.
[0404]

Here, the code bits are different in error
probability thereamong and also the symbol bits are
different in error probability thereamong as described
above. The code bit group is a group into which ﬁhe code
bits are grouped in accordance with the érror probability
and the symbol bit group is a group into which the symbol
bits are grouped 1n accordance with the error probability.
[0405]

FIG. 6Z illustrates code bit groups and symbol bit
groups where the LDPC code is an LDPC code having a code
length N of 64,800 bits and an encoding rate of 2/3 and
besides the modulation method is 2560Q0AM and the multiple
b is 2.

[04061

In this instance, 8 x 2 (= mb) code bits by to bis
read cut from the memory 31 can be grouped into five code
bit groups Gb;, Gbs, Gbi, Gb; and Gbs as seen in FIG. 622
in accordance with the difference in error probabilityi
[0407] |

Here, the code bit group Gb; is a group in which



[0387] In particular, the replacement section 32 carries out replacement for allocating the code
bits bo to b7 to the symbol bits yo to yo as in the case of FIG. 60A described above. [0388] In
particular, FIG. 618 illustrates an example of the replacement method of an existing method where the
151 LDPC code is an LDPC code haying a code lehgth N of 16,200 bits and an encoding rate of 3/5
and besides the modulation method is 64QAM and the multiple b is 2. [0389] Where the
modulation method is 64QAM, 6 (= m) bits from among the code bits are mapped as one symbol to
some of 64 signal pqints prescribed by 64QAM. [0390] . Further, where the code length N is
16,200 bits and’fiie MukipIeh 183 G memor) 319BRES P16 aRdAH of the Wekiulfiplexer 25 has 12

columns for storitr19€6]:x %%‘Lnb bits in the rgw,di%ecﬁior% and stgrgs 16,%%0/%5 X 2) bits in\l%t)e column
direction. [0394] "~ In‘the" derultipfexer 25 Whah the RodE bits of fe LDPC cSds & ritten in the

column directy%gsoféhgﬁmq%mo%%%gnd writing of the 16,200 code bits (one codeword) ends, the code
bits written in the memory )

[0408)

In FIG. 62A, to the code bit group Gbi, the code
bit be belongs; to the code bit group Gb:, the code bit b,
belongs; tc the code bit group Gk, the code bits by to bs
belong; to the code bit group Gby, the code bit big
belongs; and to the code bit group Gbs, the code bits by
to by belong.

[0408]

Where the modulation method is 256QAM and the
multiple b is 2, the 8 x 2 (= mb) symbol bits vy to vyis
can be grouped into four symbol bit groups Gy, Gyz, Gys
and Gyys a&s seen in FIG. ©62B in accordance with the
difference in error probability.

[0410]

Here, the symbol bit grcup Gy; is a group in which
symbol bits belonging to the symbol bit group Gy; have a
better error probabillity as the suffix i thereof has a
lower value similarly to the code bit group.

[0411]
In FIG. 62B, to the symbol bit group Gyi, the

symbol bits vye, vi, vs and ye belong; to the symbol bit



are read out in a unit of 6 x 2 (= mb) bits in the row direction and supplied to the replacement section
32 (FIGS. 16 and 17). [0392] The replacement section 32 replaces, for example, the 6 x 2 (= mb)
code bits lac), b1, b2, b3r b4r b5, b6r b7r 152 b8, b9, No and bn read out from the memory 31 such
that, as seen in FIG. 619 the 6 x 2 (= mb) code bitsjlzzto b11 are allocated to 6 x 2 (= mb) symbol bits
yo y21y3, 14, Y5, Y6, Y7, ys, Y9, yo and yn of successive two (= b) symbols. [0393] In particular,
the replacement section 32 carries out replacement for allocating the code bits bo to lon to the symbol
bits Yo to yn as in the case of FIG. 603 described above. [0394] In particular, FIG. 610 illustrates
an example oPfHe e platemEREMEIHECE ah Existing nfethct wiiére the L BPEPESde is°an LDPC code
having a code length N of 16,200 bits and an encoding rate of 3/5 and besides the modulation method
is 256QAM ard‘the*¥iliftipte i< 19[0388] ©¥3 1 Wiidre THEiddfiatich #iath8eris 2566, 8 (= m) bits
from among the code bits are mapped as one symbol to, some of 256 signal points prescribed by
256QAM. [0396] %eﬁﬁﬁﬁheﬁr\}v%egg tﬁ%%oag‘er?g?th is £6:366 bi g‘%inci:%e miiltiple b is 1, the

memory 31 (FA(J-T;LS$ 1?@?”@ %L’?) 39{}@11%@%“@8%%%%5. has 8 columns for storing 8 x 1 (=
[0412]

FIG. 63 illustrates an allocation rule where the
LDPC code is an LDPC cbde having a code length N of
64,800 bits and an encoding rate of 2/3 and besides the
modulation methced is 256Q0AM and the multiple b is 2.
[0413]

In the allocation rule of FIG. €3, the combination
of the code bit group Gb; and the symbol bit group Gy; is
defined in the first from the left of FIG. &3 as one
group set. Further, the group bit number of the group set
is prescribed to 1 bit.

[0474]

In the follcowing description, a group set and a
group bit number of the group set are collectively
referred to as group set infcormation. For example, the
group set of the code bit group Gb; and the symbol bit
group Gys and 1 bit which i1s the group bit number of the
group set are described as group set information (Gbi, Gyy,
1.

[0415]



153 mb) bits in the row direction and stores 16,200/(8 x 1) bits in the column direction. [0397] In
the demultiplexer 25, when the code bits of the LDPC code are written in the column direction of the
memory 31 and writing of the 16,200 code bits (one codeword) ends, the code bits written in the
memory 31 are read out in a unit of 8 x 1 (= mb) bitsgp the row direction and supplied to the
replacement section 32 (FIGS. 16 and 17). [0398] The replacement section 32 replaces, for
example, the 8 x 1 (= mb) code bits bo, b1, b2, b3, 104, bu bu and b7 read out from the memory 31
such that, as seen in FIG. 610, the 8 x 1 (= mb) code bits be, to b7 are allocated to 8 x 1 (= mb)
symbol bits yo, yu y2 yBiyaSs 21768l 7 of Stctesdivé bhe (2b) s§mbors. j6399] In particular,
the replacement section 32 carries out replacement for allocating the code bit be to the symbol bit y7,

the code bit bi-o"RE /M3l bit§73; thE€ode Bit b2 55 the §Ymbol bit yi e c5d& bit'3 to the symbol
bitys, (Gbs, Gys, 2), (Gbs, Gya, 2), (Gbs, Gys, 1), (Gbs, Gyi, 1),

(Gbs, Gy, 3) and {(Gbs, Gyi, 1) 1s prescribesd in addition
to the group set information (Gbi, Gy, 1).
[0416]

For example, the group set information (Gb:, Gy,
1) signifies that one code bit belonging to the code bit
group Gb: is allocated to cne symbol bit belconging to the
symbel bit group Gys.
[0417]

Accordingly, according to the allocation rule of
FIG. 63, it is prescribed that,

depending upon the group set information (Gbi, Gy,
1), cne code bit of the code hit group Gb; which is best
in error probability is allocated to one symbol bit of
the symbol bit group Gy, which is fourth best in error
probakility, that

depending upon the group set information {Gb., Gy,
1), one code bit of the code bit group Gb; which is second
best in error prokabilility is allocated to one symbol bit
of the symbol bit group Gy, which is fourth best in error
probability, that

depending upon the group set information (Cbki, Gyi,



154 the code bit b4 to the symbol bit Y2, the code bit b5 to the symbol bit ye" the code bit b6 to the
symbol bit y4, and the code bit b7 to the symbol bit yo. [0400] Now, a replacement process in
accordance with an allocation rule (hereinafter referred to also as replacement process in accordance
with the new replacement method) is described. [040%] - FIGS. 62 to 64 are views illustrating the
new replacement method. [0402] In the new replacement method, the replacement section 32 of
the demultiplexer 25 carries out replacement of mb code bits in accordance with an allocation rule

determined in_advance. [0403] , , o _
3), three code bits of the code bit group Gb; which is

third best in error probability are allocated to three
symbol bits of the symbol bit group Gy; which is best in
error probability, that

depending upon the group set information (Gbi, Gy,
1), one code bit of the code bit group Gbs; which is third
best in error probability is allocated to cne symbol bit
of the symbol bit group Gy which is second best in error
probakility, that

depending upon the group set information (Gbs, Gys,
2), two code bits of the code bit group Gbs which is third
best in error prokability is allocated to two symbol bits
of the symbcl bit group Gysz which is third best in error
prokability, that

depending upon the group set information (Ghs, Gys,
2), two code bits of the code bit group Gbi which is third
best in error probability is allocated tTo two symbol bits
of the symbol bit group Gyg which is fourth best in error
probability, that

depending upon the group set information (Gbs, Gys,
1), one ccde bit of the code bit group Gbs; which is fourth
best in error probability i1s allocated to one symbol bit
of the symbcel bit group Gy; which i1s third best in error

probability, that



The allocation rule is a rule for allocating code bits of an LDPC code to symbol bits. In the allocation
rule, a group set which is a combination of a code bit group of code bits and a symbol bit group of
symbol bits to which the code bits of the code bit group are allocated and a bit number (hereinafter
referred to also 155 as group bit number) of code bits and symbol bits of the code bit group and the
symbol bit group of the group set are prescribed. [0404] Here, the code bits are different in error
probability thereamong and also the symbol bits are different in error probability thereamong as
described above. The code bit group is a group into which the code bits are grouped in accordance
with the error probabili§Fasd the 8ymBeFbit-§ouptis agrdap iﬁ%%ﬁ@ﬁﬁi@%nﬁﬁgb bit§ Hre grouped in
accordance with the error probability. [0405] FIG. 62 illustrates code hit groups and symbol bit
groups where'the IOPCESHR i€5h IBPECodeIing & c%ﬁ%q@ngfﬂSN%?%ﬁ?BdOSbngﬁ& an encoding

te of 2/3 besides th dulati thod is,256QAM and t Iltiple b is 2. [0406 In thi
irr?siacr)lce, 8axng?§e$'rl1£nsc§ ergi?fs %g(%o%%%?égg Igf]tS fro ]T%%%I%S (?r-’)g] gfflrg en%?aér% s%almto fivg coIZe

bit groups Ginaf Gb2, Gb3 b%?4gng Ghb5 as sgen inhlzilgh 632,56\ ig accordance with the difference in

1 e85

error probabilﬁy. [E) 87]Slélngre, the codglf)ﬁug[?oug]egi ISagroupinw ich' 156 code bits belonging to
the code bit gﬁ%ggﬁq%v;’a better (lower) error probability as the suffix i thereof has a lower value.

depending upon the group set information (Chs, Gy,
3y, three code bits of the code bit group Gbs which is
fifth best in error precbability is allocated tc three
symbol bits of the symbol bit group Gy; which is second
best in error probability, and that

depending upon the group set informaticen (Gbs, Gy,
1), one code bit of the code bit group Gbs which is fifth

 best in error probability is allocated to one symbol bit
of the symbol bit group Gys which is third best in error
probability.
[0418]

Bs described above, the code bit group is a group
into which code bits are grouped in accordance with the
error probability, and the symbol bit group is a group
into which symbol bits are grouped in accordance with the
error probability. Accordingly, also it can be considered
that the allocation rule prescribes a combination of the
error probablility ©f code bits and the error prokability

of symbol bits toe which the code bits are allocated.



[0408] In FIG. 62A, to the code bit group Gb1, the code bit 'Do belongs; to the code bit group Gb2, the
code bit bi belongs; to the code bit group Gb3, the code bits b2 to b9 belong; to the code bit group
Gb4, the code bit blo belongs; and to the code bit group Gb5, the code bits b11 to b15 belong. [0409]
Where the modulation method is 256QAM and the mgultiple b is 2, the 8 x 2 (= mb) symbol bits yo to
Y15 can be grouped into four symbol bit groups Gy1, Gy2, GY3 and Gy4 as seen in FIG. 62B in
accordance with the difference in error probability. [0410] Here, the symbol bit group Gyiis a
group in which symbol bits belonging to the symbol bit group Gyi have a better error probability as the
suffix i thereoft R4< & lower value similarly to the code bit group. [0411] In FIG. 62B, to the symbol bit

3g0qu3G¥il;l1 tgﬁds;/rrrggll &bﬁj {)t/oi)s(l,né8nggg£ }/91_‘b1§3.slaorﬁle1 ; fg éget 3sE)C/)rrr}]bgL |é 1w 7i%rﬁup Gy2, the symbol bits

prescribes a combination of the error probability of code
pits and the error probability of symbol bits to which
the code bits are allocated is determined such that the
tolerance to errors (tolerance to noise) i1s made betier,
for example, through a simulation whérein the BER is .
measured or the like.

{04207

Tt is to be noted that, even if the allocation
destination of a code bit of a certain code bit group is
changed amcng bits of the same symbol bit group, the
tolerance to errors is not {(little) influenced thereby.
[0421]

Accordingly, in order to improve the tolerance to
errors, group set information which makes the BER (Bit
Error Rate) including the error floor lower, in
particular, combinations (group sets) cof code bit groups
of code bits and symbol bit groups of symbol bits to
which the code bits of the code bit groups are to be
allocated and the bit numbers (group bit numbers) of the
code bits of the code bit groups and the symbol bit
groups of the group sets and cf the symbol bits, should

be defined as an allocation rule, and replacement of The



the symbol bit group Gy5, the symbol bits y4, y5, y12 and y12 belong; and to the symbol bit group
Gy4, the symbol bits y6, yli y14 and y15 belong. [0412]  FIG. 63 illustrates an allocation rule where
the LDPC code is an LDPC code haying a code length N of 64,800 bits and an encoding rate of 2/3
and besides the modulation method is 256QAM anddhe multiple b is 2. [0413] In the allocation
rule of FIG. 63 he combination of the code bit group Gbl and the symbol bit group Gy4 is defined in the
first from the left of FIG. 63 as one group set. Further, the group bit number of the group set is

prescribed to | bit. [0414] In_the following description, a grod set and a group, bit number of the
group set are CSHECtREN reétéfid to 38 grdap %@fjin%ﬁnaéfi%ﬂ?%gékarjﬁﬁfé, & Grdtb et of the code

i o i S e YL rouR O AT M e amye L DRRT B e e
allocation rule.
[(G422]

However, a particular allocation method in regard
to to which symbol each code bit should be allocated in
accordénce with the allocation rule need be determined in
advance between the transmission apparatus 11 and the
reception apparatus 12 (FIG. 7).

[0423]

FIG. 64 illustrates an example of replacement of
code bits in accordance with the allocation rule of FIG.
63.

[0424]

In particular, FIG. 64A illustrates a first example
of replacement of code bkits in accordance with the
allocaticn rule of FIG. 63 where the LDPC code is an LDPC
code having a code length N of 64,800 bits and an
encoding rate of 2/3 and besides the modulation method is
2560AM and the multiple b is 2.

[0425]

Where the LDPC code is an LDPC code having a code

length N of 64,800 bits and an encoding rate of 2/3 and

besides the modulation method i1s 2Z560QAM and the multiple



158 In the allocation rule of FIG. 63, group set information (Gb2, Gy4, 1), (Gb3, Gyl, 3), (Gb3,
Gyi, 1), (Gb3, Gy3, 2), (Gb3, Gy4, 2), (Gb4, Gy3, 1), (Gips, G371, (Gbs, Gy2, 3) and (Gbs, Gy3, 1) is
prescribed in addition to the group set information (Gbi, Gy4, 1). [0416] For example, the group
set information (Gbi, GY4, 1) signifies that one codeg it belonging to the code bit group Gldi is

- allocated to one symbol bit belonging to the symbol bit group Gy4. [0417] Accordingly, according
to the allocation rule of FIG. 63, it is prescribed that, depending upon the group set information
(Gb1, GY4, 1), one code bit of the code bit group Gb1 which is best in error probability is allocated to
one symbol bi ot theZsyribolBiegdrpuGy4 whicteis fobirth bedeintérrer probability, tmatthe
depending upon the group set information (Gb2, GY4, 1), one code bit of the code bit group GO2
which is secoR@Bestinerrdrigrobabiliflis alldcitedl tb onelSynibalbibefthe Synibot bit group Gy4
which is fourth best in error probability, that depending upon the group set information (Gb3, Gyi, 159
3), three code Bits8F the ot b grotp™G3 WHIEK isithird HekterforhroBabilify dre'dbkated to three
symbol bits of the y)r(n?kl)git %gwp giyggvhich is bestin error probability, tgagg:%pending upon the

. ar Tr H
group set information ( n the row direction an

, Gy
supplied to the replacement section 32 (FIGS. 16 and 17).

104267

The replacement section 32 replaces the 8 x 2 (=
mb) code bits by to bis read out from the memory 31 in
accordance with the allocation rule of FIG. 63 such thatz
the 8 x 2 (= mb) code bits by to bis are allocated, for
example, to the 8 x 2 (= mb) symbol bits y; to yis of two
(= b) successive symbols as seen in FIG., 64A.
[0427]

In particular, the replacement section 32 carries
out replacement for allocating

the code bit by to the symbol bit vyis,

the code bit by to the symbol bit vy,

the code bit b; to the symbol bit vyq,

the code bit by to the symbol bit vy,

the code bit by to the symbol bit ye,

the code bit bs te the symbol bit vyis,

the code bit bg te the symbol bit yii,

the code kit by to the symbol bit vy,

the cede bit by to the symbol bit vy,



1), one code bit of the code bit group Gb3 which is third best in error probability is allocated to one
symbol bit of the symbol bit group Gy2 which is second best in error probability, that depending upon
the group set information (Gb3, Gy3, 2), two code bits of the code bit group Gb3 which is third
besterror probability is allocated to two symbol bitsiagf4he symbol bit group 0y3 which is third best in
error probability, that depending upon the group set information (Gb3, Gy4, 2), two code bits of
the code bit group Gb3 which is third best in error probability is allocated to two symbol bits of the
symbol bit group Gy4 which is fourth best in error probability, that depending upon the group set
information (Gb4, GY3;15, G&'€odrebit Bt thé cblE bit'gtatp Gbid-which is fourth best in error
probability is allocated to one symbo| bit of the symbol bit group, Gy3 which is third best in error
probability, that 160 depéndiigT ﬁt[h%ﬁrotu% éﬁ@fnf%ym il ?é%S,yii,’one code bit of the code bit
group Gb5 which is fifth. best in.error. prabability is.allocated to one symbol bit of the symbol bit group
Gyl which is best in err%:)}}eprgt?acﬁlit%}%g?“ L%e%p%%d?r}émgﬁgnofﬁletg%ﬂp set information (Gb5, Gy2,

3), three code bits of the code bit grqup }gale [ ich Is f%f%ggit. in grroy J)robability is allocated to three

symbol bits of the symbol bit group Gy2 which'is second best in error'probability, and that

depending upon the group setinformation (GRS, Gy3, d)-@ne cede bit of the code bit group Gb5 which
is fifth best in error probability is allocated to one symboal bit of the symbol bit group Gy3 which is third

best in error probability.{0418ls= b AS q%crd'@nggoggmm@ coge bitgroup,ig a group into which code
bits are grouped in accordance with the error probability, and the symbol bit group is a group into
which symbol bits are graupeddn accardance withitbe eprasprobahility, Accordingly, also it can be
considered that the allocation rule prescribes a combination of the error probability of code bits and the
error probability £ 8ymbol bits to which the code bits are allocated.
#1G. 64B illustrates a second example of
replacement of code bits in accordance with the
allocation rule of FIG. 63 where the LDPC code is an LDPC
code having a code length N of 64,800 bits and an
encoding rate of 2/3 and besides the modulation method is
2560AM and the multiple b is 2.
10429]
According to FIG. 64B, the replacement section 32
carries out replacement fcor allcocating the 8 x 2 {= mb)
code bits by to bis read out from the memory 31 in
accordance with the allocation rule of FIG. 63 in such a
manner as to allocate
the code bit by to the symbol bit vis,
the code bit b: to The symbol bit vig,

the cods bit by fo the symbol bit yg,

the code bit bz to the symbol bit ys,



161 [0419] In this manner, the allocation rule which prescribes a combination of the error
probability of code bits and the error probability of symbol bits to which the code bits are allocated is
determined such that the tolerance to errors (tolerance to noise) is made better, for example, through a
simulation wherein the ERR is measured or the like.J8420] it is to be noted that, even if the
allocation destination of a code bit of a certain code bit group is changed among bits of the same
symbol bit group, the tolerance to errors is not (little) influenced thereby. [0421] Accordingly, in
order to improve the tolerance to errors, group set information which makes the ERR (Bit Error Rate)
including the error flootfefvetoreparticular, Eombiratidrsiigroup 'sets)cef code bit groups of code bits
and symbol bit groups of symbol bits to which the code bits of the code bit groups are to be allocated
and the bit numbers (gFéip B fitintbersyof tHe e BitdBrthetodeiit groups and the symbol bit
groups of the group sets and of the symbol bits, should be defined as an allocation rule, and

replacement of the 162 E0de%ifs ShoulPhe CarfiBd otif'8HEN that the’ €ode bits are allocated to the

symbol bits in accorda@%e Wltcf)] dthe aIIoc%tlorg rule 04522sz 1 gg ever, a particular allocation method

in regard to to which sym%olceac% (}?o%e it sh%uﬁ;] e Aliocated i acedrdance with the allocation rule

need be determined in,advance between th frar mission apparatus 11 and the reception apparatus
12 (FIG. 7). [0423] “FiG” %ellli%t”%téas? a%oexg%plg%?%gga%é?cneﬁftg bf code bits in accordance with

the allocation rule of FIG;63.05e pit b, to the symbol bit ys,

the code bit by to the symbol bit vi,,

the code it bi; to the symbol bit vya,

the code bit bz to the symbol bit vyis,

the code bit by to the symbol bit vyig,

the code bit by to the symbol bit yg, and

the code bit bys to the symbol bit yii.

[G430]

Here, the allocation methods of the code bits b; to
the symbol bits vyvi illustrated in FIG. 644 and FIG. 64B
observe the allccation rule of FIG. €3 (follow the
allccation rule).

[0431]

FIG. 65 illustrates a result of a simulation of the
BER (Bit Error Rate) in a case wherein a replacement
process of the new replacement system described
‘hereingbove with reference to FIGS. 62 to 64 is carried
out and in another case wherein a replacement process

described hereinabove with reference to FIG. 60C from



[0424] In particular, FIG. 64A illustrates a first example of replacement of code bits in accordance
with the allocation rule of FIG. '63 where the LDPC code is an LDPC code having a code length N of
64,800 bits and an encoding rate of 2/3 and besides the modulation method is 256QAM and the
multiple b is 2. [0425] Where the LDPC code is @pn LDPC code having a code length N of 64,800
bits and an encoding rate of 2/3 and besides the modulation method is 256QAM and the multiple 163
b is 2, in the demultiplexer 25, code bits written in the memory 31 for (64,800/(8 x 2)) x (8 x 2) bits in
the column direction x row direction are read out in a unit of 8 x 2 (= mb) bits in the row direction and
are supplied t8tR& feplaCeMBAESECDNBL (FIGS. 16 &7 TEJ0426]-  The replacement section 32
replaces the 8 x 2 (- mb) code bits bo to bn read out from the memory 31 in accordance with the
allocation ruleldfFI&] 63 such that the 8 x 2 (= mb) code bits b0 to bn are allocated, for example, to

the 8 x 2 (= mb) symbaq] bits yo to Y15 of two_(= b) successive symbols as seen in FIG. 64A. [0427] In
particular,the replacemet Eg&Folncﬁﬁﬁrrie%Io rgslaﬁé;%ﬁif Fc%)‘r fiochtify He'csd& bt bd'to the

Symbob bil Y1940 cod it 1145 12 Y20l X8, e, core.biLB5 19 199 symogl it 371, he code bi
code length N of 64,800 and an encoding rate of 2/3 is
determined as an object and besides Z56QAM is adopted as
the modulation method and 2 is adopted as the multiple b.
[0433]

It is to be noted that, in FIG. 85, the axis of
abscissa indicates the E./Nyg and the axis of cordinate
indicates the BER. Further, a rvound mark represents the
BER where a replacement process of the new replacement
method is carried out, and an asterisk (star mark)
represents the BER where a replacement process of the
existing method is carried out.

[0434]

Frem FIG. €5, it can be r@cognized.that, according
to the replacement process of the new replacement method,
the error floor drops significantly in comparison with
that of the replacement process cf the existing method
and the tolerance to errors is improved.

[0435]
It is to be noted that, while, in the present

embodiment, the replacement section 32 in the



the code bit b4 to the symbol bit y6, the code bit b5 to the symbol bit yoo, the code bit b6 to the symbol
bit y115 the code bit lo5

demultiplexer 25 carries out the replacement process for
code bits read out from the memory 31 for the convenience
of description, the replacement process can be carried
out by controlling writing or reading out of code bits
into or from the memory 31.

[0436]

In particular, the replacement process can be
carried out, for example, by controlling the address
(read address) for reading out a code bit such that
reading out of the code bits from the memory 31 is
carried out in oxrder of the code bits after the
replacement.

[0437]

Now, as a countermeasure for improving the
tolerance to errors, a methed of adeopting an LDPC code
which lowers the error floor is avallable in addition to
the method which adcepte & replacement process of the
replacement method which lowers the error floor.

[0438]

Thus, the LDPC encoding section 21 (FIG. 8) can
carry out enceding of an LDPC code having a code length N
of 64,800 bits and an encoding rate r of 2/3 into an LDPC
code of a high performance by adopting a parity check

matrix initial velue table which is different from the



to the symbol bit y9, the code bit b8 to the symbol bit ye, 164 the code bit b9 to the symbol bit y14, the
code bit 1010 to the symbol bit y22, the code bit b11 to the symbol bit y3, the code bit b12 to the
symbol bit yo, the code bit b12 to the symbol bit }No, the code bit b14 to the symbol bit y4, and the
code bit b15 to the symbol bit y2. [0428] FIG. 642 illustrates a second example of replacement of
code bits in accordance with the allocation rule of FIG. 63 where the LDPC code is an LDPC code
having a code length N of 64,800 bits and an encoding rate of 2/3 and besides the modulation method
is 256QAM and the multiple b is 2. [0429] According to FIG. 642, the replacement section 32

carries out replacérh8ntfoP alfoBdtingithe'dx 2iEImby e bits bostoRI5sreahaat fio the memory

31lin accordance Wlth the allocation rule of FIG. 63 in such a manner as to allocate
the DVBE-S standard and from which an appropriate parity

check matrix H is determined and using a parity check
matrix determined from the parity check matrix initial
value table.

[0439]

Here, the appropriate parity check matrix H is a
parity check matrix which satisfies a predetermined
condition for making the BER (Bit Error Rate) lower when
a modulation signal of an LDPC code obtained from a
parity check matrix is transmitted at a low E¢/Ny (signal
power to noise power ratic per one symbol) or E,/Ng
(signal power to nolse power ratio per one bit). Further,
the LDPC code of a high performance is an LDPC code
cbtained from an appropriate parity check matrix.

[0440]

The appropriate parity check matrix B can be
determined, for example, by carrying out a simulation of
the BER when a modulation signal of an LDPC code obtainad
from various parity check matrices which satisfy a
predetermined condition is transmitted at a low EL/Nj.
[0441]

The predetermined condition which the appropriate

parity check matrix H should satisfy 1s, for example,



the code bit bo to the symbol bit y15, the code bit bl to the symbol bit y14, the code bit b2 to the
symbol bit 178, the code bit b3 to the symbol bit y5,

169

that the result cf an analysis obtained by an analysis
method of a performance of a code called density
evolution 1s good, that the parity check matrix H does
not include a leoop of elements of the value 1 called
cycle 4, that the parity check matrix H does not include
the cycle &, and so forth.

[0442]

Here, the density evolution and incorporation of
the same are disclosed, for example, in $. Y. Chung, G. D.
Forney, T. J. Richardson and R. Urbanke, “On the Design
of Low-Density Parity-Check Codes within 0.0045 dB of the
Shannon Limit,” IEEE Communications Leggers, VOL. 5, NO.
2, Feb. 2001.

[0443]

For example, if the variance value ¢f noise is
gradually increased from zero on an AWGN channel, then
although the expected value of the error probability of
an LDPC code i1s zerc first, it becomes different from
zero 1f the variance wvalue of noise becomes higher than a
certain threshold wvalue {threshold).

(04447

According to the density evolution, the expected

value of The error probability of the same becomes

different from zero. By comparing the thresheold value of



165 the code bit b4 to the symbol bit YE, the code bit b5 to the symbol bit y4, the code bit b6 to the
symbol bit y2, the code bit 107 to the symbol bit yl, the code bit 13)8 to the symbol bit y9, the code bit
b9 to the symbol bit y7, the code bit blo to the symbol bit y12, the code bit bll to the symbol bit y3, the
code bit 12212 the code bit b13 the code bit b14 thegcode bit bn to the symbol bit yu. [0430]

the variance wvalue {(hereinafter referred to as

performance threshold value) of noise, it can be
determined whether or not the performance of the LDPC

code (appropriateness c¢f the parity check matrix) 1s good.
Here, as the performance threshold wvalue, the E,/Ng whén
the BER begins to drop {(decrease).

(04457

If a performance threshold value, obtained by
analysis by density ewvolution, regarding an LDPC code
which is defined in the DVB-3.2 standard and has a code
length N of 64,800 and an encoding rate r of 2/3 (such
LDPC code is hereinafter referred to also as standard
code) 1s represented by V, then in the simulation, an
LDPC code (parity check matrix) which has a code length N
of 64,800 and an encoding rate r of 2/3 and exhibits a
perfeormance threshold value lower than V + A obtained by
adding a predetermined margin 4 to V was selected as the
LDPC code having a good performance.

0446]

FIGS. 66 te 68 illustrate a parity check matrix
initial value table for one of LDPC codes whose Ey/Ng as
the performance threshold valus is lower than V + A (LDPC
code having a code length N of 64,800 and an encoding

rate r of 2/3).



