Description DATA PROCESSING APPARATUS) AND DATA PROCESSING METHOD Technical
Field [0001] Embodiments of the present invention relate to a data processing apparatus and a
data processing method, and particularly to a data processing apparatus and a data processing
method which make it possible to improve thelteteranee toburst errors or erasure of, for example, an
IDPC (Low Density Parity Check) code. Background Art 2] The LDPC code has a high error
correction capacity and, in recent years, begins to be adopted widely in transmission systems

including satel Bk%dﬁgeg(syfﬁn% blép\%swgor %a'BEJ’eA tt%?% system used in Europe (refer to,
for example, Non-Patent Document ? rther, it is invest igate %S(%% Y fjth% LIBPC code also in
terrestrial digital broadcasting of the next generation [000.3] It is being found by reoent research that a
performance proximate to the Shannon limit is provided by the LDPC code as the code length is
increased similady-to. adurba cede and so forth_ Further, since the LEFT code has a property that the
minimum. distance increases in proportion to the code length, It has a characteristic that it has a
superior block €rférigrbbability 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
Embodiments of the present invention relate to a

data processing apparatus and a data processing method,

and particularly to a data processing apparatus and a

data processing method which make it possible to improve

the tolerance to burst errors or erasure of, for example,

an LDPC (Low Density Parity Check) code.

Background Art

[0002)]

The LDPC code has a high error corfection capacity

and, in recent years, begins to be adopted widely in

transmission systems including satellite digital

broadcasting systems such as, for example, the DVB-S.2

system used in Europe (refer to, for example, Non-Patent

Document 1). Further, it is investigated to adopt the LDPC

code also in terrestrial digital broadcasting of the next

generation.

[0003]

It is being found by recent research that a



occurs. [0004] Tfl the following, such an. LEFT code as described above is described

particularly. It is to be noted that the LOFT code is a linear code, and although it is nut necessarily be a
two-dimensional code, the following descrititinn is given urger the assumption that it is a
two-dimensional code. [COPHH The T.M.PC code has the most significant characteristic in that
a parity check matrix which defines the LOFT code is a sparse matrix. Here, the sperse matrix is a
matudx ir which the number of those elements whose value is "1" is very small (matrix in which almost
all elements ar%gﬁc - FIG. 1 shows an example of a parity check matrix of an IDPC code. [00n7

In the ceartv check matrix B of FEG 12 e Weightof €t SlumifEblumnavsighe (Aumber of "1")
(weight) is "3" and the,weight of each row (row weight) is "6." [0008 .n encoding by ?DEC codes
(14D80 encodiirg)i, fr;qr:ewfa%n%?g, ef%geﬁéFaté%an\{atﬁ&gi)gs,hprbauLééa ‘b'JCa%éﬁCbrf é%@gﬁeck matrix Tri
and this generater mattixs» is-andtiplied by, two-dimensionalinformatfion bits, to produce a codeword
(LOPC code). rocin:91 In particular, an encoding apparatus which carries out LDPC encoding first
calculates a gereratorzmatrix GowhichysaTy sf,es amexpression GET - Q. toether v,ndh a transposed
matrix. Hi of a parity check matrix.Here, if the generabor matrixCisakKxNmatrix, then the encoding
apparatus multigliedthegeénerator nidtrix G by a bit stiing (vectersul:of& inferation.-hits to produce.
a codeword cu{%) of F bits. The codeword produced by the encoding apparatus is received by the
reception side thtdtigh a BBEdéteTHBREd confmaRicatishopathc cbability

characteristic. Also it is advantaceous

i that a so-called
error floor phenomencon which is observed in a decoding

cnaracteristic of th
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the LDPC code is a linear code, and although it is not
necessarily be a two-dimensicnal cods, the following

description is given under the assumption that it is &
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[00101 Decoding. of the (LOPE code can be carried out using an algorithm proposed as
probabilistic decoding (Pro)abn'stio Decoding by the Gallager, that is, a message passino algorithm by
belief propagation on a sib-called Tanner graph including a variable nodeiso called message nedei
end a check node. In the following description, each of the variable node and the check node 'e
suitably referred to simply as node. [ODini FIG. 7 illustrates a. procedure of decoding of an
L.ki.PC code. [00121 Tt is to be noted that, in. the fcGlowing description, a reel number value
whore the "0" ligglg)rlgod in the value of the nisi' code bit of an LDPD rode (one coPewordb received by
the reception side’is tepresented in a loq likelihood ratio is suitably referred co as reception
valueFurther, a messap&Qu@%@&fgo%a.eggq%lgo%%isare,géersen;egh@/ﬁ%ti and a message oktoutted
from a variable node, is represented bv v,. J)01.3: r(trst, kt deflodifte. of an LDPC code, as seen
in FTG. 2, an LBRG cadeds.degeived and a message (check. node message) ui is initiaiizeo to "0"
and besides a variable k which assumes an integer as a counter of repeated aropesses is initialized to
"C" at step S11°Whereafter.. the processing advances to step 312. At step 372, mathematical
operation represented be an expression (1) (variable node mathematica). operation) as carried out
based on the recepLiapvali€ cb2sbtained bar: the feeeptieny of tHe L.020 tode te determine a
message (variable node message, vi. Further, mathematical operation represented. by an expression
(2) (check node nistiematicAlGperjay s Garred cut BaB8d orfthe messayé valtb 'determine the
message 13014J [\%xprgr%gio& .

e weight of each row (row weight) is “6.”

0009

In particular, an encoding apparatus which carries

r with a

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

(V%



d-1v. =14, =[0.01.1 'Expression 2] | tanhi Ili - = fJtanh! [1.7.016Il Here, de and d, in the
expression (I) and the expression (2) are parameters which can be selected. arbitrarily and represent
the number of "Is" in a vertical direction (column and a horizontal. direction (row) of the parity check
matrix E. For example, in the rase of a6) code, de - 3 and dc = 6. 100171 It is to be noted that, in
the variable node mathematical ooration of the expressich (1) and the check node mathematical
oueraticn of the excression (2), the range of uhe mathematical operationis 1tod",-1or11tod,1
because a massage inputted from an edge 1:11ne interconnecting a variable node and a check node)
from which a rﬁg‘s)s%%le is to be outputted is nof made an object of the mathematical operation.
Meanwhile, the check g@e@mathemraticglop%}raahtiophof the expression (2) is carried out by producing in
advance a table of a. function R{v. . v2) tepresented By anéxpression(3) defined®5y/ 6 cutout with
respect to woaputs£l and.v2 and using the table;eucfiessirely (1ecursively) as represented by an

Propabilistic Decoding) by the Gallager, that is, a

message passing algorithm by belief propagation on a so-

1

called Tanner graph including a variable node (also
callecd message node) and & check node. In the following

description, each of the variable node and the check node

[0012]
It is tc be noted that, in the following
description, a real number value where the “0” likelihood

in the wvalue of the nth code bit of an LDPC code {ons

reception value ug. Further, a message outputted from =

&

3 ~ Jes R - o ~sr - : 3
checik node ls represented by u; and a message ocutputtad

from a variable node is represented by v,
PR
TUULS
First, in decoding of an LDPC code, as seen in FIG
>



expression (4.). [001E1 [Expression 31 x=2 tanh H thnhOn / 2) =he,: 2)} = R0,1,1,21 [00141]

[Expression 4] [00201

At step 512, the variable k is incremented by "i" further), and the processig

advances to step SUL At step 5515is decided whethbr or not the variable k is hidher than a
predetermined. repeated decoding time number C." :f it is decided at step 513 that the variable k is not
higher than C, then the processing returns to step 512, and. similar processins is repeated thereafter.

[0021] On the other hand, if it is decided, at step 513

;-

initialized to “0” and besides = variable

0]

message) uy 1s

which assumes an integer as a counter of repeated
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the processing advances to step 812 At step S12Z,
matnematical operation represented by an expression (1

IS

(veriable node mathematical operation) is carried out
pased on the reception values ug obtained by the receptiion
cof the LDPC code to determine a message (variable node
megsage) v; Ffurther, mathematical operaticn represented
Dy an expression (Z) (check node mathematical operation)

o1
w:m+§%; o (1

J=1

fu\ (v
4 [ W "
tanh|7;~§: tanh;;;F 2
\\; e j ?:] N\ }
001e
Here, dy and d¢ in the expression (1) and the
expression (2} are parameters which can be selected

o



that the variable k is higher than C, then the

processing advances to step CJA, at which a messase vi

as a. decodins result to be outputted finally by carrying out mathematical cperation represented by an

expression (5) is determined and outputted.,
[00221 [Expression 5] vo= ity Li;)5) =1

thereby ending the decoding process of the 2252 code.
Here, the mathematical cpbration of the expvession )5) is

carried cut, different from the variable node mathematical oneretlon of the expression (1), using;

messages hi from all edges connecting to the variable node. 020241

example of the parity check matrix E of a (i),
[0025]
Hs 6 Elmtarly as |n FIG 1. k[OCZG

ity checi
FIG. 2. B
case of a (3, 6) code, d
100177

FIG. 3 illustrates an
6) TITHC cods (encoding rate: 1/2, code length: 12).

In“therarity cReéR Satfik H 6FEFRE3, thecweight of aolgrhnds 3eand ¢ite weight of a. row
FIG 4 shows a Tanner graoh of the parity check matrix H of

Ve
e

matrix FCr T

Dxamw_v_ &,

v = 3 and d., = €.
that, in the variable ncde
£ the expression (1) and the

check node mathematical operation of the expression (2),
the range of the mathematical operation is 1 toc dy - 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 i1s to be outputted is not made an cbiect
of the mathematical operation Meanwhile, the check node
mathematical operation of the supression (2) is carried
ocut by producing in advance a table of & function Rivy,
v2) represented by an expression (2) defined by one output
with respect to two inputs v; and vy and using the table
successively (recursively) as represented by an
expression (4)

[0018]

[Expression 31

x:?,tanh‘}{tanh(w/ 2ytanh{vz/ "’) Rivi.v2) (3

(00193

[Expression 4]

= R(vi, R(va, R(va.. R(Ver - 2, v - 11))) (4}

@)



[00171 Here, in TIG. 4, a check node is represented by andvariable node is reoresentee by -." A
check node and a variable node eerresbont to a row and a column of the parity cheek 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. [0026: In particular, where the element in the jth row
of the ith column of the parity check matrix is I, the Ith variable node (node of "=") from above and the
jet": check node (node offrom above are connectedao The edge represents that a codeoorresoond nq
to the variable node has a constraint condltlon correspond * to tre check node. 00291 sum product
aldthin gSum P@&paticd fgerithm) which is a deood.inq met-or for LDPC codes, bie node
mathemaficaiand cl [Oop?p]

step S12, the variable k is incremented by “17

further, and the processing advances to step 313. At step
S13, it 1s decided whether or not the variable k is

higher than a predetermined repeated decoding time number
c If it is decided at step S13 that the variable k is

L LT .

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

tnat tne varlable k 1s higher than C, then the processing
adgvances to step S14, at which a message v: as a decoding

result to be outputted finally by carrying out

mathematical operation represented by an expression (5)

is determined and outputted, thereby anding the decoding

. L . ,
of the LDPC code.
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[Expression 5]

dv
uzm+§h¢ w15
]
N |
J =1
00237
Here, the mathematical coperation of the expression
(2} 1s carried out, different from the variab je
Lo 18 out, Trerent rom tne variable nogs



ustrates the variabfe node nn-utheir,at 3:10with re,ale node. [:0311

With regard to the variabj, e

--chef a nuessace vi rescondinc to an shoe to be calois d.ined by variable node mathematical
operaticexpression which usos messages Irg and ualLning e conned.:the vadrrode andion value
message corresponding to anyedge is determined similarly [00221 FIG. 6 illustrates the check. node

mathematica. carrH.nd our at a. check node.

Here, the onec16 node mathemati cal ore-at i on of

the expression (2) can be carried out.. by rewriting the expression (2) into an expression 06) using the

relationsnio otTexpressionax b =exp {in (1 a+

messages u. from all edges connecting to the variable node
[0024)]

FIG. 3 illustrates an example of the parity check
matrix H of & (3, €) LDPC code {encoding rate: 1/2, code
length: 12}

[0625]

In the parity check matrix H of FIG. 3, the weight
of a column is 3 and the weight of a row is & similarly
as in FIG. 1
[002¢6]

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

(00277

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

[06z8

In particular, where the element in the jth row of
the ith column of the parity check matrix is 1, the ith
variable node (node of “=") from above and the Jth check



Of;x sign (a ) x eci on (b)) .1t is to be noted th.at, signis 1 where x 6 0 but is -1 where xO. ! 00 34Hi
(Expression 6 (1-1, = 2 tanh' fJ tanhi r, | cti-IOiv \DIclel17, = 2 tanh exp)tanhx pi sign! tanii, It L! =exp'-!-
In tanh'.2"i =1

node (node of “+”) from above are connected by an edge.

The edge represents that a code bit corresponding to the

variable ncocde has a constraint condition corresponding to

thne check node.
[0c29]

In the sum product algorithm {(Sum Product

ERlgorithm) which is a decoding methed for LDPC codes,

(1
Q.

corresponding to an edge to be calculated i1s determine

FIG. & dillustrates the check node mathematical

T @ Check node
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[00300j d Istgn(i,;) el Further, if, where x 1 2, a fanction pis defined as an expression= In tan] d62
)then. since an expression= 27(aril'..-1((37') is satisfied, the express 1 on (6: can be trans f oro-d into
an expressa on (7) . [0036] [Expression 7] (th -1 ='1 Yf 7=1.11=1 10037

Here, the check nods mathematic

€3]

1 operation of the
expression (2) can be carried out by rewriting the

expression (Z) intc an expression (6) using the

T a | +
Inl{lbl)t x signi{a) » signib) T 1s to be nocted that
sign(x) is where % 2 0 but is -1 where x < 0.
0034
(&)

defined a&s an expression ¢({x) = Ini{tanh(x/2}), then since
- - -1 - . N
an eXpression ¢ xy = Ztann “{e ") is satisfied, the

de—1
sign(vi) e

L



At the check node, the check node mathematical operation of the expression (2) is carried out in
accordance with the expression (7) . [0032] In particular, at the check node, the message ut:
corresponding to the edge to be calculated is determined by check node mathematical operation of the
expression (7) using messages vl1, v2, m5, 74 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.
(14)391 It is to be noted that the function. (c(x) of the expression (7) can be rebresenoed also as
c(x) = in((ex 1)), and where x > 0, c(y)) = c31(x). Vrm,,n the functions c(x) and :-,c3 '(x) are
incorporated in hardware, whht they@rersometiraes incarparated <being-an LOT-(LLok U p Table), such
LUTs become the same MIT. {004C? Non-Patent Document 1: DVP-3.2: 1151 7N 302 307 V1.1.2
(2006-04) Dis¢l&suretofdnveation T echinicss Problent E(184tkrried out in

accordance with the expression (7)
(00387

In particular, at the check nods, the message u
corresponding to the edge to be calculated is determined

by check node mathematical operation of the expression

[Z I1s to be noted that the function ¢y of the
expression (7} can be represented also as olx) = Inl{e® +
€ - 1)), and where =z > 0, ¢{x) = ¢ *({%). When tne
functions oix) and @ *(x) are incorporated

while they are sometimes incorporated using an LUT (Look

1

Up Table), such LUTs become the same LUT.

Non-Fatent Document 1: DVB-S.2: ETSI EN 202 307



Although. it has been known that LDPC. codes exhibit a very high capacity in an AWON (Additive
White Gagssian Noise) communication path, in recent years it has become clear that even tn. the
other communtcaticp paths they have a higher error correction capacity than conventional convolution
codes or connection codes of convolution codes and RS (Reed Solomon) codes. [00421 In short,
if a code having a good performance in an AWON communication path is selected, then the code
frequently has a better performance than the other codes also in other communication paths. [00431
Incidentally, it has been proposed that, for example, where ', DEC codes are applied to terrestrial digital
broadcasting, LETO: cades$ petceived fir the ¥WE-S.2standards anda modulat"tom. isystem prescribed
in the DVE-Li standards are corhdned aft an interleaver (bHtintealeaver) for interleaving code hits of
an. LDPC code i§ providéd betweerithe RDPE eAtsding andrmodaldiiono dmprévethe performance
of LDPC codes i in an AWCW communication path. IK441 However, in a communication path supposed
with regard to'grotnd Wz?@g%”b‘ur’s‘teﬁdrs“ﬁrgrasdre%%%étmé’sT)CBUI‘S“ F6t exaniésn an OFDM
(Orthotrinal Frequaernc DI%/ISIOI’] MultlpLexmg) §E/I tem |n a multlpath envwonment\whereln the D/U
(Desired to Undesired atlo) i$0'dE (power of ndeswed “&cho is equéﬂ“to”the cower of Desired. -
main Path), the pawer of a particular symbol becomes zerocorasureU in response:tQ a delay off, an
echo (paths other than the rain ndth). [0045J Further, also in a flutter (communication path in
which an echowhese delayriszereand ta-which-a.: Bepples {doprer) Jreguencyds appi)..ed is added),
where the D/U is 0 diF, a case wherein the power of an entire OFDM symbol at a specific point of time
is reduced to zevody thedD8ppler fregudncyroocturs.odes .

(00423

In short, if a code having a gooc performance in an

h

AWGN communication path 1s selected, then the code
freguently has a better performance than the other codes

alsc in other communication paths.

{(bitinterleaver) for interleaving code bilts of an LDPC
code 1is provided between the LDPC encoding and modulation

LDPC codes in an AWGHN

in a communication path supposed with



FT,0467 Furthermore, burst errors sometimes. arise from a situation of a wiring line from an
antenna to a recention apparatus or instability of the power nubpiy. [0047] Conventionally, also in
a communication path in which such burst errors or erasure occurs as described above, an error
correction code of a high performance is used in an AWSN commzunication path. 004 8]

Meanwhile, in decodina of LDPC codes, since variable node mathematical. operation of the
expression Pl; wherein addition of (reception values uoi of code bits of an LDPC code as seen in DIG.
5 is carried out in a column of the parity check matrix H and hence a variable node corresponding to a
code hit of the-ed®PG code; if-am erros vecurswiththe code et useefor the yariablesade
mathematical operation, then the accuracy of a message to he determined drops. [00491 Then,
since, in decodirgioftthe EDPGcate; the mssagedsaisrmibedratthea/ariabiernedesconnecting to the
check note is used to) carry out check node mathematical operation of the expression (7) at the check
node, if the numBerofehdtik-hodes itiste (Eddé Bits ofthé LDPC odle*Corresnenclin trf, a pfaraiitv of
variable niches connected pu‘tg%rsggepe!&hipgaa Lerror, ggglygeggkerarswgreﬁ) at the same time becomes
great, then the performance of the decoding déteriorates” f005C] ~“For'éxampie- if two or more of
the variable nodes, capnected.io the check nade suffer_from.erasure at the same time, then the check
node returns a message. that the probability that the value may be 0 and the ‘prgbéﬁihty that the value
may be 1 are eguakte:each other 1o all:variable nodes,, In rh's ipstance; those-chegk nedes to whbrin
the message of the equal probabilities does not contribute to one cycle( of decoding processing (one
set of variable-rode arathematicak eperation and eheck nodeanatnematycalogeratiend, and as a
result, an increased number of ftmes of repetition of decodin.g processing are required. Consequently,
the performance®sfthe decodirig:deétericraibs Fupther, the power consumption of a reception
apparatus Whig:go(:da:r(ies cut decoding of the LDIAC code increases. (00Hij

el -
Further

&1}

, 2lsc in a flutter (communication path in
which an echo whose delay is zero and to which a Doppler
(dopper) freguency is applied i1s added), where the D/U is
O dB, a case wherein the Oweroof an entire OFDM symbol

at a specific point cof time is reduced to zers by the

Doppler Irequency occurs.

Furthermore, burst srrors sometimes arise from a
situation of a wiring line from an antenna to a reception

us or instability of the power supply.

e } < ¥ ¥ P ] o~ ~ - - < .. 3
WNiCn sSucCh burst errors Or £rasure OoCCcurs as described

used in an AWGN communication path.



Accordingly, at present, a technique for improving the tolerance to burst errors or erasure while the
performance in an 4ANGN communication path is maintained is demanded_ f..0(257 Pere, It has
been proposed that the performance of =PC codes in an AWGN communication path is improved by
providing an interleavor for interleaving rode bits of an fc()PC code between. LOPS encoding and
modulation as described, hereinabove, and if the. interleaves can carry out interleave of lowering the
‘probability that a plurality of ones of (code bits of LOPP codes co-TT:aspen/ling to) variable nodes
connected to a check node may exhibit an error, than the performance of decoding can be improved.
[00531 Entbbadiments of the present invention make it possible to improve the tolerance to errors
of code bits of an LDPC code such as burst errors or erasure. Technical Solution [0054]

According to one aspe¥tafittielprbsent imention, there is proyidedadata proeessing apparatus which
interleaves data, including parity interleave means for carrying out parity interleave of interleaving
parity bits of arfE £66 ToUeGhtAMerB: cafying 66t EDET efidoding ifatcordance witha parity
check matrix in. which a. paritg}/ maErix Whicp is a}zporrlfi,on cbxresponding to parity bits of an LE4,20

Qo

(Low Density Parity Check) codé has 4 staircase structire individially to positiofisof other ones of the
parity bits. [0055] 5, - Acgording to another aspect of the present invention, there iSA;Q\rovided a
processing method for a dataa e Con

a coclumn of the parity check matrix H and hence a
variable node corresponding to & code bit of the LDDC
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variable node mathematical operation

of & message to be determined drops
00497

Then, since, in decoding cf the LDPC cods, the
message detgrmineﬁ at the variable node connecting to the
check node is used to carry out check node mathematical
operaticn of the expression (7) at the check node,
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cennected to the check node suffer from grasure at Tne

same time, then the check node



proc s ng anparadus which interleaves Oata, including a data o.rocc as | lap
bpharatus of car/ ng out parity interleave of interleaving pari bits ccode obtained by car ying out. LETC
:nroding in accordance wit h a oar ty check matrix which amatrix which is a portion coxresbbn parity
bits of an LDP./ (Low Density Parity Check) code has a staircase structureidually to editions of other
ones of the parlay hits. [COS In the aspects of the present invention as described above, the
parity interleave of interleaving parity bins of an LEPC code obtained by carrying out LETC encoding in
accordanch with a. parity check matrix in which a parity matr.ix which is a portion corresponding to
parity bits of ap +DREicode,/has &: stalkcasestructyre individually %gogyggggj other ones of the pen)
bits is aarried out. [0057] It ibe noted that the data processing apparatus may be an independnt
apparatus or may: bearrinteinad bteck which eamoeses bnecapparatus: Advantageaqus Effect [0 551
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variable nodes. In this instance, those check ncdes to

which the message of the equal probabilities doess not

reguired Consequently, the performance of the decoding
deteriorates Further, the power consumption of a
reception apparatus which carries out decoding of the

;& technigue for improving
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A000rolngro the. embdiments ofe present. nventi, the tolerance of cocie bits of an LOPC code to
errors can be improved_ Brief Description of Drawings [00591 [FIG. 11 FIG. 1 is a view Il lustratinc a
parity check matrix H of an ILTIPC code: [FIG. 2J FIG. 2 is a flow chart illustrating a decodi.ng
procedure of an LOPC code. [FIG. 3] FIG. 3 is a view 1.1 ustrating an example of a parity error matrix
of an LDPC code [RGL AV FIG. 4isa viéw shiowing & Taer grap6 of ajsarity check matrix. [F]. G. 5]
FIG.

corresponding to) variable ncodes connected to a check
node may exhibit an error, then the performance of
decoding can be improved.