Here, the allocation methods of the code bits bi to the symbol bits vyi illustrated in FIG. 64A and FIG.
64B observe the allocation rule of FIG. 63 (follow the allocation rule). [0431] FIG. 65 illustrates a
result of a simulation of the HER (Bit Error Rate) in a case wherein a replacement process of the new
replacement system described hereinabove with reference to FIGS. 62 to 64 is carried out and in
another case wherein a replacement process described hereinaboye with reference to FIG. 600 from
166 among the existing methods is carried out. [0432] In particular, FIG. 65 illustrates the BER
where an LDPC code which is prescribed in the DVB-S.2 and has a code length N of 64,800 and an
encoding ratel6f2/3}is determined as an object and besides 256QAM is adopted as the modulation

method and 2 is adopted as the mg%ltiple k% [84’%%] ﬁhgt is t%fe.noted that, in FIG. 65, the axis of
abscissa indicates the E5/ND aridl the dxis 5F ordiliate indicatss thé BER FUHHEr a olind fhark

‘represents the B here a repl nt process_of the new replacement metgnf)g IS é;glrried out, and

an asterisk (s%t)r %%ﬁ[f) régl’esaeﬁfg ?ﬁgEgE@%Nhlesre% r\felp)?g\g:eﬁélngﬁg&éls% (1):fQ[he existing ' method is

carried out. [Q ., From FIG. 65, it can be recognized that, according to the replacement process
81 p Y

of the new replacement method, the error floor drops significantly in comparison with that of the

replacement process of the existing methad and-the tolerange-tg.eriars is impreved:[0435] Itis to
be noted that, while, in the present embodiment, the replacement section 32 in the

parity check matrix initial value table of FIGS. 66 to 68,
neither the cycle 4 nor the cycle 6 exist.
[0449]

FIG. 69 illustrates a result of the simulation of
the BER regarding an LDPC code of a parity check matrix H
determined from the parity check matrix initial value
table of FIGS. 66 to 68 (such LDPC code 1s hereinafter
referred to also as proposed code).

[0450]

Iin particulér, F1IG. 6% illustrates, where the
modulation method is 256QAM, the BER with respect to the
E./Ng of the standard code (in the figure, the BER 1is
indicated by a round mark) and the BER for the E /Ny of
the proposed code {in the figure, the BER is indicated by
a sguare mark).

(04517

From FIG. 6%, 1t can be recognized that the

proposed code is better in performance than the standard

code and that particularly the errcr floor is improved



167 demultiplexer 25 carries out the replacement process for code bits read out from the memory 31
for the convenience of description, the replacement process can be carried out by controlling writing or
reading out of code bits into or from the memory 31. [0436] In particular, the replacement process
can be carried out, for example, by controlling the adgdress (read address) for reading out a code bit
such that reading out of the code bits from the memory 31 is carried out in order of the code bits after
the replacement. [0437] Now, as a countermeasure for improving the tolerance to errors, a
method of adopting an LDPC code which lowers the error floor is available in addition to the method
which adopts &lf@pldcerieritidfocess of the replacement method which lowers the error floor. [0438]
Thus, the LDPC encoding section 21 (FIG. 8) can carry out encoding of an LDPC code having a code
length N of 642@6(5%5 and an encoding rate r of 2/3 into an LDPC code of a high performance by
adopting a parity check matrix initial value table which !§ different from the 168 parjty check matrix
initial value tables prescribéd if ?hg DV stardard ARd¥for Which 4 Spprophiate paAty check
matrix H is degmiﬂegﬁnd usin aﬁaa('@é ghg%ﬁg)atr ﬁge5<ermi|j[ed. fror}rf tQE aiiéé check matrix initial

i
value table. [6J JQT ﬁe?ep,pt epapproprlgte par&/y check matrix H'is a pari f/l check matrix which

satisfies a pregg{grg}ggeg ggnggiogg%mth&qggb@y %rfggaRg@gﬂovgerg\%Q%@ a podulation

signal of an LDPC code obtained from a parity check matrix is transmitted at a low Es/No (signal
power to noisg power Jatig per, ongsymhol) onEbMNG-(ignal power 19-naisepawerJatio per one bit).

Further, the LDPC code of a high performance is an LDPC code obtained from an appropriate parity
check matrix. {@440]code, facilitation (simplification) of a decoding

process of an LDPC code, and so forth.

[0453]

FIG. 70 is é block diagram showing an example of a
configuration of the reception apparatus 12 of FIG. 7.
[0454]

Referring to FIG. 70, the reception apparatus 12 is
a data processing apparatus for receiving a modulation
signal from the transmission apparatus 11 (FIG. 7) and
includes an corthogonal demodulation section 51, a
demapping section 52, a deinterleaver 53 and an LDPEC
decoding section 56.

[0455]

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

demodulation {values on the I and ¢ axes) to the



The appropriate parity check matrix H can be determined, for example, by carrying out a simulation of
the BER when a modulation signal of an LDPC code obtained from various parity check matrices
which satisfy a predetermined condition is transmitted at a low Es/No. [0441] The predetermined
condition which the appropriate parity check matrix +should satisfy is, for example, 169 that the result
of an analysis obtained by an analysis method of a performance of a code called density evolution is
good, that the parity check matrix H does not include a loop of elements of the value 1 called cycle 4,
that the parity check matrix H does not include the cycle 6, and so forth. [0442] Here, the density
evolution and et pratien ©f €ie sameZare disclosed, for example, in S. Y. Chung, G. D. Forney, T. J.
Richardson and R. Urbanke, "On the Design of Low-Density Parity-Check Codes within 0.0045 dB of
the Shannon L#FE'CHEEEE Communications Leggers, VOL. 5, NO. 2, Feb. 2001. [0443] For

example, if the variance value of noise is gradually increased from zero on an AWGN channel, then
although the expected vaue BTIRERIST protabiifty) of anIBPETodeUS ZERHRE iFBeédmes different

from zero if thgov%rrigtg gval%g_lof noise bfcomes higher than a certain thréshqld value (threshold).
[0444] AcCordinig 1o tHe density 8U6ILtEN, ‘the expeafed viiué bf tHeE&Rar probability of the same

becomes diﬁecﬁ%ﬂltoféﬁ)l@az&t%nB%g%@ ggn%{hecg)hrggg%ldglf use 8ff an LDPC code to
be symbolized symbols and suppliies the code bits to the
deinterleaver 53.
[C457]

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

[G458]

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 2% of FIG. 8 for
the symbols of the symbol bits from the demapping sectién
52, that is, a reverse replacement process of returning
the positions of the code bits (symbol bits) of the LDPC
codes replaced by the replacement prcocess to the originél
positions. Then, the multiplexer 54 sﬁpplies an LDPC code
obtained as a result of the reverse replacement process

to the column twist deinterleaver 55.



170 the variance value (hereinafter referred to as performance threshold value) of noise, it can be
determined whether or not the performance of the LDPC code (appropriateness of the parity check
matrix) is good. Here, as the performance threshold value, the Eb/No when the HER begins to drop
(decrease). [0445] If a performance threshold value, obtained by analysis by density evolution,
regarding an LDPC code which is defined in the DVB-S.2 standard and has a code length N of 64,800
and an encoding rate r of 2/3 (such LDPC code is hereinafter referred to also as standard code) is
represented by V, then in the simulation, an LDPC code (parity check matrix) which has a code length
N of 64,800 and @h‘%encoding rate r of 2/3 and exhibits a performance threshold value lower than V

+obtained by adding anoredetermined margin t to V was selected as the LDPC code having a good
performance. [0446] *N¥16%L 88068 fbstial s Bart Thetk rrathix ifit&Vafir-table for one of
LDPC codes whgse Eb/Ng as the performance threshold value is lower than V +(LDPC code having a
code length NC(STSE%"@O(? g an encoding TAtST of 273)° T 04497 °°  GPistohe™idtelthat FIG. 67
is a view contin#in?gttojﬂlfllg. 6l6éaang FICCI;CS 68 ig a \{lig\évrcongnu@ﬁ tocFI . 67.[0448 In a parity
check matrix ﬁ determined from th panf@”c%e%ﬁ matrix initial va?ue?a e of FIGS. 66 to 68, neither the

Cyde4wuxth%§¥gff%g@§tas 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 ccde 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.

[0460]

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

[0461]

It is to be noted that, in the column twist
deinterleaver 55, writing of the code bits is carried ocut
in the row direction of the memory for deinterleave using

read addresses upon reading out the codes from the memory



[0449] FIG. 69 illustrates a result of the simulation of the BER regarding an LDPC code of a parity
check matrix H determined from the parity check matrix initial value table of FIGS. 66 to 68 (such
LDPC code is hereinafter referred to also as proposed code). [0450] In particular, FIG. 69
illustrates, where the modulation method is 256QAM; the HER with respect to the Es/No of the
standard code (in the figure, the HER is indicated by a round mark) and the BER for the Es/No of the
proposed code (in the figure, the HER is indicated by a square mark). [0451] From FIG. 69, it can be
recognized that the proposed code is better in performance than the standard 172 significantly. [0452]
It is to be notetttha$ ther piedletstaiined esnditibnawhichtfe appispriate pariffcheskdnatrix H should
satisfy can be determined suitably from such a point of view as enhancement of the decoding
performance 6fdif LBRCC&dde: $acifitation tsifistifieatomor & decddhig prdcesiof BRFISPC code, and

so forth. _ . e
for deinterleave using the write addresses upon writing

of the code bits into the memory 31 as read addresses.
[0462]

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

[0463]

Here, while the LDPC code supplied from the
demapping section 52 to the deinterleaver 53 has been
obtained by the parity interleave, column twist
interleave and replacement process carried out in this
order therefor, the deinterleaver 53 carries out only a
reverse replacement process corresponding to the
replacement process and column twist deinterleave
corresponding te the column twist interleave. Accordingly,
parity deinterleave corresponding to the parity
interleave (process reverse to the parity interleave),
that 1s, the parity deinterleave returning the
arrangement of the code bits of the LDPC codes, whose
arrangement has been varied by the parity interleave, to
the original arrangement, is not carried out.

[0464]



[0453] FIG. 70 is a block diagram showing an example of a configuration of the reception
apparatus 12 of FIG. 7. [0454] Referring to FIG. 70, the reception apparatus 12 is a data
processing apparatus for receiving a modulation signal from the transmission apparatus 11 (FIG. 7)
and includes an orthogonal demodulation section 51; @ demapping section 52, a deinterleaver 53 and
an LDPC decoding section 56. [0455] The orthogonal demodulation section 51 receives a
modulation signal from the transmission apparatus 11 and carries out orthogonal demodulation, and
then supplies symbols obtained as a result of the orthogonal demodulation (values on the | and Q
axes) to the 173 demappiAg $eetcry 52 {oasePFC crredémappimgSectibh 52¢4tHES out demapping
of converting the signal points from the orthogonal demodulation section 51 to code bits of an LDPC
code to be syRfdolize8ESHhoRE 2AE SHppies theScdde HitdtotHe Heirteréaer 532 [5457] The
deinterleaver 53 includes a multiglexer MUX) 54ﬁnd a column twist dein;erleaver 55 and carries out

deinterleave OFtRE SyRTBOIS B the Synbol Bits from thé démappitiysection s’ f0458] “°Fin

particular, thebmultiplexer 54 dcarri%s outareveirse éeglacemekrllt process (reverse process to the
[SLEE! arrie Olé 15 ﬁuprg Ile r?m The ECO mn W:L% .
replacement processc) corresponding to thereplacement process carried out by the demultiplexer 25 of

FIC. 8 for he sympals pLIe.symaol S I the SEmAPPINg,section 925, Malds s teverse

replacement process of returning the positions of the code bits (symbol bits) of the LDPC codes
replaced by the. replacementproggss; i, the original positions. Then, the multiplexer 54 supplies an

LDPC code obtained as a result of the reverse replacement process
[0465]

The LDPC decoding section 56 carries out LDPC
decoding of the LDPC code Ifrom the deinterleaver 53 using
a conversion parity check matrix, obtained by carrying
out at least column replacement corresponding to the
parity interleave for the parity check matrix H used for
the LDPC encoding by the LDPC encoding section 21 of FIG.
8, and outputs data obtained as a result of the LDPC
decoding as a decoding result of the object data.

[C466]

FIG. 71 is a flow chart illustrating a reception
process carried out by the reception apparatus 12 of FIG.
70.

[0467]

The orthogenal demodulation section 51 receives a
modulation signal from the transmission apparatus 11 at
step S5111. Then, the processing advances to step S112, at

which the orthogonal demodulation section 51 carries out



to the column twist deinterleaver 55. 174 [0459] The column twist de nterleaver 55 carries out
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;reyerse rearrangement process of returning the
arrangement of the code bits of the LDPC code having an arrangement changed by the column twist

" interleave as the re-arrangement process to the original arrangement, for the LDPC code from the
multiplexer 54. [0460] In particular, the column twist deinterleaver 55 carries out column twist
deinterleave rvkithaegthiel codenbits: bt thectDPC ddde intoland 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 fortht JO4BAP TS 16 petbidd tHatninhe icolimA twistdeinterieavier 55, wWritihg of the code
bits is carried out in the row direction of the memory for deinterleave using read addresses upon
reamngoutﬂ@ﬁﬁﬁﬁ%ﬁﬂnﬂ%h@nﬁﬁﬁ&%ﬁl?g the 'orthogonal demodulation to

the demapping section 52, whereafter the processing
advances from step 5112 to step S113.
[0468]

At step 5113, the demapping section 52 carries out
demapping of converting the signal points from the
orthogonal demodulation section 51 into symbols and
supplies the code bits to the deinterleaver 53,
whereafter the processing advances to step 5114.

[0469]

At step S114, the deinterleaver 53 carries out
deinterleave of the symbols of the symbol bits from the
demapping section 52, whereafter the processing advances
to step S1lb5.

[047C]

In particular, at step S114, the multiplexer 54 in
the deinterleaver 53 carries out a reverse replacement
process for the symbols of the symbol bits from the
demapping section 52 and supplies LDPC code obtained as a
result of the reverse replacement process to the column
twist deinterleaver 55.

[0471]



31 as write addresses. Meanwhile, readout of the code bits is carried out in the column direction of the
memory for deinterleave using the write addresses upon writing of the code bits into the memory 31 as
read addresses. [0462] The LDPC codes obtained as a result of the column twist interleave are
supplied from the column twist deinterleaver 55 to thg;LDPC decoding section 56. [0463] Here,
while the LDPC code supplied from the demapping section 52 to the deinterleaver 53 has been
obtained by the parity interleave, column twist interleave and replacement process carried out in this
order therefor, the deinterleaver 53 carries out only a reverse replacement process corresponding to
the replacement processane-dolimn twist deitteridayel eorresponaintatorthe Tolurn twist interleave.

Accordingly, parity deinterleave corresponding to the parity interleave (process reverse to the parity
interleave), tHat isHe parif-déifterleare $6ttfnihg the Afrah§EmeRPBFthe cdle bits of the LDPC
codes, whose arrangement has been varied by the parity interleave, to the original arrangement, is not

carried out. [O4641 FAE*ST RécGHaMgRIBRE LBP CEode’ for WiIHER tPIevErsE réptacement process

and the column twi Edeiptecrjeave rpave been, carried out but the parity dejnterleave has not been
carried out is ’E(a[s)bl;ed from-the (%8 ulﬁﬁnﬁltvﬁgﬁgelngee?lé%%%rré§% ?heS%e‘fn 8rl&aVer 53 to the LDPC
decoding secgg@: 5&5046554 tio'fl;h (JJEOPS decoding section 56 carries out LOPS decoding of the
LOPS code from the deinterleaver 5 using a conversion parity check matrix, obtained by carrying out
at least columiyreplacement corresponding to the parity interleave for the parity check matrix H used
for the LOPS encoding by the LOPS encoding section 21 of FIG. 8, and outputs data obtained as a

result of the LOPS degoding ag agdecoding tesytt of the object data. [0466) = ElG.4Lis a flow chart

illustrating a reception process carried out by the reception apparatus 12 of FIG. 70.
out LDPC decoding of the LDPC code from the column twist

deinterleaver 55 using a conversion parity check matrix
obtained by carrying out at least column replacement
corresponding to the parity interleave for the parity
check matrix H used for the LDPC encoding by the LDPC
encoding section 21 of FIG. 8, and outputs data obtained
by the LDPC decoding as a decoding result of the object
data. Thereafter, the processing is ended.

[0473]

It is to be noted that the reception process of FIG.
71 is carried out repetitively.

[0474]

Also in FIG. 70, the multiplexer 54 for carrying
out the reverse replacement process and the column twist
deinterleaver 55 for carryving out the column twist
deinterleave are configured separately from each other

for the convenience ¢ description similarly as in the



[0467] The orthogonal demodulation section 51 receives a modulation signal from the
transmission apparatus 11 at step Sill. Then, the processing advances to step 8112, at which the
orthogonal demodulation section 51 carries out 177 orthogonal demodulation of the modulation signal.
The orthogonal demodulation section 51 supplies signal points obtained as a result of the orthogonal
demodulation to the demapping section 52, whereafter the processing advances from step 5112 to
step 5113. [0468] At step 5113, the demapping section 52 carries out demapping of converting
the signal points from the orthogonal demodulation section 51 into symbols and supplies the code bits
to the deinterléavér 53, Whéreafter the protessingiadvantes 1o stepr5 ¥4, 40469]he At step 5114,
the deinterleaver 53 carries out deinterleave of the symbols of the symbol bits from the demapping
section 52, wiétedfter théisrbcasding %H%ﬁﬁé’é‘sft&geﬁfgllls.e [G470f iguriibarticular, at step S114,
the multiplexer 54 in the de nterleaver 53 carries out a reverse replacement process for the symbols of

the symbol bits F&if the UeniEpping 86&idh 55 and supplies LDPC code obtained as a result of the
reverse replac[%ggr%t]process to the column twist deinterleaver 55. [0471]

Further, where the transmission apparatus 11 of FIG.
8 deoes not carry out the column twist interleave, there
is no necessity to provide the column twist deinterleaver
55 in the reception apparatus 12 of FIG. 70.

[0476]

Now, the LDPC decoding carried out by the LDPC
decoding section 56 of FIG. 70 is further described.
[0c477]

The LDPC decoding section 56 of FIG. 70 carries out
LDPC decoding of an LDPC code, for which the reverse
replacement process and the column twist deinterleave
have been carried out but the parity deinterlezve has not
been carried out, from the column twist deinterleaver 55
as described above using a conversion parity check matrix
obtained by carrying out at least column replacement
corresponding to the parity interleave for the parity
check matrix H used for the LDP@ encoding by the LDPC
encoding section 21 of FIG. 8.

[0478:

Here, LDPC decoding which can suppress the



178 The column twist deinterleaver SS carries out column twist deinterleave for the 1DPC code
from the multiplexer 54 and supplies an LDPC code obtained as a result of the column twist
deinterleave to the LDPC decoding section 56. [0472] At step S115, the LDPC decoding section
56 carries out LDPC decoding of the LDPC code froprithe column twist deinterleaver 55 using a
conversion parity check matrix obtained by carrying out at least column replacement corresponding to
the parity interleave for the parity check matrix H used for the LOPS encoding by the LOPS encoding
section 21 of FIG. 8, and outputs data obtained by the LOPS decoding as a decoding result of the
object data. THRPEATerOthe HOBESIIRY iF'ehddd: (04731 © 1 C 168 1o e HtedHitit the Hception
process of FIG. 71 is carried out repetitively. [0474] .  Also in FIG. 70, the multiplexer 54 for
carrying out thé Féeréd teriacemBResteds bR tid E6iinn RSt Geinterieavey 55 fortHrrying out

the column twist deinterleave are confi ured se arateIX from each other for t e c nvenience of

description si%igrl)li‘%gqn ecol%@a HoweVer, tha't @I'fipl grg and the column twist
da”“”baveﬂggé¥{&p%F°“%%gﬁdﬁ?gggggémgk%%%}9¥m?Jgﬂgé]to, for exanmple,
Japanese Patent Laid-Open No. 2004-343170).
[0479]

Thus, the formerly propcesed LDPC decoding which
uses a conversion parity check matrix is described first
with reference to FIGS. 7Z to 75.

(04807

FIG. 72 shows an example of the parity check matrix
H of an LDPC code whose code length N is %0 and encoding
rate is 2/3.

[0481]

It is to be noted that, in FIG. 72, 0 is
represented by a period (.) (this similarly applies also
to FIGS. 73 and 74 hereinafter described).

[0482]

In the parity check matrix H of FIG. 72, the parity
matrix has a stalrcase structure.
[0483]

FIG. 73 illustrates a parity check matrix H’
obtained by applying row replacement of an expression

(11} and column replacement of an expression (1Z) to the



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.
70. [0476] Now, the LDPC decoding carried out by the LDPC decoding section 56 of FIG. 70 is
further described. [0477] The LDPC decodingigection 56 of FIG. 70 carries out LDPC decoding of
an LDPC code, for which the reverse replacement process and the column twist deinterleave have
been carried out but the parity deinterleave has not been carried out, from the column twist
deinterleaver 55 as described above using a conversion parity check matrix obtained by carrying out at
least column Espldcememtccofréspontingtorthe ity imterleave for the parity check matrix H used for
the LDPC encaoding by the LDPC encoding section 21 of FIG. 8. [0478] Here, LDPC decoding which
can suppress [tﬂéa%éo operation frequency within a sufficiently implementable range while suppressing
the circuit scale by carrying out the LDPC decodi ing the conyersio rity check matrix has been
proposed formerly (refgllQ V(? for a%%]%?ﬁépé%é%g Iigt%nt“ E%{id?oé%ﬁ ?\I%%O E}:?43170). [0479] Thus,
the formerly proposed LDPC decoding which (11)

[0485]
Column replacement: 6x+y+6lth column — Sy+x+6lth
column
{12)
(0486}

However, in the expressions (11) and (12}, s, &, X
and y are integers within the ranges of 0 £ s < 5, 0 = t
< 6, 0 x<5Hand 0 St < 6, respectively.
[0487]

According to the row replacement of the expression
{11}, the replacement is carried out in such a manner
that the 1st, 7th, 13th, 1%th and 25th rows each of whose
numbers indicates a remainder of 1 where it is divided by
6 are replaced to the 1st, 2nd, 3rd, 4th and 5th rows,
and the 2nd, 8th, 14th, 20th and 26th rows each of whose
numbers indicates a remainder of 2 where it is divided by
6 are replaced to 6th, 7th, 8th, 9th and 10th rows.
[0488]

On the other hand, accerding to the column

replacement of the expression (12), the replacement is



uses a conversion parity check matrix is described first with reference to FIGS. 72 to 75. [0480]
FIG. 72 shows an example of the parity check matrix H of an LDPC code whose code length N is 90
and encoding rate is 2/3. [0481] It is to be noted that, in FIG. 72, 0 is represented by a period (.) (this
similarly applies also to FIGS. 73 and 74 hereinaftercdescribed). [0482] In the parity check matrix
H of FIG. 72, the parity matrix has a staircase structure. [0483] FIG. 73 illustrates a parity check
matrix H' obtained by applying row replacement of an expression (11) and column replacement of an
expression (12) to the 181 parity check matrix H of FIG. 72.
carried out for the 6lst and succeeding columns (parity
matrix) such that the 6ist, &7th, 73rd, 79th and 85th
columns each of whose numbers indicates a remainder of 1
where 1t 1s divided by © are replaced to 6lgt, 62Znd, 63rd,
cdth and 65th columns, and the 62nd, ©8th, 74th, 80th and
86th columns each of whose numbers indicates a remainder
of 2 where 1t is divided by % are replaced tTo 66th, €7th,
o8th, 689th and 70th columns.
[0489]

A matrix obtaiﬁed by carrying out replacement of
the rows and the columns for the parity check matrix H of
FIG. 72 1s a parity check matrix H’ of FIG. 73.

[0490]

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

(0491}

Meanwhlile, the column replacement of the expression
{12) corresponds to parity interleave when the
information length K, the unit column number P of the
cyclic structure and the deviscr g (= M/P} of the parity

length M (here, 30) in the parity interlesave of

interieaving the EK+gx+y+lth code bit to the position of



[0484] Row replacement: 6s+t+lth row5t+s+Ith row [0485] Column replacement: 6x+y+61th
column5y+x+61th column (12) [0486] However, in the expressions (11) and (12), s, t, x and y are
integers within the ranges of 0s < 5, 0t < 6, 0x < 5 and Ot < 6, respectively. [0487] According to
the row replacement of the expression (11), the replagement is carried out in such a manner that the
1st, 7th, 13th, 19th and 25th rows each of whose numbers indicates a remainder of 1 where it is
divided by 6 are replaced to the 1st, 2nd, 3rd, 4th and 5th rows, and the 2nd, 8th, 14th, 20th and 26th
rows each of whose numbers indicates a remainder of 2 where it is divided by 6 are replaced to 6th,
7th, 8th, 9th anidlel Ofh Pows H0488Fcde bit are set to 60, 5 and &,

respectively.

(04921

If the parity check matrix H’ (hereinafter referred

to suitably as replacement parity check matrix) of FIG.

73 is multiplied by a result of replacement sams as that

of the expression (12} for the LDPC code of the parity

check matrix H (hereinafter referred to suitably as

original parity check matrix) of FIG. 72, then the 0

vector 1s outputted. In particular, where a row vector

cbtained by applying the column replacement of the

expression (12) for the row vector ¢ as the LDPC code

{one ccdeword) of the original parity check matrix H is

represented by c¢’, since Hc" becomes the 0 vector on the

baslisg of the characteristic of the parity check matrix,

also B/’

naturally becomes the 0 vector.
[0493]

From the foregoing, the conversion parity check
matrix H’ of FIG. 73 becomes the parity check matrix of
an LDPC code ¢’ obtained by carrving out the column
replacement ¢f the expression (12) for the LDBEC code c of
the original parity check matrixz H.

[0494]

Accordingly, by carrying out the ccolumn replacement



On the other hand, according to the column replacement of the expression (12), the replacement is
182 carried out for the 61st and succeeding columns (parity matrix) such that the 61st, 67th, 73rd, 79th
and 85th columns each of whose numbers indicates a remainder of 1 where it is divided by 6 are
replaced to 61st, 62nd, 63rd, 64th and 65th columngg 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. [0489] A matrix obtained by carrying out replacement of the rows
and the columns for the parity check matrix H of FIG. 72 is a parity check matrix H' of FIG. 73. [0490] -
Here, even if the rovwereptacementof thé parificeheckematbixH i darriedwlt -this does not have an
influence on the arrangement of the code bits of the LDPC code. [0491] Meanwhile, the column
replacement 6fthé eXxpredsioh: (L) edfreSpards toparity drefldave wheRhe GiffoRfiation length K, the

unit column number P of the cyclic structure and the devisor q (= M/P) of the parity length M (here, 30)
in the parity intéffeaVd 6f intétfeavingthe K Fex fy-Rih-E6de bittd e P6sition ot B ne

parity check matrix H' of FIG. 73 and then carryving out
reverse replacement to the column replacement of the
expression (12) for result of decoding, a decoding result
similar to that obtained where the LDPC code of the
riginal parity check matrix H is decoded using the
parity check matrix H can be obtained.
F0495]

FIG. 74 shows the conversiocon parity check matrix HY
of FIG. 73 wherein a space is provided beitween units of 5
x 5 matrices.
[0496]

In FIG. 74, the conversion parity check matrix HY
is represented by a combination of a unit 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
inte an element or elements of 0, a further matrix
(hereinafter referred to suitébly as shift matrix) which
corresponds to the unit matrix or guasi unit matrix after
it is cyclically shifted (cyclic shift), a still further

matrix (hereinafter referred to suitably as sum matrix)



the K+Py+x+lth code bit are set to 60, 5 and 6, respectively. [0492] If the parity check matrix H'
(hereinafter referred to suitably as replacement parity check matrix) of FIG. 73 is multiplied by a result
of replacement same as that of the expression (12) for the LDPC code of the parity check matrix H
(hereinafter referred to suitably as original parity chegk matrix) of FIG. 72, then the O vector is
outputted. In particular, where a row vector obtained by applying the column replacement of the
expression (12) for the row vector ¢ as the LDPC code (one codeword) of the original parity check
matrix H is represented by c', since HOT becomes the 0 vector on the basis of the characteristic of the
parity check mydtrikalso HotTaratamallybecones the Oovector j@493]un 1 t From the feregoing, the
“conversion parity check matrix H' of FIG. 73 becomes the parity check matrix of an LDPC code c'
obtained by caftyinf Gt tHe coluiiriréplaceméntiorn thé expressicn @23 #érthe LDPC code ¢ of the
original parity check matrix H. [0494] 189 of the expression (12) for the LDPC code c of the original
parity check n{é‘tﬁigﬁ, decoding (LDPC decoding) the LDPC code c' after the column replacement

using the parity check matrix H' of FIG. 73 ngrth n carrying out reverse replacement to the column
replacement of the expressioh (£5) %?9@5‘?%[8 %ﬁintg?% FECOHT Pt sTrhitdrto th&f Sbtained

where the LDPG, code of, the original payity check matrix.H is decoded using the parity check matrix H
can be obtain%‘&.t[f)}@S% O*Fllgf.%z Fﬁ:ﬁé th%onr:%)novséﬁ?gioﬁ%aaﬁty“ghlg[ckmr%gﬁ%ﬁ#' St FIG. 73 wherein a

space is provided between upits of 5 x § maties. {0490l  , 1FIG, 24, thg comyersion parity check
e

matrix H' is represent y a combination of a unit matrix of 5 x 5 elements, another matrix (hereinafter

referred to sujtably as quask unit mattix)which correspongds,to the Unjf matrixwhase element or

elements of 1 are changed into an element or elements of 0, a further matrix (hereinafter referred to
suitably as shift matrhq svhieh srrresppRdstorthe Wnikmatix oquask upiy mafex aftek itis gyclically

shifted (cyclic shift), a still further matrix (hereinafter referred to suitably as sum matrix)
H' are hereinafter referred to as component matrices.
[0498]

For decoding of an LDPC code represented by a
parity check matrix represented by a matrix of P x P
compeonents, an architecture which carries cut check node
mathematical operation and variable node mathematical
operation gimultaneously for P check nodes and P variable
nodes can be used.

[0495]

FIG. 75 is a block diagram showing an example of a
configuration of a decoding apparatus which carries out
such decoding as just described.

[C500]
In particular, FIG. 75 shows an example of a

cenfiguration of a decoding apparatus which carries out

decoding of LDPC codes of the original parity check



185 of two or more of the unit matrix, quasi unit matrix and shift matrix, and a O matrix of 5 x 5
elements. [0497] It can be regarded that the conversion parity check matrix H' of FIG. 74 is
composed of a unit matrix, a quasi unit matrix, a shift matrix, a sum matrix and a 0 matrix of 5 x 5
elements. Therefor, the matrices of 5 x 5 elementsghich compose the conversion parity check matrix
H' are hereinafter referred to as component matrices. [0498] For decoding of an LDPC code
represented by a parity check matrix represented by a matrix of P x P components, an architecture
which carries out check node mathematical operation and variable node mathematical operation
simultaneoustysfor Pxchéck hodeS .antP watiabletiodescearele usad @499 cheRlG. 75 is a block
diagram showing an example of a configuration of a decoding apparatus which carries out such
decoding as just-deseribed o[os00F - 7 AngrErbcdlal FIG. 75 5hoWstarrBkample 6B& Eonfiguration of a

decoding apparatus which carries out decoding of LDPC codes of the ori%ﬂnal parity check 186
the column replacement of the expression (127}.

105011

The decoding apparatus of FIG. 75 includes an edge
data storage memory 300 including six FIFCs 300, to 300,
a selector 301 for selecting the FIFCs 300; to 3005, a
check node calculation section 302, two cyclic shift
circuits 303 and 308, an edge data storage memory 304
including 18 FIFCs 304:; to 304:3, a selector 305 for
selecting the FIFOs 304; to 304:5, a reception data memory
306 for storing reception information, a variable node
calculation secticn 307, a decodsed word calculation
section 309, a reception data re-arrangement section 310,
and a decoded data re-arrangement section 311.
05021

First, a storage method of data into the edge data

storage memories 300 and 304 is described,

[0503]

The edge data storage memory 300 includes the six

FIFOs 300: 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. 74 is divided by the row number 5

of the component matrices. Each of the FIF0s 300, {(y = 1,



matrix H of FIG. 72 using the conversion parity check matrix H' of FIG. 74 obtained by carrying out at
least the column replacement of the expression (12). [0501] The decoding apparatus of FIG. 75
includes an edge data storage memory 300 including six FIEts 3001 to 3006, a selector 301 for
selecting the FIFOs 3001 to 3006, a check node calgulation section 302, two cyclic shift circuits 303
and 308, an edge data storage memory 304 including 18 FIFOs 3041 to 30418, a selector 305 for
selecting the FIFOs 3041 to 30416, a reception data memory 306 for storing reception information, a
variable node calculation section 307, a decoded word calculation section 309, a reception data
re-arrangemeht sectich 316,sand a decoded date re=arranrgeméntsectionss 11ds j05023 First, a
storage method of data into the edge data storage memories 300 and 304 is described. [0503]

The edge data'stdragh FiemdRE 300 inclodesiecsid FIF0S 3001 Y6 3006 ¢HKe riliAfber of which is equal
to a quotient when the row number 30 of the conversion parity check matrix H' of FIG. 74 is divided by
the row nuMBERBRS thé Eofifphent dtfites Edrofthe EHEOsH0By ()& 1U1822 6)has a plurality
of stages of storage regions such that messages corresponding to five edges whose number is equal
to the numbeFSf g and the FumBEF 8RER TR BFHE Sofrponafit Matiiced tan 5&Featf out from or
written into the stora§e regions aof each stage at the same time. Fuﬁthe% the nu chrg of stages of the
storage regioWsréFE ¢hE 3 ?/ i§ hitie Which S tha maximam numbér-of i§%]4am?ning weight) in
the fow drectiond’ (De,onversionarty Check IO, 74,0504 v ndhe FIED 3001, data
(messages vi rom variable nodes corfesponding to the posmongo the value 1 in the first to fifth rows

of the conversign pasily check malrix -0, 74 ate: storegtina,closed form in,ihe horizontal

direction in the individual rows (in the form whérein 0 is ignored). In particular, if an element in the j row

of the ith colump,isdepresented as (n 1) dhen injthe storagefegions at the first stagerofithe FIFO 300,
data corresponding to the positions of the value 1 of the unit matrix of 5 x 5 elements from (1, 1) to (5,

5) of the conversier parity-checkimatrix-d -arerstereds: Intherstaragearegions 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 [0504]
In the FIFO 300,, data (messages vy from variable
nodes) corresponding to the positions ¢f the value 1 in
the first to fifth rows of the conversion parity check
matrix H’ of FIG. 74 are stored in a closed form in the
horizontal direction in the individual rows (in the form
wherein 0 is ignored). In particular, if an element in
the 7 row of the ith column is represented as (7, 1},
then in the storage regions at the first stage of the
FIFO 300;, data corresponding to the positions cf the
vatue 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 regicns at the second stage, data
corresponding to the positions of the vaiue 1 of a shift

matrix from (1, 21) to (5, 25) of the conversion parity



188 check matrix H' (a shift matrix obtained by cyclically shifting the unit matrix of 5 x 5 elements by
three in the rightward direction). Also in the storage regions at the third to eighth stages, data are
stored in an associated relationship with the conversion parity check matrix H'. Then, in the storage
regions at the ninth stage, data corresponding to the positions of the 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 replacement by one in the leftward direction) are stored. [0505] In the FIFO 3002, data
correspondinghte the positions of théavaihe 1%r6m the Sixth te ienth réWs ©F the- rviersion parity check
matrix H' of FIG. 74 are stored. In particular, in the storage region at the first stage of the FIFO 3002,
data correspsiitidd io the pusitishstoftAE Matue T of afirst SHifthRathR which forfifs & Sum matrix from
(6, 1) to (10, 5) of the conversion parity check matrix H' (a sum matrix which is the sum of a first shift
matrix obtain&d By Cyefidaiy shiffing B iRt atrik 'oF% X8 diefent By 8he fif te 189 ightward
direction and a second shift matrjx o%ainer:d b cycl(i:i:ailg shiftin%;%erlégit matgil)éof 5r 5 elements by
two in the rigﬁtﬂ/ear&la% ig‘rﬁ a%%}tlored.S arnar, in the st%?gge region at the Second stage, data
corresponding to the. positions of the value 1 of the second. shift matrix which f e sum matrix
from (6, 1) to%f&,qg)lo%%ﬁéﬁ cgﬁ\?éargﬁ)%ngglrﬁg CWéEE m%é%%x ﬁag}}g gt%)tlrgg . ggé?@%%%‘%ﬂiculan with

regard to a component;matrixywhase weightds 2.9rmare, where the gomponent matrix is represented

in the form of the sum of plural ones from among a unit matrix of P x P elements having the weight 1, a

quasi unit may%%giphc@@ﬁ@seegq}% 19 theunil; matrix whose Sne;orpore-elements haying the value 1
are replaced with 0 and a shift matrix obtained by cyclically shifting the unit matrix or the quasi unit

matrix, data ceerespanding te the-pesitiens of theqvalue 1(af the unitavatrixe quasiunitahatrix or shift
matrix whose weight is 1 (messages corresponding to edges belonging to the unit matrix, quasi unit
matrix or shiftyaatrixy are: stoxechiio the Bame=address (seme BFOdrenamboigy the FIFOs 3001 to
3006). [0507]

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 stcred.

[C505]

In the FIFC 300., data corresponding to the

positions of the value 1 Irom thé sixth to tenth rows of

the conversion parity check matrix H’ of FIG. 74 are

stored. In particular, in the storage regicon at the first

stage of the FIFO 300;, data corresponding to the

positions of the value 1 of a first shift matrix which

forms a sum matrix from (6, 1) to (10, 5} of the

conversion parity check matrix H' (a sum matrix which is

the sum of a first shift matrixz obtained by cyclically

shifting the unit matrix of 5 x 5 elements by one in the



190 Also in the storage regions at the third to ninth stages, data are stored in an associated
relationship with the conversion parity check matrix H'. [0508] Also the FIFOs 3003 to 3006 store
data in an associated relationship with the conversion parity check matrix H'. [0509] The edge
data storage memory 304 includes 18 FIFOs 3041;t9s30416 the number of which is equal to the
guotient 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 regions, and messages corresponding to five edges the number of which
is equal to the humibeofroWiscarid thennunBe rokeolamps D e coersion ity BRECICMatrix H' can
be read out from or written into the storage regions of each stage at the same time. [0510] In the
FIFO 3041, davs edrraspondifg i tHedpdsifiondisf thddfalie’1 Fronv the firsBtfifeR colulihs of the
conversion parity check matrix H' of FIG. 74 (messages uj from the check nodes) are stored in a

closed 191 6 inthevérticdicditettion i tHembividual THRINTTEER the ot Whetein'dlis ignored). In

particular, in the storage re%ions at the fi{st}”stage of thnglFO 3041,%16%8. corresponding to the
positions of the' Galtie ™ 8Fthe Uit MAt R of5'X 5 ﬁg%entssﬁg%e(i, )ato (5, 5) of the conversion parity

check matrix H' are stored..In the storage regions at the nd stage, dalta corres onding to the
positions of tﬁe%é%%%f%ﬁr%%k%ﬁ roﬁgt%x%)r%ér?%&rrﬁ’s g%sicrtr%r%aﬁ%?f%rc?m (6‘,31) to (10, 5) of the vertical

parity check matrix ' (a.Sum matrx yhich, is the sy, of a fiLst shift mairix gbtained 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 ynig matrix o£5 X2 elements by wodg the (ight arg stared; kurther, in the
storage regions at the third stage, data corresponding to the positions of the value 1 of the second shift
matrix which formsdthe;stun matrix from (6, 1) to (10, 5) of the vertical parity check matrix H'.

[0506]

In particular, with regard to a.component matrix
whose welight 18 2 or more, where the component matrix is
represented in the form of the sum of plural ones from
among a unit matrix of P x P elements having the weight 1,
a gquasi unit matrix which corresponds to the unit matrix
whose one or more elements having the value 1 are
replaced with 0 and a shift matrix obtained by cyclically
shifting the unit matrix or the quasi unit matrix, data
corresponding to the positions of the value 1 of the unit
matrix, guasi unit matrix or shift matrix whose weight is
1 {(messages corresponding to edges belonging to the unit
matrix, quasil unit matrix or shift matrix) are stored
into the same address (same FIFO from among the FIFOs 300,
o 300g).

[0507]



[0511] In particular, with regard to a component matrix whose weight is 2 or more, where the
component matrix is represented in the form of the sum of plural ones from among a unit matrix of P x
P elements having the weight 1, 192 a quasi unit matrix which corresponds to the unit matrix whose
one or more elements having the value 1 are replagggd with 0 and a shift matrix obtained by cyclically
shifting the unit matrix or the quasi unit matrix, data corresponding to the positions of the value 1 of the
unit matrix, quasi unit matrix or shift matrix whose weight is 1 (messages corresponding to edges
belonging to the unit matrix, quasi unit matrix or shift matrix) are stored into the same address (same
FIFO from among the BIFQs 3041 e 360410.50512F 91 oAsawith regarditodhe staragé regions at the
fourth and fifth stages, data are stored in an associated relationship with the conversion parity check
matrix H'. TheSiai#iBer ofstages bf tHE StoFah e fegidng o el FIFEI3041 #5°8 Whieh B a maximum
number of the number of is (Hamming weight) in the row direction in the first to fifth columns of the
conversion pafity eheSenfadiiy’ B J85T3P 2T Ao thE FIFBR™E042 dnd 3043 store data in an

associated relationship with the conversion parity check matrix H' similarly, and each length (stage
number) of the Fiits'3042 and 3043 is 5. Also the FIFOs 3044 to 30412 store data in an associated

relationship with the 3 icon rSi rity ck matyix.H' similarly,.and each length of the FIFOs
3044 to 30412 is 3. Alsgé @ I%%%S?%@%% tggs%ﬁé) S%Br(ggjdastgcfr% anEssociated felationship with the

conversion paity, 8%?%‘%@@% . simulacy s ”%@ﬁhﬂ%%gtﬁoorfx‘r@gc EIFQs 39413 fo 3041§ is 2. [0514]

Now, operation of the decoding apparatus of FIG. 75 is described.

‘matrix H'.
[0509]
The edge data storage memory 304 includes 18 FIFOs
3041 to 3041s the number of which is equal to the gquotient
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
regions, and messages corresponding to five edges the
number of which is egual to the number of rows and the
number of columns of the conversion parity check matrix
H’ can be read out f%om or written into the stcrage
regions of each stage at the same time.
[0510]
In the FIFO 304,, data corresponding to the
positions of the value 1 from the first to fifth columns
of the conversion parity check matrix H' of FIG. 74

(messages u; from the check nodes) are stored in a closed



[0515] The edge data storage memory 300 includes the six FIFOs 300] to 3006, and FIFOs into
which data are to be stored are selected from among the FIFOs 3001 to 3006 in accordance with
information (Matrix data) 0312 representing to which row of the conversion parity check matrix H' five
messages 0311 supplied from the cyclic shift circuif 398 at the preceding stage belong. Then, the five
messages 0311 are stored collectively and in order into the selected FIFOs. 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 03001 to the selector 301 at the succeeding stage. After
the reading oditeftherméssagesfromahe FIRG G00drends, theeedgeldatbdsteragecmenisry 300 reads
out the messages in order also from the 194 FIFOs 3302 to 3006 and supplies the read out messages
to the selector B01L{OB16Pr™ wilge sélactor 391 1s&16cts the five méssages froms that FIFDfrom which
data are currently read out from among the FIFOs 3001 to 3006 in accordance with a select signal
D301 and suppiies1AE fivE MESEages as thessdge's (3026 thé chetk hbbE caltiilatioft séction 302.
[0517] The check node calculation section 302 includes five check node calculators, 3021 to 3025
and carries oUtthé theck hode rﬁgthgﬁ?atﬁg%ﬁérgﬂén? a éberdgﬁgélﬁ/itﬁ the e&jﬁﬁeé‘ﬁ%nt(?) using
the messages 0302 (D3021 to D3025) (messages vi of the expression (7)) supplied thereto through
the selector Sﬁigﬁen,ot e%ch)écﬁ n%%%l(%%ﬁlc%u?at%noénecfﬁbh 2 s%)pp?igeé fl)%é ngegss%glg%s 0303 (D3031

to D3035) (m%%%g&séﬂ!h&é t%%gﬁ%rgggigg é@)npgjg%ighgd@,s %%fuétt%glé%ghe% n@tq mathematical

operation to the cyclic shift circuit . [0518] The cyclic shift circuit 303 cyclically shifts the five

messages 03031 19 3035 determingd byithe check node cgleulation section 302 hasedpn information
(Matrix data) D305 régarding by what number of original unit 195

to the positions of the wvalue 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 matrix obtained by cyclically
shifting the unit matrix of 5 x 5 elements by one to the
right and a second shift matrix obtained by cyclically
shifting the unit matrix of 5 x 5 elements by two to the
right) are stored. Further, in the storage regions at the
third stage, data corresponding to the positicns 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.
(05113

In particular, with regard to a component matrix
whose weight is 2 or more, where the component matrix is
represented in the form of the sum of plural ones from

among a unit matrix of P x P elements having the weight 1,



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 0304 to the edge data storage memory 304. [0519]
The edge data storage memory 304 includes 18 FIFOs 3041 to 30418. The edge data storage
memory 304 selects a FIFO into which data are to bg-stored from among the FIFOs 3041 to 30418 in
accordance with the information 0305 regarding to which row of the conversion parity check matrix H'
the five messages 0304 supplied from the cyclic shift circuit 303 at the preceding stage belong and
collectively stores the five messages 0304 in order into the selected FIFO. On the other hand, when
data are to bezreadagut, thelddge datarstorage meniory J04réads outfive messages DBO61 in order
from the FIFO 3041 and supplies the messages D3061 to the selector 305 at the succeeding stage.
After the readifigP &Gt cefatd frofie e FIFD3041 ditfsl e édge HataStorageihemory 304 reads out
messages in order also from the FIFOs 3042 to 30418 and supplies the messages to the selector 305.
[0520] TREBLRTHST 305 SelBc® e Fivenédsdlfesomthé HHESHrdh which-d&taldré currently
read out from among 196 the FIFOs 3041 to 304s in accordance with a select signal D307 and
supplies the sélected Hessagesas mBsddges 5308 15 tHiENaHabid hodB Balctlxtion settion 307 and
the decoded v(\é%rd calcula%gn sggtci)on 509. Lg)si?‘:cllLons (8@ tr%% otherlhand the rec%tion ggta

rrés Il T 1 of ¢
rearrangement SGC'[IOI?%?L ca?rles ou ﬁ1 coﬁumn replacemen OY%hengpI’GSSIOI’I Z)uf% re-arrange an

oope code 0313 ageived.fuoudh 2 commuinication pafh andsupplies, fee-aangad LBPC code

D313 as reception data 0314 to the reception data memory 306. The reception memory 306

calculates and stgfes a.g68ption EEB;;(ME@T]M@Q%O'@QQM@%&QGH@C%@I@%@@@ 0314

supplied thereto from the reception data rearrangement section 310 and collects and supplies every

five ones of the-regeptionkLRs agreception values Q309to thewariable-nedesealewation section 307
and the decoded word calculation section 309. [0522] The variable node calculation section 307

includes five atiable: nede eatcutatars=3Q7 1t 3075 and carries auttagiablesngdermathematical
operation in accordance with the expression (1) using the messages 0308 (3081 to 3085) (messages
uj of the expressicit L)) supplied thereto
[0512]
Also with regard to the storage regions at the
fourth and fifth stages, data af@ stored in an asscociated
relationship with the conversion parity check matrix H'.
The number of stages of the storage regions of the FIFO
304, is 5 which is a maximum number of the number of 1s
{Hamming weight} in the row direction in the first to
fifth columns of the conversion parity check matrix H'.
[0513]
Also the FIFCs 304, and 304; store data in an
assocliated relationship with the conversion parity check
matrix H' similarly, and each length (stage number) of

the FIFOs 304, and 3045 1s 5. Also the FIFOs 304; to 304,

store data in an associated relationship with the



197 through the selector 305 and the five reception values D309 (reception values uoi of the
expression (1)) supplied thereto from the reception data memory 306. Then, the variable node
calculation section 307 supplies messages D310 (D3011 to D3105) (messages vi of the expression
(1)) obtained as a result of the mathematical operatign to the cyclic shift circuit 308. [0523] The
cyclic shift circuit 308 cyclically shifts messages D3101 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 cyclically shifted in the conversion parity check matrix H', and supplies a result
of the cyclic shiftivg:as aonessage-D3th e thenedgs datdl stotagel memory 300. f3624] By carrying out
the sequence of operations described above, decoding in one cycle of an LDPC code can be carried
out. In the deé6difi§ Apparatlis of ERSs75 Hftertah BOPC cbBleds détbdedByea pidtfdtermined number
of times, a final decoding result is determined by the decoded word calculation section 309 and the
decoded datate®arrdngeriehitsédiiort3 FEEAd HerPdutpiitied o528 1987 tiohg phRicular, the
decoded word ¢alculation section 309 includes five decoded word calculators 3091 to 3095 and acts

as a final stag&'ih ﬁ&?alﬁ’)? BY EydieS Bf H8dading &' EaIcufhte & dedddingTesut {decoddtfword) in

accordance with the expression (5% usi five.messages D308 (D3081 to D3085) (messages u3 of
the expression { ou?&ﬁ%a fidmhe sf%éﬁhc(?osr § S snd t egffs\?%l?eég’pt%h values 5309 (reception
values u05 of the expression (5)) outputted from the reception data memory 306. Then, the decoded

word calculation section 309 supplies decoded data 5315 obtained as a result of the calculation to the
deCOdedda&i“¥a”an9%W?nE§§¥§%§gﬁLJgs%ﬂe decoding apparatus of FIG. 75

is described.
[G515]

The edge data storage memory 300 includes the six
FIFOs 3009 to 300g, and FIFCs into which data are to be
stored are selected from among the FIFOs 300; to 3006 in
accordance with information (Matrix data) D312
representing to which row of the conversion parity check
matrix H’ five messages D311 supplied from the cyclic
shift circuit 308 at the preceding stage belong. Then,
the five messages D311 are stored collectively and in
order into the selected FIFOs. 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 FIFC 300, ends, the edge data storage

memory 300 reads cut the messages in order alsc from the



The decoded data re-arrangement section 311 carries out reverse replacement to the column
replacement of the expression (12) for the decoded data 5315 supplied thereto from the decoded word
calculation section 309 to re-arrange the order of the decoded data 5315 and outputs the re-arranged
decoded data D315 as a decoding result 5316. [0524} As described above, by applying one or
both of row replacement and column replacement to a parity check 199 matrix (original parity check
matrix) to convert the parity check matrix into a parity check matrix (conversion parity check matrix)
which can be represented by a combination of a unit matrix of P x P elements, a quasi unit matrix
which correspdhiiggo ¢ unitmatiixwinose slemeénter ¢élements:df kare changeddrtotan element or
elements of 0, a shift matrix which corresponds to the unit matrix or quasi unit matrix after it is
cyclically shiftetieaSehefiattix 8P fwo or more of the unLatrix, quasi unit matrix and shift matrix, and a
0 matrix of P x P_elements as described above, it becomes possible to adopt for LDPC code decoding
an architecture4%Hieh carries out check node mathematical operation and variable node mathematical
operation simultaneously for P check nodes and P variable nodes. Consequently, by carrying out the

node mathematical opérationsintitarecusly f6r- fbdes fifisTpossibie i s@s5iste$E 8t operation
frequency wittéi}rf n Lﬁﬁjsmfntable range to carry out LDPC de%;ding. [0528] The LDPC
decoding sectlor?agG which cgﬁ%o‘%%%(fg‘e gé“‘eaptéﬁeap%%%tﬁgﬁ Yof FIES 78 CarfiédBut check node

Mathematical gperatiqn and.variable node mafhematical operation simultaneously for P check nodes
and P variablg 200" nodes to éz?r%y ggﬁ_c()%lgsa)é%%%dfn% g‘lﬁgﬁé 10 the He%%ﬂir?g g%ggr%%us of FIG. 75.

signal D301 and supplies the five messages as messages
D302 to the check node calculation section 302.
[0517]

The check node calculation section 302 includes
five check node calculators 302; to 3025 and carries out
the check node mathematical operation in accordance with
the expression (7) using the messages D302 (D302, to
D302s) (messages vy of the expression (7)) supplied
thereto through the selector 301. Then, the check node
calculation section 302 supplies five messages D303 (D303;
to D3035) (messages uy of the expression (7)) obtained as
a result of the check node mathematical operation to the
cyclic shift circuit 303.

[0518]

The cyclic shift circuit 303 cyclically shifts the
five messages D303, to 303; determined by the check node
calculation section 302 based con information (Matrix

data) D305 regarding by what number of original unit



[0529] In particular, it is assumed now to simplify description that the parity check matrix of an
LDPC code outputted from the LOPS 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. 72. In this instange,the parity interleaver 23 of the transmission
apparatus 11 carries out parity interleave for interleaving the K+01x+y+lth 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
cyclic structure set to 5 and with the devisor g (= M/P) of the parity length M to 6. [0530] Since
this parity intetiavecotrespends (o thercoldicrepliiternait of the exprebsions(1 2} thd LOPS
decoding section 56 need not carry out the column replacement of the expression (12). [0531]
Therefore, in ifie fet@plion apparstts 22 of FGS 70 an TOPS €ofle forAWRich BaRity 8&interleave has
not been 201 carried out, that is, an LDPC code in a state wherein the column replacement of the _
expression (155 Riddrriad outSs SUPpled oA thetchIGnmhHRid Hirteréavs ggm% fA29DPC decoding
section 56 as described above. The LDP% Qecoding section 56 carries out processing similar to that of
the decoding a%%%ra E&EF&FG_H%“&@’GF) Qha’t the column replacement of the expression (12) is not
carried out. [05(33%5 ] In particular, FIG. 76 shows an example of a configuration of the LDPC
decoding section % of FIG. 70. [0533] Referring to FIG. 76, the LDPC decoding section 56 is

configured similarly to that of the.decqding apparatus of EIG. 43 exgept thatthergcepion.data

re-arrangement section 310 of FIG. 75 is not provided and cCarries out processing similar to that of the
decoding apparatus:of He4 75 exegpt that thesgelumn-teplacement of the exprassion (. 2) is not

carried out. Therefore, description of the LDPC decoding section 56 is omitted herein. [0534]
FIFC into which data are to be stored from among the
FIFOs 304, to 3041 in accordance with the information
D305 regarding to which row of the conversion parity
check matrix H' the five messages D304 sgpplied from the
cyclic shift circuit 303lat the preceding stage belong
and collectively stores the five messages D304 in order
into the selected FIFO. On the other hand, when data are
to be read cut, the edge data storage memory 304 reads
out five messages D306; in order from the FIFC 304, and
supplies the messages D306; to the selector 305 at the
Succéeding stage. After the reading cut of data from the
FIFO 304, ends, the edge data storage memory 304 reads out
messages in order alsc from the FIFCs 304; to 304:5 and
supplies the messages to the selector 305.
[0520]

The selector 305 selects the five messages from the

FIFO from which data are currently read out from among



Since the LDPC decoding section 56 can be configured without including the reception data re- 202
arrangement section 310 as described aboven be reduced in scale in comparison with the decoding
apparatus of FIG. 75. [0535] It is to be noted that, while, in FIGS. 72 to 76, it is assumed that the
code length N of the LDPC code is 90; the informatigp 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 q (=
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 (= NIP) are not individually limited to the
specific valuesigiver abeve.J0536p 304 particutary while tite KDPC encoding sectiam21 in the
transmission apparatus 11 of FIG. 8 outputs an LDPC code wherein, for example, the code length N is
64,800 or 16,200, the"ifforHiafioh FEngti K BN ¢ FepE NEMRIRE upit cCBRMIT AEMber Pof the cyclic
structure is 360 and the devisor q is NIP, the LDPC decoding section 56 of FIG. 76 can be applied also
where LDPC t8cbdifig T8 Eafietfoit vy bt e chigek nodie mathemiatical8peration and the
variable node mathematical gperation. 203 simultane,ously3f8 P check nodes and P variable nodes

regard to such BnABPC"éde &8 justdasabed T(fgéﬁn hile the series of processes described

above can be ﬁ%af# ed 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 universalﬁet%rethgd%gx[%lei, tThe reception data re-

arrangement section 310 carries out the column
replacement of the expression (12) to re-arrange an LDEC
code D313 received through a communication path and
supplies tThe re—arranged LDPC code D213 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 recepticn data re-
arrangement section 310 and cocllects and supplies every
five ones of the reception LLRs as reception values D309
to the variable node calculaticn section 307 and the
decoded word caiculétion section 309.

[0522]

The variable node calculation section 307 includes
five variable node calculators 307; to 307: and carries
out variable node mathematical operation in accordance
with the expression (1) using the messages D308 {308:; to

3085) (messages uy of the expression (1)) supplied thereto



FIG. 77 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. [0539] The program can
be recorded in advance on a hard disk 705 or in a ROM 703 as a recording medium built in the
computer. [0540] Or, the program can be stored. (regerded) temporarily or permanently on or in a
removable recording medium 711 such as a flexible disk, a CD-ROM (Compact Disc Read Only
Memory), an MO (Magneto Optical) disc, a DVD (Digital Versatile Disc), a magnetic disc or a
semiconductor memory. Such a removable recording medium 204 711 as just described can be
provided as sbivalled!package softwhre: [0541])and 4his td beenoted Hatithe predgrass not only can be
Installed from such a removable recording medium 711 as described above into the computer but also
can be installéd ihto {e RaET disk 705IBIRR in‘the Conip\ite FWRHERS | 19 farisfetredthBreté @nd received
by a communication section 708. In this instance, the program may be transferred to the computer by
wireless comitififcation o a'dbivii64& Site Hirotighan &rtificial g&t@nite%@aﬁgnaﬁfate||ite

broadcasting or transferred to the computer by wire communication through a network such as a LAN
(Local Area N‘é?\ﬁ&ﬂf%?tﬁ]eo%%%ae&[é)%i’z’]mn section QO? Sppriedd fessages™
{

D310 (P301; to D310s) (messages vy of The expression (1))
obtained ag a result ¢f fhe mathematical operaticon to the
cyclic shift circuit 308,

[0523]

The cyclic shift circuit 308 cyclically shifts
messages D310; to D310s calculated by the variable node
calculation section 307 based on information regarding by
what number ¢f original unit matrices the corresponding
edge is cyclically shifted in the conversion parity check
matrix H’', and supplies a result of the cyclic shifting
as a message D311 to the edge data storage memory 300.
[0524]

By carrying out the sequence of operaticons
déscribed above, decoding in cne cycle of an LDPC code
can ke carried out. In the deccding epparatus of FIG. 75,
after an LDPC code is decoded by a predetermined number
of times, a final decoding result is deteimined by the
decoded word calculation section 309 and the decoded data
re-arrangement section 311 and then outputted.

[0525]



The computer has a CPU (Central Processing Unit) 702 built therein. An input/output interface 7410 is
connected to the CPU 702 by a bus 701, and if an instruction is inputted to the CPU 702 through the
input/output interface 710 when an inputting section 707 configured from a keyboard, a mouse, a
microphone and so forth is operated by a user or in gdike case, the CPU 702 executes the program
stored in the ROM (Read Only 205 Memory) 703. Or, the CPU 702 loads a program stored on the
hard disk 705, a program transferred from a satellite or a network, received by the communication
section 708 and installed in the hard disk 705 or a program read out from the removable recording
medium 711 loaded in‘andiive: 709 ahd instakled itethedtaid diskd7 0% into AsRANMNRarndone Access
Memory) 704 and executes the program. Consequently, the CPU 702 carries out processing in
accordance withtherfiowreRart HegerilsirReaisbvecsrproéessing earfed ciitiby: the3&dhfiguration of the
block diagram described hereinabove. Then, the CPU 702 outputs a result of the processing from an
outputting se@ith 706 Eorfiyuted Fomt af TS (Bijui @r&iéfaa}%&ylaﬁ?)? aSffeak@r ahd so forth and

transmits the processing result from ﬁe communication sec-ion 708 through the input/output interface
710 or recordg‘?ﬁg Brocessihg resit onthe hard disk 765 &S Bécdsidi Bemands 0545] *»  Here, in

the present specifica&ion proce sin steps which descri £ the pro ram for§aUSing the computer to
LBCCCrdantce Wik ) xpre?31on Jodginyg .che five. .
carry out various procésses need not necéessarily be processed in a time series’in accordance with the

order described ggaagfé w chart b%&%gdg 5h%%rqce§§8%é%%8 fexg.cug%d iph%arallel or individually
p .