[0053]

Embodiments of the present invention make it possible
to improve the tolerance to errors of code bits of an LDPC
code such as burst errors or erasure.

Technical Soclution
[0054]

According to one aspect of the present invention,
there 1s provided a data processing apparatus which
interleaves data, including parity interleave means for
carrying out parity interleave of interleaving parity
bits of an LDPC code obtained by carrying out LDPC
encoding in accordance witha parity check matrix in
which a parity matrix which is a portion corresponding to
parity bits of an LDPC (Low Density Parity Check) code
has a staircase structure individually to positions of
other ones of the parity bits.

[0055]

According to another aspect of the present

invention, there is provided a processing method for a

data



519 a view showing a variable node. [FIG. 4 FIG. 6 is a view showing a check node. [FIG. T FIG. 7 is a
view showing an example of a .configuration. of an emrxpdiment of a transmission system 70 whitl
the present invention is applied. FIG. 97 FIG. 8 is a block diagram show g an exaypie of a
configuration of a transmiss.ion appararus 11. [FIG. 9; FIG. 9 is a. view illustrating a parity cris matrix.
[FIG. 10] FIG. I@risceviewilustrating-a pavimatrixinterleaves data, including a

step carried out by the data processing apparatus of
carrying out parity interleave of interleaving parity
bits of an LDPC code obtained by carrying out LDPC
encoding in accordance with a parity check matrix in
which a parity matrix which is a portion corresponding to
parity bits of an LDPC (Low Density Parity Check) code
has a staircase structure individually to positions of
other ones of the parity bits.

[0056]

In the aspects of the present invention as
described above, the parity interleave of interleaving
parity bits of an LDPC code obtained by carrying out LDPC
encoding in accordance with a parity check matrix in which
a parity matrix which is a portion corresponding to
parity bits of an LDPC code has a staircase structure
individually to positions of other ones of the parity
bits 1s carried out.

[0057]

It 1s 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

[0058]

17



[FIG. 11] FIG. 11 ix a view illustrating a parity check matrix. of an 1101222 code and column weights
prescribed in TIE ITVE-S.2. standard. [TIC. 12] FIG- 12 is a viewati.a signal point arrangement cl H..
I'M Fla. 12 is a view illustrating a signal point arrangement of 640AM. [FIG. 142 FIG. 11 is a view
illustrating a signal point arxangement of 64U114. TIG. 15 is a view illustrating a signal point
arrangement of 64(1[TuBt.c{FG.1E] FIG: 16 isravviewntustrating precessing of a derraltiplexer 25.
[FIG. 171 FIG. 27 is a view illustrating processing of the demultiplexer 25. [FIG. 1S1 Fla. 12 is a view
showing a Fanner geab:Hi fegafding deeodirgeoban LEG22 ‘codel an 1ORFIGI issa view showine
a oardty matrix having a staircase strooterss and. a. Tanner graph correspondiho to :he parity matrix
E. [FIG. 20] FI@.%%Sa Giely SBowdHyr théS5hrity matrix ds pf a parity check matrix E. correspondinc
to the |GP2_ code after pggg&ggeélg%qugb éF&.a%lgnFéCS;. 21 is a view illustrating a conversion parity
check matrix.

[0059]

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

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

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

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

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

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

[FIG. 7] FIG. 7 1s 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.

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

18



[FIG. 221 FIG. 22 is a view illustrating processing column twist imterleayeb. 24. [FIG. 23) FIG.. 23 is a
view illusrating column numbers of a memory 37 necessary for the column owiat interlevino and
addresses of writng starting pbsitions. [FIG. 24] FIG. 28 is a. view illustrating column numbers of the
memory 31 necessary for one column twist interleaving and addresses of writing startind pbsitfonc.
[FIG. 25[ FI.G. 25 is a flow chart illustrating -rarISTiGn process. [FIG. 261 PIC. 26 is a view showing a.
TiO,Cidi of a communication path adopted in a simulation. [FIG. 271 FIG. 27 is a view illustrating a
rbiationshlp between an error rate obtained by the simulation and a Dbprier fregbency fd of a flutter.

[FIG- -,,a] FIG. 28 is a. view illustr twg a relationship between an error rate obtainaecd QX Ere simulation

anb a Doppler is.is oOf a flutter. [FIG. 292] FIG.25'is a 'Mock diagram showing an emantie of a
configuration of a,feception apparatus-12; [FIG. 39[ FIG. 30 is a flow chart jligsgrating a recertj1011
rcbess. [FIG.PTC. 21 ;F, 5 ebew ibuir.qty-tisig an example of a parity check matrix of an THDPG code.
[FIG. 321 FIG. 32risa view illustratingra matix (cenversionsrarity eheck matrix):chasm ad. by applying
no replacement and column replacement to a. parity check matrix. [EGG. 351 FIG. 33 is a view
illustrating a corversiopenparity check®étrix divided. inno a unit. of 5 x 5 bits. :734] FIG. 34 is a block
diagram showing an exanjple

o 1

[FIG. 13} FIG. 13 is & view lllustrating & signal point
arrangement of G40AM.

IFIG. 141 FIG. 14 is & view illustrating a signal point
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having a stalrcase structure and a Tanner graph

corresponding to the parity matrix He.

N T - - ; - e
FIG. 20)] FIG. 20 1s a view showlng the parity matrix Hsy
of a2 parity check matrix H corrssponding to the LDPC code



of a configuration of a decoding apparatus in which node mathematical operation i3 canned out
collectively for P nodes. [FIG. 351 FIG. 35 ts a eGock diagram showing. an (example a conflauratlion
of a 601941 dncoaln5 section 56. [FIG_ 361 FIG 36 Hs a block diagram showing an examplle of a
configuration of an embodiment of a computer to which the present invention is applied. [FIG. 371
FIG. 37 is a view illustrating an example cf: a parity check matrix initial value tat le of an encodino rate
of 273 amd a code length of 76,200. [FIG. 384 FIG. 3F is ailosirating an example of a parity check.
mauvritx initial -value table of an encoding rate of 2/3 anal a code length of 64,800. [FIG. 391 FIG. 39
isvisa illustrating the example of the parity check mntbix initial value table cf the encoding rate of 2/3
and the code length of 62°00. [FIT;. 401 771°13 45 is"a vicw filastrating thé examiple of the pahitv
check matrix initjel valye table of thh encading fate, of 2/3 and the code length of 64,803. [FIG. 411
FIG. 11 is a view illustrating an example of a parity check -matrix initial value :able of an encoding rate
of 3/4 and a codedengthof 16,200, [EIG.1 121 FiG42 is a view dllustrating:an examhGe-of a. parity
check matrix initial value table of an encoding rate of 3/4 and. a code length of 64,600. [liiil. 431 FIG.
43 is a view illustrating-the exorahle-of the gakitv theckmatrixinitial value:table of the encodang rate
of 3/4 and the code lenoth of 64,0130.

interleaving and addresses of writin
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[FIG. 241 FIG. 24 is a view 1llustrating column numbers

-

Doppler freguency Ia of a fiutter
iy b o < 4 N - - 4
FIG. 28 FIG. 28 i3 a view illustrating a relaticonship

Doppler frequency f4 of a flutter
FIG. 2921 FIG. 29 is a block diagram showing an sxzample

[FIG | FIG. 30 is & flow chart illustrating a
receptlon process

FIG. 317 FIG. 21 is & view illustrating an example of sz
parity check matrix of an LDPC code.



PIE7IG 41 ia a view iiilusenfin: khe exam/pieof the parity check matrix initial value table of the
ancoding rate of 3/4 and the code [iengnh of 64,890. r7:0. r:L] Tin. 45 is a. view illustrating nhe
example of  Parity check matrix initial value tablig of. the encoding rate of 3/4 and the code boron of
61,8n. [FIG. 461 FIG. 46 is a view illustrating an exarrhlia of a check matrix initial value table of
an encoding rate of 4/5 and a code length of 16,200. EFIG. 471 FIG. 47 is a view illustrating an
example of a parity check matrix initial value t. able of an encoding fate of 4/5 and a coda length of
64,E00. 59 Li- 18: FIG. 48 Is a view iihrtstrating the ekaspie of the parity check matrix initial salad
table of the encoding rate of 1/5 and the code length of 64,805. [FIG. 491 FIG. 19 is a view illustrating
the example of the' psrity theck matrix initial Valié telsde of the encGding Fate 6415 and the cede
length of 64,800, [FIG..3QL,FIG. 50 IS d ‘iled illistaliodhe etompip,of ihe Paity check matrix Milisal
valse fards of the encoding rate of 1/5 and the code length of 64,600. [FIG. 511 5dGe 51 is a. view
illustrating an example-af.a parity,check satrixng-ilia-velde-cable or an.encoding rate ot 5/6 and a
code length. of 76,700. ) ] )

matrix.
[FIG. 33] FIG. 33 is & view 1llustrating a conversion -
parity check matrix divided into z unit of 5 x 5 pits.

o~ DA bl T f D . I~ — T4 ey -} R R YN R R N
IG. 34] FIG. 34 1s a block diagram showing an examp.e

[FIG. 35] ©FIG. 35 is & blocx diagram showing an example

of a configuration of an embodiment of & computer to

which the present inventicon i1s applied.

o7 oy kg 2 - 5 o 1 e P o £
[FIG. 371 FIG. 37 is a view illustrating an example of a
parity check matrix initizl wvalue table of an sncoding

T e T hikaen 2 =4 ¢ S ) f a
FIG. 3] FIG. 38 is a view 1llustrating an exampls of a

4 o~ v A e o ~ > s A S o PR o~ = P
the parity check matrix initial wvalue table of the

—~ T vy P &~ PPN — . " _— IS ~
encoding rate of 2/3 and the code length of 64,800



[FIG. 52] FIG. 52 is a view illustrating an example of a parity check matrix initial value table of an
encoding rate of 5/5 and a cede Aehgto od 64,800. [FTC. 53]31-0. 53 2:5 8 view 12g5eireflog the
‘example. of the parity check matrix initial veil -a table of the encochng vane of 5/6 and thd code length
of 64,600. [FIG. 54] FTG. 54 is a view illustrating the exam-pie of the parity check. matrix ihiteal ye lee
table ol the ercofin.q rate of 5/6 and the code length oh 64,800. {FT.d. 55: FIG. 55 is a. view lticstratitlg
the exdmorie cf the paridy check matrix initial. value tdrde of the encoding rate ef 5/6 and the code
_length or 64,860. [FCC. 561 6629. 56 is a view ilins:rating an example of a parity check matrix initial
value table of an ?efTigidinq% t:(ate?QfC8/9_,%nq a code. length of 16,299, .]LFIG-' S7L77G. 57 is a view
ilias:itatdhp the examplé of the parity check mafrix initial valué “table of the Shcoding rate of 6/9 and
the code lengtf of 64,200, FTC..d8],177n 58,is & view.filastveting the emamnfMe of the parity check
matrix initial value table of the encoding rate of 8/9 and the code length of 64,800. :FIG. 591 FTC. 59 is
a view illustrating,the.example-of the parity eheck matrixdnitiakvalue table«of theencoding rate of 8/9
and the code length of 64,8061. 18-79. 69j FCC. 49 is a view illustrating the example of the befit":
check matrix initial valueé tablerofthencodinclA-ate 6/9and:the:codeztengthr0f64,600. fFIG. 611
9iGh 41 is a view illustrating an exampbo of a parity check matrp[36 26-t[el sa lin tabdo of an encoding
rate,- of 2/10 andér eode Jéngth 61615890 1 [FIGL 621 FIG B2 s d view illastrating the éxample of the
parity check matrix initial value table of the encoding rate of 9/10 and the bode, length ph 68 Pnci"
[Fidt. hal 71.14. B3"He ¥ vieW/illd5atind & exahipIe Gf'thé parity check matrix Initmal value table of
the encoding ratF?gfggllgﬁnd Etha cegg I%r%gtg QfGFAf,ZOSW

tllustrating an example oI a

parity check matrix initial value tablie of an encoding
N o~ ) e 3 5 o A o
rate of 3/4 and a code length of 84,800,

[FIG. 43] FIG. 43 is a view illustrating the example of
the parity check matrix initlal value table of the

G. 441 FIG. 44 is a view lilustrating the example of

1 4 ¥ oo . - I I T <y 3oy e -~
the parity check matrix initial value table of the

encoding rate of 3/4 and the coce length of 64,800
[FIG. 45 IG5, 45 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 2/4 and the code length of ¢4,800

o A O 0T o4 o wr A S T B = - y < 5 = s E o
[FIG. 467 FIG. 46 1s a view 1lllustrating an example cf &

arity check matrix initial value table of an encoding

-~ el o . - - -+ >0
rate of 4/5 and & coage length cof 1o, 200
rwTT A7 ™T 7 Lo o o v T oy b g b -~ T o Ny £y
[FIG. 47] FIG. 47 i1s a view illustrating an example ol a

parity check matrix initial value table oI an encoding



'FIG, 641 FIG. 64 is a. view llicstrainhp the example of the carHty check. matrix. initial value talfie of
the encoding rate of 9/10 and lhe code leusih of 64,805. [FIG. OLF FIG_ 65 is a slam illustrating an
example of a parity check r.trix -initial value table of an encoding rate of 114 and a code length of
64,E01). [FIG. 661 FIG. 66 is a view 111ustrating the example of the parity check matrix in it.i e:.i.
value table of the encoding rate 6 1/4 and One sods Lensth of 64,800. [FIG, 611 FIG. 67 Hs a view
illustrating an example of a parity check matrix initial value table of an encodins rate of 1/3 and a code
length of 64,806 [11162 65]i.- 68 is a. view illustrating rho example of the parity- chpck apprix Initia].
value table of the encodlng rate of 1/3 and the code length of 4,500. [FIG. 691 FIG. 66 is
alllualrailing an'éxampfé of & pa*i[tﬁ/thebkdrnatrn%‘lnttﬂérvaﬁﬁe*taﬁle“of“aﬁ‘éﬁgﬁdan§)rahe of 2/5 and
a code length of 64,650. FIG_ 70-: FTC 70isa v[e_\/\g gllustram ‘ng_ the exorable of she oar icy check
mats-ix inl.tial vatiue table of'the' eﬁt’odmg raté of'2/5 and. the ¢ode TengTh “of 64,89C. :FIG. 711 FIG.
71is a view illustrating .ah. example of g parity, gheck matrx initial value table clgam once/sinsrate of 1/2
and a code' Iength of 64, 850. 723 Tiu. 72 is a view illustratinci the example of tne parity check
matrix initial valuertable of the encoding rate 0f 1/2 and:the code length-0f-64,89Qx fl=I'n, 7551 FIG.
78.is a view illustrating. tbe example of - the parity- check matrix initial value table of the ennogeng
ratm of 1/2 and the<caode-lengthef64,860r:» initial value table of the
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encoding rate of 4/5 and the code ngth of 4,2
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[FIG. 501 FIG. 50 is a view lllustrating the sxample of
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[FIG, 521 FIG. 52 is a view illustrating an example of
parity check matrix initial value table of an encoding

ate of 5/¢ and a cods length of 64,800.

]

[FIG. 54 FIG. 54 1s a view illustraiing 1e example of
the parity check matriz initial value table of the
encoding rate 0f 5/6 and the code length of 64, 80C
[FIG. 53] FIG. 5% 1s a view iliustrating the example of

The parlity check matrix inizial wvaluese table of the
o~ ~ PR F= 3 o~ - PO S [e¥a¥s
encoding rate of 5/6 and the code lengtn of 64,800



fIFIG, /4: FIG. 74 is a view Lilustrating an example of a parity check matrix initial value table ef Cr:
encoding rate of 3/5 and a code length cf 64,600, EFIG. 751 FIG/. 75 is a view illustrating tnO exaTmie
of the parity check m.atrax britlal, value table of the encoding rate of 3/5 and the code length of
64,200. [FIG. 765 FTC, 76 is a view illustrating the exaffbile of the carity check mat :ax initial value
table of the encoding rate of 3/5 and the code length of 64,250. [FIG. 75EdG. 25 is a view illustrating
an exammde of a parity check matrix initial. valum cable of an encoding rate of 1/4 and a poem length
of :6,2012. [FIG, 715.2J 570,20 is a view illustrating an example of a parity check roe ...ix
101 Old. value table of an encoginm rate of 1 5 and a cede lenpin of 56,206. :FIG. 791 FIG. 77 is a
view illustrating an-example of a parity chéck matfX initialValte table 6f arf értadiRgtateiof 2/3 and a
code length of 115:’*%0‘2-'1/‘ | PIG. 8%1~EIG .B80Isa yl%w_[llqsggatipgrqg example of a parity checn matrix
initial value tablé of an’encoding rate: of 172'and & codé iength of 16,20E. [31G. 81j FIG. 31 is a view
illustrating an exan-rJe.of a rarity. check matrix inifial value fable oil an encoding rate of 3/5 and a code
-Hendon on 16,200. [FIG. 821 FIG. 82 is a view flidstbating another example of Lig parity check
matrix initial valye table 0of ode-enopetimg:rate of 3/6 and.the €odelgngth-01-16,200-[FIG. R51 EGG.
33 is a view iIMastraffreg a method. of determinimg a parity check. matrix H from a oarity check matrix
initial table. [FIG.88IcEIG.z84 {sa view dllustrating:an example of relhaicennant of code bits.

e o PR -~ - N - - o~ -, =
[FI¢ 58] FIG. 58 is & wview i1llustrating the example of

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

[FIG. 58] FIG. 59 is a view illustrating the example of

e ~ e o : L] - g o Ao -~ e L
[FIG. &80 FIG. ¢0 1s a view illustrating the example of
the parity check matrix initial value table of the

encoding rate of 8/Y% and the cods length of 64,800.
1

| el e ot T Pl T o - . o EEE IO - s ey Ty s T~ = —
{FIG. 6l) FIG. 61 is a view illustrating an examplse of a

parity check matrizx initial value table of an encoding

L. - e T e e R o T ey
is a view illustrating the example of

the parity check matrix initial value table of the

encoding rate of 9/10 and the code length of 64,800
[FIG. 63 FIG. 63 1s a view i1llustrating the example of
the parity check matrix initial wvalue table of the
encoding rate of 8/10 and the code length of &4,800



[FIG. 85j FIG. 85 is a view illustrating another example of replacement of code bits. [FIG. 261 FIG. 36
as a view illustrating s further. exambde of raplaaemena of code knits. [FIG. 371 FIG. 87 ts a view
1115step:tin a still further ex:amble of rebiacement of coda bits. 'FIG. SEG FIG. 88 is a view
fflusurntlog a simulation result Of the HER. [EGG. 891 RIG. 89.is a view illustrating another simulaflon
result of the 3ER. [FIG. 901 FIG. 90 is a view lilustratixg a. further sixplation result of the BER. fEentl.
911. FiG. 91 is a view illustrating a still simulation result of the PEP_ [21G. 921: FIG. 92 is a view
ilicstratdng an. oxfhPle of replacement of code bats. [FIG. 93] FIG. 93 ia u view lifustratind another
example of replacement of code bits. JFilt[. 94] 711.G. 94 is a view illustrating a further example of
repdaceTent of codetits *fFIG FIHH FTCL 95%s & view!ijlustading a still rsrtherexaniple of
replacement of code bits. [FAC. 96] TIC.. 96 is a ['Hew lliusexuixef ayet further examtle of replacement

of code bhits. the parlty chetk matrix initial value table of the
encoding rate of 3/10 and the code length of 64,800
[FIG. &5 FIG. 63 1s a view illlustrating an example of a
parity check matrix initial value table ©f an encoding
rate of 1/4 and a code length of &4,8C0
[FIG. 66] FIG. 66 1s a view 1llustrating the exampls of
the parity check matrix initial value tables ¢f the
encoding rate of 1/4 and the code length of 64,800
[FIG. ©7] FIG. 67 is a view illustrating an exampls of a
parity check matriz initial value table of an encoding
rate of 1/3 and a code length of 64,800
[?TG 58] FIG. 68 i1s a wview illustrating the example of
the parity check matrix initial valus tables of the
encoding rate cf 1/3 and the code length of 64,800
[FIG. 69] FPIG. Y is a view iliustrating an exampls of a
parity check matriz initial value table of an =sncoding
rate of Z/5 and a code length of ©4,800.
[FIG. 70 FIG. 70 is a view 1liustrating the example of
the parity check matrix initial wvalue table of ths
encoding rate of 2/5 and the code lengtnh of 64,800
FIG. 717 FIG. 71 is a view iliustrating an example of &
parity cneck matrix initial value table ¢f an encoding
rate of 1/2 and a code length of €4,800.



[FIG. 971 Fe0. 97 is a view fllistratine a yet further exapie. of replace=nt of code bits. [EGG. 931 970.
90 is a view illustratleo a yels furfnefexamtle of be -Gayer:es- of sorb= bits [rTd 00[ FTG. 99 Is. a view
illustrating a vet further CX27-Tile ct replacement.. of code bits. JFIG.. 10C1 FTC. 1:;,D isLlew
illustrating a ye - further examtie [if replacement of code bltd. [FIG. 101] FIG. lel COOL view illustrating
a yet further ends-pie of replace:Lie:lli of code tits. FIG. 101FIG._ni examrinc of recr cerner.t of code
b.lts. [FIG. 103] FIG 103 is a view illustra otcirt of corets [FIG. 101] F122. 194 israting orocessina a
multipicxe [FIG. 105] FIG. 105ating prog

Ay e e . . . -
6. 72 FIG. 72 is a view illustrating the example of

the parity check matrix initial value table of the

encoding rate of 1/2 and the code length of 64,800

LFIG. 73] FIG. 73 is a view illustrating the example of

parity check matrix initial value table of an encoding

the parity check matrix initial value table of the

[FIG. 6] FIG. 76 is a view illustrating the example of

egncoding rate of 3/9 and the code length of 64,800

[(7IG. 777 FIG. 77 is a wview illustrating an example of a
parity check matrix initial value takle of anrn encoding
rate ¢of 1/4 and & code length of 16,200.