(for example, 206 parallel processes or processes by an object). [0544] Further, the program

may be processed by.a singlessomputer, o may be prpcessed by distributedprocessing by a plurality
of computers. Further, the program may be transferred to and executed by a computer at a remote
place. five reception values D309 (reception values ug of the

expfession (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

caleculation to the decoded data re-arrangement section

311.

[05206]

The decoded data re-arrangement section 311 carries

out reverse replacement to the column replacement of the

expression (12) for the decoded data D315 supplied

thereto from the decoded word calculation section 209 to

re-arrange the order of the decoded data D315 and outputs

the re-arranged decoded data D315 as a deccding result

D316.

[0527]

As described above, by applying one or both of row

replacement and column replacement te a parity check



[0545] Now, a process for FDPC encoding by the LDPC encoding section 21 of the transmission
apparatus 11 is described further. [0546] 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. [0547] And, for the
LDPC code whose code length N is 64,800 bits, the 44 encoding rates 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4,
4/5, 5/6, 8/9 and 9/10 are prescribed, and for the LDPC code whose code length N is 16,200 bits, the
10 encoding rates 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6 and 8/9 are prescribed. [0548] The LDPC
encoding section 21 carries out encoding 207 (error correction encoding) into LDPC codes of the
different encodiigrates(whose code tength N $164;8004its ior 116;20C bits' incdiccorgance with a parity
check matrix H prepared for each code length N and for each encoding rate. [0549]

parity check matrix into a parity check matrix

(conversion parity check matrix) which can be represented

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

quasi unit matrix which corresponds to the unit matrix

whose element or elements of 1 are changed into an

element or elements of 0, a shift matrix which

corresponds to the unit matrix or gquasi unit matrix after

it is cyclically shifted, a 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 above, it

becomes possible to adopt for LDPC code decoding an

architecture which carries out check node mathematical

operation and variable node mathematical operation

simuitanecusly for P check nodes and P variable nodes.

Consequently, by carrying out the node mathematical

operation simultaneously for P nodes, it is possible to

suppress the operation freguency within an implementable

range to carry out LDPC decoding.

[0528]

The LDPC decoding section 5% which composes the
reception apparatus 12 of FIG. 70 carries out check node

mathematical cperation and wvariable node mathematical

operation simultaneously for P check nodes and P variable



In particular, the LDPC encoding section 21 stores a parity check matrix initial value table hereinafter
described for producing a parity check matrix H for each code length N and for each encoding rate.
[0550] Here, in the DVB-S.2 standard, LDPC codes of the two different code lengths N of 64,800
bits and 16,200 bits are prescribed as described herginabove, 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. [0551] Accordingly, where
the transmission apparatus 11 is an apparatus which carries out processing in compliance with the
DVB-S.2 staritfaf@ Sparity CREER nfalirix frfitial vafieP@bles indiidtaiy Correspéifding to the 11 different
encoding rates for the LDPC code whose code 208 length N is 64,800 bits and parity check matrix
initial value tabTES MR GHE Totesponding s the 10 different encoding rates for the LDPC code
whose code Iﬁggtggjﬁl is 16,200 bits are stored in the LDPC encoding section 21. [0552] The
LDPC encodingsection 21 sets a code length N and an encoding rate r for LDPC codes, for example,

in response to an operfntion of an oper tor..'I{ihe‘ %o%e len éh N %nd t@e enc 'in rate r set by the
LDPC encoding sectionrblpgrléﬁ%ec}eﬁ% ter referred 10 Ssﬁrl%ab y%swset co épﬁ nglt N and set encoding

rate r, reSpeCH}é@}éw_ﬂ[ﬂ?ﬁLn rrEhe LhP Cp%'%‘iﬁé}”%ﬁ%@i?%%%9!@9%@%%9%8@&“% padty check

matrix initial value tables corresponding to the code length N and the set encoding rate r, elements

of the value 1ofgd, nfarmatipp-matrix HA Loresperding ta andrtormationjgngth K (= Nr - code length
N - parity length M) corresponding to the set code length N and the set encoding rate r in a period of

360 columns gunibeRiumndiimberR of the eyelicsstpicture).in the columndjregtion fo produce a parity
check matrix H. [0554] Then, the LDPC encoding section 21 extracts 209
example, the parity check matrix H wherein the parity
matrix has a staircase structure shown in FIG. 72. In
this instance, the parity interleaver 23 of the
transmission apparatus 11 carries out parity interleave
for interleaving the K+gx+y+ith code bit to the position
of the K+Py+x+lth code bit with the information length K
set to 60, with the unit column number P of the cyclic
structure set to 5 and with the devisor g (= M/P) of the
parity length M to 6.
[0530]

Since this parity interleave corresponds to the
column replacement of the expression {12}, the LDPC
decoding section 56 need not carry out the column
replacement of the expression (12).

[0531]
Therefore, in the reception apparatus 12 of FIG. 70,

an LDPC code for which parity deinterleave has not been



information bits for the information length K from object data which are an object of transmission such
as image data or sound data supplied from the transmission apparatus 11. Further, the LDPC
encoding section 21 calculates parity bits corresponding to the information bits based on the parity
check matrix H to produce a codeword (LDPC codg)for one code length. [0555] 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. [0556] HoTO [0557] Here, in the expression
above, c indicates a row vector as the codeword (LDPC code), and cT indicates inversion of the row
vector c. [0558k r 1 &¢herel fronfwithinstheaowliEtioreo ds ahrl BPElcode (ohe rotdewond), a portion
corresponding to the information bits is represented by a row vector A and a portion corresponding to
the parity bits4$ répresertetan i eow vebtdr B tREPeRIRERT cdah b fepresented it

is supplied from the column twist deinterleaver 55 to the
LDPC decoding section %6 as described above. The LDPC
decoding section 56 carries out processing similar to
that of the decoding apparatus of FIG. 75 except that the
column replacement of the expression (12} is not carried
out.

[053Z2]

In particular, FIG. 76 shows an example of a
configuration of the LDPC decoding section 56 of FIG. 70.
[0533]

Referring to FIG. 76, the LDPC decocding section 56
is configured similerly tc that of the decoding apparatus
of FIG. 75 except that the reception data re-arrangement
section 310 of FIG. 75 1s not provided and carries out
processing similar to that of the decoding apparatus of
FIG. 75 except that the column replacement cf the
expression (12) is neot carried out. Therefore,
description of the LDPC decoding section 50 is omitted
herein.

[0534]
Since the LDPC decoding section 56 can be

configured without including the reception data re-



210 an expression ¢ = [AFT] from the row vector A as the information bits and the row vector T as the
parity bits. [0559] Meanwhile, the parity check matrix H can be represented, from the information
matrix HA of those of the code bits of the LDPC code which correspond to the information bits and the
parity matrix HT of those of the code bits of the LDRC.,code which correspond to the parity bits by an
expression H = [HA1HT] (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). [0560]

Further, for example, in the DVB-S.2 standard, the parity check matrix HT of the parity check matrix H
= [HAL1HT] hasra stairease straeture. 0561 as Itismnecessary=opthe, parity checkenatrix H and the
row vector ¢ = [AFT] as an LDPC code to satisfy the expression HcT - 0, and where the parity matrix
HT of the paritycheckimatrixe He= fHAH T draseer Staircage. struttuee, the pdwnvector T as parity bits
which configures the row vector ¢ = [AFT] which satisfies the expression HoT = 0 can be determined
sequentially FsEG e elenerfts of 211 each row to zero in order beginning with the elements in
the first row of the column vector HOT in the expression HOT = 0. [0562] If the LDPC encoding
section 21 detérmines a parity bit T for an information bit A, then it outputs a codeword ¢ = [AM

represented by the information bit A and theé)arlty bit T as.an LDPC encodlng result of the information
bit A. [0563] It is to be noted that, while, 1in 5,

it is assumed that the code length N of the LDPC code is
90; the information length K is 60; the unit column
number P (row number and column number of a component
matrix) of the cyclic structure is b; and the deviscor 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
devigsor ¢ (= M/P} are not individually limited to the
specific values given above.

F0536]

In particular, while the LDPC encoding section 21
in the transmission apparatus 1l of FIG. 8 outputs an
LDPC code wherelin, for example, the code length N is
64,800 or 16,200, the information length K is N - Pg (= N
-~ M), the unit column number P of the cyclic structure is
360 and the devisor g is M/P, the LDPC decoding section
5¢ of FIG. 76 can be applied also where LDPC decoding is
carried out by carrying out the check node mathematical

operation and the wvariable node mathematical operation



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 corrggponding to the set code length N and the set
encoding rate r. [0564] Each parity check matrix initial value table is a table which represents the
position of elements of the value 1 of the information matrix HA corresponding to the information
length K corresponding to the code length N and the encoding rate r of the LDPC code of the parity
212 check matrixit(LDPRO code defined by thelparityleheckmakrixH) farevery:366 sows (unit column
number P of the periodic structure), and is produced in advance for a parity check matrix H for each
code length Negrigk gdchi ensodingaate-RJ0568]ce aFIG8s784de 128 liustrate the parity check matrix
initial value tables for producing various parity check matrices H including parity check matrix initial
value tables pkésttibed in the DVB-S.2 standard. [0566] In particular, FIG. 78 shows the parity check
matrix initial value table for a parity check matrix H prescribed in the DVB-S.2 standard and having a

code length N of 16,200/ bits%ard &n BREdEMgThteF 6F5AB3 0677 5 T 1 BRES FRP P8 £ 3Row the parity

check matrix initial value table for a parity check matrix H prescribed in the DVB-S.2 standard and
having a code enGitN o1 54,860 Bts ARASH ericodify rdte For 15 J088g <eC At ed B

software. Where the series of processes is executed by
software, a program which constructs the software is
installed intc a ccmputer for universal use or the like.
f0538]

FIG. 77 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.

[053¢]

The program can be recorded in advance on & hard
disk 705 or in a ROM 703 as a recording medium built in
the computer.

[0540]

Or, the program can be stored (recorded)
temporarily or permanently on cor in a removable recording
medium 711 such as a flexible disk, a CD-ROM (Compact
Disc Read Only Memory), an MC (Magneto Optical} disc, a
VD (Digital Versatile Disc), a magnetic disc or a

semiconductor memory. Such a removable recording medium



It is to be noted that FIG. 80 is a view continuing from FIG. 79 and FIG. 81 is a view continuing from
FIG. 80. 213 [0569] FIG. 82 shows the parity check matrix initial value table for a parity check
matrix H prescribed in the DVB3.2 standard and having a code length N of 16,200 bits and an
encoding rate r of 3/4. [0570] FIGS. 83 to 86 351(9 the parity check matrix initial value table for a
parity check matrix H prescribed in the DVB-S.2 standard and having a code length N of 64,800 bits
and an encoding rate r of 3/4. [0571] It is to be noted that FIG. 84 is a view continuing from FIG.
83 and FIG. 85 is a view continuing from FIG. 84. Further, FIG. 86 is a view continuing from FIG. 85.
[0572] FIG.18 Ashows thelparity ichedk maatrix énitialoval e thble: farca-parityscheck matrix H
prescribed in the DVB3.2 standard and having a code length N of 16,200 bits and an encoding rate r of
4/5. package scftware. '
[0541]

It is to be noted that the program not only can be
installed from such a removablie recording medium 711 as
described above into the computer but alsc can be
installed intoc the hard disk 705 built in the computer
where it is transferred thereto and received by a
communication secticon 708. In this instance, the program
may be transferred to the computer by wireless
communication from a doewnlcad site through an artificial
satellite for digital satellite broadcasting or
transferred to the computer by wire communication through
a network such as a LAN (Local Area Network) or the
Internet.

[0542]

The computer has a CPU (Central Processing Unit)
702 built therein. An input/output interface 7410 is
connected to the CPU 702 by a bus 701, and 1f an
instructicon is inputted to the CPU 702 through the
input/output interface 710 when an inputting section 707
configured from a keyboard, a mouse, a microphone and so

forth is operated by a user or in a like case, the CPU

702 executes the program stored in the ROM (Read Only



[0573] FIGS. 88 to 91 show the parity check matrix initial value table for a parity check matrix H
prescribed in the DVB-S.2 standard and having a code length N of 64,800 bits and an encoding rate r

of 4/5. 214 [0574]

It is to be noted that FIG. 89 is a view continuing from FIG. 88 and FIG. 90 is a

view continuing from FIG. 89. Further, FIG. 91 is a yiew continuing from FIG. 90. [0575] FIG. 92

shows the parity check

matrix initial value table for a parity check matrix H. prescribed in the DVBS.2

standard and having a code length N of 16,200 bits and an encoding rate r of 5/6. [0576] FIGS.
93 to 96 show the parity check matrix initial value table for a parity check matrix H prescribed in the
DVB-S.2 standardhagd having acodedarngth:N of 64,800:hits andan eneadingcatedr efb/6. [0577]

It is to be noted that FIG. 94 is a view continuing from FIG. 93 and FIG. 95 is a view continuing from
FIG. 94. FurthereFIG.185 isig views Contiuing fromnF1G.c05s {@578]d from a satellite

or a network, received by the communication section 708

and Installed in the hard disk 705 or a program read out

from the remcvable reccrding nmedium 711 loaded in a drive

709 and

installed in the hard disk 705 into a RAM (Randoeom

Access Memory) 704 and executes the program. Conseqguently,

the CPU

702 carries out processing in accordance with the

flow chart described hereinabove or processing carried

cut by the configuration of the bleck diagram described

hereinabove. Then, the CPU 702 outputs a result of the

processing from an outputting section 706 configured from

an LCD

{(Ligquid Crystal Display), a speaker and so forth

and transmits the processing result from the

communication section 708 fhrough the input/output

interface 710 or records the processing result on the

hard disk 705 as occasion demands.

[0543]

Here, in the present specification, processing

steps which describe the program for causing the computer

to carry out various processes need ncot necessarily be

processed in a time series In accordance with the order

described as a flow chart but include those processes to

be executed in parallel or individually (for example,



FIG. 97 shows the parity check matrix initial value table for a parity check matrix H prescribed in the
DVBS.2 standard and having a code length N of 16,200 bits and an encoding rate r of 8/9. [0579] 215
FIGS. 98 to 101 show the parity check matrix initial value table for a parity check matrix H prescribed
in the 0173-5.2 standard and having a code length-\, gf 64,800 bits and an encoding rate r of 8/9.
[0580] It is to be noted that FIG. 99 is a view continuing from FIG. 98 and FIG. 100 is a view
continuing from FIG. 99. Further, FIG. 101 is a view contlnuing from FIG. 100. [0581] FIGS. 102
to 105 show the parity check matrix initial value table for a parity check matrix H prescribed in the
0173-5.2 staridiakd hhe haviiig g e66€ lsigth N 6£64,800bitsehd4n AEading rate r of 9/10. [0582]

[0544]

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

[0545]

Now, a process for LDPC encoding by the LDPC
encoding section 21 of the transmission apparatus 11 is
described further.

[0546]

For example, in the DVB-S5.2 standard, LDPC encoding
of the two different code lengths N of 64,800 bits and
16,200 bits are prescribed.

[0547]

And, for the LDPC code whose code length N is
64,800 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 14,200 bhits, the
10 encoding rates 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5,
5/6.and 8/9 are prescribed.

[0548]

The LDPC encoding section 21 carries out encoding



It is to be noted that FIG. 103 is a view continuing from FIG. 102 and FIG.104 is a view continuing from
FIG. 103. Further,FIG. 105 is a view continuing from FIG. 104. [0583]
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(error correction encoding) into LDPC codes of the
different encoding rates whose code length N is 64,800
bits or 16,200 bits in accordance with a parity check
matrix H prepared for each code length N and for each
encoding rate.

[0549]

In particular, the LDPC encoding section 21 stores
a parity check matrix initial value tablé hereinafter
described for producing a parity check matrix H for each
code length N and for each encoding rate.

[0550]

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 bite.

[0551]

Lccordingly, where the transmission apparatus 11 is
an apparatus which carries oul processing in compliance
with the DVB-5.2 standard, parity check matrix initial
value tables individually corresponding tce the 11

different encoding rates for the LDPC code whose code



FIGS.106 and 107 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 1/4. 216 [0584] It is to be noted that FIG. 107 is a view continuing from FIG. 106. [0585]
FIGS. 108 and 109 show the parity check matrix inifia} value table for a parity check matrix H
prescribed in the DVB-S.2 standard and having a code length N of 64,800 bits and an encoding rate r
of 1/3. [0586]

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 encoding

section 21.

[0552]

The LDPC encoding section Z1 sets a code length N

and an encoding rate r for LDPC codes, for example, in

respcense to an cperaticon of an operator. The code length

N and the encoding rate r set by the LDPC encoding

section 21 are hereinafter referred tc suitably as set

code length N and set enceding rate r, respectively.

[0553]

The LDPC encoding section 21 places, based on the

parity check matrix initial value tables corresponding to

the set code length N and the set encoding rate r,

elements of the value 1 of an infeormation matrix Ha

corresponding to an information length K (= Nr = code

length N - parity length M) corresponding to the set code

length N and the set encoding rate r in a period of 360

columns (unit column number P of the cyclic structure) in

the column direction to produce a parity check matrix H.

[0534]

Then, the LDPC encoding section 21 extracts



It is to be noted that FIG. 109 is a view continuing from FIG. 108. [0587] FIGS. 110 and 111 show
the parity check matrix initial value table for a parity check matrix H prescribed in the DVB-S.2
standard and having a code length N of 64,800 bits and an encoding rate r of 2/5. [0588] Itis to
be noted that FIG. 111 is a view continuing from Fl&,410. [0589] FIGS. 112 to 114 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. 217 [0590] It is to be
noted that FIG. 113 is a view continuing from FIG. 112 and FIG. 114 is a view continuing from FIG.
113.[0591] iniFIGS.tEXBuHoLEEsHow thé paritylcheckimatrix initigihallie fabbe forkd patity check
matrix H prescribed in the DVB-S.2 standard and having a code length N of 64,800 bits and an
encodngra&ﬂ@@ﬁthKE@ZTre an cbject of transmission such as image

data or sound data supplied from the transmission
apparatus 11. Further, the LDPC encoding section 21
calculates parity bits corresponding to the information
bits based on the parity check matrix H to produce a
codeword (LDPC ccde) for one code length.

[0555]

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.

[0556]

HeT = 0
[0557]

Here, 1in the expression above, ¢ indicates a row
vector as the codeword (LDPC code), and <’ indicates
inversion of the rbw vector c.

[0558]

Where, from within the row vector ¢ as an LDPC code
(one codeword), a portion corresponding to the
information bits is represented by a row vector A and a
portion corresponding to the parity bits is represented

by a row vector T, the row vector ¢ can be represented by



It is to be noted that FIG. 116 is a view continuing from FIG. 115 and FIG. 117 is a view continuing
from FIG. 116. [0593] FIG. 118 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. [0594] FIG. 119 showsthe 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 1/3. [0595] 218 FIG. 120 shows the parity check matrix initial value table
forparity check matrix H prescribed in the DVB-S.2 standard and having a code length N of 16,200 bits
andzﬂ1encodﬁﬁJqﬂ@¥@ﬁgﬂ§n c = [A}T] from the row vector A as the

information bits and the row vector T as the parity bits.
[0559]

Meanwhile, the parity check matrix H can be
represented, from the information matrix Ha of-those of
the code bits of the LDPC code which correspond to the
informaticn bits and the parity matrix Hpy of those of the
code bits of the LDPC code which correspond to the parity
bits by an expression H = [Hp|Hy] (matrix wherein the
elements of the information matrix Hx are elements on the
left side and the elements of the parity matrix Hp are
elements on the right side).

[0560]

Further, for example, in the DVB-S.2 standard, the
parity check matrix Hr of fThe parity check matrix H =
[HaiHe]l has a stalrcase struclture.

[0bel]

It is necessary for the parity check matrix E and
the row vector ¢ = [A|T] as an LDPC code to satisfy the
expression He' = 0, and where the parity matrix Hr of the
parity check matrix H = [HalH:] has a staircase structure,
the row vector T as parity bits which configures the row
vector ¢ = [A|T] which satisfies the expression Het = 0

can be determined seguentially by setting the elements of



[05961 FIG. 121 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 1/2. [05971 FIG. 122 shows the parity check matrix initial value table for a parity check matrix
H prescribed in the DVB-S.2 standard and having a ¢ode length N of 16,200 bits and an encoding rate
r of 3/5. [0598] FIG. 123 shows the parity check matrix initial value table for a parity check matrix
H having a code length N of 16,200 bits and an encoding rate r of 3/5, which can be used in place of
the parity check matrix initial value table of FIG. 122. [0599] The LDPC encoding section 21 of the
transmission apparatus'11 determines:a paritychreckimatrixgHvin the falewingemanner using the parity
check matrix initial 219 value tables. [0600] In particular, FIG. 124 illustrates a method for
determining a-p&rity theek Avatriz H fiom & patfyrcheek matrik initiahvalbe table rfos01pn
He' = 0.
[0562]
If the LDPC encoding section 21 determines a parity
bit T for an information bit A, then it ocutputs a
codeword ¢ = [A|T] represented by the information bit A
and the parity bit T as an LDPC encoding result of the
information bit A.
[0563]
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.
[05064]
Bach parity check matrix initial value table is a
table which represents the position of elements of the
value 1 of the information matrix H, corresponding to the

information length K corresponding to the code length N

and the encoding rate r of the LDPC code of the parity



is to be noted that the parity check matrix initial value table of FIG. 124 indicates the parity check
matrix initial value table for a parity check matrix H prescribed in the DVB-S.2 standard and having a
code length N of 16,200 bits and an encoding rate r of 2/3 shown in FIG. 178. [0602] As
described above, the parity check matrix initial valug table is a table which represents the position of
elements of the value 1 of a information matrix HA corresponding to the information length K
corresponding to the code length N and the encoding rate r of the LDPC code for every 360 columns
(for 'every unit column number P of the cyclic structure), and in the first row of the parity check matrix
initial value tables @nurabet.af tow hilfibers ot elénfents of the valaedainithe 13360%(i-1)th column of
the parity check matrix H (row numbers where the row number of the first row of the parity check 220
matrix H is 0)'&gjuak-to the fifmberefabldfmh weightsiwhich the 1wB60x (i)t cokinwfhas.g0603] Here,
it is assumed that the parity matrix HT of the parity check matrix H corresponding to the parity length M
has a staircadefstridtife and IECdetEfminetin ddvanEeneEstding todHaparityt efeck matrix initial
value table, the information matrix HA correspondingﬂto the information length K from within the parity

check matrix BAS HeterifEdS. [BBOAT* L T réif Alinfbes &+ BHIne phiritéhetk fatrix initial value

table differs dgggggilggguproarilttgerlrjformatlon length K.

[0565]

FIGS. 78 to 123 illustrate the parity check matrix
initial value tables for producing various parity check
matrices H including parity check matrix initial wvalue
tables prescribed in the DVB-S.2 standard.

[0566]

In particular, FIG. 78 shows the parity check
matrix initial value table for a parity check matrix H
prescribed in the DVB-5.2 standard and having a code
iength N of 16,200 bits and an encoding rate r of 2/3.
[0567]

FIGS., 79 te 81 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-5.2 standard and having a code length N of 64,800
bits and an encoding rate r of 2/3.

[0568]
It is to be noted that FIG. 80 is a view continuing

from FIG. 79 and FIG. 81 is a view continuing from FIG.

g0.



[0605] The information length K and the row numberof the parity check matrix initial value table
satisfy a relationship given by the following expression. [0606] K = (k + 1) x 360 [0607] Here, 360
in the expression above is the unit column number P of the cyclic structure. [0608] 221 In the
parity check matrix initial value table of FIG. 124, 13.,numerical values are listed in the first to third
rows, and three numerical values are listed in the fourth to k+lth (in FIG. 124, 30th) rows. [0609]
Accordingly, the number of column weights in the parity check matrix H determined from the parity
check matrix initial value table of FIG. 124 is 13 in the first to 1+360x(3-1)-1th rows but is 3 in the
1+360x(3-1)tH &> £4th rows. [0610]
FIG. 8Z shows the parity check matrix initial wvalue
table for a parity check matrix H prescribed in the DVB-
S.2 standard and having a code length N of 16,200 bits
and an encoding rate r of 3/4.
[05706]
FIGS. 83 to 86 show the parity check matrix initial
value tabkle for a parity check matrix H prescribed in the
DVB-5.2 standard and having a code length N of 64,800
bits and an encoding rate r of 3/4.
[0571]
It is te be noted that FIG. 84 is a view cdntinuing
from FIG. 83 and FIG. 85 is a view continuing from FIG.
84, Further, FIG. 86 is & view continuing from FIG. 85,
[0572]
FIG. 87 shows the parity check matrix initial walue
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.

FIGS. 88 to 91 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB~S.2 standard and having a code length N of 64,800

bits and an encoding rate r of 4/5.



The first row of the parity check matrix initial value table of FIG. 124 includes 0, 2084, 1613, 1548,
1286, 1460, 3196, 4297, 2481, 3369, 3451, 4620 and 2622, and this indicates that, in the first column
of the parity check matrix H, the elements in rows of the row numbers of 0, 2084, 1613, 1548, 1286,
1460, 3196, 4297, 2481, 3369, 3451, 4620 and 2622 have the value 1 (and besides the other
elements have the value 0). [0611] Meanwhile, the second row of the parity check matrix initial
value table of FIG. 124 includes 1, 122, 1516, 3448, 2880, 1407, 1847, 3799, 3529, 373, 971, 4358
and 3108, and this indicates that, in the 361st (= 222 1+360x(2-1)th) column of the parity check matrix
H, the elemeni§ ¥ fdws of the row numbers of 1, 122, 1546, 3448, 2880, 1407, 1847, 3799, 3529, 373,
971, 4358 and 3108 have the value 1. [0612] As given above, the parity check matrix initial value
table represents the pasitidrs of elehferits B the Galte! 6f-th8 Infofmatioh fiatiR Mplofthe Parity check
matrix H for every 360 columns. [0613]] Each of the columns of the parity check matrix H other
than the 1+360XGRL)HH Eolufith, R4t i Eacl? Bf the Collim™¥ fromh 2+BBBXE 11th 8 366%ith columns,

includes elements of the value of 1 obtained by cyclically shifting the elements of the value of 1 of the
1+360x(iL)th Eolumn WHIE depend Upglji tHE parit ek Hatrix titidl vaios table pe%@dically in the

downward dir‘fﬁté% gin the downward direction of the column) in accordance with the parity length M.
[0614]

FIG. 92 shows the parity check matrix initial wvalue
table for a parity check matrix H prescribed in the DVB-
5.2 standard and having a code length N of 16,200 bits
and an encoding rate r of 5/6.

[05706]

FIGS. 93 to 96 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB~5.2 standard and having a code length N of 64,800
bits and an encoding rate r of 5/6.

[0577]

It is to be noted that FIG. 24 i1s a view continuing
from FIG. %3 and FIG. 95 1s a view continuing from FIG.
94, Further, FIG. 96 is a view continuing from FIG. 95.
[6578]

FIG. 27 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 8/%.

(0579]



In particular, for example, the 2+360x(i-I)th column is a column obtained by cyclically shifting the
1+360x(i-1)th column in the downward direction by M/360 (= q), and the next 3+360x(i-I)th is a column
obtained by 223 cyclically shifting the 1+360x(i-l)th column in the downward direction by 2 x M/360 (=
2 x q) and then cycliCally shifting the cyclically shifted-column (2+360x(i-l)th column) in the downward
direction by M/360 (= g). [0 15] Now, if it is assumed that the numeral value in the jth column (jth
from the left) in the ith row (ith row from above) of the parity check matrix initial value table is
represented by b3, and the row number of the jth element of the value 1 in the wth column of the parity
check matrix H is représehted By HwH lthénthevowmurperiii ofltlee elementiof the value 1 in the
wth column which is a column other than the 1+360x(i-I)th column of the parity check matrix H can be
determined int&écordanceawith thefollewityg-erpressiohy [0816F mawihir +mbd((w-1),P) x clfml [0617]
Here, mod(x,y) signifies a remainder when x is divided by y. [0618 ~ Meanwhile, P is a unit number
of columns ofth& tyEHCsFuctird d8sribedhereihabBie andasfopaving a code

length N of 64,800 bits and an encoding rate r of 8/9.
(058017

It i1s to be noted that FIG. 99 is a view continuing
from FIG., 98 and FIG. 100 is a view continuing from
FIG. 99. Further, FIG. 101 is a view continuing from FIG.
100.

(05817

FIGS. 102 to 105 show the parity check matrix
initial value table for a parity check matrix H
prescribed in the DVB-5.2 standard and having a code
length N of 64,800 bits and an encoding rate r of 9/10.
(0582]

It is to be noted that FIG. 103 is a view
continuing from FIG. 102 and FIG. 104 is a view
continuing from FIG. 103. Further, FIG. 105 is a view
continuing from FIG. 104.

[0583]

FIGS. 106 and 107 show the parity check matrix
initial value table for a parity check matrix H
prescribed in the DVB-S5.Z2 standard and having a code

length N of 64,800 bits and an encoding rate r of 1/4.



224 example, in the DVB-S.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. [0619] The LDPC encoding
section 21 specifies the row number of the elements of the value 1 in the 1+360x(11)th column of the
parity check matrix H from the parity check matrix ijtial value table. [0620] Further, the LDPC
encoding section 21 determines the row number H, of the element of the value 1 in the wth column
which is a column other than the 1+360x(i-1)th column of the parity check matrix H and produces a
parity check matrix H in which the elements of the row numbers obtained by the foregoing have the
value 1. [0621]0584 Now, variations of the method of replacement of code bits of an LDPC code in the
replacement process by the replacement section 32 of the demultiplexer 25 in the transmission
apparatus 11, that is, dfthé alleeativn patte (RBrdindftér refétred .t &s Bit @focation pattern) of code
bits of an LDPC code and symbol bits representative of a symbol, are described. [0622] 225 In
the demultipléXet 257 #ié 8odé Bits 'of the EBPC code are written in the column direction of the memory
31, which stores %\Iéﬁmb)) x (mb) bits in the column direction x row direction. Thereafter, the code bits

|

are read out in &’ of mb bits in the row direction. Further, in the demultiplexer 25, the replacement

section 32 replaces th% co% gitg‘fl%adﬁgt in, th% r%; direg%i% of t e memory 31 and determines
the code bits after the replacement as mb symgglqblts 0 e(sEccessﬁ*@e? symboafs.rIOéZB] In particular,

theremacmﬂﬁmf%¥i9n§%hmztable for a parity check matrix H
pfescribed in the DVB-S5.2 standard and having a code
length N of 64,800 bits and an encoding rate r of 1/3.
[0586]

It 18 to ke noted that FIG. 109 is a view
continuing from FIG. 108.

[0587]

FIGS. 110 and 111 show the parity check matrix
initial value table for a parity check matrix H
prescribed in the DVB-5.2Z standard and having a code
length N of 64,800 bits and an encoding rate r of 2/5.
10588}

It is to be noted that FIG. 111 is a view
continuing from FIG. 110.

[0589]

FIGS. 112 to 114 show the parity check matrix
initial value table for a parity check matrix H
prescribed in the DVB-S5.2 standard and having a code

length N of 64,800 bits and an encoding rate r of 1/2.



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 bi 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 code bits bo
to lol in accordance with a predetermined bit allocation pattern. [0624] FIG. 125 shows an
example of a bit allocation pattern which can be adopted where the LDPC code is an LDPC code
whose code length N is 64,800 bits and whose encoding rate is 5/6 or 9/10 and besides the
modulation method is 4096QAM and the multiple b is 1. 226 [0625] Where the LDPC code is an
LDPC code whoséode length N is 64,800 bits and whose encoding rate is 5/6 or 9/10 and besides
the modulation method is 4096QAM and the multiple b is 1, in the demultiplexer 25, the code bits

- written in the memory 31 fdrsstéfing £64:806/1 2 ka1 X {$2 x1) bitssinah& E8imn direction x row
direction are read out in a unit of 12 x 1 (= mb) bits in the row direction and supplied to the
replacement §&ttion™32:10626]°™ Fihe répfactiftnt S&ction 32°r&pRcEd 9% x | (= mb) code bits bo to
1011 such that the 12 x 1 (= mb) code bits bo to b11 to be read out from the memory 31 may be
allocated to tH&* 12 X 1< fhb) §§fhbot Bits %%o y11 of one (= b) symbol as seen in FIG. 125. [0627]

In particular, 1%@5 ing to FIG. 125, the replacement section 32 carries out, with regard to both of an
LDPC code hayingthe encoding rate of 5/6 and an LDPC code having the encoding rate of 9/10 from

e o e M e e el 3L SRt gl the coce
initial value table for a parity check matrix H
prescfibed in the DVB-85.2 standard and having a code
length N of 64,800 bits and an encoding rate r of 3/5.
[G592] |

It is to be noted that FIG. 116 is a view
centinuing from FIG. 115 and FIG. 117 is a view
continuing from FIG. 1i6.

[0583]

FiG. 118 shows the parity check matrix initial
value table for a pvarity check matrix H prescribed in the
CVB-5.2 standard and having a code length N of 16,200
bits and an encéding rate ¥ of 1/4. |
105941

FIG. 119 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 1/3.

[0595]



the code bit b2 to the symbol bit Y6, the code bit b3 to the symbol bit yl, the code bit b4 to the symbol
bit y4, the code bit b5 to the symbol bit y5, the code bit b6 to the symbol bit y2, the code bit h4 to the
symbol bit 3731 the code bit 193 to the symbol bit Y7 r the code bit b9 to the symbol bit ylo, the code
bit blo to the symbol bit yal, and the code bit bp tod@?gsymbol bit y9. [0628] FIG. 226 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. [0629] Where the LDPC code is an
LDPC code whose codellengiltN is64y800:hits and whopselencadingirate<isiai6 of £110 and besides
the modulation method is 4096QAM and the multiple b is 2, in the demultiplexer 25, the code bits
written in the Frehiery3ibfor storings(6428007¢1 2k 2PN 12t2)ibitginthe solubve directiorie row
direction are read out in a unit of 12 x 2 (= mb) bits in the row 228 direction and supplied to the
replacement $&ction-32. 6630127 TP replatetheht seetfon-s2#éplates £2 X2 Emb) code bits Igo
to b23 such that the 12 x 2 (= mb) code bits bo to b23 to be read out from the memory 31 may be
“allocated to the 18 x5 Aib) LYol Bis 7816 y33%F td = b) successive symbols as seen in FIG.

126. [0631] [ I§ articular, according to FIG. 126, the replacement section 32 carries out, with
regard to both 81‘5 DPC code having the encoding rate of 5/6 and an LDPC code having the
encoding rate of 9/10 fm amaong IS_QPC c%%es haV|n%}tfhng%gﬁ<leHrllg;h N of,64,,%q%9|ts, replacement

OWS € pari Crix inft

value table for a parity check matrix H prescribed in the
DVB-5.2 standard and having a code length N of 16,200
bits and an encoding rate r of 1/2.

[C597]

FIG. 12Z shows the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-5.2 standard and having a code length N of 16,200
bits and an encoding rate r of 3/5.

[0598]

FIG. 123 shows the parity check matrix initial
value table for a parity check matrix H having a cods
length N of 16,200 bits and an encoding rate r of 3/5,
which can be used in place of the parity check matrix
initial value table of FIG. 122,

(0599]

The LDPC encoding secticen 21 of the transmission

apparatus 11 determines a parity check matrix H in the

following manner using the parity check matrix initial



the for allocating code bit bo to the symbol bit yo, the code bit b2 to the symbol bit yo, the code bit b4
to the symbol bit y6, the

218

value tables.
[0600]

In particular, FIG. 124 illustrates a method for
determining a parity check matrix H from a parity check
matrix initial value table.

[0601]

It is to be noted that the parity check matrix
initial value table of FIG. 124 indicates the parity
check matriz initial value table for a parity check
matrix H prescribed in the DVB-S5.2 standard and having a
code length N of 16,200 bits and an encoding rate r of
2/3 shown in FIG. 178.

[06C2]

As described above, the parity check matrix initial
value table is a table which represents the position of
elements of the value 1 of a information matrix Ha
corresponding to the information length K corresponding
to the code length N and the encoding rate r of the LDPC
code for every 360 columns (for every unit column number
P of the c¢yclic structure}, and in the first row of the
parity check matrix initial value table, a number of row
numbers of elements of the value 1 in the 1+360x{i-1)th
column of the parity check matrix H {row numbers where

the row number of the first row of the parity check



code bit b6 to the symbol bit yl, the code bit bo to the symbol bit y4, the code bit b10 to the symbol bit
3[5, the code bit b12 to the symbol bit y2, the code bit b44 to the symbol bit y3, the code bit 1016 to
the symbol bit y2, the code bit blo to the symbol bit ylo, 229 the code bit b20 to the symbol bit yin the
code bit b22 to the symbol bit y9, the code bit 1:1 tp;the symbol bit y20, the code bit b3 to the symbol
bit y12, the code bit los to the symbol bit yis, the code bit b7 to the symbol bit y13, the code bit 13)3 to
the symbol bit y16, the code bit b11 to the symbol bit y17, the code bit b13 to the symbol bit y14, the
code bit b36 to the symbol bit y15, the code bit b17 to the symbol bit y13, the code bit b36 to the
symbol bit y2Rathelgode bit bR1 te Wve Symbokbit y23 st thefcotelinh28 ¢d e Symbol bit Y21
[0632] Here, the bit allocation pattern of FIG. 126 utilizes the bit allocation pattern of FIG. 125
wherein the mitilkiple 551 Withbtt ahy MddificatibAmih parficular, in FIG. 126, the allocation of the
code bits b0, b2,b22 to the symbol bits yi and the allocation of the b3, b3, , b23 to the symbol bits yi
are similar to kA& aflocation of the code bits b0 to b11 to the symbol bits y1 of FIG. 125.

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 te the parity check matrix initial
value table, the information matrix Hp corresponding to
the information length K from within the parity check
matrix H is determined.

[0604]

The row number k+1 of the parity check matrix
initial value table differs depending upon the
information length K.

[0605]

The infecrmation length K and the row number k+1 of
the parity check matrix initial value table satisfy a
relationship given by the following expression.

[060¢]

K= (k + 1} x 360
[0607]

Here, 360 in the expression above is the unit
column number P of the cyclic structure.

[(0608]



[0 633 230 FIG. 127 shows an example of a bit allocation pattern which can be adopted where
the modulation method is 1024QAM and the LOPS code is an LOPS code whose code length N is
16,200 bits and whose encoding rate is 3/4, 5/6 or 8/9 and besides the multiple b is 2 and also where
the modulation method is 1024QAM and the LOPS gg@de is an LOPS code whose code length N is
64,800 bits and whose encoding length is 3/4, 5/6 or 9/10 and besides the multiple b is 2. [0634]
Where the LOPS code is an LOPS code whose code length N is 16,200 bits and whose encoding rate
is 3/4, 5/6 or 8/9 and the modulation method is 1024QAM and besides the multiple b is 2, in the
demultiplexer 25, the codethits writtér in tHeemlentery :31=fot stokingl (16:206/(13:k 2Y) 210 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 thBTeplatéfent Zettiaie 82Cfob35a 1 ues G theldtherHand, WhErethe 1'OPS code is an
LOPS code whose code length N is 64,800 bits and whose encoding rate is 3/4, 5/6 or 9/10 and the
modulation metHeisTROZAQANCarid BESIIBETSE Aititp 8 Hid DS ifthe 231 demditepiéer 25, the

code bits written in the memory 31 far storin (?%800%(%?0 X 2)%%&10 X 2) bits in the column direction x
row direction af&tedd &Gt i it 410 X'2(= mib) bitd i tHe FSW direction and supplied to the

replacement ﬁgﬁlﬁg 32. [0636] The replacement section 32 replaces 10 x 2 (= mb) code bits bo
to b19 sucht 1lO X 2 (= mb) code bits bo to b19 to be read out from the memory 31 may be

allocated to the 10 x 2 (= mb) symAo) bitsyo 10, y19.of o (Z.0) Sycceasiys sympols. gs seen in FIG.
127. ’

parity check matrix H determined from the parity check
matrix initial value table of ¥IG. 124 is 13 in the first
to 1+360x({3-1)-1th rows but is 3 in the 1+360x(3-1)th to
Kth rows.
[0610]

The first row of the parity check matrix initial
value table of FIG. 124 includes (0, 2084, 1613, 1548,
1286, 1460, 31%6, 4297, 2481, 3369, 3451, 4620 and 2622,
and this indicates that, in the first column of the
parity check matrix H, the elements 1in rows of the row
numbers of 0, 2084, 1613, 1548, 1286, 1460, 31%6, 4297,
2481, 3369, 3451, 4620 and 2622 have the value 1 (and
besides the cther elements have the value 0).
[0611]

Meanwhile, the second row of the parity check
matrix initial value table of FIG. 124 includes 1, 122,
1516, 3448, 2880, 1407, 1847, 3799, 3529, 373, 971, 4358

and 3108, and this indicates that, in the 36lst (=



[0637] In particular, according to FIG. 127, the replacement settion 32 carries out, with regard to
all of the LDPC codes having the encoding rate of 3/4, LDPC codes having the encoding rate of 5/6
and LDPC codes having a further encoding rate of 8/9 from among LDPC codes having the code
length of 16,200 bits as well as LDPC code having-the encoding rate of 3/4, LDPC codes having the
encoding rate of 5/6 and LDPC codes having a further encoding rate of 9/10 from among LDPC codes
having another code length N of 64,800, replacement for allocating the code bit 1:0 to the symbol bit
Y8, 232 the code bit b1 to the symbol bit 373/ the code bit b2 to the symbol bit y7, the code bit b3 to
the symbol bit y8 cthe Code) iitb4 ¢t thersymifoltity479; the code bit bkatorthe symbalbit y4, the code
bit b6 to the symbol bit Y9, the code bit b7 to the symbol bit y5, the code bit b8 to the symbol bit y17,
the code bit b9lerthe symibel bitys, the dote bt tothersyniliol bit Y44 the édde bit4diPto the
symbol bit y11, the code bit b12 to the symbol bit y2, the code bit b13 to the symbol bit y18, the code
bit bi2 to the Syifibol Bity16, the £ode bitdrLs tothé symbol bit 419, the>Eode!Bit H16%o 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 1:19
to the symbof Bi¥§12- 1186381 "¢ ErG. 128 shows an example of a bit allocation pattern which can be
adopted wherge tg; r?odulation method is 4096QAM and the LDPC code is an LDPC code whose code
length N is 16; % ts and whose encoding rate is 5/6 or 233 8/9 and besides the multiple b is 2 and

also where the modulation method.is 4096QAM and the | DP de is an | DPC whose code
length N is 64,800 bitgfnfwﬂ8§e &hcodihg ﬁrogtee i%grﬁé%}’ 9%%5% A tﬁélﬁﬁtgfp e b is 2. [0639]

Where the LDPG code is, a0 LDRC code whase code lengtty N.is 16,200 bits.and-whose encoding rate
is 5/6 or 8/9 and the modulation method is 4096QAM and besides the multiple b is 2, in the

demultiplexer25, the code bits writien i the memary SL.fof stering- (16, 200/(%2 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 thegeplagement seetien-32.30646b 1 umns .
[0613]
Bach of the columns of the parity check matrix H
other than the 1+360x{i-1)th column, that i1s, each of the
columns from 2+360x(i-1)th to 360xith columns, includss
elements of the value of 1 obtained by cyclically
shifting the slements of the wvalue of 1 of the 1+360x(i-
1Yth column which depend upon the parity check matrix
initial value table periodically in the déwnward
direction {(in the downward direction of the column) in
accordance with the parity length M.
[0614]
In particular, for example, the Z+360x{i-1)tTh
column is a column obtained by cyclically shifting the

1+360x{i-1)th column in the downward direction by M/360

(= g), and the next 3+360x(i-1)th is a column obtained by



On the other hand, where the LDPC code is an LDPC code whose code length N is 64,800 bits and
whose encoding rate is 5/6 or 9/10 and the modulation method is 4096QAM and besides the multiple b
is 2, in the demultiplexer 25, the code bits written in the memory 31 for storing (64,800/(12 x 2)) x (12 x
2) bits in the column direction x row direction are read, out in a unit of 12 x 2 (= mb) bits in the row
direction and supplied to the replacement section 32. 234 [0641] The replacement section 32
replaces 12 x 2 (= mb) code bits b0 to b23 such that the 12 x 2 (= mb) bits to be read out from the
memory 31 may be allocated to the 12 x 2 (= mb) symbol bits yo to y23 of two (= b) successive
symbols as sesminlEKG.1128:HA643ng t e partictlar aecordingto RiGn 128, thiesreplacement section
32 carries out, with regard to all of the LDPC codes having the encoding rate of 5/6 and LDPC codes
having the endodlingaate dfig/frdrmrarheng LBPC éodes having the cede! Irtk 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 LDPE keries having andthek B8dE Iehgty N-6£64 BOO Hrplacehatt for allocating the code
bit bO to the symbol bit y10, the code bit b1 to the symbol bit y15, the code bit b2 to the symbol bit y4,
the code bit b2461h& yribol bit yi8. e dode bit b2 15 THE EGBoPBit §7, thatadé bit ﬁc?y‘rl)o the symbol
bit y26, the code bit b6 to the symbol bit y23, the code bit b4 to the symbol bit y48, 235 the code bit b8
to the symbol it ﬁ') the code bit 'do to the symbol bit y14, the code bit No to the symbol bit ion, the
code bit Ni to ﬁe $¥Eﬁ1bol bit y5, the code bit bn to the symbol bit y6, the code bit bfl to the symbol 't yn,
the code bit b14 15 the symbol bit y13, the code bit Ns to the symbol bit yo, the code bit b16 to the

symbol bit 71, the codg bit lan to the symbol bit v3, the_code, hit bn to the symbal bit;y9, the code bit
bn to the symbol bit y2, the code bit boo to the symbol %it Y7il the code bit Idol to the symbol bit Ye, the

code bit boo, ta thesymhol bit)y12, andithe,codehity23 to the.symbol bityo (643 oy

rom above) of the parity check matrix initial value
table is represented by by ; and the row number of the jth
element of the value 1 in the wth column of the parity
check matrix H 1s represented by Hy-;, then the row number
Hy-; of the element of the value 1 in the wth column which
is a column other than the 1+360x{(i-1)th column of the
parity check matrix H can be determined in accordance
with the following expression.
[0616]

Hy-y = mod{h;,s + mod{{(w-1}),P) x g,M}
[0617]

Here, mod(x,vy) signifies a remainder when x is
divided by v.
[0618]

Meanwhile, P is a unit number of columns of the

cyclic structure described hereinabove and is, for



According to the bit allocation patterns shown in FIGS. 125 to 128, the same bit allocation pattern can
be adopted for a plurality of kinds of LDPC codes, and besides, the tolerance to errors can be setto a
desired performance with regard to all of the plural kinds of LDPC codes. [0644] 236 In
particular, FIGS. 129 to 132 illustrates results of si jlatlons of the BER (Bit Error Rate) where a
replacement process is carried out in accordance W|th the bit allocation patterns of FIGS. 125 to 128.
[0645] It is to be noted that, in FIGS. 129 to 132, the axis of abscissa represents Es/No (signal
power to noise power ratio per one symbol) and the axis of ordinate represents the BER. [0646]
Further, a soligklimesturyverepresents/theSBERawhkeréza replacegment provess is carriedeout and an
alternate long and short dash line represents the BER where a replacement process is not carried out.
[0647] FI@ 1129 HiiSfratesthe BEA where Breplacenier precessyin eeesfdantewith the bit
allocation pattern of FIG. 125 is carried out for LDPC codes whose code Iength N is 64,800 and whose

encoding rate-i3<5/67ahdl 9720 AdoptiRG2006DANF ad the niddutafortieticd and ‘é@ﬁ?ﬁ@@the multiple b
to 1. [0648] FI{% 6%“%% illustrates the BER where a replacement

The LDPC encoding section 21 specifies the row
number of the elements of the value 1 in the 1+360x(i-
1)th column of the parity check matrix H from the parity
check matrix initial value table.

[0620C]

Further, the LDPC encoding section 21 determines
the row number H,.; of the element of the value 1 in the
wth column which is a column other than the 1+360x(i-1)th
column of the parity check matrix H and produces a parity
check matrix H in which the elements of the row numbers
cbtained by the foregoing have the value 1.

[0621]

Now, variations of the method of replacement of
code bits of an LDPC code in the replacement prccess by
the replacement section 32 of the demultiplexer 25 in the
traﬁsmission apparatus 11, that is, of the allocation
pattern (hereinafter referred to as bit allocation
pattern) of code bits of an LDPC code and symbol bits
representative of a symbol, are described.

106221



237 FIG. 126 is carried out for LDPC codes whose code length N is 64,800 and whose encoding rate
is 5/6 and 9/10 adopting 4096QAM as the modulation method and setting the multiple b to 2. [0649]

It is to be noted that, in FIGS. 129 and 130, a graph having a triangular mark applied thereto
represents the BER regarding the LDPC code havi 5the encoding rate of 5/6, and a graph having an
asterisk applied thereto represents the BER regarding the LDPC code having the encoding rate of
9/10. [0650] FIG. 131 illustrates the BER where a replacement process in accordance with the bit
allocation pattern of FIG. 127 is carried out for LDPC codes whose code length N is 16,200 and whose
encoding rate is 3/4, Stthand 8/%and far lkDREL=codes, whose cade:lengthsNd$ 64r800.amd whose
encoding rate is 3/4, 5/6 and 9/10 adopting 1024QAM as the modulation method and setting the
multiple b to 2.065%&re witistebeinotet thatcihmiG. d31ca giaph kaving anesterisk applied
thereto represents the BEE regarding the LDPC code having the code length N of 64,800 and the
encoding rate"bfigf10sand asgrah Having &n dptwardly 238 dirscted thantitarmancappiied thereto
represents the BER regarding the LDPC codes having the code length N of 64,800 and the encoding
rate of 5/6. FUrtiér aGrapts having a Sutare etk apphéd tHerstorepresthis tHe®SERYegarding the
LDPC code having the code length N of 64,800 and the encoding rate of 3/4. [0652] .  Further, in
FIG. 131, a grdptthdiing atoufid MdrkSapphied therctd répré§&itsthe PER T5§&rding the ADPC code
having the code Ie?%%th l\igt 1(3‘,200 ar%%thet%récodin ate of 8/9, and. a a downwardly

! r raph.havin
directed triané&lgr ar ‘ap:bﬁe(? thereto (epres.en%a & 5ﬁlﬂepe%a€f&ﬁajtr%§ LDPC & g’éa ﬁg\sling the code

iength N of 16.800,a0d ths encoding fale oL 3/o. Further, a.graphaying a plusmaricapplied thereto
gt

represents the regarding the LDPC code having the code length N of 16,200 and the encoding

rate of 3/4. [0633], .., HG, 132 llustrates the PER where g teplacgrpent progess in accordance with
the bit allocation pat%iern of FIG. 128 is carried out for LDPC codes whose code length N is 16,200 and

whose encodingJalg-is-p/8:angk8/9-and for L DRG £odes whose codg lergthiN is,64.80Q and whose
encoding rate is 5/6 and 9/10 adopting 4096QAM as the
[0623]

In particular, the replacement section 32
determines the i+lth bit from the most significant bit of
the mb code bits read out iﬁ the row direction of the
memory 31 as the code bit b; and determines the i+1th bit
from the most significant bit of the mb symbol bits of
the b {(successive) symbols as the symbol bit y;, and then
replaces the mb code bits by to bg.: in accordance with a
predetermined bit zllocation pattern.

[0624]

F1G. 125 shows an example of a bit allocation
pattern which can be adopted where the LDPC code i1s an
LDPC code whose code length N is 64,800 bits and whose

encoding rate is 5/6 or %/10 and besides the modulation

method is 4096QAM and the multiple b is 1.



239 modulation method and setting the multiple b to 2. [0654] It is to be noted that, in FIG. 132, a
graph having an asterisk applied thereto 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 BE%ﬁ%garding the LDPC codes having the code length
N of 64,800 and the encoding rate of 5/6. [0655] Further, in FIG. 132, a graph having a round
-mark applied thereto represents the BER regarding the LDPC code having the code length N of
16,200 and the encoding rate of 8/9, and a graph having a downwardly directed triangular mark
applied theretmrepsesents the BER regarding the LDPC code having the code length N of 16,200 and
the encoding rate of 5/6. [0656] According to FIGS. 129 to 132, the same bit allocation pattern
can be adopted with régerd<o ahplutdifiCofkinds of LBPC.66des: BEsidds; tife toieiance to errors can
be set to a desired performance with regard to all of the plural kinds of LDPC codes. [0657] 240

In particular, Wegd b Bit dlfocation Patteitfor axelusivessseis wridpted for Eachof & Blufdlity of kinds
of LDPC codes which have different code lengths and different encoding rates, the tolerance to an
error can be fisetl V& versshigh peHofmanee. adwelerniti& ﬁ@cé%a?g 6 ehtingé the Bit allocation

pattern for each of a plurality of kinds of LDPC codes. [0658] On the other hand, according to the
bit allocation BHttEH Gt FIGES 125 161287 the'§3Me bitAiIfotafion pattefitcary B8 ddopted for a

plurality of kindsiof LDPC codes which have different ode.Iengtl{]gs a qi nte olging rates, and
the necessity“fiS tﬁ%ﬁae he Bﬁ%ll%ea fon| pgt er%e%r 3%811: of & p rgﬁ%%o ;kfﬁ(?s of rll% Ccodesasina
case wherein 4 bit allgation patign fpLexclysivg uae J2 aderied ot 8acty et gl aldinds of
LDPC codes is €liminated. _

read out in & unit of 12 x 1 (= mb) bits in the row

direction and supplied to the replacement section 32.

[0626]

The replacement section 32 replaces 12 »x 1 (= mb)

code bits by to b such that the 12 x 1 (= mb) code bits

by te b1 to be read ocut from the memory 31 may be

allocataed to the 12 x 1 (= mb) symbol bits yo to yi; of
cne (= b) symbol as seen in FIG. 125,
[0627]

In particular, according to FIG. 125, the
replacement section 32 carries out, with regard to both
of an LDPC code having the encoding rate of 5/6 and an
LDPC code having the encoding rate of 2/10 from among
LDPC codes having the code length N of 64,800 bits,
replacement for allocating

the code bit by to the symbol bit ys,

the code bit by to the symbol bit vy,



[0659] Further, according to the bit alloCation patterns of FIGS. 125 to 128, the tolerance to
errors can be raised to a high performance although it is a little lower than that where a bit allocation
pattern for exclusive use is adopted for each of a plurality of kinds of LDPC codes. 241 [0660] In
particular, for example, where the modulation metrbod7is 4096QAM, the same bit allocation pattern inG.
125 or 126 can be used for all of the LDPC codes w%ich have the code length N of 64,800 and the
encoding rate of 5/6 and 9/10. Even where the same bit allocation pattern is adopted in this manner,
the tolerance to errors can be raised to a high performance. [0661] Further, for example, where the

modulation method is 1024QAN: the same bit allpeationnpatternof FJG. 127 can be adopted for all of
the LDPC codes which have the code length N of 16,200 and the encoding rate of 3/4, 5/6 and 8/9 and

the LDPC codes whichhave-the=cade:length N ot64,800ant theengoding rate of 3/4, 5/6 and 9/10.
Then, even if the same bit allocation pattern is adopted in this manner, the tolerance td errors can be
raised to a high performance o[@662] Meanwhile; for examplé, wherevthe modulation method
tﬁe code bit by to the symbol bit ys,
the code bit be To the symbol bit v,
the code kit by Lo the symbol kit vs,
the code kit bs Lo the symbol kit vys,
the code bit bs to the symbol bit vy,
the code bit by to the symbol bit vy, and
the code bit b to the symbol kit ve.
[0628]
FIG. 226 shows an example of a bit allocation
pattern which can be adopted where the LDPC code is an
LDPC code whose code length N is 64,800 bits and whose
encoding rate is 5/6 or 9/10 and besides the modulation
method is 40960AM and the multiple b is 2.
(0629]
Where the LDPC code is an LDEC code whose code
length N is 64,800 bits and whose encoding rate is 5/6 or
9/10 and besides the modulation method is 40960AM and the
multiple b is 2, in the demultiplexer 25, the code bits
written in the memory 31 for storing (64,800/(12 x 2})) x
{12 = 2) bits in the column direction =» row direction are

read out in a2 unit of 12 = 2 (= mb) bits in the row



is 4096QAM, the same bit allocation pattern of FIG. 128 can be adopted for all of the LDPC codes
which have the code length N of 16,200 and the encoding rate of 5/6 and 8/9 and the LDPC codes
which have the code length N of 242 64,800 and the encoding rate of 5/6 and 9/10. Then, even if the
same bit allocation pattern is adopted in this manngx,.the tolerance to errors can be raised to a high
performance. [0663] Variations of the bit allocation pattern are further described. [0664] FIG.
133 illustrates an example of a bit allocation pattern which can be adopted where the LDPC code is
any LDPC code which has the code length N of 16,200 or 64,800 bits and one of the encoding rates
for the LDPCtodedefineddsyia parityl checkimatrixeH producedyforcexarmplépfrofany of the parity
check matrix initial value tables shown in FIGS. 78 to 123 other than the encoding rate of 3/5 and
besides the niédidation method is QPSK and the multiple b is 1. [0665] Where the LDPC code is
an LDPC code which has the code length N of 16,200 or 64,800 bits and has the encoding rate other
than 3/5 and besides fhesmedalatieshisthod &OPSK and e hitfttisle béis 1, the defftdtiplexer 25
reads out code bits written in the memory 31 for storing (N% x 1)) x (2 x 1) bits in the column 243
direction x rof-difediibh in BouriP oP2:x 14= b} bits i the'row difection™hd ST thé read out

code bits to the replacement section 32. [06661
by to ba: to be read out from the memory 31 may be

allocated to the 12 x 2 {= mb) symbol bits yg to ys3 of
two (= b) successive symbols as seen in FIG. 126.

[0631]
| In particular, according to FIG. 126, 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 be to the symbol bit vs,

the code bit by to the symibol bit v,

the code bit by to the symbol bit vg,

the code bit bg to the symbol bit v,

the ccde bit by to the symbol bit v,

the code bit big to the symbol bit vys,

the code bit b1z to the symbol bit vys,
the code bit by to the symbol bit ys,
the code bit b:g to the symbol bit vy,

the code bit byg to the symbol bit vy,



The replacement section 32 replaces the 2 x 1 (= mb) code bits 100 and 1d1 read out from the memory
31 in such a manner that the 2 x 1 (= mb) code bits bo and bo are allocated to the 2 x 1 (= mb) symbol
bits yo and yi of one (= b) symbol as seen in FIG. 133. [0667] In particular, according to FIG. 133,
the replacement section 32 carries out replacemer}tﬁtgr allocating the code bit loo to the symbol bit yo
and the code bit bl to the symbol bit yi. [0668] [t 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 b1l are determined as
they are as the symbol bits yo and yi, respectively. [0669] FIG. 134 shows an example of a bit

allocation pattern whictrcan-beadeptedsahere the & DRGoede isian DPC code which has the code
length N of 16,200 or 64,800 244 bits and has the encoding rate other than 3/5 and besides the
modulation method is 16@AMa@ndithe nultiple btis 2. {0670} 1 biWhere the LDPC code is an LDPC
code which has the code length N of 16,200 or 64,800 bits and has the encoding rate other than 3/5
and besides the modutationanéthdaiis 1T6QAM &g thieymultipl@ blis 2;¢he demultiplexer 25 reads out
the code bits written in the memory 31 for storing (N/(4 x 2)) x (4 x 2) bits in the column direction x row

direction in a unit of 4 k(=" bits in Hre Esw Hirachoiand sbipplies the read out code bits to the

replacement section 32. . _
the code bit by to the symboel bit yie,

the code bit by to the symbol bit vyis,

the code bit by to the symbol bit vig,

the code bhit by to the symbol bit viy,

the code bit biz; to the symbol bit vie,

the code bit bis to the symbol bit vis,

the code bit by tp the symbol bit yie,

the code bit bjs to the symbol bit yas,

the code bit by to the symbol bit ysi, and

the code bit bz to the symbol bit yai.

[0632]

Here, the bit allocation pattern of FIG. 126
utilizes the bit éllocation pattern of FIG. 125 wherein
the multiple b is 1 without any modification. In
particular, in FIG. 126, the allocation of the code bits
by, Dz, .., boe to the symbol bits y: and the allocation of
the bi, bi, .., bss to the symbol bits yi are similar to the
allocation of the code bits by to bﬁ‘to the symbol bits vy,
of FIG. 125.