[FIG. 78] PiG. 78 is & view illustrating an example of &
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[FIG. T7¢] FPIG. 7% is & view illustrating an sxampls of
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&Y
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2 table of an encoding



Cj-_111 isa n twist. deintericaver 55. 71S. 'IC6 is. a block diagram showing c of a configuration of the
reception apparatus tc-j a fir. al 1j_S. lia neceptics _Antem E :c a r tnori ot ta reccodin_ cyst oh can
no eclied to leceptner apcar rEISFIG. 109 is a blockdiagca.n show '1 exarrhajCl

o a1 T on P KR - PR - =

[FIG o FIG. 80 1s a view .L;.l,\,L:tl:{V_,n'_J an oL &
. N R

parity check matrix initial value table of an encoding

[FIG. Bl 21 is & view ~rating an erxample of a
o Ak N~ B N R e RO T A o~ E ~ 34y
parity check matrix initial veliue table of an 2ncoding

. e~ e s e e .
[ F1¢ 51 FIG. 85 is a view illustrating another example
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[FIG. 8¢] F[FIG. 86 1s a view 1llustrating a furthe:
example of replacement oI code bits.

[FIG. 871 °FIig. g7 a view Llliustrating a still furthex

e [N o o = v —~ -~ P e
examplie of replacement of code bits
PEIG. BBE] FIG. BB is a view illustrating a

[FIG. 897 F
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Fxplan-once Syl apharai72,eceptioc ap rat 21 1,0291 enFittier inmerne DeLtipi26 M6(7: on no a
moerleiceori iimory, nT'fl- sec Ortheocrisi demodulation septic-, 52rang section erleayer, 534 130exetr,
55 Solemn tw interleaver, 56 LERIT decodir58 section, 300 Edce daia stcrape
memory,ClI3Select.:cock. nodeloci ion 364 Edge darns storaoe Selecacr, 306 Reception data memory
ealetclation section, g rcuit, 305 Decoded word calculation se3.0

[FIG. 201 ¥IG. 50 is a view 1llustrating a further

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

- [E2G. 9Z1 F1G. 92 is a view illustrating an example of
replacement of code bits.
FEIG. 93] FIG. 93 is z view illustrating another example
of replacement of code bits
[FIG. 94] FIG. 94 is a view 1llustrating a further

. 1 £ oY oo e o bt
example of replacement cf code bits.

FIG. 95 is a view illustrating a still further

. - . : - -
[FIG. 946 FIG. 96 1is a view 1llustrating a vet further

example of replacement of code bits.

[FIG. 97 FIG. 97 is z view lllustrating a vet further
of cf code bits

[FIG. o8 FIG. 98 is a view i1llustrating a yet further

evample cf replacement of code bits

IFIC. 99 FIG. 99 is a view a vet further

example ¢f replacement of code bits

[FIG. 1001 FIG. 100 is a view 1llustratirng a yet further

example of replacement of code bits.

[FIG. 1017 FIG. 101 is a view illustrating a vet further

erxamp.le of replacement of code Dits.



section, 408 ammunicarion 5000 ion415 142 Removablecoraing medico' ICO1 Rev::Memory, 1011
deinter1021 11505 decoding seusb. on, Acquisit:, on a action, j-: 7osmi. a. slainl.r-rn- decodiln

ornoessect ion, 1153 Indirmatior: sonoce process;elU 10 otpni'tting c;rar71(m, nr:

FifS. 7 snows

an exampie of a sonfiauration of an embodiment of a transmission system no which the presemt
invention is anninad the term system. signifies a logimai ageregate of a pluraljty of apparatus in
mespecr've of whether or not. 'Mc :individual aompohedt apparatus are inclubed in the same 'effusing

[00S21

example of replacement I code
CIT T / iy 10 %y o 17
[FIG. 104 FIG. 104 is =z Wview 1llus

FIG. 102] ¥Ig. 102 is a wview 1ll1
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a multiplexer 54 which composes deinterleaver b3
[FIG. 105%] FIG. 105 is & wiew i1llustrating processing of
a column twist deinterleaver b5
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Ref erring to RIC- /, the transmission system inciudes a transmission apparatus li and a reception

apparatus 12 10068.]

Tho transmission apparatus 11 is, for example, an apparatus which carries

out transmission of a television broadcasting arogramL and transmits obi act data which are an object
of transmission such as image data, sound data and so forth as a television broadcasting anagram,

ton examsie, Mt:cough a satellite tenant-salgsouhd waves. [0064I

Tito: reception apparatus 12

is, Mur example, a tuner CS a television ceceieer ice. receiving a toievision broadcasting program,
and. deceives (infect data transmitted thereto from the transmission arincatas 11. LO0651 81C. 8
shows an example of a confi ‘abrasion of the transmission apparatus 11 of FIG. :10.06'6J
Referring to FIGVEthé transhiigsion capparatis 19%5ntludes an'LDPB:@efeddihg section 21, a. bit

jnterJeaver 22, a mapping section 26 and an Q{thogonal modulation section ZS. 120671 _ To she
: dplasuon sectdeon 21 Memcoymy, 32 Raplacement gection, 51

LDPC encoding'§8ction 217 objéct datd are supplied? - P et 1Ot
Orthogonal demodulation section, 52 Demapping ssction, 53
Deinterleaver, 54 Multiplexer, 55 Column twist
interleaver, 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 Selecter, 306 Reception data memory, 307

section,

node calculation section, 308 Cyclic shift
309 Decoded word calculation section, 310

data re-arrangement sectiocon, 311 Decoded data
gement section, 401 Bus, 402 CPU, 403 ROM, 404
Hard disk, 406 Outputting section, 407 Inputting

Communication ssction,

408

1101 Transmission line decoding
1103 Information source decoding
1111 Outputting section, 1127

U



(0068J The LDPC encoding. section 21 carries out LDPC encoding of the object data su plied.
thereto in accordance with a parity check matrix in which a parity matrix which is a portion
corresponding to parity tits of an LDPC code has a staircase structure and outputs an IDPC code
wherein the object data are information bits. LOCIE in particular, the LDPC encoding sectfon 27
carries. out =PLC encoding of encoding the difSect data into an LEDC code prescribed, for example,
in the DI7E-S.2 standards and outputs an LIFT code obtained as a result of the LIP.C. encoding.
[00701 Here, the LIFT. code prescribed in the inJTEeS.2 standard is an IRA (Irregular Repeat.
Accumulate) code, and the papitv matrix in the parity check. matrix of the LDPC code has a staircase
structure. The parity matrix andthe'staircase structuie are hereinafter-described. &Further, the :RA
code is described., for example, in "Irregular Repeat-Ppcumulate Codes," E. JinT, A. Khandekar, and
R. R. MtFltece, intProgeedings-of 2nd-imerrational Syipusitim 'on Ttarbh codesandsRelated Topics,
pp. "1-8, Sept. 2002. [00711 = The. TDAT: code outputted. from The LDPC encoding section 21 is
supplied to the hitihfétieaver 22. #9072F© ' “The Hittexieaver 22-is"a dafa’ pfocessing apparatus for
tperleavirp: data and. jnql%lgeg a parity interleaver 23, a cod= twist, interleaver 24 and a demuitiolexr

Yot o Y £y
[&1

(TLAEK) [0273] * 2% THe parity intefleavé” 21 carties ot parity interleave of intérleaving parity bits of
the LDPC code flom the,L T PC enceding section 21.to pasitions of ether parity, hits and supplies the
"DERR code after the parity interleave to the column twist interieaver 24.

K PRt B crnes b -3 N
included in the same housing).

[0062]

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

(0063

The transmission apparatus 11 1is, for example, an

spparatus which carries out transmission ol a televisicn

an cb
and so forth as a television broadcasting program, Ior
example, through a satellite channel or ground waves.
r0064)

HIR
L

The reception apparatus 12 1s, for example, a tuner

Cr & teievision recelver for recelving a televisior
T~ o o o] gy P ~ ~ e e [
broadcasting program, and receives object data
. e S g —~ . o~ o~ P o e oy i gy e ey -
transmitied thereto from the transmission aprarstus 11
J065]
oy e I . - o= — -y o 7 Bug . o
FI5. 8 shows an edampie of a configuratlion of the



[00711 The column twist inberleaver 24 carries out column interleave for the 2000 code from the
parity interleaver 23 and supplies the 2030 code after the column twist interleave, to the eemultiblexer
25, [0075j In particular, the ILDPC code is transmitted after two or more code bits thereof are
mapped 70 one symbpi of ortiocuonal modulation by the mapping section 26 hereinafter described.
Ofi22 The column twist iincerleaver 24 carries out, for example, such plumb twist interleave as
hereinafter described as a re-arranging process of re-arranging code . bits of the LOPE code from the
nerity interleaver 23 such that a nluraliey of code bits of the -1,137/0 code corresponding to the value
1. included in one arbitrary row of the parity check matrix used in the LO30 emceeing section 21 are
not mapped t6& BABIYRasEICn arPTI4E HeThitislexBE 25 carries our a replacing process of replacing
the positions of two or Tre code. 'sits of the LOPS rode from the column twist. interleaver 24 which are
mapped to a s&/?f?l?c?l-‘to obtain an 203i2 code whose tolerance to AWGN is reinforced and senplies the
es LDPC code to the map:pine section 26. raD7S] _The mannin{gﬁsection ZQJ;rlaqsltwo or more

‘*'aRSH’IlSSl ooarat

code bits of the LDPC éOderfgﬁr%%héJderrﬁLTIfipl“ekeFE% t%‘5|gna points détermined by a modulation

method of orthogonal modulatign {multi-value,modulation earried eut.by; the.orfhogonal modulation
section 27. i

nd an orthogonal modulation

3y

)

, & mapplng section 26

i)

t

~

section 27.

[0067]

To the LDPC encoding section 21, chiject data are
supplied.
0068

The LDPC encoding secticon 21 carries out LDEC

encoding of the object data supplied thereto in

accordance with & paritv check matrix in which a parity

[P RS TS

matrix which 1s a portion corresponding to parity bits of

In particular, the LDPC encoding secticn 21 carries
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[0077H In particular, the mapping section 26 symbolizes the LDPC code from the demultiolexer
25 into a symbol (symhoi value), represented ny a sidmil point determined by the modulation system,
on an i.Q Diane constellation) defined by an 2 axis representative of an | component which is in phabe
with a carrier and a 3 air.e representative of a 3 component which is ortnocona2 to the carrier wave.
[0201 Here, as the modulation method of orthodonal modulation carried out by the orthogonal
modulation secMion 27, modulation methods including, for example, a modulation method defined in
the 27TH -T standards, that is, for example, 2DSK (c)tiadrature Phase Shift Keying), 'EC:AM
(Quadrat:1re Amplitude Modulation, 646,,5e16, 2566)7eM, 162437tH, 408637M and so forth are
available. Whatmaodatations methodshorddbev used fererthoconacmogdudationsto-carried out by the
orth.ocona modutation section 27 is set in advanoe, for example, in. accordance with an operation of
the transmissiéh@pparattstliicdv antoceratot. Itisstarbe hoted thatithe orthogonal madulation section
27 can carry out some other orthogonal 702.0U1 tion such as, for example, 4PAE (Pulse Jirplitude
ModuLation. [3681 ©°°Fhe%yrbsIShtafrtthEthe miaspig seefiol 2645 Supidiietto the orthogo ]
rachulation segyl%nithe

+ = + = - e st = -~ 3
staircase structure are nereinaiter described,

“Irregular Repeat-Accumulate Codes,” H. Jin , A
Knandekar, and R, J. McEliece, in Procesadinas of 2nd
International Symposium on Turbo codes and Related Topics,

pp.l-8, Sept. 2000.

The LDPC code ocutputted from the LDPC encodin

PRRG]

3oy e < e ~e T ey v y . 3 “ 3
interleaver 23, a column twist interleaver 24 and a

from tne LDPC encoding section 21 to positions of other
parity bits and supplies the LDPC code after the parity

interlesave to the column twist inter



[0062] The orthosonal modulatcn section 27 carries out orthogonal module. on of a. carrier in
accordance with the mapy_tng section 26 and transmits a. modu...ahionortainee orthOOOnal
modul.ation. P13831 Now, FIG- 9 ilsrrares a parity check matrix H used in 2060 encoding by the LI=
encoding ".action 21 FIG. 8. 841 The.neck matrix H has an LECM Genera on Matrix) structure and can
be represented by ar exoressionfrom an information matrixof a portion correspoatin nts and arity
matrix HT corresponding to parity hies from among code bits of the LAUDC code (matrix in which
elements of the information matrix HA are elements on the left side and elements of the parity matrix
HT are elements on the fight side).

Thne column twist interlieaver 24 carries out column

column twisgt interle > to the demultip
column twis nte: ave to the demultip

v

[0075]

pits of the LDPC code from the parity interleaver 23 such
that a plurality of code bits of the LDPC cods
corresponding to the value 1 included in one arbitrary

row of the parity check matrix used in the LDPC encoding

3 3 FEE 3 “r jp 2 = < 1 T Sy
The demultiplexer 2% carries cubt a replacin

process oI replacing the positions ¢f two or more code

bits of the LDPC code from the column twist interleaver
24 which are mapped to a symbol to obtaln an LDPC cods
whcese tolerance to AWGN is reinforced and suppliss the



[03831 Here, the bit number of information bits and the number of rrarty bits from among code tits of
one LDPC code (iire cogeword) are referred to as information lendth H and parity length M, and the hit
number of code bits of one LTDC code is referred to as code length N t [3096] The information
length K and the parity length M regarding an ILDED code of a certain code length N depend upon the
encoding rate. Meanwnile, the herity check matrix K is a matrix whose: rows x columns are MY N.
Then, the information matrix 1-1,..) is an M x K matrix and the rarity matrix HT is an NM matrix. [00P7]
FIG. 10 illfietrates the parity matrix He. of the parity check matrix. H of an LIPS code prescribed in the
DT:0-S.2 standard. [00881 The parity matrix 1-1, of the parity check matrix H. of the IF1tO code
rvescribed in thggﬁvageast@darg hasa §;@rc§§e§tgqpture wherein elements of the value | are
arranged like a staircase as seen in FTG. 10. The row weight of the parity matrix He is, 1 with regard
70 the first row hut’is 2 with regard. to all of the remaining rows. Meanwhile, the column weight is 1
with regard to the lust column but is 2 with regard to all of the remaininc columns.

i N S - 3 N
The 'ﬁa‘QCl“f} section 26 maps Two Or more code bits

of the LDPC code from the demultiplexer 25 to sicnal

points determined by a modulation method of orthogonal
modulation (multi-value modulation) carried out by the

orthogenal modulation section 2

In particular, the mapping section 26 symbolizes
the LDPC code from the demultiplexer 25 into a sympol
(symbol value), represented by a signal point determined
by the modulation system, on an IQ plane (I0
constellation) defined by an I axis representative of an

I component which is in phase with a carrier and a O axis
representative of a ¢ component which is orthogonal to
the carrier wavse.

100801

Hers, as the modulation method of orthogonal

Loy IS T My T ol -

for example, OPSX (Quadr Phase Shift Keving), 160RM
PR - _ e e - - .
iWuaarature Amplituce Modulation;, ©4QRM, 2560aM, 10240AM,



rhnp6i hc described above, the LDPC code of the parity check matrix H wherein the parity matrix
-.7:H7 has a staircase structure can be bloddcgd readily using the parity check matrix H. 100901

in particular, an LOFT code (one cogeword) is represented by a row vector ¢c and a column vector
obtained by transposing the row vector is represented by C. Further, a portion of information hits from
within the row vector ¢ which is an LOPE code is represented bv an row vector F. and a portion of
parity hi cc, is represented by a row vector T. [00911 Here, in thic instance, the row vector ¢ can he
presented by an expression c -fOIn the row vector A. as information hits and the row vector Tea parity
tits row vector wherein the elements of the row vector A are elements on the left side and the elements
of the row vecter-T ate elementsentbedight side)c Q%21 mitds hecessary-for¢he parity check
matrix E and th=row vector ¢ = [Al?] as the LTiliC code to satisfy expression HO7 = 0, and where the
parity matrix lipsof:the parity check matrix o JEAIHSICIas sucha. stafrease structude as shown. in
FIG. 20, the row vector T as parildh blts which forms the row vector. ¢ = [AFT: which satisfies the
expression ECTSF0 can®5e gefsrmingd seaiientialy by sticessivaiiSettingthéelements in the rows
beginning Wlth the elements in Lhe first row of the column vector Hc7 in. the expresslon Mc’7 =0to
zerod [0092] “PEEA219" 17%iIIus Fates The Parity Shedk matrix % of an nrﬂbFft > o686 ahd column

weights. defined in the 2VE:S,; cmgagdgtd,“h e Orlgllp%rggglar ALQrEIG Qi -ILb.=t.etes the ParDtv
check matrix H of an LDPC code defined in the DVS-S

27 can carry out some other orthogonal modulation such as,

for example, 4PAM (Pulse Amplitude Modulation]

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

[0082]

[

The orthogonal modulation section 27 carri

symibol from the mapping section 26 and transmits &

medulation signal obtained by the orthogonal modulation.

FIG. ©
(G084

The parity check matrix H has an 1LDGM (Low-Density
Generation Matrix) structurse and can be represented by an
expression H = [HplHy] from an information matrix Hy, oI a

portion corresponding to information bits and a parity



[0)095J With regard to KY columns from the first column of the parity check matrix H, the
onweight is X; with regard to succeeding KS chlurhs, the column weight is 3; with regard to succeeding
14-1 rows, the columh weight is 2; and with regard to the last. one coldr.n, the column weight is 1.
[00961 Here, KYH3 +w 1 is equal to: the code length [31)97] rh the 30f:7-3.2 standard, the
column numbers KM, K3 and F. (parity length) as well as the COila7M weight H are prescribed in such
a. manner as seen in E of Flo. 11. [0098] In particular, B. of FIG. 11 illustrates the column
numbers KW, HS and M as well as the column weight regarding different encoding rates of 11090
codes prescribed in the DVS-5.2 standard. 1:-)099] In the DYE-S.2 standard, 1,020 codes of the code

matrix Hr corresponding to parity bits from among code
bits of the LDPC code (matrix in which elements of the
information matrix H, are elements on the left side and

elements of the parity matrix H. are elements con the right

3 . - PR . .
rnere, Tne D1t number oI information bits and the

£

bit number of parity bits from among cod

[
o

LDPC code (one codeword) are referred to as information
lencth K and parity length M, and the bit number of code

(iR R A O

bits of one LDPC code is referred to as ccde length N (=

The information length K and the parity length M
regarding an LDPC code of & certain code length
upon the encoding rate. Meanwhile, the par
matrix H is a2 matrix whose rows x columns are M x N. Then,
the information matrix Hp is an M x K matrix and the

parity matrix Hy 1is an M x M matrix.

[FR)

1



le gths N of 64,900 Pits and 16,200 tits are prescribed. [0100] And as seen in P of FIG. 11, for the 1:20
code code length N Is 64,800encod.ang rates (nominal rates) 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 5/6, 8/9
and 9/10 are prescribed. and for the j: 280 code whose code length N is 16,200 bits, 10 encoding rate
1/3., 2/5, 1/2,5/6 and 8/9 are prescribeg. [01011 Regardin?PS' odes, it is known that code bits
corresponainn to a column of the parity chock matr. which has a higher coionm weight exhibits a lower
error The parity check m,r--en in the DVz-S.2 standard and illustrated in TIG 12 has a tendency that a
column nearer to theside [left side) has a higher weHaft'accreting , the 22090 code corresoo:ading
paricheck matrix H has a tendencyode

The parity matrix Hy of the parity check matrix B
of the LDPC code prescribed in the DVB-5.2 standard has a

stalrcase structure wherein elements of the value 1

j8h)
—

re
arranged like a staircase as seen in FIG. 10. The row

welght ¢f the parity matrix Hr is 1 with regard to the

first row but is 2 with regard to all of the remaining

rows. Meanwhile, the column weight is 1 with regard to
the last column but is 2 with regard to all of the

remaining columns.

As described above, the LDPC code of the parity
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In particular, an LDPC code {one codeword) is

represented by a row vector ¢ and a column vector

C*. Further, a portion of information bits from within

Here, in thils instance, the row vector ¢ can be
el
38



bit nearer to a higher tolerance to an error! anh a cods bit nearer to f.t lower inan error. PIG. 12
illustrates an. arrangement ofal points cgrresponnind ec2smnoaa onll plane where 27 of 121041 In
particular, .[2: of FIG. 12 illustrates symbols of 164))AM. In 160,AM, one symbol represents 4 bits, and
16 zsvmbois exist. Then, the 16 symbols are disposed such that they form a square shape of 4 x 4
symbols 16 the I. ireetbon x Q direction centered at the origin. of the I[D) plane. 101061 Now, if 4 bits
represented by one symbol of 16cAM

presented by an expression ¢ = [A!T] from the row vector
A as Information bilts and the row vector T as parity bilts
{row vector wherein the elements of the row vector A are

vector T are elements cn the right side)
(0092
It i1s necessary for the parity check matrix H and

e o~~~ r - . — Fobmm —~ i oy v 3 — Fa -
the row vectcocr ¢ = [A|T] as the LDPC code to satisfy an

expression Hc™ = 0, and where the parity matrix Hs of the

structure as snown in FIG. 10, the row vector T asg parity
bits which forms the row vector ¢ = [A!T] which satisfies

wlth the elements in the first row of the column vector
He" in the expression Hc = 0 to zero.

josk s T 3 o oy A o - e e g o~
FlG. L1 1lilustrates the parity check matrix H of ar
3 -~ : £~ 2 . P

LDPC code and column weights defined in the DVEB-S8.2

o~ e 1 Ty £ T 3 v 7 T - — .
In particuvlar, 2 of ¥IG. 11 illustrates the parity

check matrix H of an LDPC code defined in the DVE-3.2

(€8]

ke



are represented by vO,r v2 and y3 in order from the most significant bit, then where the modulation
system is the 1602aNi, 4 code bits of the LOPC. code are manned to a symbol of the 4 bits yo to y3
which coincide with the 4 bits by the rapping section 26 (177G. 6). -01071 E. of FIG. 12 indicates bit
boundaries regarding the 4 birs yu to v3 represented by the symbol of the I6GIAM. [21081 Here, a ...it
boundary regarding a bit vi"-Cfl. 12, = 2, 1, 2, 3[ signifies a boundary between a symbol whose bit yi is
0 and another symbol whose bit yi is I. 42. As seen in B of FIG. 12, as regards the most.
significant bit \.(Pi from among the 4 bits y0 to y3 represented by the symbol of 16QA.F., only one
location of the 44 axis on the IQ plane makes a bit boundary, and as regards the second bit y4
(second from the prost significant bdtj, only one location of the | axis on the mares a hit boundary.

With regard to KX columns from the Ifirst column of
the parity check matrix H, the column weight is ¥; with

regard to succesding K3 columns, the column weight 1z 35
with regard to succeeding M-1 rows, the column weight 1is

2; and with regard to the last one column, the column

Here, KX + K3 + M-1 + 1 is ecgual to the code length
N.
ra0s7;

- - ~ et e m . .
In the DVB-8.2 standard, the column numbers KX, K3
.

prescribed in such a manner as seen in B of FIG. 11.

In particular, B of FIG. 11 illustrates the column

[0099]
-« T TEY T oy~ e
In the DVB-3.Z standard, LDPC codes of the code

lengths N of 64,800 bits and 16,200 bits are prescribed.
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Tplloi Ipiiy, Further, as regards the third bit y3, each of two locations between the first and
second =limns and between the third and fourth columns from the left of the 4 x 4 symbols makes a
bounder-47. 10111] Furthermore, as regards the fourth bit 474, each of two locations between
the first and second rows and between the third and fourth rows of the 4 x 4 symlbois makes a
boundary. The bit yl represented by a symbol Is less likely to become erroneous as the number
of symbols spaced away from a bit boundary increases but is more If ely to become erroneous as the
number of symbols 'positioned nearer to a fit boundary increases. [0113] If a bit which is less
likplg to become erroneous (is tolerant to an error) is referred to as "strong bit" hut. a bit which is more
likely T. becomgrerseneous. less delerantito an error(' is referred tg as weak hit! then as regards :he 4
bits y3 to yo represented by symbols of 16Q(74ev.:, the most significant bit'yo and the second bit li are
strong bits and therthird bity7 and thefoutthdit g()pare weaksbits. EOBL4]3 /4, HEGS, 13 to 15
illustrate arrangements of (signal points corresponding to 64 symispds on the FQ plane where 64QAM
is carried out by the ofthogoital madulation seetion 27=0f FIG1dL (40 L0125 LINFGAQ6464, one symbol

represents 6 bits., and 64 (- _ w o
wnose code length N 1s 16,200 bits, 10 encoding rates 1/4,

’_ 3
S
(9%
~
[N
S
Oy
’_Al
[N
2}
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2 =
u/v’l

/3, 3/4, 4/5, 5/6 and 8/9 are

Regarding LDPC codes, 1t is known that code bits
corresponding to a column of the parity check matrix H

which has a higher column weight exhibits a lower error

]

rate.

column nearer to the head side (left side) has a higher
column weight. Accordingly, the LDPC code corresponding

- } e x 1 oy LT e o= 3 [ T, 3
to the parity check matrix H has & tendency that a code

nearer to the tall is lower in tolerance to an error.

(&3]

>
[

{

16QAM 1s carried out by the orthogonal modulation section



symbols exist. Then, the 64 sgmbols are arranged such that they make a square of B x 5 swig-els in

the I direction x c direction centered at the origin of the "Q plane. [0116]

Now, if it is assumed that

the 6 bits represented by she soytlot of 640)24M are represented as yo, yo, y3, y4 and y.5 in order
from the most significant bit, then where the =du:460ct= system is 640AM, 6 code bits of the IrIPC

code are mapped to s. symbol of 6 bits yo to yo coUneiment to the 6 bits. 101171

Hers, FIG. 13

indicates bit boundaries regaring the most significant bit yo and the second bit r from arpng the 6 bits
y5 to y5 represented by symbols of 64QAM; FIG. 14 indicates bit boundaries regarding the third bit 72
and the fourth hit 73; and FTC. 15 indicoor5.55, bit boundaries regarding the fifth bit 1'4 and the sixth
bit y5. J0118] »~» <Asseengn FIG. 13, the number of bit boundaries with regard to each of the most
significant bit vo and the second hit yl is one. Meanwhile, as seen in FIG. 14, the number of bit
boundaries wittoregard to each of the third bit y2 and the fourth bitis two, and at seen in FIG. 15, the
number of bit boundaries with regard to each of the fifth bit y4 and the sixth hit v5 is four. [0119]
Accordingly, among the 6 Pit$ yodo435. represented by symbolssOf.:640AMythe Arost SHarHf4cant bit
yo and the second bit v1 are the strongest tits, and the third hit v2 and the fourth hit v2 are the second

strongest bits. TFH&h: the firth bit v4 and the sixth bit 75 are the weakest hits.

[0105]
n 16QAM, one symbol represents 4 bits, and 16 (=
2%y symbols exist Then, the 16 symbols are disposed such
that they form a sqguare shape of 4 x 4 symbols in the I
direction x (Q direction centered at the origin of the IQ
plane
010¢]

Now, if 4 bits represented by one symbol of 16QAM
are represented by vu, Yi, vy and vs in order from the most
significant bit, then where the modulation system is the
16QRM, 4 code bits of the LDPC code are mapped to a
symbol of the 4 bits yp to ys which coincide with the 4
bits by the mapping section 26 (FIG. 8

0107

B of FIG. 1Z indicates bit boundaries regarding the
4 bits yp to y: representacd by the symbol of the 160AM
101087

Here, a bit boundary regarding a bit vy; | FIG. 12,
i=0, 1, 2, 3) signifies a boundary between a symbol
wheose kit vy 1s 0 and another symbol whose bit vy iz 1



1)))120 From FIG. 12 and further from FIGS. 11 to 13, it can be seen that, as regards bits of
symbols of orthogonal modulation, there as a. tendency that a high-order bit is a strong bid and a
low-order bit is a weak bit. [01211 Here, as described hereinetpve with reference to FIC. 11, an
IDPC, code outputted from the LDPC encoding. section 21 (FIG. 8) ancigdes code bits which are
tolerant to errors and code tits which are less tolerant to errors. [n].22] Meanwhile, as described
herelnabove with reference to FIGS. 12 to 18, bits of symbols of orthogonal modulation carried out by
the orthogonal modulation section 27 include strong bits and weak bits. 1.0123] Accordingly, if
-Panning of allocating a. code bit of the LDPC code which is low in tdderance to an error to a weak tit
of a symbol of grthogpnal modulation is carried, then the tolerance to an error drops as a whole. {0124]
Therefore, an interleave: has been proposed which interleaves code bits of an LOPG code such that
mapping of allocating cedes bits of the D'FAPCxode2which areslowsin teaerance-to an error to strong

bits of a symbol of orthogonal modulation is carried out.
significant bit y; from among the 4 bits y; to Va3

represented by the symbol of 16QAM, only one location of

significant bit), only one location of the I axis on the

Further, as regards the third bit y;, each of two
locations between the first and second columns and
between the third and fourth columns from the left of “he
4 x 4 symbols makss a boundary.
101117

Furthermore, as regards the fourth bit v3, each of
two locations between the first and second rows and

between the third and fourth rows ¢f the 4 x 4 symbols

it vy represented by

(@
Qi

symbol is less likely
T0 become erronecus as the number of symbols spaced awav
from a bit boundary increases but is more likely to

=
it

becoms erroneous as the numb

®

e

symbcls positioned

o~
()

nearer to a kit boundary increases.
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(Ci185:
16 is a view illustrating processing of the demultiplexer 25 of FIG. B. 10127]

FT:, 16 shows an example of a functional. configuration of the emditiplexcr 25. 01281

The derdltiblexer 25 of FIG. 8 carries out crocessing of the Hcterleaver. [0126"

FIG.
In particular, A of
The

demultiplexer 25 includes a memory 31 and a replacement. section 32. folgc7 To the memory 31, an

LETO code is supplied. {0130]

The memory 31 has a storage. capacitv for storing mb bits in the

(horizontal( direction of a row and storing N/U-abl bits in the (vertical) direction of a column. The
memory 31 writes code bits of the LDPC code sdddlied thereto into the column direction and reads out
the code bits in the row direction and then s.un].ies the read out code hits to the replacement section

32.301311 (g1

.
3]

If a bit which is less likely fo become =rroneous
(is tolerant to an error) is referred to as “strong bit”
s Yst: g bit

but a

ot
)

=

e
1
3
]
mn

bis

more To become aerroneocus (is
iess tolerant to an error) is referred to as “waak bit,”
then as regards the 4 bits y; to yvs: represented by symbols

of 160AM, the most significant

Y1 are strong bits and the third bit vy, and the fourth bit
Yz are weak bits
[0114]

FIGS. 13 to 15 illustrate arrangements of (signal
points corresponding to) ©4 symbols on the IQ plane where

o2
S
o
=
=

In ©4QAM, one svyvmbol

2%y symbols

that they make a

Q.
3

irection x O direction

0]
{

e

la

=
4

[(01li¢]

NOw, 1I 1t 1s assumed tThat The 6 it
by one symbol of 64Q0AM are represented as v, vi,
vs and vs in order from the most significant bit,



Here, m represents the tit number o

f code bits of an L4DPC code to he mapped to one symbol, and b

is a predetermineo positive integer and is a multiple to be used for multiplying m by the integer.
Meanwhile, N (- information length K + parity lehoth M) represents the code length of the LDPC code

as described. hereinatove. [4132]

A of FIC. 14 shows an example of a. configuration of the

demultiolexer 25 where the modulation system is 64QAM, and accordingly, the tit number m of code

bits of the LDPC code to be mapped to one symbol is 6 bits.

Further, in A. of PIC. 16, the multiple

b Is 1, and accordInciy, the memory 31 has a. storade capacity of M4[6 ) bits in the column eireci'on x

row direction.

Here, a storage region of the memory 31.. whist extends in the column direction

and includes ane hit in the row direction is hereinafter refggried t
the memory 31 includes six (= 6 X 1) COlorMS.

9 suitably as columny In A of FIG. 16,
The demui:inlexer 25 carries out writing of the

code bits of thell=_cadelin a dowmwyarekdirectionsfropcabave of a column which forms the memory 31
fin a col= direction’, beginning with a left side column toward a right, side column. [01361

ceincident te the © bits.
[0117]

Here, FIG. 13 indicates bit boundaries regarding
the mest significant bit yp and the second bit y; from
among the 6 bits yy to ys= represented by symbols of G4QANM;

IG. 14 indicates bit boundaries regarding the third bix
vz and the fourth bit yi; and FIG. 15 indicates bit
poundaries regarding the fifth bit ys and the sixth bit ys
[¢lis]

As seen in FIG. 13, the number of bit boundaries
with regard to each of the most significant bit vy and the
second bit yi1 13 oche Meanwnilie, as seen in FIG. 14, the
numper of bit boundaries with regard to sach of the third
it yy and the fourth bit vs; is two, and as seen in FIG
15, the number of bit boundaries with regard to esach of
the fifth bit vy, and the sixth bit vs is four
[01189]

Accordingly, among the 6 bits vy, teo vy represented
by symbols of ©4QAM, the most significant bit yy and the
second bit y; are the strongest bits, and the third bit vy
and the fourth kit y; are the second strongest bits Then,
the f£ifth bit ys and the sixth bit vy: are the weakest bits.



Then, if the writinc of the code '-its ends with the iowermest hit in the rightmost column, then the code
bits are read out and supplied fp the replacement section 32 in a unit of 6 tits Orb bits) in the row
direction beginning with the first row of all ef the columns which form the memory 31. [C137] The
replacement sectisn 32 carries out a replacement process of reT-lacing the nosition of code bits of 6
bits from the memory 3.1 and outnuts the 4 bits obtained by the replacement as 6 tits yo, Ya ha, Y3,
Y4 and v.. renresentative of one sismimdi of 640ITA. [01381 in particular., if :he ( -ode bite read
oft in the row direction from memory 31 are represented as ido, 1-32, h, b4 and ns in order from the
most significant. bit, :hen from a reietionshioo.f the column weighTi described her:einabcve with
reference to FIG 1t thebit. oosirioned indirection of the Pit bg is a code hit. high In tolerance tocode bit
in the direction of the bit b5 Is a code bit low in tolerance to rnement section 32 cerl.e replacement
processeplaii ¢ the posttichrofthe.6 12 and further from FIGS. 13 to 15, it

can be seen that, as regards bits of symbols of
orthogenal modulation, there is a tendency that a hich-

order b

[

o/ (T [o A TV . ‘. T A + '
section 21 (FIG. &) includes code bits which are tolerant

0 errors and code bits which are less tolerant to errors.

Meanwhilile, as described hersinabove with reference
Lo FIGS. 12 to 15, bits of symbols of orthogonal
modulation carried out by the orthogonal modulation

section 27 include strong bits and weak bits.

93]

01247
Therefore, an interleaver has been proposed which
interlieaves code bits of an LDPC code such tha+t mappling



c.ode pits b5 toemory 31 such that a cede h6 t which is low in solerance to an error romaimonc the
rom the memorymaycd to .02 erance from among the. esentative of6,one symicti of 64(a).A01. [0140]
Here, code bits. bg, to b5 from the allocated to the 6 various svstere hod for rep' so as no be septative
of been proposed. e 6 of FIG. 16 illustrates a firstement
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orthogonal modulation is carried out.
[0125]
The demultiplexer 25 of FIG. 8 carries out

processing of the interl
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n example of a

—

functional configuration of the demultiplexer 25.
[0128]

5 includes a memory 31 and a

e e = - - £ q
The memory 31 has a storage capacity for storing mb

Plts 1n the (horizontal) direction of a row and storing
N/ (mb} bits in the (vertical) direction of 3 column The

thereto into the column direction and reads out the code



ritriodg C of FIG. 16 illustrates a second replace nie.thmd, and 6 ccF 737(3. 3E illustrates a
tiGre:0-acement met nod. FIG. 16 to Ei of FiG (simiTarl, also in . 17 hereinafter describeinn
interconnecting the bits b, and'r "jos the: the code bit b, is allocated octh a bit y,, of the symbol
repiaoed into the position of the 1. 43 the epi. aoenent method of E of FIG. Is. proposed to adopt one
of three kinds, and as tie second replacement method of C of16, it. Ps proposed to adopt one of two
kinds. N1441

code bits to the replacement secticn 232

Here, m represents the bit number of code bits of
an LDPC code to be mapped to one symbol, and b is a
predetermined positive integer and is a multiple to be

used for multiplying m by the integer. Meanwhile, N /=

A of FIG. 16 shows an example of a configuration of

the demulitiplexer 25 where the modulation svstem is 640QAM,

LR 24 SR

¥

and accordingly, the bit number m of code bits of the

LDPC code to be mapped to one symbol is 6 bits.

o RS W

Here, & storage region of the memory

- 3 . i T, P P gy o~ ER
extends In the column dirscticn ar

e Ly e - A i N 5 - 34 : 1

Che row cirection is hereinafter referred to suitably as
~ T T b ad T - - -

column In & of FIG. 16, the memorv 21 includes gix (= 6
* 1) columns

ExN

e



third reolsoernent methdd of 1) of FIG. isnee to select and use six ci nd in order. FIG. 27
illustratesexample of a co figuratfo of the25 in a case wherein toe modulation method T..s

645urjfan,ceordi g' the bit numoer m of coca

similarly as in FIG. 16) and the multipis 2, and a replacement net

an LDPC code mapped to one symbol is 6
4her ihe mutipi.e b is 2, the

memory 31 has a storse capacity of N6(6 x(6 Y 2 bits in the con dl -ot ion x rowl 2..) columns.

LT AT

carries out writing of

code bits of the LDPC code in a downward directlon from
above of a column which forms the memory 31 (in & column
direction) beginning with a left side column toward a
right side column.

[013¢6]

Then, 1f the writing of the code bits ends with the
lowermost bit Iin the rightmost column, then the code bits
are resad out and supplied tTo the replacement section 32
in a unit of & bits (mb bits) in the row dirsction
beginning with the first row of 21l of the cclumns which

replacing the position of

[
[R]
)

carries

out &

1

cods

21 and outputs the © bits

obtained by the replacement as & bits vy, Vi, Yz, V3, Vs
and vs representative of one symbol of 640AM
101381
In particular, if the ¢ code bits read out in the
row direction from the memory 31 are represented zs bDg, b,

49



E014.71 P of FIG. 17 'illustrates a writing order of an LO PT code into the m
The gemoitiplexer 25 carries out writing of code bits of an TDPr code in a downw

emory 31.r01181
ard direction from

above of a column which forms the memory 31 (in the column gHrectionl beginning with a left side

column toward a right side column as described hereinabove with reference to Fl

G. 16. Y3149J

Then, if the writing of code hits ends with the lowermost bit in the rightmost column, then the code hits

are read out and supplied to the replacement section 32

a unit of 12 bits (mth bits in the row

direction beginning with. the first row of all. of the columns WhH2.1-1 friinn the memory ?A_ The
replacement section. 32 carries out s rebiacemant process of repiscing the position of 12 code bits
from the memogy 31-inlaccerdance with<the:fourth replacement methockard outputs the 12 bits
obtained by the replacement as 12 bits renresentatlve of two symbols (b symbols) of 64QAM, in
particular, as 6bits oo kY2 Y4t Reand y5Tepresentativeeobone symh of 64Q&RMcand 6 bits y," yl, y4,
v4,, y4 and y2 representative of a next one symbol. 10151] Here, 3. of FIG. 17 illustrates the fourth

noe

replacement MetHod: of the Fédl

the bit

direcrion of pit a code pbit low in

an

exrror.
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It is to be nced that which replacement method is cptimumo that Ls, which replacement method
provides the best error rate in an AWGN commninicatin oath, differs depends upon the encoding rate

of LDPC coded and. so forth_ rflla;=:
8 is described with ,rse-44.ence to FIGS. 18 to 20. ielS41
of the parity check matrix of the LT:PC code_ [01551

interconnecting the bits by and V4

second replacement method

of

W
o]

opt one

TwWo

and the multiple

Wnere the multiple

S e - 4
directicn x

row direction

Now, parody interieame by the parity interieavar 23 of FIG.

FIG. 18 shows (Part of, a Tanner araph

If - plurality of (code tfts corresponding to)
variable nodes connecting to a check node such as two variable nodes suffer from an error such as
erasure at the same time as shown in FIG. 1E, then the check node returns a message of an equal
probability representing that the probability that t.he value may be e and the r.kohateithe value may be
1 are equal to each tovariapie;napesingte te.check nosges Therefore pluralityyariable nodes conned;
4to same check node are placed intoerasure state or theat the samethen the performance in
drecodino is détetioratedhsdentangybe otkputtedbfoT, a Iine segment

configuration

“he modulation



encoding section 21 of FIG. S and orebed rn the DV S.2 standard is an :Pie code, and the parity
matrox the parity check matrix H has a staircase structure as 1X natrix H having a staistructure and a
Tanner. ?Edith corrcsuom inc e rarity matrix Inlar, A of FIG. 19 illustrates a parity matrix He haviho a.
rta case structure and TB of FIG. 19 shows a Tanner craph corresoonch no to the parity latrix HT di
ETC. EX1 Where the parity matrix HT has a staircase structure, in. the Tanner graph of the
parity matrix HT. variable nodes of the LOPC code which correspond to a oc(omn of an element of the
parity matrix HT having the value of 1 and whose message is determined using adtacent code hits
(parity bits) are connected to the same check node. [01601

2} columns.

01487
The demultiplexer 25 carries ocut writing of code
bits of an LDPC code in a downward direction from above

©f a column which forms the memory 21 {in the column
left side column toward z

right side column as described hereinabove with reference

lowermost bit in the rightmost column, then the code bits
are read out and supplied to the replacement section 32
noa unxt of 12 bits (mb kits) in the row direction

st row of 2ll of the ceolumns which

- . -
form the memory 21
[0150]

0its Irom the memory



Accordingly, if the adjacent parity bits described above are placed into an error state by burst errors,
erasure or the like, then since a check node connecting to a olu: lit(' of variable nodes correspohdino to
the plural parity bits which have become an error (variable _ nodes whose message are to be
determined using parity bits) returns a message of an egual probability ,,- representing that the
probability that the value may be C and the probahul.itv that the value in | may be equal to each other
to the variable nodes connecting to the check node, the performance of the decoding deteriorates.
Then, where the burst length (hnumberbits which are made an error by a burst) is great, the
performance of the decoding furthet deteriorates. ()3741.1 f decodcL rUed above, the interlea(FIG. 8)
carries our intee} intefleaving parityaits-of theefrem; the1ipp6i encading sectjon 2lto }g’sitid-- of other
parity hit ) T

Y3, ¥4 and ys; representative of one symbol of S4QAM and 6

it
n
(w3
Iy
1)

cptimum, that is, which replacement method provid
best error rate in an AWGN communication path, differs

depends upon the encoding rate of LDPC coded and so forth.

[G152

Now, parity interleave by the parity interleaver 23
of FIG. 8 1s described with reference to FIGS. 18§ to 20
oo
[0154]

[01E5

If a plurality of (code bits corresponding to)
variable nodes connecting to a check node such as two
varlable nodes suffer from an error such as erasure at
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FUG. 20 Hilustrates a. parity matrix HT check mart- correspo dito the UPO code after the parity
interleave carried out by tie parity inrerieev er 23 of 71 [01631 Here, the information matrix HA of
the oarliy check matrix H corresoondithe LOPC code prescribed in the DVP-S.2 standard and
outputted 'LoPC encoding cyclic structure [0164] Theoin structure scture a certai coin coier column in a
11211- ccoperated state and includes, f structure wherein, for evens P columns,positions of the value
1 in the rows f the P columns no(rnide wit positions to v e first one the P columns is cyclically shifted in
the co.iurura direction by a value proportion to a value g obtained. by dividing tnelength.
M. | the following, the

returns a message of an egual probability representing

i

oy A A and T4 s Iy oo } <r= 77 ~vr 3 4}
that the probability that the value may be 0 and the

robability that the value may be 1 are equal to each

the same check node are placed into an erasure state Or

T - - h o T ~ sy L
Incidentally, r LDPC code outputted from the LDPC
encoding section 21 of ¥FIG. B and prescribed in the DVR-

5.2 standard is an IRA code, and the parity matbtrix He o
the parity check matrix H has & staircase structure as
shown in FIG. 10.