[0633]



[0671] The replacement section 32 replaces the 4 x 2 mb) code bits loo to b7 read out from the
memory 31 in such a manner that the 4 x 2 (= mb) code bits are allocated to the 4 x 2 (= mb) symbol
bits yo to y7 of two (= b) successive symbols as seen in FIG. 134. [0672] In particular, according
to FIG. 134, the replacement section 32 carries ou%rj%glacement for allocating the code bit ‘do to the
symbol bit y7, the code bit bi to the symbol bit Y1, 245 the code bit b2 to the symbol bit 174, the code
bit 152 to the symbol bit Y2, the code bit 154 to the symbol bit y5, the code bit b5 to the symbol bit y3,
the code bit 156 to the symbol bit yo, and the code bit b7 to the symbol bit yo. [0673] FIG. 135
shows an example of & bi allocatiempatierm-whichrgancberddaeptedwheredhe madulation method is
64QAM and the LDPC code is an LDPC code whose code length N is 16,200 or 64,800 bits and
whose encodingrate is amyi other dhmarp8/Saaingh besides ¢hve niulépledylis 12 {0674]me thod

is 10240AM and the LDPC code is an LDPC code whose code

length N is 16,200 bits and whose encoding rate is 3/4,

5/6 or 8/9 and besides the multiple b 1s 2 and also where

the modulation method is 1024QAM and the LDPC code is an

'LDPC code whose code length N is 64,800 bits and whose

encoding length is 3/4, 5/6 or 9/10 and besides the

maltiple b is Z.

[0634]

Where the LDPC code is an LDPC code whose code

length N is 16,200 bits and whose encoding rate is 3/4,

5/6 or 8/9 and the modulation method is 1024QAM and

besides the multiple b is 2, in the demultiplexer 25, the

code bits written in the memory 31 for storing

(16,200/(10 % 2)) x (10 x 2) bits in the column direction

x row direction are read ocut in a unit of 10 x 2 (= mb)

bits in the row direction and supplied to the replacement

section 32.

[0635]

On the other hand, where the LDPC code is an LDPC
code whose code length N ig 64,800 bits and whose

encoding rate is 3/4, 5/6 or 9/10 and the mocdulation

method is 10240AM and besides the multiple b is 2, in the



Where the LDPC code is an LDPC code whose code length N is 16,200 or 64,800 bits and whose
encoding rate is any other than 3/5 and the modulation method is 64QAM and besides the multiple b is
2, in the demultiplexer 25, the code bits written in the memory 31 for storing (N/(6 x 2)) x (6 x 2) bits in
the column direction x row direction are read out i nit of 6 x 2 (= mb) bits in the row direction and

~ supplied to the replacement section 32. [0675] The replacement section 32 replaces the 6 x 2 (= 246
mb) code bits 130 to bn read out from the memory 31 such that the 6 x 2 (= mb) code bits bo to bn
may be allocated to the 6 x 2 (= mb) symbol bits yo to yn of two (= b) successive symbols as seen in
FIG. 135. [0676ku: 1 + il particulas aceneding te FHG.t135y the tepladementseation:32 Gdrries out
replacement for allocating the code bit b0 to the symbol bit the code bit b1 to the symbol bit yo, the
code bit b2 torthe symehadlrbit Y3rithetdadelbit b2 o thexsymbolbitylothescode Bitis4 to the symbol bit
Y6r the code bit 18)8 to the symbol bit y2, the code bit b8 to the symbol bit Y9r the code bit bo to the
symbol bit y5;thewadelbit b81to the symbel Bit ¥a: tHeosodebit ifpdo HHE symbsl Bitys, the code bit

No to the symbol bit y4, and the code bit b11 to the symbol bit yo. [0677] )
of 10 x 2 {= mb) bits in the row diréction and supplied

to the replacement section 32.
[0636]

The replacement section 32 replaces 10 x 2 (= mb)
code bits by to bis such that the 10 x 2 (= mb) code bits

by to bis to be read out from the memory 31 may be

allocated to the 10 x 2 (= mb) symbol bits ys to vis Of
two (= b) successive symbols as seen in FIG. 127.
[0637]

In particular, according to FIG. 127, the
replacement section 32 carries out, with regard to all of
the LDPC codes having the encoding rate of 3/4, LDPC
codes having the encoding rate of 5/6 and LDPC codes
having a further encoding rate of 8/9 from among LDPC
codes having the code length of 16,200 bits as well as
L.DPC code having the encoding rate of 3/4, LDPC codes
having thé encoding rate of 5/6 and LDPC cocdes having a
further enceding rate of 9/10 from among LDPC codes
having another code length N of 64,800, replacement for
allocating

the code bit by to the symbol blt ys,



FIG. 136 shows an example of a bit allocation pattern which can be adopted where the modulation
method is 256QAM and the LDPC code is an LDPC code whose code 247 length N is 64,800 bits and
whose encoding rate is any other than 3/5 and besides the multiple b is 2. [0678] Where the
LDPC code is an LDPC code whose code length !\%%64,800 bits and whose encoding rate is any
other than 3/5 and the modulation method is 256QAM and besides the multiple b is 2, in the
demultiblexer 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 aunit of 8 x 2 (= mb) bits in the row direction and

supplied to the replacementsegtion 32. {0679] «he Theueplacement.section 32 replaces the 8 x 2 (=
mb) code bits bo to boo read out from the memory 31 such that the 8 x 2 (= mb) code bits bo to boo
may be allocated to the 8:x 24danb)isyrhbotbits ye te yobof twa { by successive symbols as seen in
FIG. 136. [0680] In particular, according to FIG. 136, the replacement section 32 carries out
replacement for allocatifig thecdedeé bit besto-thetsyimisaritoYstthie ¢ade bit bo to the symbol bit Ym,

the code bit by to the symbol bit vis,

the code bit bs to the symbol bit vy,

the code bit bg to the symbol bit ve,

the code bit by Lo the symbol bit vs,

the code bit bg to the symbol bit yi7,

the code bit bs to the symbol bit vye,

the code bit big to the symbol bit v,

the code bit b;; to the symbol bit yii,

the code bit bz teo the symbol kit ya,

the code bit by to the symbol bit vyig,

the code bit byy to the symbol bit v,

the code bit bys to the symbel bit vis,

the code bit by to the symbol bit ve,

the code bit by to the symbol bit vy,

the code bit by to the symbol bit vi3, and

the code bit bis to the symbol bit vi.
[0638]

FIG. 128 shows an example of a bit allocation
pattern which can be adopted where the modulaticn method
is 4096CAM and the LDPC code is an LDPC code whose code

length N is 16,200 bits and whose encoding rate is 5/6 or



248 the code bit b2 to the symbol bit Yu, the code bit b3 to the symbol bit y3, the code bit b4 to the
symbol bit Ye, the code bit b5 to the symbol bit the code bit b6 to the symbol bit y9, the code bit b5 to
the symbol bit y5, the code bit b5 to the symbol bit y10, the code bit b9 to the symbol bit y6, the code
bit b10 to the symbol bit Y4, the code bit b11 to thgf mbol bit y7, the code bit bli to the symbol bit y12,
the code bit b13 to the symbol bit y2, the code bit to the symbol bit y14, and the code bit b15 to
the symbol bit Ye. [0681] FIG. 137 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:hits angswhese ereoding fatelis any:other than 345 and:besides:the multiple b is 1.
[0682] Where the LOPS code is an LOPS code whose code length N is 16,200 bits and whose
encoding ratenisiany ether thar: Bscandsthetrmédulatienanethed i£256 QAR and 249 beSides the
multiple e is 1, in the demultiplexer 25, the code bits written in the memory 31 for storing (16,200/(8 x
1)) X (8 x 1) bitsda tlecekimrpditedtiomax row directicn B8R readitGutdma uiicefe8 x 1 (= mb) bits in the
row direction and supplied to the replacement section 32. [0683] The replacement section 32

- replaces the 85Ch{-imb) £6d€ bits bb 46 bBrredd cut Frorn BfeSkeffory 31 duth'that the®s x 1 (= mb)
code bits bo to b7 may be allocated to the 8 x 1 (= mb) symbol bits yo to y7 of one (= b) symbol as
seen in FIG. 1872 -

[0639]

Where the LDPC code i1s an LDPC code whose code
length N is 16,200 bits and whose encoding rate is 5/6 or
8/9 and the modulation method is 40960AM and besides the
multiple b is 2, in the demultiplexer 25, the code bits
written in the memory 31 for storing (16,200/(12 = 2}} x
(12 x 2) bits in the column direction x row direction are
read cut in a unit of 12 x 2 (= mb) bits in the row
direction and sﬁpplied to the replacement section 32.
[0640]

On the other hand, where the LDPC code is an LDPC
code whose code length N is 64,800 bits and whose
encoding rate is 5/6 or 9/10 and the modulation method is
40960AM and besides the multiple b is 2, in the
demultiplexer 25, the code bits written in the memory 31
for storing (64,800/(12 x 2)) x (12 x 2} bits in the
column direction x row direction are read out in a unit
of 12 x 2 (= mb) bits in the row direction and supplied

to the replacement section 32.



[0684] In particular, according to FIG. 137, the replacement section 32 carries out replacement for
allocating the code bit 1.80 to the symbol bit y7, the code bit bl to the symbol bit yo, the code bit b2 to
the symbol bit yl, the code bit b3 to the symbol bit y5, the code bit b4 to the symbol bit y2, the code bit
b5 to the symbol bit y6, the code bit b6 to the sym I4bit y4, and the code bit b7 to the symbol bit yo.
250 [0685] FIG. 138 shows an example of a bit allocation pattern which can be adopted where the
LDPC code is an LDPC code whose code length N is 16,200 or 64,800 bits and whose encoding rate
is any other than 3/5 and besides the modulation method is QPSK and the multiple b is 1. [0686]
Where the LORE £pde is an LDPC code whose code length N is 16,200 or 64,800 bits and whose
encoding rate is any other than 3/5 and besides the modulation method is QPSK and the multiple b is
1, in the demultiplexeri2g; the cbde dits mrittercinithe mMémoep3 & fersstoéing (N/(2X B)PX (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 thea@pldeentertsdction:325[0g873hat the 12 x 2 (= mb) bits to be
read out from the memcry 31 may be allcocated to the 12 x
2 (= mb) symbol bits yg to yz3 of two (= b) successive
symbols as seen in FIG. 128.
[0642]
In particular, according to FIG. 128, the
replacement section 32 carries out, with regard to all of
the LDEC 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 by to the symbol bit vig,
the code bit b; to the symbol bit yis,
the code kit b to the symbol bit v,
the code bit bz to the symbol bit yig,
the code bit by to the symbol bit vy,
the code bit bs to the symbol bit vyie,

the code bit bs to the symbol bit v,

the code bit by to the symbol bit vis,



The replacement section 32 replaces the 2 x 1 (= mb) code bits bo and b1 read out from the memory
31 such that the 2 x 1 (= mb) code bits Igo and bl may be allocated to the 2 x 1 (= mb) symbol bits yo
and yi of one (= b) symbol as seen in FIG. 138. [0688] In particular, according to FIG. 138, the 251
replacement section 32 carries out replacement fox allocating the code bit bo to the symbol bit yo, and
the code bit b1 to the symbol bit Y2. [0689] It is to be noted that, in this instance, also it is possible to
consider that replacement is not carried out and the code bits Igo and b), are determined as they are
as the symbol bits yo and yi, respectively. [0690]
the code bit bs to the symbol bit vii,
the code bit bs to the symbol kit via,
the code bit by to the symbol bit yaz,
the code bit by to the symbol bit ys,
the code kit by to the symbol bit vy,
the code bit bz to the symbol bit vis,
the code bit by, to the symbol Dit vyis,
the code bit bys to the symbol bit vyao,
the code bit big to the symbol bit yi,
the code bit by to the symbcl bit vys,
the code bit biy to the symbol bit vy,
the code bit bis o the symbcol bit vy,
the code bit bsy to the symbol bit vy,
the code bit bs; to the symbol bit vy,
the code bit bsp to the symbol bit vy, and
the code bit yz3 to the symbol bit ye.
(06437
According to the bit allocation patterns shown in
TIGS. 125 to 128, 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 with regard to all of the plural kinds of

LDPC codes.

[0644]



FIG. 139 shows an example of a bit allocation pattern which can be adopted where the LDPC code is
an LDPC code whose code length N is 64,800 bits and whose encoding rate is 3/5 and besides the
modulation method is 16QAM and the multiple b is 2. [0691] Where the LDPC code is an LDPC code
whose code length N is 64,800 hits and whose engading rate is 3/5 and besides the modulation
method is 16QAM and the multiple b is 2, in the demultiplexer 25, the code bits written in the memory
31 for storing (64,800/(4 x 2)) x (4 x 2) bits in the column direction x row direction are read out In a unit
of 4 x 2 (= mb) bits in the row direction and supplied to the replacement section 32. 252 [0692] The
replacement section 32rreplacesdheé drx, 2 {2 ®sh) dote hits B fo b7 tead oatfem:ithewmémory 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 symbolstasseemin EIG 3R [0683] Errirparicalardccording to FIG. 139, the
replacement section 32 carries out replacement for allocating the code bit bo to the symbol bit yo, the
code bit bl to tie SpmboEbit yBIthecstteltit B2 16 #RFsybolibit ¥7LAKE*BEE bitiHato“th@ symbol bit

y2, the code blt b4 to the symbol bit y4, the code bit b5 to the symbol hlt y7,
bit alleocation patterns of FIGS. 125

[0645]

It is to be noted that, in FIGS. 128 to 132, the
axis of abscissa represents E./No (signal power to noise
power ratio per one symbol) and the axis of ordinate
represents the BER.

[ocdel

Further, a solid line curve represents the BER
where a replacement process 1s carried out and an
alternate long and short dash line represents the BER
where a replacement process 1s not carried out.

[0647]

FIG. 129 illustrates the BER where a replacement
process in accordance with the bit allocation pattern of
FIG. 125 is carried out for LDPC codes whose code length
N is 64,800 and whose encoding rate is 5/6 and /10
adopting 40960AM as the modulation method and setting the
multiple b to 1.

[0648]
FIG. 130 illustrates the BER where a replacement

process in accordance with the bit allocation pattern of



the code bit b6 to the symbol bit y3, and the code bit b7 to the symbol bit y6. [0694] FIG. 140
shows an example of a bit allocation pattern which can be adopted where the LDPC code is an LDPC
code whose code length N is 16,200 bits and whose encoding rate is 3/5 and besides the modulation
method is 16QAM and the multiple b is 2. 253 [OG?%]7 Where the LDPC code is an LDPC code
whose code length N is 16,200 bits and whose encoding rate is 3/5 and besides the modulation
method is 16QAM and the multiple b is 2, in the demultiplexer 25, the code bits written in the memory
31 for storing (16,200/(4 x 2)) x (4 x 2) bits in the column direction x row direction are read out in a unit

of 4 x 2 (= nilyhits in the raw direeticrand supplied torthegeplacementsectiar 32 [696] 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=1ab)cendehits:botoditaydie-altocated ta-thei 4 x2/ & eub) syribdl bits yo to y7 of two
(= b) successive symbols as seen in FIG. 240. [0697] In particular, according to FIG. 140, the
replacement sectioni32cai26il replacementfor Blbcatinguthiehcotleabit bo et the:gymibol bit y7, the
code bit
multiple b to Z.
[0649]
It is to be noted that, in FIGS. 129 and 130, a
graph having a triangular mark applied thereto represents
the BER regarding the LDPC code having the encoding rate
of 5/6, and a graph having an asterisk appiied thereto
represents the BER regarding the LDPC code having the
encoding rate of 9/10.
[C650]
FIG. 131 illustrates the BER where a replacement
process in accordance with the bit allocation pattern of
FIG. 127 is carried out for LDPC codes whose code length
& ig 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 méthod'and setting the mﬁltiple b to 2.
(06511
It is to be noted that, in FIG. 131, a graph having
an asterisk applied thereto represents the BER regarding

the LDPC code having the code length N of 64,800 and the

encoding rate of 9/10, and a graph having an upwardly



b1 to the symbol bit the code bit b2 to the symbol bit y4, the code bit b3 to the symbol bit )72, the

code bit
238

directed triangular mark applied thereto represents the
BER regarding the LDPC codes having the code length N of

64,800 and the encoding rate of 5/6. Further, a graph

having a sguare mark applied thereto represents the BER

regarding the LDPC code having the code length N of

64,800 and the encoding rate of 3/4.
a graph having a round mark

[0652]
Further, in FIG. 131,
applied thereto represents the BER regarding the LDPC

code having the code length N of 16,200 and the encoding
and a graph having a downwardly directed

a graph

rate of 8/9,
triangular mark applied thereto represents the BER
regarding the LDPC code having the code length N of
Further,

16,200 and the encoding rate of 5/6.
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.

[0653]
132 illustrates the BER where a replacement

FIG.
process in accordance with the bit allocation pattern o

128 is carried out for LDPC codes whose code length

FIiG.

N is 16,200 and whose encoding rate is 5/6 and 8/9 and
for LDPC codes whose code length N is 64,800 and whose

encoding rate is 5/6 and 9/10 adepting 4096QAM as the



b4 to the symbol bit 375, 254 the code bit b5 to the symbol bit y3, the code bit b6 to the symbol bit y6,
and the code bit b7 to the symbol bit Yo. [0698] FIG. 141 shows an example Of a bit allocation
pattern which can be adopted where the modulation method is 64QA1'4 and the LDPC code is an
LDPC code whose code length N is 64,800 bits a%\@/hose encoding rate is 3/5 and besides the
multiple b is 2. [0699] Where the LDPC code’is an LDPC code whose code length N is 64,800
bits and whose 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 (64,8001(6 x 2)) x (6 x

2) bits in the gelumn:difestionax Favw digeetion: are read-out imalunibok6 X 2mbphits in the row direction
and supplied to the replacement section 32. [0700] The replacement section 32 replaces the 6 x 2
(= mb) code hitssba 1o b11. read out from the memory 31 such that the 6 x 2 (= mb) code bits Igo to bil
may be allocated to the 6 x 2 (= mb) symbol bits yo to yil of two (= b) successive symbols as seen in
FIG. 141. It is to be noted that, in FIG. 132, 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.

[0655]

Further, in FIG. 132, a graph having a round mark

applied thereto represents the BER regarding the LDFC

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 cf 5/6.

[C656]

According to FIGS. 129 to 132, the same bit

allocation pattern'can be adopted with regard to =z

plurality of kinds of LDPC codes. Besides, the tolerance

to errors can be set to a desired performance with regard

to all of the plural kinds of LDPC codes.

[G657]



255 [0701] In particular, according to FIG. 141, the replacement section 32 carries out
replacement for allocating the code bit be to the symbol bit Y2r the code bit be to the symbol bit y7, the
code bit b9 to the symbol bit ye, the code bit be to the symbol bit y9, the code bit b4 to the symbol bit
YOr the code bit be to the symbol bit y9, the code bit be to the symbol bit yi, the code bit b7 to the
symbol bit y8, the code bit be to the symbol bit y4,2t?1% code bit be to the symbol bit yn, the code bit
bee to the symbol bit y5, and the code bit bee to the symbol bit YN- [0702] FIG. 142 shows an
example of a bit allocation pattern which can be adopted where the modulation method is 64QAM and

the LDPC code is an kDPC.cade whase cgde length N is 16,200 hits apd woserencogling rate is 3/5
and besides the multiple b is 2. [0703] Where the LDPC code is an LDPC code whose code 256

length N is 16,200 hits,and,whose enaedingdatesis 32 anddtie madulation: method isiG4QAM 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 ¥ X.DFPC codes which have different code lengths and

different encoding rates, the tolerance to an error can

be raised to a very high performance. However, it is

necessary to change the bit allccation pattern for each

of a plurality of kinds of LDPC codes.

[0658]

On the other hand, according to the bit allocation
patterns of FIGS. 125 to 128, the same bit allocation
pattern can be adopted for a plurality of kinds of 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.

[0659]

Further, according ﬁo the bit allocation patterns
of FIGS. 125 to 128, the tolerance to errors can be
raised to a high performance although it is a little
lower than that where a bit allccation pattern for
exclusive use is adopted for each of a pluiality of kinds

of LDPC codes.



(E_S X 2_) bits in the column direction x row direction are read out in a unit of 6 x 2 (= mb) bits in the row
direction and supplied to the replacement section 32. [0704] The replacement section 32 replaces
the 6 x 2 (= mb) code bits bo to ion read out from the memory 31 such that the 6 x 2 (= mb) code bits
b0 to bl; may be allocated to the 6 x 2 (= mb) sy | bits yo to y11 of two (= b) successive symbols
as seen in FIG. 142. [0705] In particular, according to FIG. 142, the replacement section 32
carries out replacement for allocating the code bit 100 to the symbol bit yll, the code bit b1 to the
symbol bit y7, the code bit b2 to the symbol bit y3, the code bit

[0660]

In particular, for example, where the modulaticon
method is 4096CAM, the same bit allocation pattern in FIG.
195 or 126 can be used for all of the LDPC ccdes which
have the code length N of 64,800 and the encoding rate of
5/6 and 9/10. Even where the same bit allocation pattern
is adopted in this manner, the tolerance to errors can be
raised to a high performance.

[0661]

Further, for example, where the modulation method
is 10240AM, the same bit allocation pattern of FIG. 127
can be adopted for all of the LDPC codes which have the
code length N of 16,200 and 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 bhe raised to

a high performance.

Meanwhile, for example, where the modulation method
is 40960AM, the same bit allocation pattern of FIG. 128
can be adopted for all of the LDPC codes which have the
code length N of 16,200 and the encoding rate of 5/6 and

8/9 and the LDPC codes which have the code length N of



b3 to the symbol bit ylo, the code bit b4 to the symbol bit ys, the code bit b5 to the symbol bit y2, the
code bit b6 to the symbol bit y9,

242

64,800 and the encoding rate of 5/6 and 2/10. Then, even
if the same bit allocation pattérn is adopted in this
manner, the tolerance to errors can be raised to a high
performance.

[0663]

Variations of the bit allocation pattern are
further described.
[0664]

FIG. 133 illustrates an example of a bit allocation
pattern which can be adopted where the LDPC code is any
LDPC code which has the code length N of 16,200 or 64,800
bits and one of the encoding rates for the LDPC code
defined by a parity check matrix H produced, for example,
from any of the parity check matrix initial value tables
shown in FIGS. 78 to 123 other than the encoding rate of
3/5 and besides the modulation method is QP3K and the
multiple b is 1.

[0665]

Where the LDPC code is an LDPC céde which has the
code length N of 16,200 or 64,800 bits and has the
encoding rate other than 3/5 and besides the modulation
method is QPSK and the mgltipie b is 1, the demultiplexer
25 reads out code bits written in the memory 31 for

storing (N/{2 x 1)) x {2 x 1) bits in the column



257 the code bit b4 to the symbol bit y5, the code bit b9 to the symbol bit yi, the code bit b9 to the
symbol bit y8, the code bit b10 to the symbol bit y4, and the code bit b14 to the symbol bit Yo. [0706]
FIG. 143 shows an example of a bit allocation pattern which can be adopted where the modulation
method is 256QAM and the LDPC code is an LDRC code whose code length N is 64,800 bits and
whose encoding rate is 3/5 and besides the multiple b is 2. [0707] Where the LDPC code is an
LDPC code whose code length N is 64,800 bits and whose encoding rate is 3/5 and the modulation
method is 256QAM and besides the multiple b is 2, in the demultiplexer 25, the code bits written in the
memory 31 fgr; stering £64 80048 x12)) (81 2) hits in theicolurfindirecfion x row!dikection are read out
in a unit of 8 x 2 (= mb) bits in the row direction and supplied to the replacement section 32. [0708]
The replacement:sestion32 feplacés the:8 X 2 (omb) code!bits150atd 545 rege-Gutfidni the memory
31 such that the 8 x 2 (= mb) code bits b0 to b19 may be allocated 258 to the 8 2 2 (= mb) symbol bits
yo to yes of two (13 suzeéssivesymboisas seedin FIG. 143.

[0666]

The replacement section 32 replaces the 2 x 1 (=

mb) cede bits by and by read out from the memory 31 in

such a manner that the 2 »x 1 (= mb) code bits by and b
are allocated to the 2 x 1 (= mb) symbol bits yy and yi1 of
cne (= b) symbol as seen in FIG. 133.

[0667]

In particular, according to FIG. 133, the
replacement section 32 carries out replacement for
allocating

the code bit by to the symbol bit vy and

the code bit b; te the symbol bit yi. -

[06e8]

Tt is to be noted that, in this instance, also it
is possible to consider that replacement ig not carried
out and the code bits by and by are determined as they are
as the symbol bits yp and yi, respectively.

[0609]

FIG. 134 shows an example of a bit allocation

'pattern which can be édopted where the LDPC code is an

1L.DPC code which has the code length N of 16,200 or 64,800



[0709] In particular, according to FIG. 143, the replacement section 32 carries out replacement for
allocating the code bit bo to the symbol bit Y2, the code bit 1:1 to the symbol bit ye., the code bit b2 to
the symbol bit y3, the code bit b3 to the symbol bit y4, the -ode bit b4 to the symbol bit yo, the code bit
b5 to the symbol bit y9, the code bit b6 to the sym@glébit yl, the code bit be to the symbol bit y8, the
code bit be to the symbol bit yeo, the code bit by to the symbol bit yur the code bit beo to the symbol
bit y7, the code bit b11 to the symbol bit y14, the code bit bee to the symbol bYer the code bit bn to the
symbol bit y15, the code bit b14 to the symbol bit y5, and the code bit b15 to the symbol bit y12.
[07104 259 patternawbich canthe-adepted wheredhe maodutatior:metiothis:286PANLEITEthe LDPC
code is an LDPC code whose code length N is 16,200 bits and whose encoding rate is 3/5 and
besides the mukiptesbis 2 t[07d lhe t howhese IHORDPEOsbde s ariDPELEode whose code length N
is 16,200 bits and whose encoding rate is 3/5 and the modulation method is 256QAM and besides the
multiple b is 10ifithe demultiplexer 25, the code bits written in the memory 31 for storing (16,200/(8 x
1)) x (8 x 1) bits in the column direction x row direction are read out in a unit of 8 x 1 (= mb) bits in the

row direction and suppiieeit® theteplaRenient Sectior?82 [B712£°%¢ The rEplaé8ment section 32

replaces the 8 x 1 (= mb) code bits leg to b7 read out from the memory 31 such that the 8 x 1 (= mb)
code bits bo BPB? ma&be Alldcated 16 the 8 xoféO fub) 859%%@?% 637 Lé%%o%e (= b) symbol as

seen in FIG. 144. [0713] In particular, accarding to FIG. 144, the repl 2ction 32 carries
mﬂredacaﬂ%ﬁFﬂﬁ%mgcéﬁte é%%er than %}% 9L keuldéé ¢ feplacementsedt

method is 160AM and the multiple b is Z, the
demultiplexer 25 reads cut the code bits written in the
memory 31 for storing (N/ (4 x 2y} x (4 x 2) bits in the
column direction x row direction in a unit of 4 x 2 (=
mb) bits in the row direction and supplies the read out
code bits to the replacement secticn 32.

[0671]

The replacement section 32 replaces the 4 x 2 (=
mb) code bits by to by read out from the memory 31 1in such
a manner that the 4 x 2 (= mb) code bits are allocated to
the 4 x 2 (= mb) symbol bits yy to yy of two (= b)
successive symbols as seen in FIG. 134.