[0157]

y

shows a Tanner graph corresponding to the parity matrix He



of P columns in a cyclic s, is hereinafter referred. to suit.ahiv as a unit 00?n riumber of cyclic structure.
[6165 As anC code prescribed in the DVE-S- 2 standard and outputted from the LDPC encoding
section 21, two LDPC codes are ave. err o including those whose c is 64,800 :efts an- 16,200 bits as
described herei.nabove with reference to [0168J floPC code whose hots fromtwo
different LOPLE 16,200 bits, ding rates are r7aChie as thc
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€achn other to the variable nodes connecting to the check
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noae, the perrormance of the decoding deteriorates. Then,

v ) P, SR A e ) / cep ) L [

where the burst length (number of bits which are made an
o , 1ich are = an

L S P NN - g . ~ al g 3

error Dy a burst) 1s great, the performance of the



encoding rate of the LOPS code whose code iengt ribedhereinabove with referer With recart to

LOSSwhose code lenoth i4 is 64,800 nits and whioh

standard that the column nubero the cyclic structure is ore.crihed to

parity length M excect 1 and M. rn.-r21 LYe03

have then different encoding re-the DVP..s2
which is one of divisors of the
Further, with regard to IMP codes whose code

length N is 64,800 bits and which have the &oven different encoding rates, the parity length M has a

value other than prime hunters and rspresented by an expression
which is different depending- upon the encoding rate.

c x P =g x 360 using the value q
Accordingly, also the value n 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<y‘dividing ¢he patity-tengthy Miby thereolurapsiumberB anithe-7VOIC structure (the
product of P and g which are d|V|sors of the parity 1endth M is the parity Iength M).
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p):MM9] Where the information length is represented igy K and an integer higher than N but lower
than Pie represenaed by x while an integer higher than C but lower than o is retresented by y, the
parity interleayer 23 interleaves, as parity interleave, the Fegx-Pvith code bit from. among parity bits
which are Ph-Ith to 1,M-Mth (8 g. M = Na bits of the IDPC code from the LOPC encoding section 21 to
the pesition of the DaPyPxelth code hit, [D170] According- to such bara y interleave, since the (parity
hits corresponding to) variable nodes connecting to the same check node are spaced by a distance
corresbondine to the column number P on the ovoid structure, here, by 366 bits, where the burst.
ienbee is smaller than 360 bits, such a situation that a plurality of variable nodes connectina to the
same check ndd&rare renderederoneous attheysame time can-be-prevented, 1Ls a-result, the
tolerancd to a burst error can be improved. HI It is to be noted that the LDPC code after the
parity interleavédax Which “theSE4dRPy-#ti:Eode bitis irterleaved toithe positioh<e the K+Pyexelth
code bit coincides with the LDPC code of a parity check matrix (hereinafter reForred to also as
conversion parl”ti?‘“ché%ksrﬁﬁﬁﬁ(jlbrb%tained by ccidran replacement of replacing the Kegxey-ifh column of
she original parity; gheck matrix F into the Kel.6y6xLith col.la7,1li [0172] Further, in the parity
matrix of htle conversion parity check matrix, a pseudo cyclic structure whose unit is P foircane (Hri
FIG. 20, 360 columns) appears as seen.ia FRG20-0173} Here, the;pseudo gyclic structure SignifieS
structure which has a portion having a cyclic structure except part thereof. In a conversion parity check
column obtainech by applyingscoldmmreptacert eoreavunding ta-parity.interleave tothe parity check
matrnx of the I0TOO code prescribed in the. LUVE-F.2 standard, a portion of --cHO rows x 360
columns(shift matréhérginaftér described) @l adright corner pettioreiscshost okane ielement of 1 (which
has the value of 0), Therefore, the conversion barity check matrix does not nave a (combleMe)
cyclicstruedure Bufhas &pseudo &)dic &rddtliréits as described nereinabove
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reference to FIG.

“od.
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code length N is 64,800 bits from the two different LDDC

codes whose code length N is 64,800 bits and 1,200 bits

tnen eleven different encoding rates are available as the
encoding rate cf the LDPC code whose code length N is
64,800 bits as described hereinabove with reference to
FIG. 11
0167]

With regard to LDPC codes whose code length N is
64,800 bits and which have the elaven different encoding
rtates, 1t 18 prescripec in the DVB-£.2 standard that the
column numper P of the cyclic structure is prescribed to
360 which is one of divisors of <the parit



101741 it is to be noted that the conversion ca-rib": check matrix of FIG. 29 is a matrix to whach
also: teb_acement of rows (row reolacement) for configicine the- conversion.. parity check matrix from
a confiabration matrix hereinafter described is applied to the original parity chgck matrix H in addition
to the column renlecement which corresponds to parity interleave. 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. In the transmission apparatus 11 of FTG. 6, two or one symbol as descrioe.ernebove
in order to improve the utilization efficiency of frequenena) for example, whereits of the code bits are
used form one symbol,for example., 2PSK is used. as the modulation method but where-:of the code
bdts are used t@forai one symbol, for example, 16QAMused as the modulation meth Gl 771 Where
two or more on a of the code transmitone symbol in this mannsure or

. ey e} -+ b 3
Further, with regard to LDPC codes whoss code

length N is 64,800 bilts and which have —he sleven

other than prime numbers and represented by an expression
M =g x P =g x 360 using the value ¢ which is d
depending upon the encoding rate. Accordingly, also the
value g is one of the diviscors of the parity length M

except 1 and M similarly to the column number P of the

Lawl LUl &8

.
10169

Where the information length is represented by F
and an integer nigher than 0 but lowsr than P is

% while an integer higher thar { but lower

b ) . : ~ " - 30 v e N s . . -
Chan ¢ 1s represented by y, the parityv interleaver 23
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the like occurs wi Lb a certain symboU, the all of the the symbol become an error up nodes
connecting to the same oneok node may saner from erasure at the satime toprove the cerforman-ce in
decoding, it is necessaryid the variable nodes correspundino to code bits of one symbol from conned
no, e same oheok, node. :eanwhi.le, in the nl-eok matrix fl L. an LDPC code proscribed::13-f.7
standard and outcutted from the GDPC encoding section 21, the information matrix HA has a cyclic
structure and the oarftv mat:Vx r-..T has a staircase structure as described hereHnabove. Then, in a
conversion parity haok matrix which is a matrix of the LETO code after oaricy interleave, a cyclic
structure (accurately, a pseudo cyclic structure as described hereinabove) appears also in the parity
matrix as desctibediinFIG.20.corresponding to) variable nodes connecting

to the same check node are spaced by a distance

corresponding to the column number P of th

s

structure, here, by 360 bits
smaller than 360 bits, such a situation that a plural
of variable nodes connecting to the same check node are

: P T =, b o o~ ’ - Pl i |
red erroneous at The same Time can be prevented. As

3

rend

3
D

¢
i
[0}
0]
o
[
ot
t
o
(b
ot
(0]
pet
]
A
&)
jon}
9]
6]
ot
@]
49}
ot
ot
[
162]
ot
&}
[
]
]
[
1%
83}
)
[0
D
P
H
ko)
s
O
el
<3
1)
£,

4
o)

o)

arity interleave by which the K+gx+y+lth code bit
interieaved to the position of the E+Py+x+lth code bit

coincides with the LDPC code of a parity check matrix

: [N e TR o~ - A 3 e - L . H . I
K+gx+y+lth column of the original parity check matrix H

[0172]

Further, in the parity matrix of the conversion
parity check matrix, a pseudc cyclic structure whose unit
is P columns (in FIG. 20, 360 columns) appears as seen in
FIG. 2C
i01723

Ieh)
[92)



folao] FIG. 21 shows a conversion parity check matrix. :17n cartioular, A of FIG. 21 illustrates a
conversion parity check matrix of a parfty check matrix which hah a code lencth N of 64,!'E00 bits and
an encoding rate. (rd of 3/4. [0162,11 In A of FIG. 21, the pcition of an element haring the value of
| in the conversion ',sanity check matrix is indicated by a. dot (.). ¢,01831 In 11. of FIG. 21, a
process carried out by the demultiplexer 25 (FIG- En for the iDFC code of the conversion parity matrix
of A of FIG, cthat is, the T,fl-Pn cede after the parity interleave. In Luf FIG. 21, the code bums of
the 1Opc. code after the parity inferleae are written in the column direction in four columns which form
the memory 31 of the demult :Leifer 25 using 162D.A.?.1 as the modulation method. 21851 The
code bits written in the =lure direction in the four columns which form the memory 31 are read out in

the row direction in:adinitof4 bets which.make-ang symbol, ;C186] -

lic structure

<3 o~ e + g o Pay - - o PPN 3 H B
except part thereof. In a conversion parity check column

PR 3 - Bl Prs e 3 4 3 :
Larity inter.eave to the parity check matr

rows x 360 ccolumns (shift matrix hereinafter described)

a right corner portion is short of one element of 1
(which has the wvalue of 0 Therefore, the conversion
parity check matrix does not have a (complete) cveolic

1t 1s to be noted that the conversion parity check

0L rows irow replacement; for configuring the conversion
parity check matrix from & configuration matrix

et : Foemm A ~rd e «  n

flereinalier described Lls applied to the original parity

check matrix H in addition to the column replacement

N . ~ I sy — - oo -
NOW, Column LTwlst interleave as & re-arrangement

process DYy Thne column Twlist interleaver 24 of FIG, & is
descriped with reference zo FIGS. 21 +to 24
(017867
Lol oW 4 - s = < T o~ T o}
LI The Transmilisslion apparatus 11 of FIG. 8, two or



In this instance, the 4 code hifs Bo, FiL, B2 and 63 which make one symbol sometimes make code bits
corresponding to 1 and. included in one arbitrary row of the partv check matrix after the conversion of
A of FIG. 21, and in this instance, variabie nodes correspon.dit.q to. the code bits 20, RI, 121 and Bs
are connected to the same cheat node. [0187] Accordingly, where the 4 code tits 2.0, Et0O, Ed
and. Etu of one symbol become code bits corresponding to 1 and incirded in one arbitrary row, if
erasure occurs with the symbol., then the same check node to which the variable nodes corresponding
to the code bits Ea, Bi, BO and 20 are 62 connected cannot determine an aporoprla.te messae,
result., the toeriormanoding deteriorates egard to the encodin rates other than the
encoding rate of 3/4., a plurality o:T code corresponding to aali.tv of: variable nod.es conneclimic same
check node sometines makewnesymbel ed Sk Theeeforecolumndwist: inferleates 25 scarries Out
LF.JiaMn twist interleave wherein the o.ode hits of the LETC code after; the canity imateri.ea ye from
the oar 1 inter23argMfifstiead@dsuchrthat eodeHiMinato ¢ and bivea in oneimorove

3 WS - N PVt :
the utilization efficien

O

P = R K - - K i
Y CI Ireqguencias. in Ddft¢”hi&f,

t~h

or example, where 2 b

n

of the code bits are ussad to

1

form one symbol, for example, QPSK
modulation method, but where 4 bits of the code bits are

used to form one symbol, for exampie, 160AM is

Where two or more ones of the code bi
transmitted as one symbol in this mannsr, if erasu:
the like occurs with a certain syvmbol, <he all of the

code bits of the symbol become an error (erasure

rmn Y b
(01783
Dormayestrme | < 1 }
aAccorcingly, in order to lower the probapbility that
EN = e
- - _“
& piurality of (code bits corresponding to) variable

erasure at the same time to improve the performancs in

1

decoding

@]

1t 1s necessary to avoid the variable nodes

_ (o 4 g
corresponding to code bits of one symbol from connecting
Lo the same check nods

01797

Meanwhile, in the parity check matrix E of an LDPC

0
@]
Q.
M

prescribed in the DVB-5.Z standard and ocutputted



row of the cony.ersion canmatrix are not mapped to one aymb F-aG. 32 is a viewius.natino tne column
tw intecicave. 1018f[H 22 [21ates the mempi a he demur_ hits in the column tverticalL direction and
stores NRmh3) bits in the row (horizontal) direction and includes mh. columns as described in F.T.G.
14. Thera the colamn twist linteriever 24 writes the code bits of the 1.3DPC code in the column
direction into the memory 111 and controls the writing starting position when the code bits are read out
in the row direct ion to carry out column twist interleave. [01931 In particular., the column twist
interThayer.24 sei)cabiy chances the writing starting nositoh at which writing cf code blts is to be
started for each of a. plurality of columns so that a plurality ci code bits read out in the .rov..; directior.
and used to make one ay-mt.:hi may not become cede bits corresponding to 1 and included in one
arbitrary row oftthercamversiorcparity-eheck matrix (e-arranges. :he-code bits Of she ItIFC code such
that a plubaligy of code tits corresponding to 1 anh included in one arbltrary row of the parity check
matrix may notbe’iacludedinithe samesymbollznd the parity matrix Hy has a

ma ~NF T DN z & 7

matr.x o tne LDPC code alfter parity interleave, a cyclic
Lyt g e e o St el

structure laccurately, a pseudo cyclic structure as

01807

FIG. Z1 shows a conversion parity check matrix.
[61s81

In particular, 2 of FIs. 21 lustrates &
cenversion parity check matrix of a parity check matrix H

rate (r) of 3/4
[€ig2)]

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

01837

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

demultiplexer 25 (FIG. 8) for the LDPC code of the



;0'947 Here, FIG. 22 shows an example of. a configuiatioi, of the memory 31 where the
modulation method is 16):AM and besides the multiple b described hereinabove with reference to FIG.
16 is 1. Accordingly, the hit number m of code Pits of an LOPC code to be mapped to one symbol is 4
bits, and ins memory 31 is Termed from four (= Inti) columns. 9195) The column twist interieaver
24 of F:G. 22 (instead of the demultiplemer 25 shown in TG. 16) carries out writing of the code bits of
the LE:PC code in a downward direction (252iumn direction) from above into the four coin= which fp=
the memory 71 beginning with a. left side column towards a right side column. [0196] Then, when
the writing of code hits ends no the rightmost cciumcn the column twist. interleaver 24 reads iT,Ut the
code bits in a untt of 4 bits (me bits) in the row direction beginning with the first row of all columns
which form thelmendory 37 and cutouts the code Pith) as an :7595 code after the column twist
interleave to the replacement section 32 (FICT. 16 and :7) of the demoliiplexer 25. [0195]

However, it the address of thé’ head9:dp[perinbesy psiCdntef edch-celuhirPis represented P2). : and
the addresses of the positions: in. the column direction are represented by integers of an ascending
order, then the column twist22 sefs, for tHe fEtthiostColtimn® e wiiting Staftihg Bsition to the position
whose address.;is 0;.set¢, for toe second column (from the lefttheLi no starting position 10 the nos
toon whose ad%?gg% %%95(3%2 ?gjr%”he%'l’ﬁifén 86Iuv|!1‘§hi, ‘the Writing staffig o<, Liofi o tHé position
whose addressds..and sets. for the fourTh colsimn; the writing starting posation 1o the position whose

[ (e

+ PN Ty . £ S ]
the rTour columns which form the memory 31 are read out in

the row direction in a unit of 4 bits which make one

corresponding to 1 and included in one arbitrary row of

+ N } 1 oy A mr oy A = . e =
the parity check matrix after the conversion of A of FIG.
oke! P o o - ~ T :
21, and in this instance, variable nodes corresponding to

reT O
vl o
. N .
ACCoOraingly, where the 4 code bits By, By, B, and B.
L - " M
of one symbol become code bits corresponding <o and



ele.,, It is tonoted that., with regard 70 the columns for wh oh the writin starting position is any other
positi.on than the -on whose address is C, strer the COCO pits are written down to roe loermogtccti ,
the t.Inc nosition _to the rod [pocO tion a oL.a..n to = poLL.00n carrying out such column
twist interlsov., described shove, such a situation that a plur lity code bits corresponding furalfty of
Lodes 16c!AN (included into the same symbol) with regard to LOPC codes of all encoding rates
whose code length N is 64,800 as prescribed in the LIV8-S.8 standard can be prevented, and as a
result, the performance in decoding in a communication path which provides erasure can be improved.
Le20.8; FTC. 23 illustrates the number of columns of the memory 31 necessary for column twist
interleame and the address. of the writing starting position for each rphultjon method with regard to
LEPC codes ofthe efeven different enceding ratesrhayipg the code length-Nof 64,809 as prescribed in
the OVE-5.2 standard.

resu.t, the performance in decoding deteriorates

out column twist interleave whaereir the code b

interleaver 23 are interleaved such +hat
1ts corresponding to 1 and included in one

o vy s -1 7 -~ VF ] o~ < N N 1 1 B 3
QrLOLITIrary row ¢I The conversion ‘par;ty Check malrix are

o ¥
(0150
T O B0 BN . T A S S ) - .
i, L4 IS8 a view Lilustrating the column twist
interlsave
(01917
Ty PR T T (DR 3 o
in particular, FIG. 22 illustrates ths memory 31
) 1
ferme e L - .
TIGs. 16 and 17) of the demultiplexer 25
IO
W i
feal hoa et .
‘e memory 21 has a storage capacity for storing mb



[02011 As the: replacement method for the replacement . process of the demaitipaexer 28., (FIG.
8), one of the first to third renThcement methods of rift, 16 iS chanted, and besides, where 085F as
adopted as the modulation method, the bit number m of one smmbol is 2 bits and the mtlitISCEIS 1.
[C202] In this instance, according to FIG.. 23, the memory 3: has two columns for storing. 2 x 1 (=
mbD bits in the row direction and stores. 84,800R2 xbits in the COI= direction. Then, the writing
starting position for the first one of the two columns of the memory 31 is set to the position whose
address is 0, and the writing starting position for the second Column is set to the position whose
address is 2. 102021 Further, where the fourth reniatement method Of PTC.. 17 is adopted as
the rerdacedent method for the replacement process of the demultiTdexer 25 'FIG. Ei and besides
01166.1N is adopted:as thesmodulation methad.athe Lit rumberm of ene:syrbohis 2-hits and the
multiple t, is 2. [02041 In this instance, according to FIG. 23 the memory 31 has four columns for
storing 2 x 2 Pis #§ the: rowdirectiontand stores 64,803/62°x 2; bitstin the column ditection. Then, the
writing starting otsition for the first column -From among the four, eclat-des of the memory 31 is set to
the position whose address is & thesfifitiig starting position fo the secondeslumniis set to. the
position whose address is 2; the writino starting tosition for the third column is set to the position
whose address is 4: and the wiriting starting. position for thé fourti'¢olumn s S&f'fo the position whose
address is LO2Cit, .1,

- (4 =3 LY % = 3 - 1 -
Umny qarecition intoe the memocry 31 and controls th

&

writling starting position when the code bpits are read out

In particular, the column twist interleaver
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plurality of columns so that a plurality of code bits
read out in the row direction and used to make one symbol

may not become code bits corresponding to 1 and included

that a plurality of code bits corresponding o 1 and

—~ Il el o Xs! 3 . — T oy

nere, iG. 22 shows an sexample of a configuration
of the memor e e ra T3 Il isR R - i iale = T ANAR
CL Lhe memory o. whers Lne medulation method 1s 160AM and
besices the multiple b described hersinabove with

-

o F v o e e T TE 4 T e -~ - - T} -
reference to FIG. 1¢ zs 1 heccordingly, the bit number m

(@3]



Further, where one of the -Er'7,7- to third replacement methods of FIG. 16 is adopted as the
replacement method for the replacement process of the demultiplexer 25 (FIG.and besides 160AM is
adopted as the modulation method, the bit number m of one symbol is 1 bits and the multiple b is I.
rEew35 L32135 In this instance, according to FIC. 23, the memory 31 has four columns for
storing 4 x 1 bits in the row direction and scores 64,800/(4 x 1) bits in the column direction. Then, the
writing starting position for the first column from among the our columns of the memory 31 is sot to the
DOSIi7IICM. whose address is 0; the writinc 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 addross is 4; and the writino starting position for the fourth col atm is set to the position whose
address is 10207'tode Turthey iwheré Hig fourtereplacemeatmethod of g .shhissadapted as the
replacement method for the replacement process of the demulticlexer 25 (FIG. E, and besides
144,21eM is adopted as ihe MGdHeE iGiEReTRpd, thes hit MEmfser:MAsT Gt syribolis)4 bits and the
mriticie li is 2. FO2061 In this instance, according. to FIG. 23, the memory "in has sight co2umnh
for storing 4 x 2 Bits in the row direction and stores 64,800/(4 x 2, bits in the coiunim direction. Then,
the writing star[tjﬁgggqsition for the first column from among the eight columns of the memory. 31 is set
to the position whose address is 0; the writing starting position for the second column is set to the
position whose addressris Q;dheiriting starting positionfor the third-ealumn is setto the position
whose address iF 2; the writing starting position for the _

of the demultiplexer 25 shown in FIG. 16) carriess cut
writing of the code bits of the LDPC code in a downward

direction (column direction) from above into the four

oy

columns which form the memory 31 beginning with a left

side column towards a right side column.
[01%6]

Then, when the writing of code bits ends to the

umn, the column twist interleaver 24 reads

row direction beginning with the first row of all columns
which form the memory 31 and outputs the code bits as an

b L Vaml 3~ - ey - - N ~ v o " . ‘
LDPC code after the column twist interleave to The

replacement section 32 (FIGS. 16 and 17) of the
demultiplexer 23
(0197

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

. FRa o 4 - = 32 3 :
repvresented by integers of an ascending order, then the



fourth column is set to the position. whose address is 4; the writing starting position for the fifth column
is sot to the pbsitich whche address is 4; the writing starting position for the sixth column is se: to the
position whose address is 2; the writino starting bbsirion for the seventh column is set to the position
whose address is 7; and the writing starting position for the eighth chhumr is set to the position whose
address is 7. 15209] Further, where ens of the first to third raciachment methods of FIG. 16 is
adopted as the a, - reeTacement method for the replacement process of the demuitiplexer 25 KFIG.
:6;be.eides 64cillY. is adopted as the modulation method, the 2,17, number m of me symbol is 6 bits
and the multirj 210:1 instance, according to FIG. 23, the memory 31 has six coliamns for
star direction. and stores 64,in the ihl tion.rt first column from among the. six coll.umns of the memory
set toosition whoseraddiessis:Qithe Waher 224 of r1g. 22 sets, for the

)

ileftmest column, the writing starting position tc the

position wnese address is 0; sets, for the second column

~eN s 3’\‘?1]"& o~y D i = d A~ E " o 4 . $
Coae DITS are written down to the lowermost positlon, The
LIS A ~ e Pt -} P A

WILTING positicn returns to the tor {(position whose

. ) , et - o . .
address is 0) and writing down to =& positicn immediately

preceding To the writing starting position is carried our.
Thereafter, writing intc the next (right) column is

i <r N . - . i} : .
Sy carrying out such ceolumn twist interleave as
describec above, such a situati

code bits corresponding to a plurality of variable nodes

connecting to the same check node are made one symbol



starting posit on for the second "-OM= is set to position whose address ts 2; the writing starting mn 15
set to the position address is 5; the writing start fourth col=is senp0 situ the writing starting posi
or. to the: position whose address is. 10; and the writ starting position for the sixth column is set to
position who Further, where the fourth repiacemn method of -- is adopted as th reoiacemer.t.
method for replacement process of the demuitipiexerFIG.anc besides 640AM is adopted as the
modulation method, the Pit number m or one symbol is 4 bits and the multiple b 2. rn2T27 in this
instance, according to E.= 23, the memory 31 has twelve columns for storina 6 Y. 2 bits Ln the row
direction and stores 64,800/(6 Y 2) bits in the colbfrui dfrection. Then, the writing starting position for
the first column from amono the twelve columns cf the memerv is set to the position whose address
is G; the writing spartingipesitior for:thesecondscelumn isset fo fhe position.whose address is 0; the
writing std.rting position for the third col= is set to the position whose address is 2; the writing starting
position for thecfotreth edlumn isssetdd the positiox whose address ks-the-writing starfing position for the
firth column is set to the position whose address is 3; the writing starting position for the sixth
c011117117 i'Settothe position whose dddtess is 4t thedwriting startingrbosttfoh fof, the seventh
column is set to the position who-se. address is 4, the writing starting position for the efahrh COM=is
sex to the posifion whoSe address is'5! 8 Writittg &tarfing positiofitor the-firith column is set to the
position whose.a¢ s is.5; the writing, starting_ position feir the tenth column is set to the position
whose address ?édg(%;iev\%%ﬁﬁ starting vgélsﬁ%bgrpfgcr’ fhe e2enénth colurmi ii.C sett5 the Hosition whose
address is [0200]

™ T4 + o < =
Tib. 20 1llustrates the number of cclumns of the
o .

memory . necessary Ior column twist interleave and the

different encoding rates having <he code langth N of

[0201]

Ae tne replacement method for the replacement
process of the demultiplexer 25 (FIg £}, one of the
first to third replacement methods of FIG. 16 is adoptad,

and besides, where QPSK is adopted as the modulation

method, the kit number m of one symbol is 2 bits and the

Ial ~
{0202
Rl a1 - o 3 - R T 3

<71 TRLIS InsTance, according to FIG. 23, the memory
21 has two columns for =storirna 2 b { = oy S
-4 haes WO columns Ior storing 2 x 1 (= mb} bits in the
NS 4 e 1 o g . ~ i~ o0 .
row direction and stores £4,800/(2 » ) bits 1n the
~e T AR e e . T . pomn A A -
cosumn direction. Then, the writing starting position for



1; and the writing starting position for the twelfth column is set to the position whnse address is 9.
[0213) Further, where one of the first Sc) third replacement methods of 71G. 16 is adopted as
the replacement method for the replacement nmocess of the dnmuleiplexer 25 (FIG. 8) and besides
256GALY is adopted as the modulation method, the hit number m of one symbol is 2 hits and the
multiple b [C214] In. this instance, according to FIG. 23, the memory 31 has eight columns for
storing E>. x 1 bits in the row directik'n and stores 64,800/(9 x 1) bits in the column. direction. Then,
the writing starting position for the first column from among the eight columns of the memoir; 21 is set
to the positHon whose address is 0; the writing starting position for the second column Ps 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 ftheswriting startingspasition:fonthe . tourtheolumn is,set:tothe position whose
address is 4; the writing s.tartrng position :20 the faith column is set to the position.:: whose address
[4; fhe writing Startii§ pBsitionifor the:she-recslupmithesDOS whose atldressisrs; the writing starting
position for the seventh onlumn is set to the osuon whose address is and the ertlno startingfor the
eighth column i 86t t3' he TR Sitd6- whose AddFEsSs 79021FY] L SFafther,whére the rourth
reolapemen... method, of PIEGIs hooted _as theTu.acemen method for the ren.lac,nt process of the
demultiplexer 55 FIG- 8[and "besid adulation méthod, the

102031
Further, where the fourth replacement method of FIG
17 is adopted as the replacement method for the
replacement process of the demultiplexer 25 (FIG. &) and

direction and stores 64,800/(2 % 2} bits irn the column
directio Then, the writing starting position for the

tc the position whose address is 0; the wr
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In. :his instance, a000rdino to FIC. 23, the memory 31 has 16 columns for startthe row direction and
stores 64,800/16 x21. Pits in the column direction. Then, the writing staffing position for the first
column from among the 16 coof the memory is set to the positionis 0; the writing startino position for
the second column is set to the nos ion whose address is 2; thestart dug whose address is 2; the
writing starting position for the fourth column is set to the position whose address is 2; the writing
starting position for the fifth column is set to the position whose address is 2; the wfii'ng starting
position for the sixth colmn is set to the position whose address is 3; the writing starting position forthe
seventh column is set to the position whose address is. 7; the writing starting position for the eighth
column is set to the position whose address is 15; the writing starting position for the ninth column is
set to the position whose;adéeess isHl6;he vwiting staffing. pasirfon for the tenth column is set to the
position whose address. is 20; the writing starting position for the eleventh column is set. to the
position whoseraddressris:27 rthe ivriting-Starting positios farthe-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; 15 wWiititgestertivg posdtHon forthe foureenthreolymnis set 4a the position whose
address. is 21; the writing starting position for the fifteenth column is set to. the position whose
address is 20; AR4-the Rrififi Starting position fotthe haednth 66123 set ta: theopesitien whose
address is 32. Eurther, where one of }th%firs;_[’tg third replacement methods of FIG. 14 is adopted as
the replacement method Tor the repiacement process SFRE derfulfiplexef 253 FIG. 8)-and besides
1024QAM is adopted;ag the madulation methgd, the bit number :a of one svrhel is TO tits and the
multiple his I. ’

[020¢3

In this instance, according to FIG., 23, the memory
31 has four cclumns for storing 4 x 1 bits in the row
Glrection and stores 64,800/(4 x 1) bits in the columr
direction. Then, the writing starting position for the
first column from among the four columns ¢l the memory 31
18 set to the positipi whose address is (; the Writing
starting position for the second column is ser =o the

position for the third column is set to the position
whose address 1s 4; and the writing starting position for

che Tourth column 1s set to the position whose address is

besides 16QAM is adopted as the modulation method, the



[02181 In this instance, according to FIG. 23, the memory 33 has ten columns for storing 10 x 1
hits in the row dinecniien and stores 64,800/(10 x 1) nits in the =damn direction. Then), the writing
starting position for. the first column from among the ten columns of the memory. 31 is set to the.
position whose address is 0; the writing starting position for the second column is sat no the position
whose address is 3; tne writing starting position for the third column is set to the position whose
address is 67 the writing starting position for the fourth clumn is sen to the postnion whose address.
-Cs E);". the writing starting position for the fifth column is set to thenosinicn whose address is 11; the
writing starting position for the sixth column is set to the position whose address is 13; the writing
starting position for the seventh collirm is set. to the :position whose address 2.7 the writing start..ino
position for the eight isnsertatheroesitiokwhoaClis 174 the starting positionh eglymn js set to posiLion
whose address is 18; arnd the writing position for the teset to the postolon whose address is
2C. Thither, where the fourthcement method of FIG. 17 is adopted as the replacement method for the
a9S of the demultipdexer 25 J712G. 2) and besides 137401iM is adopted as the modulation method, r
m f one svniceﬁ s the mu

In thies instance, according to FIG. 23, the memory

31 has eight columns for storing 4 x 2 bits in the row
direction and stores 64,800/(4 x 2) bilts in the column
direction. Then, the writing starting pesition for the
first column from among the eight columns of the memory
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In this instance, according to 21G. 23, the memory t 20 columns for storing 10 xbits in the row
direction stores bits in the column direction. Then, the writing starting position for the among -olumns
oft setto toe osih. on whose address is 0; the writing starting posi.ti.on for the second column is set
to - ncsition whose address is 1; the writing star ing Position for the third cola=t se: t fourth column is
set to the position whose address is 1; the wrtoing starting Position for the fifth column is set to the
position whose address is 5; the writing starting position for the sixth column is sot to the position
whose address is 6; the writiho starting position for the seventh columm is set to the position whose
address is 6; the writing startjnq Position for the eighth cgim 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<fot thestenth coldmbds Set ta the pesitiopambaoese address-is4; the writing starting
fonihinn for the e5eventh column is set to the position whose address is 11; the writino starting position
for the twelfth EGIRITisPSett6thé positien whoseratdress ds <16 thewritingsstartingipasition for the
thirteenth column is set to the position whose address is 21J the writing starting position for the
fourteenth colurifi iS'SeFtFthe podifioR WWhose' AddressiSTHIC thé! wiitiner stafimepasition for the
fifteenth deli= is ers.tg the position whose address is 23; the writing starting position for the sixteenth
column is set to the position whose address is 21° the writing startind position for the seventeenth
cold= is set to the pesition whose address is 25J the writing starting oosjt.i.on for the eighteenth
columnis tto the position whose address is 26; the writing starting position, for the nineteenth
column is set to the poa Liamwhose=adg.res is:28;-and the wit pesitionforleth.ogli.umn is set to the
position whose address is 30. Further, where one of the first to third replacement methods of FIG. 16
is adooted as the feptacement methodtfor the rspirapeime.nt process: of the-cemultiple - 25. 8) and

besides 40960teadopted as the modulation metho-symbol
Glrection ana stores 64,800/(¢ x 1V bhits in the column

pcsition whose address is Z; the writing starting

oo o - ER e Y 3 ~ . A b ‘ 2
poesltion tor The Third column 1s set to the position
IRT . J ; Koo 4 LTt e e R ; 3 oee 4 - 1
whose adadress i1s 5; the writing starting position for the

Py - s . e e o . 3
fourth column is set to the position whose add:

the writing starting position for the fifth column is ser

to the pesition whose address is 10; and the writing
starting position for the sixth column is set to the
position whose address is 13
62117
Further, where the fourth replacement method of FIG.

17 is adopted as the replacement met-hod for the

Ciplexer Z5 (FIG. &) and



anc the rrnlltf.pce b

instance, according to FIG. 23, the memory 31 hasufor storings in the

row dirertion and stores 64, 800in the column direction. Then, the writstarting positfor the first
oolcnnfrou, among- the. twvecolumns of the memory 31 is set to the position whose address Isthe
writing starting position for the second column is set to the se aggress Is 0; the writing starting po Lion
torOrd column is setto fourth column is set to the position whose address Is 2; the writing starting
position for the fifth column is set to the position whose address is 2; the writing starting position for the
sixth column is set to the position whose address is 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 wrlting starting positich, for the ninth column is set to the
position whose addeesscisc2ithe writing starting position for, the tenth colyrmp is set. to the position
whose address is 7; the writing starting position for the eleventh column’is set to the position whose
address is 8;=ind Thewwiting starting pesition:for the twelfth columeris set to the position whose

address is. 9. [G223|

Further, where the fourth replacement method of FiG. 17 is adopted as the

replacement afethed for the replacement process of the demultiplexer 25 (FIG. 8) and. besides
40913W4M is adopted as the modulation method, the bit number it
127

multipe h
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In this instance, according to FIG.

of one symbol is 12 bits and the

o

the memory

Ly

31 has twelve columns for storing 6 » 2 bits in the row
direction and stores 64,800/(6 x 2} bits in the column
direction. Then, the writing starting pocsition for the

columns

column from among the twelve

Che positlon whose address is

positicon for the second column is

» whose address is {; the

I tne

O

positicn £«
whose address is 2; the

fourth column is

TC The position whose address is 3; the
pesition for the sixth column is set to

writing starting
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5; the writing s
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is 2. [02241 In this instance, according to FIG. 23, the memory 31 has 04 columns for storing 12 x 2
bits in :he row direction and stores 64,800/(12 x 2) bits in the column direction. Then, the writing
starting position for the first column, from among the 24 columns of thb memory 51 is set to the
position whose address is 0; the wriiino starting position for the second column is set to the pbsition
whose address is 5; the writing starting position for the third column is set to the position. whose
address is 8; the writing starting position for the fourth column is set to the position whose address is
8; the writing starting position for the fifth column is set to the position whe address is 8; the writing
starting pest:ion. for the sixth C3iU7M is set to the position whose address: is 8; the wrnc, smarting
position for the seventh column is set to the position whose address is 10; the writing starting position
for the eighth calumniis:setde the-cositibn whosg-address is 10; the writing start(position for. the ninth
column is set to the posiMbon whose address is 10; the writing starting position for the tenth column is
se: to the posftior s¢hosecaddresssisif; theavriting startiag position tesx the eleventh gelumn is set to
the nosit.ion whbse address is 13; the writing starting position for the twelfth solnmh Is set to the
ceaition whosé addféss isa6: 18 ' \iriig startingposition-for the thiteeathicelumn is set to the

position whose, add%edssé,i};s 17; the writing starting position for the fourteenth column is set to the

position whose address is 19! thé Wifting §arting position-for the hifteEfth-etlufimis set to the
pas;T.:ion thsglqlqgire% is 21; the Xé’ﬁigin Osg@gpgﬁp%]rgg%n f%rdtpgqsgxt%egngh column_ inset. to the
position whoso address is 22; the writing Starring p05|f|on for T176 §&ineenth ‘column is set to the
position whose address. is 23; the writing starting posit on for the eighteenth column is set to the
position whose address is 2E; the writing. starting position for the nineteenth column] is set to the
position whose address is 39; the wrUtHno starting position for the 21st column is se: to the position
‘arose address RPAGewiiting starting positirsfor the 22nd-column. Hs sett the position whose
address is 41; the writing starting position for the 23rd column is set to the position whose address is
41; and the wdififid $tarting pdsitior forthé 24tk coflimpisBetto tecpesition Whose address is 42.
1029'i F12. 24&@%&@1@;T‘tgg@n‘yrqtg)er,(%ffgolugnnsﬁofﬂ,the memory i necessary for column twist interleave
and the address of the writor each’ |~~~ - ©/ 30C besides "2560AM 1s adoprted

as the modulation method, the bit number m of one syvmbol

is 8 bits and the multiple b is

(0214}

In this instance, according to FIG. 23, the memnory “
31 has eight columns for storing 8 » 1 bits in the row
Girection and stores €4,800/(8 x 1) bits in the column
girection. hen, The writlng starting position for the
first column from among the eight columns of the memory
31 1s set to the position whose address is 0; the writing
stariing position for the second column is set to the

e v S W B S S 4
=3

Zourth column is set to the pesition whose address i



moddiation method with regard te the LIPS codes of the _ different encedihq rlg the code 1-k 26,200:
as orescrihedtheste ndard. [0226-] As the reolacemarcrreplacement process of the dem, -25 JIG. first
to third reolacement methods of and besides, where QPOIi is adopted asllation method, the bit number
7: Of one symbo' is 2 bits and the multi flje b is I. [0227: s ance, accordnof Inc FT 0 24, the memory
hasorinbits in the row d.ireotj. or: ends cores 16,200R2 x 7 bits in the col direThen,g start:inc oosifor
the

the writing starting position for the fifth column is set

to the position whose address i1

193]
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ot
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writing starting

-

position for the sixth column is set to the position
whose address 1s 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 eichth column

18 set to the position whose address is 7
(0215

bit number m ¢f one symbol is € bits and the multiple b

lrection and stores 64,800/(8 x 2} bits in the column
direction Then, the writing starting position for the

first column from among the 16 columns of the memory 31

pesition for the third column is set to the position

-1
(82



onewo columns of the memory 32 is ss nx. cLommenwhose sodd starting pison for the seon d column
is set to the whose address is 0. Further, where the fcurth replacement method of ...ted as the
replacement method for the besides ciPSK is adopted as the modulation method, the bit number is of
one svmPol is 2 bhCs and the. m {0229] In this instance, accordind to TIC.. 24, the memory 31
has foui columns for stormns. in the row section and stores 16,2C0/(2, the columr direction.q b0 time
for nrfrom ampscoTumns of the memor  set to the posi.t.to.n whose address is C; t he writing
starting. wh___ion for the second column is set to the bosicion whos. Oddress is 2; the writing starcino
Position for the third column is set. to the nosit cc WhOSE address is 3; andritiro starting ing pos ion =

whose address 1s 2; the writing starting position for the
fourth column 1s set to the position whose address is 2;
the writing starting pesition 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 pesition
whose address is 3; the writing starting position for the
seventh column is set to the pesition whose address is
the writing starting position for the eighth column is

set to the position whosse address 1s 1%5; the writing

position whose address is 16; the writing starting

[ S W

DL A

the eleventh column 1s set to the position whose address

18 Zz:; the writing starting pesition for the twelfth

Wrlting starting position for the thirteentn column is
set Lo the positlion whese address is 27; the writing
starting poesition for the fourteenth column 1s set o the



the fourth oolunuc is set to th.pc/s ion whose address is ci , where one of the first to d cement methods
of FTC.plated as the _agem.d for the replacement tepoess of the multOrolexTIC. do and besides
I6QAM is adopt .d as ismethod, the bit number m of one ymbel is s and the mu,tLte b is I. In this
instance, according to FIG. 24, the memory 31 has four columns for storing 4 X 1 lofts in the row
direction and stores. 16,200/(4L hits in the column direction. Then, the wrting startinc position for the
first column from among the four columns of the memory 31 is set to the position whose address is 0;
the writing starting position for the second column is set to the position whose address is 2; the writfrag

starting position for the third column is set to the position . whose address ::-(( 2. and. 24 HP dmft inc
starting posit-of for

direction and stores 64,800/(1C » 1) bits in the column

position whose address iz 3; the wrlting starting
position for the third column 1s sst to the position
whose address 1s &; the writing srtarting position for the
fourth column is set to the position wnose address ig &5
the writing starting position for the fifth column 1g set
to the position whose address 1s 11; the writing starting

position for the sixth column 1s set to the position
whose address is 13; the writing starting position for

the seventh column 1s set to the position whose address



the fourth column is set to the position whose address is Further, where the fourth replacement
method of FIG. 17 (s. adopted as the replacement method for the replacement probess of the
deThiltiplexer 25 (FIG. Si and besides 16(liAM is adopted as the modulation method, the hit nuirber m
of one syMbol is 4 bits anc. the mfitle is 2. ((3233) In this instance, according to FIG.the memory RI
has e .ht columns for stiorino 4 x 2 bits in the row direction and stores 16,200/11 x 2) bits in the column
direction. "Mien, the wt.:bind starting pas:Lb:fon for the first. co) wan frchr among the eight columns of
the memory 31 is set to the bos[fich whose address is 0; the writing startimg position for the second
column is set to the position whose address is 0; the wr'ening statt'ng position for the third column is
set to the position whose address is 0; the writing starting positlon for the fourth column is set to the
position whose: addressys <l ; ihe writingsstarting, gosition-for the:fifth column is, set to the bositich whose
address fs 7: the writing starring, position for the sixth. column is c7,--'7 to the tes[teon whose address
is 20; the writirgp starting position:for thee seventhccolumrsis sefde tke pos[ton whaose address is 20;
and the writinc starting position for the eighth column is set to the posit:ion whose address is 21. [023 |
Further, where"dné of the fifst to 7. iefreplaceméntmetitods. 6f FIG:.ol6is athbted aethe replacement
method for the;gglapﬁemgnt process of the demult plexer 25 FIG. 3) and besides 640AM is adobted as
the modulation mhethod, the bit Buriberif Of ohe syibp1 i6betecant the Afltiple b is 1. [0235:
direction and steres, 16,2008(6hits in the calymn_

C TOr © tenth column is set to the

position whose address is 20.

[0219)

Further, where the fourth replacement method of FIG.