[0672]

In particular, according to ¥FlIG. 134, the
replacement section 32 carries out replacement for
allocating

the code bit by tc the symbol bit vy,

the code bit b, to the symbol bit yi,



the code bit bo to the symbol bit Y7, 260 the code bit bl to the symbol bit y3, the code bit b2 to the
symbol bit yl, the code bit b3 to the symbol bit y5, the code bit b4 to the symbol bit 172, the code bit b5
to the symbol bit yg, the code bit b6 to the symbol bit y4, and the code bit b, to the symbol bit yo.
[0714] Now, the deinterleaver 53 which compgses the reception apparatus 12 is described.
[0715] FIG. 145 is a view illustrating processing of the multiplexer 54 which composes the
deinterleaver 53. [0716] In particular, FIG. 145A shows an example of a functional configuration
of the multiplexer 54. [0717] The multiplexer 54 is composed of a reverse replacement section
1001 and a memory X002. {@&k8]hit FhecmultiptexermBdodetedmings symbol bits of symbols supplied
from the demapping section 52 at the preceding stage as an object of processing thereof and carries
out a reverse replacemient protessicortespondifip symbol bit ya,
+he code bit bs to the symbol bit vys,
the code bit bs to the symbol bit vy,
the code bit bs to the symbol bit vye, and
the code bit by to the symbol bit yo.
[0673]
FIG. 135 shows an example of a bit allocation
pattern which can be adopted where the modulation method
is 640AM and the LDPC code is an LDPC code whose code
length N is 16,200 or 64,800 pits and whose encoding rate
~is any other than 3/5 and besiaes the multiple b is 2.
[0674]
Where the LDPC code is an LDPC code whose code
length N is 16,200 or 64,800 bits and whose encoding rate
is any other than 3/5 and the modulation method is ©64QAM
and besides the multiple b is 2, in the demultiplexer 25,
the code bits written in the memory 31 for storing (N/ (6
x 2}) x (6 x 2) bits in the column direction x row
direction are read out in a unit of 6 x 2 (= wbh) bits in
the row direction and supplied to the replacement section
32.
[0675]

The replacement section 32 replaces the 6 x 2 (=



261 to the replacement process carried out by the demultiplexer 25 of the transmission apparatus 11
(process reverse to the replacement process), that is, a 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 deinterleaver 55 at the succeediﬁé @tage. [0719] In particular, in the multiplexer
54, mb symbol bits yo,Yillb-4 of b symbols are supplied in a unit of b (successive) symbols to the
reverse replacement section 1001. [0720] The reverse replacement section 1001 carries out
reverse repl%%?)mggtd%f rg&uggingotk@oaﬁggpgggé@pt@jghq mbrsymbokbitsaya tasy. 1 tanthe original
arrangement of the mb code bits bo, bi,brns-1 (arrangement of the code bits bo to bmb-1 before the
. replacement, by thereplagement sectign) 324which cempesesdhe demuitiplexerl25on theltransmission
apparatus 11 side is carried out). The reverse replacement section 1001 outputs code bits 100 to
binb_i obtained as,a result of the reyerseyieptacement. 262:[0721] of The menmdry 1002 has a
storage capacity of storing mb bits in the row (horizontal) direction and storing N/(mb) bits in the
column (verticad)dieection simitartylto the merrory 81 WWlich ¢éfmposes the demultiplexer 25 of the
transmission apparatus 11 side. In other words, the reverse replacement section 1001 is configured
from mb coluniig éach of which stores N/(mb) bits. [0722]

In particular, according to FIG. 135, the
replacement section 32 carriles out replacement for
allocating

t by to the symbol bit yii,

i_.,l -

the code b

the code bit b1 to the symbol bit yq,

rhe code bit b, to the symbel bit ys,

the code bit bs to the symbol bit yig,

rhe code bit by to the symbol bit vye,

the code bit bs to the symbol bit v,

the code bit bs to the symbol bit ys,

the code bit bs to the symbel bilt ys,

the code bit b to the symbol bit vi,

the code bit by to the symbol bit ys,

rhe code bit by to the symbol bit y;, and

the code bit by to the symbol bit ve.
[0677]

FIG. 136 shows an examplie of a bit allocation
pattern which can be adopted where the modulation method

is 2560AM and the LDPC code is an LDPC code whose code



However, in the memory 1002, writing of the code bits of LDPC codes outputted from the reverse
replacement section 1001 is carried out in a direction in which reading out of code bits from the
memory 31 of thedeMultiplexer 25 of the transmission apparatus 11 is carried out, and reading out of
code bits written in the memory 1002 is carried oyt,in a direction in which writing of code bits into the
memory 31 is carried out. [0723] 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 lowerdowrasseen inF 160 14540 263 [0 72dd s e cTiven] Wiiert tHeawdiing: b code bits for one
code length ends, the multiplexer 54 reads out the code bits in the column direction from the memory
1002 and suppties the:aode biis totheceslurmmstwistad siteEleaveér 55 afthé succeeding stage. [0725]
Here, FIG. 1453 is a view illustrating reading out of the code bits from the memory 1002. [0726]

The multiplexér:34 arries out reading out of code bits of an LDPC code in a downward direction
(column direction) from above of a column which composes the memc%%looz beginning with a

leftmost column towardhatight Bilel S8TEmAC 57273 N, Processits of tha Colliinin twist deinterleaver

55 which composes the deinterleaver 53 of the receﬁ)tion aggara&us 12 is gescribeql\{yith reference to
[HG_146[oﬁgﬂgth N is 64,800 bits and whose codlng rate is &

other than 3/5 and the modulation method is 2560AM and
besides the multiple b is 2, in the demultiplexer 25, the
code bits written in the memory 31 for storing (64,800/1(8
x 2%y x {8 x 2) bits in the column direction x row
direction are read out in a unit of 8 x 2 {= mbk) bits in
the row direction and supplied to the replacement section
3z.

[0679]

The replacement section 32 replaces the 8 »x 2 (=
mb) code bits by to bis read out from the memory 31 such
that the 8 x 2 (= mb) code bits by to s méy be allocated
to the 8 x 2 (= mb) symbol bits yo to Vis of two (= D)
successive symbols as seen in FIG. 136.

[0680]

In particular, according to FIG. 136, the
replacement section 3Z carries out replacement for
allocating

the code bit by to the symbol bit Vs,

the code bit b:; to the symbol bit vy,



FIG. 146 shows an example of a configuration of the memory 1002 of the multiplexer 54. [0729] 264
mb bits in the column (vertical) direction and stores N/(mb) bits in the row (horizontal) direction and is
composed of mid columns. [0730] The column twist deinterleaver 55 writes code bits of an LDPC
code in the row direction into the memory 1002 ar%%ontrols the position at which reading out is
started when the code bits are read out in the column direction to carry out column twist deinterleave.
[0731] 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 plyrality-Qf.colwmnas is te be:starregim rstu thesakrangement of code bits

re-arranged by the column twistinterleave to the original arrangement. [0732] Here, FIG. 146
shows an example of arconfigueationofthememory 10602 where the/modulation method is 16QAM
and the multiple b is 1. Accordingly, the bit number m of one symbol is 4 bits, and the memory 1002
includes four (= mb) columns: @733t by to the symbol bit ys,
the code bit bs to the symbol bit vii,
the code bit by to the symbol bit ys,
the code bit by to the symbol bit ys,
the code bit bg to the symbel bit yio,
the code bit bg to the symbol bit vye,
the code bit by to the symbol bit vy,
the code bit by to the symbol bit vy,
the code bit bis to the symbol bit yig,
the code bit bis to the symbol bit ys,
the code bit by to the symbol bit yi., and
the code bit b1z to the symbol bit yp.
[C681]
CFIG. 137 shows an example of a bit allocation
pattern which can be adopted where the modulation method
is 2560AM 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.
[0682]
Where the LDPC code is an LDPC code whose code
length N is 16,200 bits and whose encoding rate is any

other than 3/5 and the modulation method is 2560Q0AM and



265 The column twist deinterleaver 55 carries out (in place of 'the multiplexer 54), writing of code
bits of an LDPC code outputted from the replacement section 1001 in the row direction successively
into the memory 1002 beginning with the first row toward a lowermost row. [07341 Then, if writing
of code bits for one code length ends, then the column twist deinterleaver 55 carries out reading out of
code bits in the downward direction (column direcfion) from a top of the memory 1002 beginning with a
leftmost column toward a right side column. [0735] However, the column twist deinterleaver 55
carries out reading out of the code bits from the memory 1002 determining the writing starting position
upon writing g theseede- bits hy the gokimn twstinterteaver 24 @nthe trahsrHssien appafatus 11 side
to a reading out starting position of the code bits. [0736] In particular, if the address of the position
of the top of each column isrdetermined as@ and:the addiessoof exchpositionlif tRE @4Itimn direction
is represented by an integer given in an ascending order, then where the 266 modulation method is
16QAM and thelmultiple B is 1] thecédlamiriwistalefrteriesvel 55 séts the feddig out starting position
for the leftmost column to the position whose address is 0, sets the reading out starting position for the
second columia (feemithe lefftorthapolitioniwhsa'Bddress i 2 sdts the F&AdiRg biit fglrting position
for the third column to the position whose address is 4, and sets the readin out start'ng position for
the fourth coltiffh tePthePosition Rhosd addredeid ¥ (G371 he © ﬁﬁ’é?ocﬁ Stedst%%% with regard to
each of those columns whose reading out starting position has an address other than 0, reading out of
code bits is cafried out such that, after such reading out is carried out down to the lowermost position,

the reading outgrgiition is returned to the top (position whose address is 0) of the column and the
reading out islE&tTidd out downwardly to the position immediately preceding to the reading out starting

position. Then, atfter that, reading out s caried-outfrom the sext(ighthealumn. 1 (-
mby code bits be to by read out from the memory 31 such
that the 8 x 1 (= mh) code bits by tc by may be allocated
o the 8 % 1 (= mb) symbol bits ypy to y7 of one (= b)
symbol as.seen in FIG. 137.
[06B4]

In particular, according to FIG. 137, the
replacement section 32 carries out replacement for
allocating

the code bit by te the symbol bit vi,

the code bit by te the symbol bit ya,

the code bit b, to the symbol bit vyi,

the code bit bs to the symbol bit ys,

the code bit by to the symbol bit vz,

the code bit bs te the symbel bit ve,

the code bit bg to the symbol bit vy, and

the code bit bs to the symbol bit yo.



[0738] _ By carrying out such column twist interleave as described above, the arrangement of the
code bits re- 267 arranged by the column twist interleave is returned to the original arrangement.
[0739] FIG. 147 is a block diagram showing another example of the configuration of the reception
apparatus _12. [0740] Referring to FIG. 147, the reggBtion apparatus 12 is a data processing apparatus
which receives a modulation signal from the transmission apparatus 11 and includes an orthogonal

demodulation section 51, a demapping section 52, a deinterleaver 53 and an LDPC d [ i
1 , e
1021. [0741] coding section

[0685]

FIG. 138 shows an example of a bit allocation
pattern which can be adopted where the LDPC code is an
LDPC code whose code length N is 16,200 or 64,800 pits
and whose encoding rate is any other than 3/5 and besides
the modulation method is QPSK and the multiple b is 1.
(0686}

Where the LDPC code is an LDPC code whose code
length N is 16,200 or 64,800 bits and whose encoding rate
is any other than 3/5 and besides the modulation method
is OPSK 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 % 1) bits in the column direction x row
direction are read out in a unit of 2 x 1 (= mbh) bits in
the row direction and supplied to the replacement section
3Z.

10687}

The replacement section 32 replaces the 2 X_l (=
mbh) code bits by and b; read out from the memcry 31 such
that the 2 x 1 (= mb) code bits by and by may be allocated
to the 2 x 1 {= mb) symbol bits yp and y; of one (= b)
symbol as seen in FIG. 138.

[0688]

In particular, according to FIG. 138, the



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. [0742] The

demapping section 52 carries out demapping of cgglyerting the symbols from the orthogonal
demodulation section 51 into code bits of an LDPC code and supplies the code bits to the

deinterleaver 53. 268 [0743] The deinterleaver 53 includes a multiplexer (MUX) 54, a column
twist deinterleavet 55 and a parity dein erleaver 1011 and carries out deinterleave of the code bits of
the LDPC cods framdhe demapping section:52:[0744pbut dapasticuien thef multiplexer 54
determines an LDPC code from the demapping section 52 as an object of processing thereof and
carries out ageversedeptacement process corresponding to the replacement process carried out by
the demultiplexer 25 of the transmission apparatus 11 (reverse process to the replacement process),
that is, a reverse replacementisrocéss bf rétriihg the pbsitioRs bf e c6dé bits replaced by the
replacement process to the original positions. Then, the multiplexer 54 supplies an LDPC code
obtained as a result of itfe revdséipl&ceirént PoceERRY the cdiutfit twist deinterleaver 55. [07451
The column twist deinterleaver 55 determines the LDPC code from the multiplexer 54 as an object of
processing ahd%a¥ries out column twist deinterleave corresponding to the column twist interleave as a

rlela”;‘gg‘f{)';igt] process carried out by the column twist interieaver 2401 i ragsmissian apparatus

is possible to consider that replacement is not carried
our and the code bits by and by are determined as they are
as the symbol bits yo and yi, respectively.

[0690]

FIG. 139 shows an example of a bit allocation
pattern which can be adopted where the LDPC code is an
,DPC code whose code length N is 64,800 bits and whose
encoding rate is 3/5 and besides the modulation methoed is
160AM and the multiple b is 2.

[0691]

Where the LDPC code is an LDEC code whose code
tength N is 64,800 bits and whose encoding.rate is 3/5
and besides the modulation method is 16QAM and the
multiple b is 2, in the demultiplexer 25, the code bits
written in the memory 31 for storing (64,800/(4 x 2)) x
(4 x 2) bits in the column direction x Tow direction are
read out in a unit of 4 x 2 (= mb) bits in the row

direction and supplied to the replacement section 32.



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. [0747] The parity deinterleaver 1011 determines
the code bits after the column twist deinterleave by the column twist deinterleaver 55 as an object of
processing thereof and carries out parity deinterleave corresponding to the parity interleave carried out
by the parity interleaver 23 of the transmission app%t?étus 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. [0748] The LDPC
code obtaineq as @Zrlesult of the parity deinterleave is supplied from the parity deinterleaver 1011 to the
LDPC decoding secfion 1021. [0749] Accordingly, in the reception apparatus 12 of FIG. 147, the LDPC

- code for which the revessg replacement process; columptwist.deintetleaye and.parity deinterleave
have been carried out, that is, an LDPC code 270 obtained by LDPC coding in accordance with the

parity check matrixddds supplied o the LDRG decodingrsestion kD24 {R#50] 31 sTha LDPC
decoding section 1021 carries out LDPC decoding of the LDPC code from the deinterleaver 53 using
the parity checkamattix 4l itself used-fortDRGaEncoding by the LDP@encoding sSection1 of the
transmission apparatus.11 or a conversion parity check matrix obtained by carrying out at least column
conversion carrespoadihg<tothé=parity intertéane for the parityocheck matrix H{ Theh, the LDPC

decoding section 1021 outputs data obtained by the LDPC decoding as a decoding result of the object
data. [0751] successive symbols as seen in FIG. 139.

[0693]

In particular, according to FIG. 139, the
replacement section 3Z carries cut replacement for
allocating

the code bit by to the symbol bit vy,

the code bit b; to the symbol bit ys,

the code bit b; to the symbol bit yi,

the code bit bs to the symbol bit vy,

the code bit bs; to the symbol bit vy,

the code bit by to the symbol bit vy,

the code bit be to the symbol bit y;, and

the code bit by to the symbol bit vg.

[0694]

FIG. 140 shows an example of a kit allocation
pattern which can be adopted where the LDPC code is an
LDPC code whose code length N is 16,200 bits and whose
encoding rate is 3/5 and besides the modulation method is

160AM and the multiple b is 2.



Here, in the reception apparatus 12 of FIG. 147, since an LDPC code obtained by LDPC encoding in
accordance with the parity check matrix H is supplied from the (parity deinterleaver 1011 of) the
deinterleaver 53 to the LDPC decoding section 1021, where the LDPC decoding of the LDPC code is
carried out using the parity check matrix H itself used for the LDPC encoding by the LDPC encoding
section 21 of the transmission apparatus 11, the LDPC decoding section 1021 can be configured, for
271 example, from a decoding apparatus which carries out LDPC decoding in accordance with a full
serial decoding method wherein mathematical operation of messages (check node messages and
variable node[fpéa%?ges) is carried out for one by one node or another decoding apparatus wherein
LDPC decoding is carried out in accordance with a full parallel decoding method wherein mathematical
operation of messageg;are-carried qutsimulianequsly (in paratlelfaealnRedes 40452 Further,
where LDPC decoding of an LDPC code is carried out using a conversion parity check matrix obtained
by carrying outatjeastcalemngeptacenent corresporgiag éo.theipaiity tatedeaye fotithe parity check
matrix H used in the LDPC encoding by the LDPC encoding section 21 of the transmission apparatus
11, the LDPGédecading seetiam 02 dan dheiconfirmeddmdm. a degpllihgeappdratus of an architecture
which carries out the check node mathematical operation and the variable node mathematical
operation simultanépaslyfor{er & devisor bEPdstherlthan 19:check hodésand® eakalilé nodes and
which has a reception data re-arrangement section 310 for carrying out column replacement similar to
the column repladementifor obimAgatconverdion 72 paiy chle%k A&t ix forthe LDPC code to
re-arrange the code bits of the LDPC codes. [0753] It is to be noted that, while, in FIG. 147; the
multiplexer 54 forcatryirg 66t the relersetrepliee ProcEss” coltthritwiscdeinter@ader 55 for
carrying out the column twist deinterleave and parity deinterleaver 1011 f}qr carrxjing out the parity
deinterleave &fe*Cortigtrdd sépaiatdly front eAch othierf6r the ‘convahiehcs of déscription, two or more
of the multiplexer 54, column twist deinterleaver 55 and parity deinterleaver 1011 can be configured
integrally sim ! fbtﬂi%rbaarﬁé?n?élﬁgayv]e?%g?%o%%n e%af[iﬁgeerfﬂe%r\ll%r 32%%jaoélem§§fiplexer 25 of the
transmission ?B%gr&tus 11.

The replacement section 32 replaces the 4 x 2 (=
mb) code bits by to by read out from the memory 31 such
that the 4 x 2 (= mb) code bits by to by may be allocated
to the 4 x 2 (= mb) symbol bits yg to yy of two (= b)
successive symbols as sesen in FIG. 240.

[0697]

In particular, according to FIG. 140, the
replacement section 32 carries out replacement for
allocating

the code kit by te the symbol bit vy,

¢t

by to the symbol bit yi,

]..l..

the code b
the code bit b: to the symbol bit vy,
the code bit b: to the symbol bit vy,

the code bit b, to the symbol bit vys,



[07541 FIG. 148 is a block diagram showing a first example of a configuration of a reception
system which can be applied to the reception apparatus 12. [0755] Referring to FIG. 148, the
reception system includes an acquisition section 1101, a transmission line decoding processing
section 1102 and an information source decoding processing section 1103. [0756] 273 The
acquisition section 1101 acquires a signal includin #n LDPC code obtained at least by LDPC
encoding object data such as image data and music data of a program through a transmission line
such as, for example, terrestrial digital broadcasting, satellite digital broadcasting, a CATV network,

the Internet or some other ngg\/&%rkblpeggtq_%agg%isg' bﬁgftigqgl%rsupplies the acquired signal to
the transmission line decoding processing section 1102. [0757] Here, where the signal acquired

by the acquisition section.110J,is broadeast; for-exanmple,kom-a broadcasting station through ground
waves, satellite waves, a CATV (Cable Television) or the like, the acquisition section 1101 is

configured from a tuneran ST8=(Setd aop, Bex) entheslike, &n the-other hand, where the signal
acquired by the acquisition section 1101 is transmitted in a multicast state as in the IPTV (Internet

Protocol Televisiomy,ifor 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). [0758] 274

FIG. 141 shows an example of a bit allccation
pattern which can be adopted where the modulation method
is 64QAM and the LDPC code is an LDPC code whose code
length N is 64,800 bits and whose enccding rate is 3/5
and besides the multiple b is 2.

(0699}

Where the LDPC code is an LDPC code whose code
length N is 64,800 bits and whose 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 memcry 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 to the replacement section 3Z.
[07001

The replacement section 32 replaces the ¢ 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 by may be allocated
o the 6 x 2 (= mb) symbol bits yp To yi1 of two (= bj

successive symbols ag seen in FIG. 141.



1102 carries out a transmission line decoding process including at least a process for correcting errors
produced in the transmission line for the signal acquired through the transmission line by the
acquisition section 1101, and supplies a signal obtained as a result of the transmission line decoding
process to the information source decoding procs%s ing section 1103. [0759] In particular, the
signal acquired through the transmission line by the acquisition section 1101 is a signal obtained by
carrying out at least error correction encoding for correcting errors produced in the transmission line,
and for such a signal as just described, the transmission line decoding processing section 1102 carries
out a transr‘rkigs,jigrﬂine decoding process such as, for example, an error correction process. [0760]
Here, as the error correction encoding, for example, LDPC encoding, Reed-Solomon encoding and so
forth are available. Heye, asthe @iros £prrestion enaading, atieastl4DPCrencoding is carried out.
[0761] Further, the transmission line decoding process sometimes includes demodulation of a
modulation signal: 225 so:fortho f0762] car rThe information segerdecdding processing section
1103 carries out an information source decoding process including at least a process for
decompressiig eeraptessed information into original information for the signal for which the
transmission line decoding process has been carried out. [0763] In particular, the signal acquired
through the transmissior line By thé Achuisitor-SectivA™Prol Rad sdifretimes been processed by
compression encoding for compressing information in order to reduce the data amount such as
images, sound and sc‘ﬁrﬂtf@é@ﬁqf@ﬁrﬁa%bn.tlﬂ thisSnSRRE tha iffotration source decoding
processing section 1103 carries out an information source Qe oding process such as a process
(decompression procéss) fép%c@ﬁﬁregéiﬁé)thteh@orﬁEF%sged w%for?ﬁgﬁon into original information for a

signal for which the tr%gsémicsgidoen Iki)nj?td%cgodcigg &{%C%Sfm@%ib%ﬁ'% ce)n,rgrjed out. [0764]

the code bit bs to the symbol bit v,

he code bit bs to the symbol bit vi,

the code bit bg to the symbol bit yi,

the code bit by to.the symbel bit vys,

the codé bit be to the symbol bit v,

the code bit bs to the symbol bit yii,

the code bit big to the symbol bit vs, and

the code bit by to the symbol bit vio.
ro702]

FIG. 142 shows an example of a bit allocation
pattern which can be adopted where the modulation method
is 640AM and the LDPC code is an LDPC code whose code
length N is 16,200 bits and whose encoding rate is 3/5
-and hesides the multiple b 1s Z.

[0703]

Where the LDPC code is an LDPC code whose code



It is to be noted that, where the signal acquired through the transmission line by the acquisition section
1101 has not been carried out compression encoding, the 276 information source decoding
processing section 1103 does not carry out the process of decompressing the compressed information
iinto the original information. [07651 Here, as thg;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. [0766] In the reception system
configured in such a manner as described above, the acquisition section 1101 receives a signal
obtained by Ga&yirdg olit é6mpfession erdatling Suctas MPEG sHcuding for data df For example,
images, sound and so forth and further carrying out error correction encoding such as LDPC encoding
for the compfE&Sion éncutidd dulta thrdtigh P Farnsmissirtiine eS¢ Ss stfplied to the
transmission line decoding processing section 1102.‘[07%%‘“6 In the transmission line decoding

out,

processing sE&ON-P162, professes SimiSFto tHbEe ik for'exXaliple®hy tie bithogonal
demodulation section 51, demapping sectian 52, deinterleaver 5 DPC decoding, section 56 (or
ot 00T SrECATA 377 Bt ad e Hisman T Gebort &

LDPC decoding sec are carri mission line decoding process for the

signal from th&agqlﬁitign ggcg%n %% 1. C‘Iéll%% A %QQ%'&Q}SE ed asa rgi%lg%t{]g ntr%nrsmission line
decoding process is supplied to the information source decoding processing section 1103. [0768]

In the information;seyrce decoding:progessing sgctlﬁc_l_n #1093,an infarmation soyrce decoding process
such as MPEG decoding is carried out for the signal from the transmission line decoding processing
section 1102ganRd -t ion and supplied to the replacement section 32.
(07041
The replacement section 32 replaces the 6 x 2 (=
mb) code bits by to bip read out from the memory 31 such
that the 6 x Z (= mb) code bits by to by may be allocated
to the 6 x 2 (= mb) symbol bits yy to vy of two (= D)
successive symbols as Seen.in FIG. 142.
[0705]
In particular, according to FIG. 142, the
replacement section 32 carries out replacement for
allocating
the code it by to The symbol kit vii,
the code bit by to the symbol bit vy,
the code bit b: to the symbol bit vysi,

the code bit bz to the symbol bi

E...

o+
e
Iy
Lo

the code bit by to the symbol bit vye,
the code bit by to the symbol bit v,

the code kit bg to the symbol bit vys,



an image or sound obtained as a result of the information decoding process is outputted. [0769]

Such a reception system of FIG. 148 as described above can be applied, for example, to a television
tuner for receiving television broadcasting as digital broadcasting and so forth. [0770] - Itis to be
noted that it is possible to configure the acquisitionr gection 1101, transmission line decoding
processing section 1102 and information source decoding processing section 1103 each as an
independent apparatus (hardware (IC (Integrated Circuit) or the like) or a software module). 278
[0771] Further, as regards the acquisition section 1101, transmission line decoding processing
section 1102 and informgtictsSureé deeodiny protessingsechisrn 1103, a set of the acquisition
section 1101 and transmission line decoding processing section 1102, another set of the transmission
line decoding processingfseéction L2 ad iffoFiigtisy 86 Greeddcoding processing section 1103 or a
further set of the acquisition section 1101, transmission line d%{:odin processing section 1102 and

information source de¢dding prcéssing’ sectiorr 1103 ¥AR Be &orfiglited as a single independent

apparatus. [0772] IG. 149 is a block diagram showi econd example of the configuration of
the reception system v% ich €an be 5§p%é8 toC?hgﬁ%ces&%%%a%%%gtugéiz.8[8573] It is to be noted

that, in FIG. 149, elemgﬁés ggggs%q_@igg_lthp%eg@ Icéf-y %%@r%_g%n%ted by like reference numerals,

and description of them is suitably omitted in the following descriptio : [0774] The reception
system of FIG.;1A4%is common to that of FIG. 148 in that it includes an acquisition section

FIG. 143 shows an example of a bit allocation
pattern which can be adopted where the modulation method
is 256QAM and the LDPC code is an LDPC code whose code
length N is 64,800 bits and whose encoding rate is 3/5
and besides the multiple b is 2.

[0707]

Where the LDPC code is an LDPC code whose code
length N is 64,800 bits and whose encoding rate is 3/5
and the modulation method is 256QAM and besides the
multiple b is 2, in the demultiplexer 25, the code bits
written in the memory 31 for storing (64,800/(8 x 2)) x
(8 x 2} bits in the column direction » row directlion are
read out in a unit of 8 x 2 (= mb) bits in the row
direction and supplied to the replacement section 32.
[0708]

The replacement section 32 replaces the 8 x 2 (=
mb) code bits by to by read out from the memory 31 such

that the 8 x 2 (= mb) code bits by to bys may be allocated



279 1101, a transmission line decoding processing section 1102 and an information source decoding
processing section 1103 but is different from that of FIG. 148 in that it newly includes an outputting
section 1111. [0775] The outputting section 1111 is, for example, a display apparatus for
displaying an image or a speaker for outputting sosipg and outputs an image, a sound of the like as a
signal outputted from the information source decoding processing section 1103. In other words, the
“outputting section 1111 displays an image or outputs sound. [0776] Such a reception system of
FIG. 149 as described above can be applied, for example, to a TV (television receiver) for receiving a
television bréaelceseas a tigital Hroddcasye raldi® réceiver for réceiving @radicbfdadcast and so
forth. [0777] It is to be noted that, where the signal acquired by the acquisition section 1101 is not
in a form wheérefirEsrRpreEssioATdreoting isSictapplied: & sighfaf outputted from the transmission line
decoding processing section 1102 is supplied to the outputting section 1111. 280 [0778] FIG.
150 is a block apg?' m showing a third example of the configuration of the reception system which can

be applied to the reception aggaratl.is 12. Ozmlrdinglt Potoﬁegnnggtha%ﬂ% FIG. 150, corresponding

elements to those of G. 128 ar& dehote bf fike

replacement section 32 carries out replacement for
allocating

the code bit by to the symbol bit v,

the code bit by to the symbol bit vy,

the code bit b; to the symbol bit vs,

the code bit b3 To the symbol hit va,

the code bit by to the symbol bit vo,

the code kit bs to the symbol bit vye,

the code bit bg to the symbol bit v,

the code bit by to the symbol bit v,

the code bit by to the symbol bit vig,

the code bit by tc the symbol bit vis,

the code bit big Lo the symbol bit vy,

the code bit byy to the symbol bit v,

the code bit bz to the symbol kit ve,

the code bit bz to the symbol bit vis,

the code bit by, to the symbol bilt ys, and

the code bit bi;s to the symbol bit vis.
[0710]

FIG. 144 shows an example of a bit allocation



reference numerals, and in the following description, description of them is suitably omitted. [0780]
The reception system of FIG. 150 is common to that of FIG. 148 in that it includes an acquisition
section 1101 and a transmission line decoding processing section 1102. [0781] However, the
reception system of FIG. 150 is different from that0f &1G. 148 in that it does not include the
information source decoding processing section 1103 but newly includes a recording section 1121.
[0782] The recording section 1121 records (stores) a signal (for example, a IS packet of a IS of MPEG)
outputted from the transmission line decoding processing section 1102 on or into a recording (storage)
medium suckr8leas antopticalkdisk e hartbdisk {magaetic disk) vrdflash memorihod

is ZLH6OAM and the LDEC code is an LDFC code whose code
length N is 16,200 bits énd whose encoding rate is 3/5
and besides the multiple b is 1.

[0711]

Where the LDPC code is an LDPC code whose code
length N is 16,200 bits and whose encoding rate is 3/5
and the modulation method is 2560Q0AM and besides the
multiple b is 1, in the demultiplexer 25, the code bits
written in the memory 31 for storing (16,200/(8 x 1)) =x
{8 x 1) bits in the column direction x row direction are
read out in a unit of 8 x 1 (= mb) bits in the row
directicn and supplied to the replacement section 32.
[(0712]

The replacement section 32 replaces the 8 x 1 (=
mb) code bits by to by read out from the memory 31 such
that the 8 x 1 (= mb) code bits by to by may be allocated
to the 8 x 1 (= mb) symbol bits vy to vy of one (= b)
symbhol as seen in FIG. 144.

(6713}

In particular, according to FIG. 144, the
replacement section 32 carries cut replacement for
allcocating

the code bit by to the symbol bit v,



[0783] Such a reception system of FIG. 150 as described above can be applied to a recorder for
recording a television broadcast or the like. [0784] It is to be noted that, in FIG. 150, the reception
system may include the information source decoding processing section 1103 such that a signal after
an information source decoding process has beengaried 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. [0785] It should be understood by those skilled in the art that various
modifications, combinations, sub-combinations and alterations may occur depending on design
requirements and othérfactopsiindotar s they afeewithinthé debpeof.the appended claims or the
equivalents thereof. 282 Claims 1. An encoding apparatus for carrying out encoding by an LDPC
(Low Density Parity CREEK) €ode, Bomphising. 1o endbring Méans fer carrying out encoding by an
LDPC code which has a code length of 64,800 bits and an encaoding rate of 2/3; a parity check
matrix of the LDPC cot8%efg'to rédl SichHiat Bléthetts o the'salue 1 of an information matrix,

which corresponds to the code length of the pari checl%]rr]n trix.and an information length
Gocidottby  Banty Hask]

corresponding to the etnc%d%%d%t ecided %aﬁﬁ}n Matriciitial value table representative
the code bit bs to the symbol bit v,

of the 283

the code bit bg to the symbol bit vy, and

the code bit by to the symbol bit yjg.
[0714]

Now, the deinterleaver 53 which composas the
reception apparatus 12 is described.
[0715]

FIG. 145 is a view illustrating processing of the
multiplexer 54 which composes the deinterleaver 53.
[07167

In particular, FIG. 145A shows an example of a
functional configuration of the multiplexer 54.

[0717]

The multiplexer 54 is composed of a reverse
replacement section 1001 and a memory 1002.