A ; . -
17 i1s adopted as the replacement method for the

o s L . - -

rep.acement process 0f the demultiplexer 25 (FIG. 8) and

besldes 1024QAM is adopted as the modulation method, the

it number m of one symbol is 10 bhit

in this instance, according to FIG. 23, the memory
bits in the row
direction and stores 64,800/(10 % 2} bits in the column
direction. Then, the writing starting position for the
first column from among the 20 columns of the memory 31

: " C . ‘s . . A
18 38T TCO Tne position whose address iz 0: the Writing

sosition for the sescond column is setr o

. e
o the position



rectron. Then, the writin o start rig position_
set to the oofttior. whose address is 0; the Ifirind starting position for the second column is

memory

the first ocliunn from among the six columns of the

set to the position whose al1,C; st_rtino postion ror the third olumn is set to the posit whose

addreswriting-sing position for fourth column is set. to the position whose addr3;

tind

position for the fifth column is set to the. position whose address is. 7; and the writing start:. nq
posilticsixth column is set to the position whose a [9236 the r, wierdlaoeinnt methcp of FIG. 17 is

adopted as the replacement method for the

cement process=multiplexer 25 )FdC. 8) and besides

440JU is adopted as tne modulation, net ho bin number m of one symbol is 6 bits and the multiple -0

fourth column is set to the position whose address is 4;
the writing starting position for the fifth column ‘s set
to the position whose address s 5; the writing starting
position for the sixth column is set to the position
wicse address 1s 6; the writing starting position for the
seventh column 1s 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 peosition for the ninth column is set to the
pesition whose address is 13; the writing starting
position for the tenth column iz set to *the position
whose address 1s 14; the writing starting poesition for
the eleventh column is set to the pesition whose address
is 14; the writing starting position for the twelfth
column is set to the position whose address is 16; the
WIltTing starting position for the thirteenth column s
set to the position whose address is 21; the writing
starting position for the fourteenth column is set te +he
pesition whose address is 21; the writing starting
position for the fifteenth column is set to the position
whose address is 23; the writing starting pesition for
the sixteenth cclumn is set to the pesition whese address
is Z5; the writing starting position for the seventeenth
column is set to the position whose address is 25; the



In tnistan'-e, assTo FTthe memory s twelve. colsmns for storingS taon. Then, the wrinir:a starting
taps-clog for - s' ool umn from amongtwelve columns of the item 31 is set to the uti time whose
address is 0; thee startingthe second, column is set to the -- address is O; ice critic- sta r the
third column Is set to the!Posit en whose address istne writino stertino oosition fir the  rth column is
set to the position whose address is 2; the writing starting nositirn for efifth cci icon is set to' ion whose
auos sno starting tuntion for the sixth colonc Is set to the. position whose addres is 2; the writing
tartmn, tnsitieh for th seventh column is set to the pos_alon whose aCi the writino starting oositior for
the eighcolumn is to the positse addressthe writino

writ Lghteenth column is
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pesition fo

set to the position whose address is 26; the writing
starting position for the nineteenth column is set to the

position whose address 1s 2&; and the writing starting

022717
Further, where one of the first o third
replacement methods of FIG. 16 is adopted as the

. . - . -
demultiplexer 25 (FIG. 8) and besides 40960AM is adopted
2s the modulation methed, the bit number m of one symbol

.
102227
1n This instance, according to FIG. 23, the memory

27 has 17 eolumns o e 10 T ohit in * ;
Sl nas 1Ly columns for storing 12 x I bits in the row

- - - . o gy Ie - -
direction and steres 64,800/(12 x 1) bits in the column
direction Then, the writing starting position for the

o e PPN - -~ o o T 3 -
first column from among the twelve columns of the memory
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eleventh column is set to the position whose address is starting' pc,sitior. for the twel.fth aclomn se set
7Gwhose' Fuan relacement methods of FIG. 16 '5- adopted as -71h.ei replacement method for the
replacement.-rocess of the 25 (FIG. 8) and besides 4adopted as the modulation method.,
ni of one symbol is 8 bits and the multiple b is 2. tnos instance., according to 215.the memory ft
columns for'rg 6 Y -4 bits in the row and stores 16,200 (5 x 1 bits in the. column tint.rit , starting
position for the st column from amone the ei.ght co.lumns of the memory 31 is set to the poccc
address is 0; arthcg position for the second column ; set to oh. position whose address is Eli the
writing starting position for toerd column ic set to the '0os son whose address is 0; the writing starting
position for the fourth column is set to the position whos address is the writing startinc ositlon,forfifth

soicmr_is set fourth column is set +o the position whose address is 2:

the writing starting position for the fifth column is set

position for the sixth column is set o the position

whose address is 4; the writing
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seventh column is set to the position whose address is 4

the writing starting position for the elghth column is
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whose address 1s 7; the writing starting pesition for the
eleventn column s set to the position whose address is
£; and the writing starting position for the twelfth



to the position whose address 4s. 7 the writin.g. S rtin.c posit: u for the sixth column is Set to the co
'Hen oseis 20; the writingarting column is set cc the position -no cc adduess is 20; and the writ
ing starting position for the eighth is set to these ad 102401 Further., where one of the first to third
replacement. methods of FIG. 16 is adopted as the replacement method for the reohacegprC 'siroccos
of the demultiolexer 25 (FIG. Efl and besides 1024c2AM is adopted as the modulation method, the tit
number m of one symbol is 10 bits and the multiple P is L. [0241) In this instance, according- to
FIG. 24, the memory 31 has 10 opJumns for storing 10 s 1 bits in the row direction and stores.
16,202/[10 xbits in the rOillTan direction. Then, the writing starting position for the first column from
among the ten columns of the memory 21 is set to the position, whose address is 2; the writing starting
position for theé secend zolumnisse: to-thes position whose address is 1;-the writing starting position
for the third coinPn is se: to. the position whose address iswriting starting position tor the fogrtn column
is set to the péSitiGs Whosesaddress is2; tHe teitihp starinp pesitien for thefifth,colemn is set t33 the
position whose address is 3; the writing starting position for the sixth. column Ls set to the position
whose addressis 3 thé Writing Starting position et :ié seventh culamniisrsetto thé posHi'on whose
address is 4; the writing.starting position for the eighth column is set to the position whose address is
4; the writing Starting PoSition for the RintA coluinins s&t o tHe" pasition wiesEaddress is 5; and the
writing starting pogitionfor the. tenth colymn,is sef to the position vghostehgd%estsllgg
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whose address is 8; the writ
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Tourtnh column is set to the position whoss address

the writing starting position for the fifth column is set

starting position for the ninth column



[0242 Further, where the fourth replacement method of FIG. Id is adopted as the replacement
method for the replacement process or the demultiplexer 25(3:0. 8) and besides 1024cAM is adopted
as the modulation method, the hit number m. of one symbol is 10 bits, and the multiple lo is 2. [0043]
In this instance, according to FIG. 24, the memory 91 ..as. 20 columns for storing 10 x 2 bits in the row
direction and stores 1402004f.10 x 2) bits in the chilundu direction_ Then, the writing starting posttion
for the first column from among the 20 columns of the memory 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 9; the
writing starting position for the third column is set to tne position whose address is 0; the writing
starting position for the fourth col= is set to the position whose address is 2; the writing starting
position for the.fifth comnen ds setito thespesition whosenaddressis 2 the wiiting stattina vosition for the
sixth column is se: to the posit:ion whose address is 2; the writing starting ;position for the seventh
column is set td6%he Pposition whoseiaddress §s: 2z thierweiting starting position farrthe eighth column is
set to the position whose address is 2; the writing starting position for the ninth column is set to the
position whose*address”s s’ the Wiiting staktiig positionsor thetenthiieolumAds settdo-the position
whose address is e thp writing starting position for the eleventh column is set to the position whose
addressis  the Wrting Staring position for the twelfth Collihn is S8t 5 frie- pBSition whose address is
5; the writing sgatino;pgsition far thehireenth oituan Js set to the position whose address is 5; the.
writing starting position for the fourteenth column, is set to the positipn whose address is 7; the writing
starting positiontfe the.d-fteent! caluffp is set. to-the positipn.whose address is.7;:the writing starting
ppsition for the sixteenth column is set to the position, whose addréss is 7; the writing starting position
for the seventeenth coluisristsetceitherpasitien whoseraddress is 7 pthewrting starting sposition for
the eighteenth column is set to the position whose address is 6; the writing starting position for the
nineteenth columnds sett6 the postton wese addressiis Yo andcthe\irting starting position for the
twentieth

N

column is set to the position whose address is 23; the
writing starting position for the eighteenth column is
set Lo the position whose address is 26; the writing

starting pesition for the nineteentn column

n
o0

i et To the

position whose address is 37; the writing starting

position for the twentieth column is set to the position



column is set to the position whose address is 10. [02441 Further, where one of the first to third
renlacemput methods of FIG. 16 is adopted as the replacement method for the rehlacemnt process of
the dempitiplexer 25 (FIG. 6) and besides 4096(DAN is adopted as the modulation method, the bit
number m of one symbol Is 12 bits and the multiple b is 1. [62451 In this ine.tence, according to
FIG. 24, the memory 31 has 12 columns for storing 12 x 1 bits in the row direction and stores
16,2606c12 a I) bits in. the column direction. Then, the writing starting position for the first column from
among the twelve cohimns of the memory 31 is set to the position whose address is 0; the writing
starting positron for the second. column) is set to the position whose address is 0; the writing starting
positiot for the third colpali, is set to the position whose address is 0; the writine starting position for the
fourth column issset-to the pesition whose.addiess:is 6;,the writing starting positioh,for the fifth =lll= is
set to the position whose address is 2; the writing starting position for the sixth column is set to the
posiinion whosetaddressds 2; the writingrstarting-pasition fer: thessevernth column is set to the edusttioh
whose address is I',; the writing starting position for the eighth column is set to the posit.ion whose
address is 3; tRe WritieStarfivig bositich Tor tieominth column iS.5éCtocthéspositHorewhose address is
2; the wrt'ng startln% position for the tenth column is set to the position whose address is 6; the writing
starting position for the Blevehth “pil imn s 88t fthe Fosifin Witsel &8dresstis 7% and the writing
starting Positionfor the twelfth co;Ulffl is set to the ngi_’gign whose address is 7. [02451 Further,
where the fourth féplacement method of FIG. 177is adopted as thet@pfacement method for the
replacement progess; of the demultiplexer 25 (FIC. 3) and besides 4096clAM is adopted as. the
modulation method, the it number it of or .esymbol is 12 tits and the multiple b is 2. [(2217I In

this instance., apperdong ta#=22-24 stherraemory3l-has 26 calumnas ok, storing 12 x 2 bits in the row

brocess oI the demultiplexer 25 (FIG. 8), one of the

Iirst to third replacement methods of FIG. 16 is adopte
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method, the bit number m ¢f one symbol is 2 bits and the

multiple b is 1
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in this instance, according to FIG. 24, the memory
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Further, where the fourth replacsment method of FIC.
17 is adopted as the replacement method for the



95 direction and stores. 16,200/(12 x 2) bits in the column direction. Then., the writing starting position
for the first column from among the 24 columns of the memory 31 is set to the position whose address
is 0; the writing starting position for the second column is set to the position whose address is 0; the
writing starting position for the third column is set to the position whose address is 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 position whose address is 0O; the writing startina posiiieb 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 nosition whose address is 0; the writing starting position for the eighth colomb is
set to the position whose address is I; the writing starting position for the ninth column is set no the
position whose-agdressris i -the-weiting startingnbsition for the tenth: column is set tg, the posit ion
whose egress is 1; the writing starting position for the eleventh column is set to the position whose
address is 2; thewriting stafing position forithestwelith-colurna-ds set e the-positign whose address is
2; the writing star-tin;: position for the thirteenth column is set to the position whose address is 2; the
wr._ sition for thefed 1t Befth. toturhiis et {6 theidn Whosedaddressis 81102 startongzcositd.cn for the
ffeenth column.is set 70 the position whose address is  the t -sing starting position for the sixteenth
column is set to théon whose address is 9; the w sfarti iu positron icr the seventeenth column is set to
the pc iion whose addrgstlggi\/uritgnfgsstarting pgsitThg{%rgthgoeiggrcgergné cclunhri is set to the btsr?iiiin
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nineteenth. -81 cnnis set to hs.pOF lon whose address is 10; fil writing startlng cosition for the
twentieth column is set to the boition wHose address is 1?0; the writsfartin position for the 21st column
is set to position whose addreitartin pos.ition for the 82nd column isthe nd tion whore address is 10;
th.e writinc starting position for the 23rd oflunh is set to the co whose sddress is 10; and the writing
starti q positionset the position whose address is 11. Now, a transmission process carried out by
transmssor apparatus 11 of FIG. 8 is described w refeow chart of FIG. L02491

In this instance, according to ¥FiG. 24, the nemory
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replacement process of the demultiplexer 25 (FIG. 8) and
besides 16QAM is adopted as the modulation method, the

Lit number m of one symbcel is 4 bits and the multiple b
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The -CDPC encodilig section 21 waits that object data are supplied thereto

and, at step 2101, encodes

the object data into IDPC codes and supplies the ADC codes to the bid interleaver 22. Thereafter, the
processing advances tor 5102. [0250] At step. 5102, the tit interleaver 22 carries out bit interleave for
the LDPC codes from the 1190 encoding section 21 and supplies the LTPC codes after the interleave

to the mapping section 26. Thereafter, the processing advances to stet 02e3. [6251]

in particular,

at step) 5102, the facHty 'nterlaaver 22: in the bit interleave:. 22 carries out parity interleave for the
LDPC codes from the LEJFC encoding section 21 and supplies the 1030 codes after the carttv

interleave to the column twist Inrarleayer 24. [U752

The column twist.

interleaves 24 carries out

column twist interleave for the 1090 codes from the parity interleaver 23 and then the demultiplexer 22
carries out a réplasementprocessforsthe:3DPEG: cederafterthercO-d U T A=1 twist Hnterleave by the

column twist interieaver 24. Then,
31 is set to the

pecsition whose address s
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the LOPE codes after the replacement process are surodied from the demmitiplexer 25 to the
mapngng section 26. 13253] At stet 3133, the mapping section 26 maps. the in code bits of the
LOPS codes from the demultip6exer 25 to symbols renresented by signal points defined by the
modulation method pt. orthogonal modulation carried out bv the orthogonai modulation section 27 and
supplies the manned code bits to the orthogonal modulation section 27. Then, the propessing
advances to stet S104. [02.641 At step 3104, the ortnoccnal modud.ation. section 27 carries out
orthogonal modulation. of a. carrier in accordance with. the symbols from the mapping section 26.
Then, the processing advances to step 6106, at whten the modulation signal obtained as a result of
the orthodonall modulation is transmitted, whereafter the processiho is ended. It is to he noted
that the transrilisSfoH- processofFIG- 25 istoarfied Gutreperitivielv. 18256% Sycdarryinc out the parity
interleave and the column tW|st interleave as described above, the, tolerance 06 rr to erasure or burst
errors where & pitriitySf-code bits of &n FBPC C6d&s afe trafishiited a87one"$yrhbél can be
improved _ [02$5i7?18 .
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Here, while, in FIG. 3, the parity interleavbr 23 which is a block for carrying out parity interleave and
the column twist. interleave' 24 which. is a block for carrying out column twist interleave are configured
separately from each other for the convenience of description, the parity interieavbr 73 and the column
twist interdeaver 24 may otherwise be configured integraiTy with each other. [025S] in particular,
both f the parity interleave and the column twist interleave car be carried out by writing and reading out
of code bits into anh from E. memory and can be represented by a matrix for converting addresses
(write addresses into which writing of code bits is to be carried out intg addresses (readout addressesj
from which reading out of code hits is to be carried out. (32591 itccoreHnNgiv, if a. matrix, obtained
by multiplying a matriz reiggesentative of the parity interleave and a matrix rapresnmiative of the
column twist interteave is: determined:incadvance; ¢hen i the matrixds used te.convert code bits, then
a result when parity interleave is carried out and then LDPC codes after the barity interleave are
colunm twist intefliéaved eanbelobriret: {0260k tweEurthersinaddition torthe-paity thberleaver 23
and the column twist interleaver 24, also the demultiplexer 25 may be configured integrally. D32611

In particular, also the réplaceméentprocess caridd ot bydRe demslitiplexer 25 canhe represented by

a matrix for copverting a write address of the memory 31 for storing an LDTC cede into a read
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10262’ Accordingly, if a matrix obtained by multiplication of a matrix representative of the parity
interleave., another matrix representative of the cold= twist interleave and: a further matrix
representatfve of the replacement process is determined in advance, then the rarity interleave, column
twist interleave and replacement process can be carried out collectively by the determined, [0263]
only one of the parity interleave and the column twist interleave. [02 Now, a simulation carried out
with epara to the transmission spoaratus 1.1 of FIC. 9 for measuring the error rate (hot error rate) Is
described with reference to FIGS. The simulation was carried out adeptina a communi)each which has
a flutter whose 7/0 is 0 dELI. [0266I u,. ro snows d Ocommunimon path

7 + 3 S . : J 3
replacement methods of FIG. 16 is adopted as the
f th

as the modulation method, the bit number m of one symbol
i1s B bits and the multiple b is 1.
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adopteo in the sinri--'ony [026 In particular, T) of FIG. 26 showsmodel a the flutter adopted in the
slmala Meanwhile,of EIC. 26 shows a model of a cammunnpath. which has the flutter represented It
‘he moapl of 1026 is to be noted that, in S of FIG. 26, represents cite inhe flutter of A Further, in 2 of
FIG. 26, N represents ICI (21-1tt Carr'ier Interference), and in the simulation, an expected value 0 N21
of the power was approximated by ATM:N- [027H
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Starting position for the secoend column is set to “he
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FIGS. 27 and 28 illustrate relationships between the error rate obtained by the simulation and the

Doppler frequency fd of th

e flutter. [0271]

It is to be noted that FIG. 27 ilibstrates a. relationship

between the error rate and the Doppler frequency fd where the modulation method is 16Q..A.N1 and
the encoding. rate (fM is (3/4) and besides the replacement method is the first replacement method.
Meanwhile, FIG. 28 illustrates the relationship between the error rate and the Doppler frequency fd
where the modulation method is 64QAM and the encoding rate Yr) .-12s (5/6 and besides the

replacement method is the first rentamobent pplahod. [0272

Further, in FIGS. 27 and 28, a. thick

line curve indicates the relationship between the error rate and the Doppler frecuency fd where all or
the parity interleave, column twist intbrbeave and retdabement process ware carried out, and a. thin
fine curve. Hnditates therefatiorship between the errdr ratenand the: flaopfer frequency fri where only
the re:decrement process from among the parityate, colum e.tuaoernent process was carried Put. in
both of RIGS ZFand thatthePértorrate imiprévereadespwhére all of itive patit:},eolumn twis: inter-
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rT17-, 29 is a block diagram showing an example of a con guratitinrecTi apparatus 12 of FIG.
Referring to Eii.the reception apparatus 12 is data processing app ratus for receiving a modulation
sienal. :L_o.." the transmission apparatus 11 (FIG. 7 and. includes an orthogonal otemooulalon
section demapping section 22, a deinterlearrer 53 anH an 1.296' deooding section 56. The orthogonal
demodulation sectich. modulation signal from the transmission acoaratus 11 and carrieout orthogonal
demodulation,arid rcer sun svwbols obtained as a resrl t of the ortbO0OOnal demodulation(values on the
| andaxes) to the demappi, section 52, 152771 The demappino section 52 carries outping of
converting the symbols from the orthogonal den(ogulaton section 51 to code bits of a.n LOPC code

andthe code 12 EL- othe de t
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The deinte column t dednterleavc:, of t demapoinc section cia inul(MUX) sn deinterleaver 55 and ca.rr
as out ode bicode fromthe particular, :he multiplexer 54 carries out a rave:lacement process
(reverse process to the t ptocess, correspertcli..nc to tne replacement ied out by the
denruillplexer 25 of FIG. E, for the LOPC codes from the .5cma:oicHnn section reverse rececement
crocess of returncz the code boos rep JCOOCL by the redrocess to the ono: -1 positions. Then, the
muitip

&/ and the writing starting position for the twentieth

. .
column 1s set to the position whose address is 10.
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LOPS code obtained as a seavit of the reverse replacement process to the column twist deintcrieaver
55. HuLooj column, twist deinteriedvflr 55 -es out. on] unit twist deinterleave (reverse process to the
column twijst interleave corresponding to the. column twist interleave as the re-arrangement process
carried out by the column twist interleaver 24 of FIG. 3, that is, for example, column twist geihterleave
as a reverse rearrangement process of returning the arrangement of the code bits of the 1,0PC code
having an arrangement changed by the column twist interleave as the reaaamanmemena process to
the original arrangement, for the LDPI. code from the multiplexer 54 [0281] In partionlar, the
column twist delnterleaver carries out column twist delnaerleave by writing the code bits of the LaPC
code into and reading out the written code bits from the memory fcr dacnteaeave, the memory being
configured simi&fy t& e rerads 3L showreinFIG: 22:andso farfhh  colltistoibe meted that, in the
column twist deinterieaver 55, writing of the code bits is carried out in the row di section of the memory
for deinterleavé Usmg“fea%badd“r‘é%s%%ondr%%dﬁg“ otfthe codes froat tHememaryi3tas write
addresses. Meanwhllebrealdcout of the code dlts is carried out in the column dtrecticm of the memory
fornter,P -sing the write addresses upon Wins of the codebits frito the nﬁ’@mbrﬁ 3% as read addresses,
[02831 =S C'rd,as asesult o.the galumn twist W;erleave are, sugbdled from the co- Iumn tw
deinterieave.. 53 to the L.2,52-.0. (*erodlng section 56g “While the Lbw' code s! plled from t
aemapping sectione52 1o theaver 53hasbeen the position whose address

set to the position whose address is 3; the writing
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obtained by the oaritv interlia,” column twist aos carried out order therefor, the a inter eaver 53
carries reverse replacement process correnpond n to the replacement process and =lamb twist be
4.nte  earp ing to the column twist interleave, parityspnctthe parity interleavetetb-ce reverse to the
ItL,"=": is, the parity Aeinterret---Ing arrandement of the code bit.s of the LOPS code, whose
arrangement has been varied by the parity interl the crigfrosi arrangement, is not carried cut. 351
Lccordingiy, the LOPS code fr ....shich the reverse 1acemen,t process ann, the column twist
deinnerieave have been carried out hut the parity deinterleave has not been cafr[ed out is supl2Lied
from the (column twist. deinterleaver 55 of the) deinterlovver 53 to the LDPC decoding section 56.
[02861

direction and stores 16,200/(12 x 2) bits in the column
direction. Then, the writing starting position for the
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The LIPS decoding section 56 carries out LDPS decding of the TiCPS code from the de[frerleaver 53
using a conversion parity check matrix, obtained, by carrying out at. least cod= replacement
corresponding to the parity interleave for the nanny check matrix H used for the LDPC encoding by the
[LIFO encoding section 21 of FIG. 5, and. outouts data obtained as a result of the LIPS decoding as a
decoding result of the object data. FIG. 30 is a flow chart illustrating a reception Process carried
out by the receposion apidaratus 12 of FTC. [02881 The orthogonal demodulation section 51
fiemaivef7 8 modulation signal from the transmission apparatus 11 az step 3111. Then, the processing
advances to step 3112, at which the orthogonal demodulation section 51out orthcional demodulation
of the modulation signal. The orthogonal demodulation. section. 51 supplies symbols obtained as a
result of the orfhogonal defitdiiafidiT to e démappiiy sédtion 52, Wheréafiér the processime
advances from step. 3112 to step S113. £.)2E9 . At step 3113, the demapping section 52 carries
out demapping%‘.” %6?1\%/%rtrn§*tr%%§vnﬁﬁ61§)%§r% the o ucf)ré‘rgnlaf démedtiaticty sBEtiort 52 into code lefts
or an LOTS codeand supplies::he.cade hits tg the deirseerleaver 53, whereafter he processing
advances to step 3114. [02901 At step, 3114, the deioterleaver 53 carries out defnterleave of tee
code hits of the LORS codedtamrthe deraappens seetion. 52 whereaftarthe processing advances to
step S115. [0291 In particular, at step 5114, the mJ.15iplexer 34 in the detnterleaver 53 carries
out a reverse réplacementiprocess ferthencE OPC code from the demiappfon: section:52 and supplies
1...31:PC code obtained as a result of the reverse replacement orocoss to the column twist

defmterleaver 55, St to the position whose address is 9; the writing

starting position for the seventeenth column is set to

the position whose address is ¢

whose address is 9; the writing starting position for the
nineteenth column is set to the position whose address
107 the writing starting position for the twentieth
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position for the 22nd column is set to the position whose
address i1s 10; the writing starting pesition for the 23rg
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Now, a transmission process carried out by tThe
transmission apparatus 11 of FIG. 8 is described with
rererence to a flow chart of FIG. 2F



[0292] The column twist defrterleave- 55 carries out column twist deinzerleave for the LOTS code
from the militiplexer 54 and supplies an LETC code obtained as a result of the column twist
geirterleave to the mr"C decoding section 56. [0293] feb 5115, the ID.Pc. decoding section 56
carries out DOPC. decoding of the L. DPI 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 L.DPC encodingthe LDPC encoding
section 21 of FIG. 8, and outputs datd obtained 'my the L.DPC decoding as a decoding result of the
ittect data. Thereafter, the processing is ended. Y3.294] 0: is to he noted that the reception
process 01 FIG. 30 is carried. out repetitively. 16295] Also in PIG. 29, the gpfiltiplexer 54 for
carrying out the Yeverse replacement process and the column twist deinterleaver 55 for carrying out
the column twist de'nterleeve are configured segqrggely from each other for the convenience of
description similarly as in the'case of FOD. 8. HoweVer, thé Miltipfexer 5= &nd Tt cofifin twist -0’55
fan. be configuszed iwith each otherd0296L  =: scep 5101, encodes -ne

object data into LDPC codes and supplies the LDCP codes

to the bit interleaver 22. Thereaftsr, the processing
aavances to step $S102
[0250]

At step 5102, the bit interlieaver 22 carries out

interleaver 23 and then the demultiplexer 25 carries out
a replacement process for the LDPC codes after the column
twlist interleave by the cclumn twist interleaver 24 Then,



Further, where the transmission. appbra-us Il of FIG. 8 does not carry out the column twist is no
nenessity to prbyide the mulurm twist dbinterleaver 55 in the rece.ption abribratub 12 of FIG.