[6718]

The multiplexer 54 determines symbol bits of
symbols supplied from the demapping section 52 at the
preceding stage as an object of processing‘thereof and

carries out a reverse replacement process corresponding



positions of the elements of the value 1 of the information matrix are arranged in a period of every 360
columns in the column direction; the parity check matrix initial value table being formed from 317
2255 2324 2723 3538 3576 6194 6700 9101 10057 12739 17407 21039 1958 2007 3294 4394 12762
14505 14593 14692 16522 17737 19245 21272 23349 127 860 5001 5633 8644 9282 12690 14644
17553 19511 19681 20954 21002 2514 2822 5781 6297 8063 9469 9551 11407 11837 12985 15710
20236 20393 1565 3106 4659 4926 6495 6872 7343 8720 15785 16434 16727 19884 21325 706
3220 8568 10896 12486 13663 16398 16599 19475 19781 20625 20961 21335 4257 10449 12406
14561 1604906572 17214 1862918083 188602 100621952600 748 412433 558 2614 2978 4157
6584 9320 11683 11819 13024 14486 16860 777 5906 7403 8550 8717 8770 11436 12846 13629
14755 15685 6895 164fger 25 of the transmission apparatus 11

(process reverse to the replacement process), that is, a
reverse replacement process of returning the positions of
the code bits (symbol bits) of the LDPC code replaced by
the replacement process. Then, the multiplexer 54
supplies an LDPC code cobtained as a result of the reverse
replacement process to the column twist deinterleaver 55
at the succeeding stage.

{0719]

In particular, in the multiplesxer 54, mb symbol
bits vo, Vi, - Vw1 ©f b symbols are supplied in a unit
of b (successive} symbols to the reverse replacement
section 10C1.

[0720]

The reverse replacement section 1001 carries out
reverse replacement of returning the arrangement of the
mbk symbol bits ys to ym-1 to the coriginal arrangement of
the mb code bits by, by, .., bw-1 (arrangement of the code
bits by to bm-1 before the replacement by the replacement
section 32 which composes the demultiplexer 25 on the
transmission apparatus 11 side i1s carried out). The
reverse replacement secticon 1001 outputs code bits by to

Lrp-1 obtained as a result of the reverse replacement.



4093 5045 6037 7248 8633 9771 10260 10809 11326 12072 284 17516 19344 19938 2120 2648
3155 3852 6888 12258 14821 15359 16378 16437 17791 20614 21025 1085 2434 5816 7151 8050
9422 10884 12728 15353 17733 18140 18729 20920 856 1690 12787 6532 7357 9151 4210 16615
18152 11494 14036 17470 2474 10291 10323 17436973 10739 4347 9570 18748 2189 11942 20666

[0721]

The memocry 1002 has a siorage capacity of storing
mb bits in the row (horizontal) direction and storing
N/ {mb) bits in the column (vertical) direction similarly
to the memory 31 which composes the demultiplexer 25 of
the transmission apparatus 11 side. In other words, the
reverse replacement section 1001 is configured from mb
columns each of which stores N/ (mb) bits.

[o722]

However, in the memory 1002, writing of the code
bits of LDPC cecdes outputted from the reverse replacement
secticn 1001 is carried ocut 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.
[0723]

In particular, the multiplexer 54 of the recepfion
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 FIG. 145A.



3868 7526 17706 8780 14796 18268 160 16232 17399 1285 2003 18922 4658 17331 20361 2765
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2490 3143 5098 2643 3101 21259
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[0724]

Then, when the writing of code bits for one code
length ends, the multiplexer 54 reads cut the code bits
in the column direction from the memcory 1002 and supplies
the code kits to thelcolumn twist deinterleaver 55 at the
succeeding stage.

10725]

Here, FIG. 145B is a view illustrating reading out
of the code bits from the memory 1002.

[0726]

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 ceolumn.

(0727]

Now, processing of the column twist deinterleaver
25 which composes the deinterieaver 53 of the reception
apparatus 12 1s described with reference to FIG. 146.
[0728]

FIG. 146 shows an example of a configuration of the
memory 1002 of the multiplexer 54.

[0729]

The memory 1002 has a storage capacity for storing



4315 4724 13130 594 17365 18322 5983 8597 9627 10837 15102 20876 10448 20418 21478 3848
12029 15228 708 5652 13146 5998 7534 16117 2098 13201 18317 9186 14548 17776 5246 10398
18597 3083 4944 21021 13726 18495 19921 6736 10811 17545
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mb bits in the column (vertical) direction and stores
N/ (mb) bits in the row (horizontalj direction and is
composed of mb columns.

[0730]

The column twist deinterleaver 55 writes code bits
of an LDPC code in the row direction into the memory 1002
and contrcels the positicon at which reading out is started
when the code bits are read out in the cplumn direction
to carry out column twist deinterleave.

[0731]

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.

[0732]

Here, FIG. 146 shows an example of a configuration
of the memory 1002 where the modulation method is 160AM
and the multiple b is 1. Accordingly, the bit number m of
one symbol is 4 bits, and the memcory 1002 includes four
(= mb} columns.

[0733]



10084 12411 14432 1064 13555 17033 679 9878 13547 3422 9910 20194 3640 3701 10046 5862
10134 11498 5923 9580 15060 1073 3012 16427 5527 20113 20883 7058 12924 15151 9764 12230
17375772 7711 12723 555 13816 15376
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The column Twist deinterleaver 55 carries out (in
place of the multiplexer %4), writing of code bits of an
LDPC code.outputted from the replacement section 1001 in
the row direction successively into the memcry 1002
beginning with the first row toward a lowermost row.
[0734]

Then, 1f writing of code bits for cne code length
ends, then the column.twist deinterleaver 5b carries out
reading out of code bits in the downward dirsction
{column direction) from a top of the memcory 1002
beginning with a leftmost column toward a right side
column.

[C735]

However, tThe column twist deinterleaver 55 carries
out reading out of the code blts from the memcry 1002
def@rmining the writing starting position upon writing of
the code bits by the column twist interleaver 24 on the
transmission apparatus 11 side fo a reading out starting
position of the code bkits.

[073¢]

In particular, if the address of the position of
the top of each cclumn is determined as 0 and the address
of each position in the column direction is represented

by an integer gilven in an ascending order, then where the



10574 11268 17932 15442 17266 20482 390 3371 8781 10512 12216 17180 4309 14068 15783 3971
11673 20009 9259 14270 17199 2947 5852 20101 3965 9722 15363 1429 5689 16771 6101 6849
12781 3676 9347 18761 350 11659 18342 5961 14803 16123
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medulaticon 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 1s 2, sets the reading out
starting positicn for the third column to the position
whose address 1s 4, and sets the reading out starting
position for the fourth column to the position whose
address is 7.

[0737]

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
cut such that, after such reading cut 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 ocut i1s carried out downwardly to
the position immediately preceding to the reading out
starting position. Then, after that, reading ocut is
carried out from the next {right) column.

[0738]
By carryving out such column twist interleave as

described above, the arrangement of the code bits re-
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arranged by the column twist interleave is returned to
the original arrangement.
[0739]

FIG. 147 is a block diagram showing another example
of the configuration of the reception apparatus 12.
[0740]

Referring to FIG. 147, the reception apparatus 12
is a data processing epparatus which receives a
modulation signal from the transmission apparatus 11 and
includes an orthogonal demodulation section 51, a
demapping section 52, a deinterleaver 53 and an LDPC
decoding section 1021.
(07413

The orthogonal demodulation section 51 receives a
modulation signal from the transmission apparatus 11,
carries out orthogonal demodulation and supplies symbols
(values in the I and Q axis directions) obtained as a
result of the orthogeonal demedulation to the demapping
section 52.
[(0742]

The demapping section 52 carries out demapping of
converting the symbols from the orthogonal demodulation
section 51 into code bite of an LDPC code and suppliss

the code bits to the deinterleaver 53.



1430 4250 21332 6283 10628 15050 8632 14404 16916 6509 10702 16278 15900 16395 17995 8031
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[0743]

The deinterleaver 53 includes a multiplexer {(MUX)
54, a column twist deinterleaver 55 and a pariﬁy
deinterleaver 1011 and carries ocut deinterleave of the
code bits of the LDPC code from the demapping section 52.
(07443

In particular, the multiplexer 54 determines an
LDPC code from the demapping section 52 as an object of
processing thereof and carries out a reverse replacement
process corresponding to the replacement process carried
out by the demultiplexer 25 of the transmission apparatus
11 (reverse process to the replacement process), that is,
a reverse replacement précess of returning the pcsitions
of the code bits replaced by the replacement process Lo
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.
[0745]

The column twist deinterleaver 55 determines the
LDPC code from the multiplexer 54 as an obiject of
processing and carries cut column twist deinterleave
corresponding to the column twist interleave as a re-
arrangement process carried cut by the colgmn twist

interleaver 24 of the transmission apparatus 11

-



1965 3931 21104 2439 11565 17932 288 154 15279 21414 10017 11269 16546 7169 10161 16928
10284 16791 20655 36 3175 8475 2605 16269 19290 8947 9178 15420 5687 9156 12408 8096 9738
14711 4935 8093 19266 2667 10062 15972 6389 11318 14417 8800 18137 18434 5824 5927 15314
6056 13168 15179 3284 13138 18919 13115 1725917332. 2. An encoding method for an
encoding apparatus which carries out encoding by an LDPC (Low Density Parity Check) code,
comprising: a step carried out by said encoding apparatus of carrying out encoding by an LDPC
code which has a code length of 64,800 bits and an encoding rate of 2/3; a parity check matrix of the
LDPC code being ¢

The LDPC code obtained as a result of the column
twist delnterleave is supplied from the coclumn twist
deinterleaver 55 to the parity deinterleaver 1011.

[0747]

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 cut by the parity interleaver
22 of the transmission apparatus 11 (reverse process to
the parity interleaﬁe), that is, parity deinterleave of
returning the arrangement of the code bifts of the LDPC
code whose arrangement was changed by the parity
interleave to the original arrangement.

07487

The LDPC code obtained as a result of the parity
deinterleave is supplied from the parity deinterleaver
1011 to the LDPC decoding section 1021.

[0749]

Eccordingly, in the reception apparatus 12 of
FIG. 147, the LDPC code for which the reverse replacement
process, column twist deinterleave and parity

deinterleave have been carried out, that i1s, an LDPC code



289 configured such that elements of the value 1 of an information matrix, which corresponds to the
code length of the parity check matrix and an information length corresponding to the encoding rate,
decided by a parity check matrix initial value table representative of the positions of the elements of
the value 1 of the information matrix are arranged 4% g period of every 360 columns in the column
direction; the parity check matrix initial value table being formed from 317 2255 2324 2723 3538
3576 6194 6700 9101 10057 12739 17407 21039 1958 2007 3294 4394 12762 14505 14593 14692
16522 17737 19245 21272 21379 127 860 5001 5633 8644 9282 12690 14644 17553 19511 19681
20954 210022554 2822 5781 B297:8063:9469:9651T11407:d4 837 1129851 5740120236 20393 1565
3106 4659 4926 6495 6872 7343 8720 15785 16434 16727 19884 21325 706 3220 8568 10896
12486 1366316398 1659919475 19781 206252006 1718354 5 710449 12466 2456 T 16049 16522
17214 18029 18033 18802 19062 19526 20748 290 412 433 558 2614 2978 4157 6584 9320 11683
11819 1302424486 16860

[0750]

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 cut at least column conversion corresponding
Lo the parity interleave for the parity check matrix H.
Then, the LDPC decoding section 1021 cutputs data
obtained by the LDPC decoding as a decoding result of the
object data.

F0751]

Here, in the reéeption apparatus 12 of FIG. 147,
since an LbPC'code_obtaimed by LDPC enceding in
accordance with the parity check matrix H is supplied
from the {(parity deinterleaver 1011 of}) the deinterleaver
53 to the LDPC decoding section 1021, where the LDPC
decoding of the LDPC code is carried out using the parity
check matrix H itself used for the LDPC encoding by the
LDPC encoding section 21 of the transmission apparatus 11,

the LDPC decoding section 1021 can be configured, fox
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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
messages and variable node messages) 1s carried out for
one by one ncde or ancther decoding apparatus wherein
LDPC decoding is carried out in accordance with a full
parallel decoding method wherein mathematical operation
of messages are carried out simultaneously (in parallel)
for all nodes.

[(0752]

Further, where LDPC decoding of an LDPC code is
carried out using a conversion parity check matrix
obtained by carrying cut at least column replacement
corresponding to the parity interleave for the parity
check matrix B used in the LQPC encoding by the LDPC
encoding section 21 of the transmission apparatus 11, the
LDPC decoding section 1021 can be confirmed from a
decoding apparatus of an architecture which carries out
the check node mathematical operation and the variable
node mathematical Opefation simultanecusly for P (or a
devisor of P other than 1) check nodes and P variable
nodes and which has a reception data re-arrangement
section 310 for carrying out column replacement similar

te the column replacement for obtaining a conversion



2120 2648 3155 3852 6888 12258 14821 15359 16378 16437 17791 20614 21025
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parity check matrix for the LDPC code to re-arrange the
code bits of the LDPC codes.
[0753]

It is to be noted that, while, in FIG. 147, the
multiplexer 54 for carrying out the reverse replacement
process, column twist deinterleaver 5L for carrying out
The ceclumn twist deinterleave and parity deinterleaver
1011 for carrying out the parity deinterleave are
configured separately from each other for the convenience
of description, two or more of the multiplexer 54, column
twist deinterleaver 55 and parity deinterleaver 1011 can
be configured integrally similarly to the parity
interleaver 23, column twist interleaver 74 and
demultiplexer 25 of the transmission apparatus 11.

[0754]

FIG. 148 is alblock diagram showing a first example
of a configuration of a reception system,which can bhe
applied to the reception apparatus 12.

[0755]

Referring to FIG. 148, the reception system
includes an acguisition secticon 1101, a transmission line
decoding processing section 1102 and an information

source decoding processing section 1103.

[0756]



1085 2434 5816 7151 8050 9422 10884 12728 15353 17733 18140 18729 20920
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The acquisition section 1101 acguires a signal
including an LDPC code obtained at least by LDPC encoding
object data such as image data and music data of a
program through a transmission line such as, for example,
terrestrial digital broadcasting, satellite digital
broadcasting, a CATV network, the Internet or some other
network. Then, the acquisitiocon section 1101 supplies the
acguired signal to the transmission line decoding
processing section 1102.

[0757]

Here, where the signal acguired by the acquisition
section 11C1 is broadcast, for example, from a
broadcasting station through ground waves, satellite
waves, a CATV (Cable Television) or the like, the
acguisition section 1101 is configured from a tuner, an
5T8 (Set Top Box) or the like. On the other hand, where
the signal acguired by the acguisiticon section 1101 is
transmitted in a multicast state as in the IPTV {(Internet
Protoccl 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).

(07581

The transmission line decoding proccessing section
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1102 carries cut 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 acguisition ssctiocon
1101, and supplies a signal cbtained as a result of the
transmission line decoding process to the information
source decoding processing secticon 11063,
[0759]

in particular, the signal acquired through the
transmission line by the acguisition section 1101 is a
signal obtained by carrying out at least error correction
encoding for correcting errors produced in the
transmission line, and for such a signal as just
described, the transmission line decoding processing
section 1102 carries out a transmission line decoding
process such as, for example, an error correction process.
[0760]

Here, as the error correction encoding, for example,
LDPC encoding, Reed-Sclomon encoding and so forth are
available. Here, as the error correction encoding, at
least LDPC encoding is carried out.
[0761]

Further, the transmission line decoding process

sometimes includes demodulation of a modulation signal
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and so forth.
[0762]

The informaticn source decoding processing section
1103 carries cut 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.

[0763]

In particular, the signal acguired through the
transmissicn line by the acguisition section 1101 has
sometimes been processed by compression encoding for
compressing information in order to reduce the cata
amount such as images, sound and so forth as information.
In this instance, the information scurce decoding
procéssing section 1103 carries ocut an information source
decoding process such as a process {(decompression
process) for decompressing the compressed information
into original infeormation for a signal for which the
Transmission line decoding process has been carried out.
[0764)

It is to be noted that, where the signal acguired
through the transmission line by the acquisition section

1101 has not been carried out compression encoding, the
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information source decoding processing section 1102 does
not carry out the process of decompressing the compressed
information into the original information.

[0765]

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.
[0766]

In the reception system configured in such a manner
as described above, the acquisition secticn 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 enceding such as LDPC encoding for the
compression encoded data through a transmission line. The
signal is supplied teo the transmission line decoding
processing section 1102.

[C767]

In the transmission line decoding processing
section 1102, processes similar to those carried out, for
example, by the orthogenal demodulation section 51,
demapping section 52, deinterleaver 53 and LDPC decoding

section 56 {or LDPC decoding section 1021) are carried
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out as the transmission line decoding prccess for the
signal from the acguisition section 1101. Then, a signal
obtained as a result of the transmission line decoding
process is supplied to the information source decoding
processing section 1103.

[0768]

In the information source decoding processing
section 1103, an information source decoding process such
as MPEG deccding is carried out for the signal from the
transmission line decoding processing section 1102, and
an imacge or sound obtained as a result of the information
decoding process is outputted.

[(0769]

Such a reception system of FIG. 148 as described
above can be applied, for example, to a television tuner
for receiving television broadcasting as digital
broadcasting and so forth.

[0770]

It is to be noted that it is possible to configure
the acquisition secticn 1101, transmission line decoding
processing section 1102 and informaticon source decoding
processing section 1183 each as an independent apparatus
{hardware (IC {Integrated Circuit) or the like) or a

software module) .
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[e771]

Further, as regards the acguisition secticn 1101,
transmission line decoding processing section 1102 and
information source decoding processing section 1103, a
gset of the acguisition secticn 1101 and transmission line
decoding processing secticn 1102, another set of the
transmission line decoding processing section 1102 and
information source decoding processing section 1103 or a
further set of the acgquisition section 1101, transmission
line decoding processing section 1102 and informatiocon
source decoding processing section 1103 can be configured
as a single independent apparatus.

[0772]

FIG. 149 is a block diagram showing a second
example of the configuration of the reception system
which can be applied to the reception apparatus 12.

[6773]

It is to be noted that, in FIG. 149, elements
corresponding those in FIG. 148 are.denoted by like
reference numerals, and descripticn of them is suitably
omitted in the following description.

[0774]
The reception system of FIG. 149 is common to that

of FIG. 148 in that it includes an acguisition section
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1101, a transmissicon line decoding procegsing section
1102 and an infermation source decoding processing
section 1103 but is different from that of FIG. 148 in
that it newly includes an ocutputting section 1111.
[06775]

The outputting secticn 1111 is, for example, a
display apparatus for displaving an imagg 0r a speaker
for outputting sound and outputs an image, a sound of the
like as a signal outputted from the information source
decoding processing section 1103. In other words, the
cutputting section 1111 displays an image or outputs
sound.

[0776]

Such a reception system of FIG. 149 as described
above can be applied, for example, tc a TV (television
receiver) for receiving a television broadcast as a
digital broadcast, a radio receiver for receiving a radio
broadcast and so forth.

(0777

It is to be noted that, where the signal acguired
by the acquisition secticn 1101 is not in a form wherein
compressicn enceding is not applied, a signal outputted
from the transmission line decoding processing section

1102 is supplied to the ocutputting section 1111.
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(07787

FIG. 15C is a block diagram showing a third example
of the configuration of the reception system which can be
applied to the reception apparatus 12.

[(0779]

It is to be noted that, in FIG. 150, corresponding
glements to those of FIG. 148 are denoted by like
reference numerals, and in the follewing description,
descripticn of them is suitably omitted.

[078C]

The reception system of FIG. 150 is common to that

of FIG. 148 in that it includes an acguisition section

1101 and a transmission line decoding processing section

1102.
[0781]

However, the reception system of FIG. 150 is
different from that of FIG. 148 in that it dces not
include the information source decoding processing
section 1103 but newly includes a recording section 1121.
(078273

The recording section 1121 records (stores) a
signal (for example, a TS packet of a TS of MPEG}
outputted from the transmissicn line decoding processing

section 1102 on or into a recording (storage) medium such
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APPARATUS AND ENCODING METHOD Abstract The invention relates to a data processing
apparatus and a data processing method as well as an encoding apparatus and an encoding method
which can impfovathertbletancelfosérrors, hard disk (magnetic disk) or a

flash memory.
[0783]

Such a reception system of FIG. 150 as dascribed
above can be applied to a recorder for recording a
television breoadcast or the like.

[0784]

It is to be noted that, in FIG. 150, the reception
system may include the information source decoding
précessing section 1103 such that a signal after an
information scurce decoding process has been carried out
by the informaticn source decocding processing section
1103, that is, an image or sound obtained by decoding, is
recorded by the recording section 1121.

[0785]

It should be understocd by those skilled in the art
that various modifications, combinations, sub-
combinations and alterations may occur depending on
design requirements and other factors insofar as they are
within the scope of the appended claims or the

equivalents thereof.



Of an LDPC code which is prescribed in the DVB-S.2 and has a code length of 64,800 and an
encoding rate of 2/3, mb code bits are replaced, and the code bits after the replacement become
symbol bits of b symbols. When mis 8 and b is 2, re the i+lth bit from the most significant bit of 8 x
2 code bits and 8 x 2 symbol bits of two successive symbols are represented by bi and y" respectively,
replacement of allocating bp to y15, bl to b2 to y, b3 to y,to Y6 IDS to Y13 b6 to y,to y9 / be to ys b9 to
y14, b10 to y12, b11 to y,to YO b13 to Y10, b14 to y4 and b15 to y2.The present invention can be
applied, for example, to a transmission system fo(gltga{]n%nitting an LDPC code and so forth. Fig. 64

1. An enceding apparatus for carrying out encoding
by an LDPC (Low Densgity Parity Check) code, comprising:

encoding means for carrying out encoding by an LDPC
code which has a code length of 64,800 bits and an
encoding rate of 2/3;

a parity check matrix of the LDPC code being
configured such that elements of the value 1 of an
information matrix, which corresponds tc the code length
of the parity check matrix and an information length
corresponding to the encoding rate, decided by a parity

check matrix initial wvalue table representative of the
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positions of the elements of the value 1 of the
information matrix are arranged in a period of every 360
columns in the column direction;

the parity check matrix initial value table being
formed from
317 2255 2324 2723 3538 3576 6194 6700 9101 10057 12739
17407 21039
1958 2007 3294 4394 12762 14505 14593 14692 16522 17737
19245 21272 21379
127 860 5001 5633 B644 9282 12690 14644 17553 19511 19681
20854 21002
2514 2822 5781 6297 8063 5469 9551 11407 11837 12885
15710 20236 20393
1565 3106 4659 4926 6495 6872 7343 8720 15785 16434 16727
19884 21325
706 3220 8568 10896 12486 13663 16398 165399 19475 19781
20625 20961 21335
4257 10449 12406 14561 16049 16522 17214 18029 18033
18802 15062 19526 20748
412 433 558 2614 2978 4157 6584 9320 11683 11819 13024
14486 16860
777 5906 7403 8550 8717 8770 11436 12846 13622 14755
15688 16392 16419

4093 5045 6037 7248 8633 9771 10260 1080% 11326 12072
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17516 15344 19938

2120 2648 3155 3852 £888 12258 14821 15359 16378 16437

17721 20614 21025

1085 2434 5816 7151 8050 9422 10884 12728 15353 17733

18140 18729 20920

856 1690 12787

6532 7357 9151

4210 16615 18152

11494 14036 17470

2474 10291 10323

1778 6973 10739

4347 9570 18748

2182 11942 20666

3868 7526 17706

B780 14796 18268

160 16232 17399

1285 2003 18922

4658 17331 20361

2765 4862 5875

4565 5521 8759

2484 7305 15829

5024 17730 17879

7031 12346 15024

172 6365 11352



2490 3143

2643 3101

4315 4724

594 17365

5983 8597

- 285

5098

21258

13130

18322

9627

10837 15102 20876

10448 20418 21478

3848 120295 15228

708 5652 13146

5998 7534

16117

2098 13201 18317

9186 14548 17776

52446 10398 18597

3083 4944

21021

13726 184585 198921

6736 10811 17545

10084 12411 14432

1064 13555 17033

679 9878 13547

3422 9210

3640 3701

20194

10046

5862 10134 11498

5823 9580

1073 3012

15060

16427
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5527 20113 20883
7058 12924 15151
9764 12230 17375
772 7711 12723
555 13816 15376
10574 11268 173232
15442 17266 20482
390 3371 8781
10612 12216 17180
4309 14068 15783
3971 11673 20009
92595 14270 17199
2947 5852 20101
3965 9722 15363
1429 5689 16771
6101 68492 12781
3676 9347 18761
350 11659 18342
5961 14803 16123
2113 2163 13443
2155 29808 12885
2861 7888 11031
7309 9220 20745

6834 8742 11977



2133 12508 14704
10170 13809 18153
13464 14787 148975
799 11¢7 3789
3571 8176 10165
5433 13446 15481
3351 6767 128490
8550 8874 11650
1430 4250 21332
6283 10628 15050
8632 14404 16916
6509 10702 16278
15900 16395 17995
8031 18420 19733
3747 4634 17087
4453 6297 16262
2792 3513 17031
14846 20893 21563
17220 20436 21337
275 4107 10497
3536 7520 10027
14089 14943 19455
1965 3931 21104

24339 11565 17932

287
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154 15279 21414
10017 1126% 16546
7169 10161 16928
10284 16791 20655
36 3175 8475

2605 162639 158250
8947 9178 15420
5687 9156 12408
80%6 9738 14711
4935 8093 19266
2667 10062 15972
6389 11318 14417
8800 18137 18434
5824 5927 15314
6056 13168 15179
3284 13138 18919
13115 17259 17332,

2. An encocding method for an encoding apparatus
wnich carries out encoding by an LDPC (Low Density Parity
Check) code, comprising:

a step carried out by said encoding apparatus of
carrying out encoding by an LDPC code which has a code
length of 64,800 bits and an encoding rate of 2/3;

a parity check matrix of the LDPC code being
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configured such that elements of the value 1 of an
information matrix, which corresponds to the code length
of the parity check matrix and an information length
corresponding to the encoding rate, decided by a parity
check matrix initial wvalue table representative of the
positions of the elements of the value 1 of the
information matrix are arranged in a period of every 360
columns in the column direction;

the parity check matrix initial value table being
formed from
317 2258 2324 2723 3538 3576 6194 6700 9101 10057 12739
17407 21039
1958 2007 32%4 4394 12762 14505 145893 14692 16522 17737
19245 21272 21379
127 860 5001 5633 Be44 9282 12690 14644 17553 19513 19681
20954 21002
2514 2822 5781 £287 8063 94695 5551 11407 131837 12985
157310 20236 203893
1565 3106 4659 4926 6485 6872 7343 8720 15785 16434 16727
193884 21325
706 3220 BE68 10896 12486 13663 16398 165995 19475 19781
20625 20961 21335
4257 10449 12406 14561 16049 16522 17214 18029 18033

18802 19062 19526 20748
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412 433 558 2614 2978 4157 6584 9320 11683 11819 13024

14486 16860

777 5906 7403 8550 8717 8770 11436 12846 13629 14755

15688 16392 16419

4093 5045 6037 7248 8633 9771 10260 10809 11326 12072

17516 19344 15938

2120 2648 3155 3852 6888 12258 14821 15359 16378 16437

17791 20614 21025

1085 2434 5816 7151 8050 9422 10884 12728 15353 17733

18140 18725 20820

856 1690 12787

6532 7357 8151

4210C 16615 18152

11494 14036 17470

2474 10291 10323

1778 6973 10739

4347 9570 18748

2182 11942 20666

3868 7526 17706

8780 14796 18268

160 16232 17399

1285 2003 18322

4658 17331 20361

27685 4862 587b
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4565 5521 8759
3484 7305 15829
5024 17730 17873
7031 12346 15024
179 6365 11352
.2490 3143 5098
2643 3101 21258
4315 4724 13130
594 17365 18322
5983 8597 9627
10837 15102 20875
10448 20418 21478
3848 12029 15228
708 5652 13146
5998 7534 16117
2098 13201 18317
9186 14548 17776
5246 103598 185857
3083 4944 21021
13726 18495 19521
6736 10811 17545
10084 124311 14432
1064 13555 17033

679 9878 13547
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3422 9910 20194
3640 3701 10046
5862 10134 11498
5923 9580 15060
1673 3012 16427
5527 20113 20883
7058 12924 15151
9764 12230 17375
T72 7711 12723
555 13816 15376
10574 11268 17932
15442 17266 20482
380 3371 8781
10512 12216 17180
4309 14068 15783
3971 11673 20009
9259 14270 17199
2547 5852 20101
3965 9722 15363
1429 5689 16771
6101 6849 12781
3676 9347 18761
3506 11659 18342

5961 14803 16123
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2113 9163 13443
2155 9808 12885
2861 7988 11031
7309 9220 20745
6834 8742 11977
2133 12908 14704
10170 13809 18153
13464 14787 14975
799 1107 3789
3571 8176 10165
5433 13446 15481
3351 6767 12840
8950 8974 11650
1430 4250 21332
6283 10628 15050
8632 14404 16916
6509 10702 16278
15900 16395 17995
8031 18420 19733
3747 4634 17087
4453 B297 16262
2782 3513 17031
14846 20893 21563

17220 20436 21337
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275 4107 10497
3536 7520 10027
14089 14943 19455
1965 3931 21104
2439 11565 17932
. 154 15279 21414
10017 11269 16546
7169 10161 16928
10284 16791 20655
36 3175 8475

2605 16269 19290
8947 9178 15420
5687 9156 12408
8096 9738 14711
4935 8093 19266
2667 10062 15972
6389 11318 14417
8800 18137 18434
5824 5927 15314
6056 13168 15179
3284 13138 18919

13115 17259 17332.
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DATA PROCESSING APPARATUS AND DATA PROCESSING METHOD AS

WELL AS ENCODING APPARATUS AND ENCODING METHOD

Abstract

The invention relates to a data processing
apparatus and a data processing methocd as well as an
encoding apparatus and an encoding method which can improve
the tolerance to errors.

Of an LDPC code which is prescribed in the DVB-S8.2
and has a code length of 64,800 and an encoding rate of
2/3, mb code bits. are replaced, and the code bits after the
replacement become symbol bits of b symbols. When m is 8
and b is 2, where the i+lth bit from the most significant
bit of 8 x 2 code bits and 8 x 2 symbol bits of two
succegsive gymbols are represented by b and © vi,
respectively, replacement of allocating by, to yis, by to vyq,
b, to yi1, by to vys, bs to ye, bs to via, bs to yi1, by to ys, by
to Vs, Ds TO Vis, big £O viz, bz to yi, b to vo, biz to yio,
by to v: and bz to vy:. The present invention can be
applied, for example, to a transmission system for

transmitting an LDPC code and so forth.

Fig. 64