Now, the LOPC decoding carr d out by the decoding section 56 o0f26 is further denrihed. [8298' The
20680 decoding section 56 of FIG.-; 1090 decoding er an 2010 codech the reverse rerolacemen
-process and the column twist boUnterleaye have been carried out but the arot..y deint.erleave has not
been carried out, from the column twist de itbrleaver 55 as described above using a conversion tarjjjv
check matrix obtained by carrying out at leas-column replacement spondinb to 4.-ine for the, part:
Here, 2091 decodino wh oh can suppress the operation frequency within a suoncientlu ifplementahle

3

the LDPC codes aft

Q
D

r the replacement proces

)]
o

re supplied

trom the demultiplexer 25 to the mapping section 26.

code bits of the LDPC codes from the demultiplexer 25 to
symbols represented by signal points defined by

modulation method of orthogonal modulation carried out by

. . e s - . 4
the ortnogonal modulation section 27 and supplies the
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AL step 3104, the orthogonal modulation section 27

acceordance with the symbols from the mapping section 26
M oy - — o -
ihien, the processing advances to step S105, at which “he

L R K o 4 e - = 3 :
modulation is transmitted, whereafter the processing is

ended
e B ]
L UZo5]
*;f G o P - 4 4 - e - o v i~
T 15 TO Le noted that the transmission process of
N ~ g
FIio 75 dg carried A1+ e s ]
ris. 42 18 carried out repstitivelw



the 1,13PC decoding usina the conversion na.ri:v check Matrix has been proposed formerly (refer to,
for example, Japanese Patent Laid-Open No. 2004-3434704. [03001 Thus, tne formerly proposed.
LDPC decodinb whach uses a conversion parity check matrix is described first with reference to FIGS.
31 to 34. [0301] FIG. 31 shows an oxamloie of the parity cheon matrix H of an LDPC code whose
code length N is 93 anb encoding rate is 2/3- [03023 It is to be noted that, in FIG: 31, 0 is represented
by a period ") (this sibdia.rly aoolies also to FIGS. 32 and 33 hereinafter described),. (0303l In the
parity check matrix b of FIG. 31, the carjcy matrix has a staircase structure. [03041

Lo erasure or burst errors where a plurality of code bits
of an LDPC codes are transmitted as one symbol can be
improvead.
(02577

Here, while, in FIG. 8, the parity interleaver 23

which is a block for car

-

rying out parity interlesave and

- e s T - - N .
che coLumn twist interleaver 24 which 18

LT L L

ot e It arla ~ ’ } £
Cwist interleaver 24 may otherwise be configure

jo3

integrally with each other
[ale Bl
LUing

an oe carried out by writing

from a memory and

adoresses
write acaresses) 1nto which writing of code bits is to

(022971
Accordingly, 1f a matrixz obtained by multinlyving
s < 5 +Liblying a
matriz representative of the parity interieave and 2
matrix representative of the column twist interleave is



HIG. 32 illustrates a parity check. matrix H' Obtained by applying row replacement of an expression
E',)) and column replacement of an expression (9) to the parity check matrix H. of FIG. 31. P333051
Row replacement: 6s+t8-8th row e 5tei-selth row [0306j column IC31271 - Column replacement:
ex+y8618).1 column - 5y+xe81th 8. However, in she expressions (8) and (9. 5, t, x andare integers
within the ranges of 0 :=). s < 5,0 h't
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is carried out and then LDPC codes after the parity
interleave are column twist interleaved can be cobtained.

[0260]

urther, in addition to the parity interleaver 23

and the column twist interleaver 24, alsc the
demultiplexer 25 may be configured integrally.

[0z61]

T e I IS 1 N Ty o T - ~ - -
In particular, also the replacement process carr
out by the demultiplexer 25 can be represented by a

o S S y~ A - 4 A PPN . 7 i
matrix for converting a write address of the memory 31

for storing an LDPC code into a read address

of a matrix representative of the parity interleave,
another matrix representative of the column twis+t

Epeaa Y an S P . £}
interieave ant a Iurthery matriy repressntative ¢of the

replacement process is determined in advance, then the
parity interleave, column twist interleave and
replacement process can be carried out collectively by
the determined matrix.
[02¢63]

It 1s to be noted that it is possible tco carry out



<6,0e-x<5and0Ct<6, respectivelv. [03062: According to the row replacement of the expression
) (8), the replacement. a aa,eaaa out in such a manner that the 1st, 7:h, 13th, 19th and 25th rows
each of whose =miners 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, 20nh and. 26th rows each of whose numbers
indicates a. remainder. of 2 where it is divided by Sara replaced to 6th, 7th, 8th 9th and 70th rows.
[C3021 On the other hand, according. to the column rendacement of the expression (9), the
replacement is carried out for the 61st and succeeding columns (parity matrix) such that the 61st, 57th,
731d, 79th and 851h. columns each of whose numbers indicates a remainder of a where it is divided
by 4 are replaced to 51st, 62nd 53rd, 64th and 64th columns, and the 62nd, 64th, 74th, 40th and 46th
colifsans each Gf Whose nimbers ifditates a remanitferof 2 Whers itis d‘i\?‘?ded‘bif%:are replaced to
66th, 67th, 6eth, 69th and 60th colimhs. i4P101 A matrix obtained by carrying out replacement of
the rows and the columns for the parity check matrix H of FIG. 31 is a parity check matrix Hf of PPG.
22. Here; even if the row replacement of the parity . check matrix 54 is carried out, this does not
have an influenms on the arrangement of the code bits of the IMOPO code.

Now, a simulation carried out with regard to the

transmission apparatus 11 of FIG. 8 for measuring the

erroy rate (bit error rate) 1s described with reference
N ~ o
to FIGS. 2¢ to 28
-
Gzes)

The simulation was carried out adopting a

communication path which has a flutter whose D/U is 0 d

t

0zZe7;
In particular, 2 of FIG. 26 shows a model of the
flutter adopted in the simulation.
[Cz268]

communication path which has the flutter represented by

+ e =
tnhe model of A cf FIG. 2¢.



{03127 Meanwhile, the column reh6acement cf the expressich (9) corresponds to parity
interleave when the information length K, the shit column number. P of the cyclic structure and the
devisor g --- M/P) of the parity length. M (hereg 30) th the parity interleave of interleaving the
E+gxeyslth code bit tc the position of the 124t9y-x+Ith cote Isft are set to 60, 5 and 6, respectively.
[03IP7 If the parity .( (horeinal icr referred to suitably as replacement parity check ma-of FIG s
multi.plied bv a result of renlacement same as that of the expressionfor the LDPC code of check
matrix(hereinafter referred to suitably as narit check matrix) of FIG. 31, then the O vector _4.
outputted. In part -Jar, where a row vector obtained dv appovinc -' = column reolacement expression.
(9) for thel row vector ¢ as thg 1DPC codeLéone codewordi of the oronnal parity check matrix H is

: —erencef Cand In Fje Simulation S = *
repre-entedsincebecomies the C vector or - basis 6 the chards:*atm8i<o-EE ¢“hiremse the 0 vector
(0314) E[N®] of the povwer was approximated by AWGN.

[0270]
FIGS. 27 and 28 illustrate relationships betweern

e -y [ SR fy o o vy ) < o i r h
-fe error rate obtained by the simulation and the Doppler

It Is to be noted that FIG.

Hy

elationship between the error rate and the Doppler

by

requency Iy where the modulation method is 160AM and the

ere iR e raros [(vyy 4 e " <A ; -
enicoding rate (r) is (3/4) and besides the replacement

i

£ o £ AR 1 Eo S i ; £
trequency I, where only the replacement process from among



From the foregoing, the conpar-1 matrix H' of FIG. 32 here:nes the parity check matrix of an 1190 code
c' obained dv carryino out th.e column. replacement: of the expressionthe )/C19e: codo thelei aitv
check matrix H. TC3151 _sere:dincarrying out thei) replacement the expression (9)c of the -.flul r the'
LT:Pc et matrix F, decoding (LE:PC decoding)the IIT code c' after the cc lumen replacement
usinu the rarity check matrix H' of EEC. 32 and then carrying rt reverse replacemena to the column
replacement of the expression (90 for result of decoding, a decoding result similar to Lhat obtained
where the EDPC cede of the original parity check matrix H is decoded using the carimy check matrix H
can he obtained_ L0316J FIG. 33 shows the conversion parity check matrix H' of FIG. 32 wherein

a space s :provided between unims of 5.x 5.patiges, 0247, .. I Fll, 33., the conversion parity

check matrix H' is represented by a comiddination of a. unit matrix of5X 5 é’lgments, another matrix
(Thereinafter referred-tenstitably-as-guasi-:unit-matrix)-which corresponds to the unit matrix whose
element or elements of 1 are changed into an element or elements of 0, a.. further matrix (hereinafter
referred to suitably’as shitt matrix which corresponds to the unit matrix: or arasi unit matrix after it is
cyclically shifted (cyclic shi=t), a still further matrix (hereinafter reoemred to suitably as sum matrix)

T Iy b + T Lo B e} - -~ 1 3
~nobotn o FIGS. 27 and 2B, 1t can be recognized

that the error rate improves (decreases) where all of the

replacement process are carried out rather than where

D
thy

T DG ¢ PR ) : 3
FIG. 28 is a block dLagram SOOWLNg an &examplis ©

< a
conflguration of the reception apparatus 12 of FIG. 7
[0z7s5

) Referring to FIG. 29, the reception appara-us 12 is
a data processing apparatus for recelving a modulation
signal from the transmission apparatus 11 (FIG. 7) and
includes an crthogonal demodulatior section 51, a
demapping section 52, & deinterleaver 53 and an LDPC
deccding section 56
0z27¢7

The orthogonal demodulation section 31 receives a

modu.atlon signal from the transmission apparatus 11 and

then supplies

Tl



of two or more of the unit matrix, quasi unit matrix and shift matrix, and a 0 matrix of 5 x E. elements.
[03 it can be regarded that the conversion parity check. matrixof FTC. 33: is composed of a unit
matrix, unasi unit matrix, a shift matrix, a sum matrix and a C matrix of 5 X 5 elements. Therefor, the
matrices of 5 r 5 elements which compose the conversion parity check matrix HI are hereinafter
referred to as component matrices. 103191 For decoding of an TiDPc code represented by a
parity check matrix represented by a matrix of P X 7 components, an architecture which carries out
check node mathematical operation and variable mode mathematical operation simultaneously tor P
check nodes and P variable nodes can be used. 103201 FTC, TL is e block diacdam showing
an enambUe @Qng%gggy{agggto{&d%@dlinb apparatus which carries out such deccdind as just
described- 103211 "~ n particular, FTC.. 34 shows an. example of a configuration of a decoding
apparatus whigh carries out decoding of LDPC codes of the crihi al parity check matrix H of FTC. 31
using the conversion parity check Y33221

The demapping section 52 carries out demapping of

e

Q

converting the symbols from the orthogonal demodulation

¢
(

section 51 to code bits of an LDPC code and supplies the

The deinterleaver 53 includes a multiplexsr (MUX)

54 and a column twis:t deinterlieaver 55 and carries out

deinterleave of the code bits of the LDPC code from the
demapping section 52
102741

in particular, the multiplexer 54 carries out &
reverse replacement process (reverse process to the
replacement process) corresponding to the replacement
process carrled out by the demultiplexer 25 of FIG. 8 for

. . A B I - z :
The column twist deinterleaver 55 carri



The decocinc apparatus of FIG. 34 includes an edge storage memory 330 Lnciudfsix. FIFos 3001 to
3006, a selector 301 for selectinc the HIFOs3006, check node calculation sect on 302, two cyclic shift
circuits 303 and 308, an edoe data st.orage memory 304 in. :lading 18 FIFOs 3041 to 30418, a
selector 'Of, for selectino the TTOsto 304, a receoticn data memory 306 for storing reception

information, a. variable node

ion section 307, a decoded worn caFtu tion section 309, a

receeklon de. arra.ncernentt section and a decoded data re-arrangemen s ctaen rC2231 a storage met
a of data intedata rage memories 300 al - 304 isdescrHbeo /1 The edge data storage merer 300

in.:nudes the six

LT VT L oW

300 t J vtoe number of which 1s eauei to a quotient when the row number 30 of
e fow.num,ie of the comoonent matrices.

leof the FiFes hasegions such that rressaqges corresoondiedges whose
corresponding to the

twist interleave) column twist

interliesave as the

the ccolumn twist interleaver 24 of FIG 8, that is, for
example, column twist deinterleave as a reverse ra-

arrangement process of returning the

arrangement of the

code bits of the LDPC code having an arrangement changed
by the column twist interleave as the re-arrangement
process to the original arrangement, for the LDPC code

icular, the column

memory
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deinterleaver EE
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columns of the camp:anent matrices can be read cut from or written into the storage regions of each
stage at the same time__ Further, the number of stades of the storage regions of each FIFO 30(ly is
nine which is the maximum number of is (Hanmiing weight) in the row direction of the conversion parity
ofmatrix of 11l. 33. [03251 In the FIFO 300i, data (messages V. from variahle nodes)
corresponding to the positions of the valuein the first to fifth rows. of the conversion npritv check matrix
H' of FIG. 33 are stored in a closed form in the horizontal direction in the individual rows (in the form
wherein C is ignored). In carticciar, if an element in the a row of the ith codumn is represented as [a, f),
then in the storage regions at the first stage of the FIFC 3001, data corresponding: to the bbm([bLtions
of the velue | eftheunit mattix of 5 x 5:elements from (1,.1) 10 (3..8). o the conversion pacliit's/ check
matrix H' are stored. In the storage regions at the second stage, data corresponding to the positions. of
thp vmice 1 ofea shiftmatrix from £1,:21.) te.5, 25hefthesconversionparity .checkimatrix H' (a shift
matrix obtained by cyclically shifting the unit matrix of 5 x 5 elements Pv three in the rightward
direction). Alsd r.&thé storage regions at -he third5C5, aata are store in an associated relationship an
the conversion parcheck main the storace regions at theth stageroorresoonding to the positions of the
of a s'of MI, 86)90) of the‘cony CiirA%eRy eht¢ Mdtfika shift meesolacingithehalgedwrof the

twist interleave are supplied from the column twist
deinterlieaver 55 to the LDPC decoding section 56.
[cze4d]

U

obtained by the parity interleave, column twist
interleave and replacement process carried out in this

g g . — P 4 . PN oz o~ = ~
arrangement nas been varied by the parity interleave, o
the original arrangsment, 1s not carried out



5 elements with the shifting the unit matrix after the rep cement ho ore in the 1sf tward direction) 0] (
the FIFOdata corre pondihp ons of the value 1 from the sixth to tenth. rows o toe conversion Parity

check matrix stored. In particular, stae of thedata corres:
matrix which

nave been carried out b
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been ied
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forms a sum matrix from_( to (ID,3 pf the conversion parity check matrix(a sum matrix which the sum
of a first shift matrix obtained._Ically matrix( of.enents by one in t sot) on and a second shift matrix
obtained theof 5 x R. elements ho _Ibibtwalt( direction) are stored. Further, storage region at
the second stage, data ccore spon dine postions of the valuethe second snve matrix forms the sum
matri.x from 1, to JO, 5 of the oonversi.on aratv check matrix are stored. In particular, with regard to a
component matrix se weight is 2 or more, where the component helrix is
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the demapping section 52, whereafter the processing

[06289)

daemapplng ol converting the symbols from the orthogonal

T - q

demodulation saction 51 into code bits of an LDPC code

—

and supplles the code bits to the deinterleaver 53,
whereafter the processing advances tc step S114

The column twist deinter’

\
C
o
ct



epreented in the form of thestar of p'3.uroi ones from amonga...nit matrix 11XxPelements the weich a
guasi tit matrix whico corresponds to the unit matrix e, one or more elements having the valu 1 are
aced with 0 and a shift matrix obtained by cyclically shi ftinq lane unit mator the. quasi unit matrix, data
corresponding to the pos's of the value 1 of the linit matrix, uuas urmatrix or shift matrix whose weight
4s 1 (messages corresponding to edges belonoing guasior shift matrix are stored into tate same
address .same F1EO from among the TUF_FOs to 300 Also in the storage recc.ons at the stages,a are
stored in an associated rions' [0329 Also theOs 300 c ¢ 3006 store data.

A 1 & ~3 T
muitipiexer 54 and supplies an LDPC code obtained as a
result o tne column twist deinterisave to the LDPO
aecoding section 56

AT step 5115, the LDPC decoding section 56 cavries
out LDPC decoding of the LDPC code from the column twist
deinterleaver 55 using a conv

rsion parity check matrix

obtained by carrying out at least column replacemert

corresponding to the perity interleave for the parit:
check matrix H used for the LDPC encoding by the LDPEC

encocding section 21 of FIG. 8§, and outputs data obtained

¥ e T D Jem o~ 4 = = § e o NI 3 = } .
DYy The nLbPC QSVO"J.E’\.Q as a ce:\ocung result of the cbh ect

Ll

. . 5
5 e )
13 naea.

]

It is to be noted that the reception process of FIC

f,
i

iTx v
[CZ295]

Also in FIG. 29, the multiplexer 54 for carrving
out the reverse replacement process and the column “wist
deinter.eaver 55 for carrving out the column twist
deinterleave are configured separately Ifrom sach other
for the convenience of description gimlilarly as 1in the
case of FIG. & Bowever, the multiplexer 54 and the



associated relations matrix H.". 10330j The erice dat 3041 to -the number of which is equal to the
guotient whencolumn number 90 of the conversion caricy check matrix H' fs ivided by thenolumn
number S of the xxent ma.rix Each edge data storage memo-sty 04, 'ncludes a tlurality of
stages of sade regions arid.ges correspcn.dino to five edoes the numoer of which is egual to the
number of rows and ths number of columns of the conversion parity check metrO H' can be read out
from or written into, the storage regions of each stage at the same time. [0331] data correspond.:.

Th - b ¥ } . .
Further, where the transmission apparatus 11 of FiG

& does not carry out the column twist interleave, there

[t i

TR A~ 4 PRSI - o o ) : ;
The LDPC decoding section 56 of TFIG. 29 carries out
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have been carried out but the parity deinterleave has not

encoaing section Z1 of FIG. B
[0299;

Here, LDPC decoding which can suppress the
cperation freqguency within a sufficiently implementable
range whiie suppressing the circuilt scale by carryving out



itions O1li the conversion paricv check macri to the o fifth columns of Tfl. messages uH from the
check nodes) are store,22e fc.rm in the verticalon on the indivj.dualcclmris the torn whereinignored)in
parcicula storage regions at theof the 3130 -data corresponding to the positions of the value 1 of the
unit matrix of d x 5 elements from (1, 1) to (5, 5)) of the conversion parity check matrix H' are stored, in
the storage regions at the second stage, data cordespondinh fu the positions of the value of a fid.st
shift. matrix which forms a sum matrdx from (6, 1) to (10, 5) cf the vertical parity check matrix E' (a
sum matrix witch is the sum of a first shift matrix obtained by cyclically shifting the unit matrix of 5Y 5
elements by one to the right and a second shift matrix obtained by cyclically shifting the unit matrix of
5x 5 elements by two to the right) are stored. Further, 7n the storage regions at the thiind stage, data
correspondingdthelosificrs of fite Valies 10fehe second shift nratkix,\whichdor= the sum matrix
from (6, :) to (:ILT%,tS)i%f the verrine7 parity check matrix H'.

¢ has been proposed formerly (refer to, for example,

Japanese Patent L

9]

id-Open No. 2004-343170).

[83)

[0300]

Thus, the formerly proposed LDPC decoding which

pa

uses a converslon parity check matrix is described first
with reference to FIGS. 31 to 34.
[0201]

FIG. 31 shows an example of the parity check matrix
H of an LDPC code whose code length N is 90 and encoeding

rate 1s 2/3
103021

It 13 to be noted that, in FIG. 21, 0 is
represented by a period (. (this similarly applies also
to FIGS. 32 and 33 hereinafter described)
[C303

In the parity check matrix H of FIG. 31, the parity
matrix nas a staircase structure
{03043

FIG. 32 illustrates a parity check matrix H’
cbtained by applyving row replacement of an expression (8)

and column replacemsnt of an expression [(9) o the paritvy



10232]

Fn carticu'ar, with regard to a component matrix whose weight is 2 or more, where the

component matrix is represented in the form o; the sum of plural ones from among a unit matrix of PP
elements having the weight 1, a quasi unit matrix: which corresponds to the unit matrix whose one or
more elements haying the vague | are replaced with 0 and a shift matrix obtained by cyclically shifting
the unit matrix or the quasi unit matrix, data corresponding to the positions of the value 1 of the unit

matrix, quasi unit matrix or shift matrix whose weight is

belLonging to the unit matfix, quasi unit matrix or shift matrix.) are stored.

(same FIFO from among the TIFOs 3041 to 304aw).

Untessages corresponding to edges
into the same address
Alsb wth regard to the storage regions at the

fourth and fifth stagos, data are stored in an. associated relationship with the conversion. parity check

matr'x H'. Toe number sf'stagas of & Storagé Feégions

SttHe FIED 3041 1s 5%%hich is a maximum

number of :he hmber of 7s (Han-ging weichr) in the row directiop. in the first to fifth columns of the
conversion parity check matrix H'. 103541 the FITOs 3041- andstore data in an ‘associated

relationship,

'“BH’L& =version parity check matrix H" similarly, and each length 'stage nipherO of the

FIFO- 5042 and 3043Also the PTT(Us 304i to 30412 store data in an associated relationship with the

conversion parity checkdnagtix Hesinaitanhs @nd each loncth, of-the: Vi ps 304, 10 304y,is 3. Also the
TITOs 304.;, to 3041& store data 5m an associated relationship

column

in the sxpressi

within the ra
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e e eyt ) 4 -
Cn The other nand,
repilacement

carriled out

matris)
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and 5th rows,

each of



with the conversion parity check matrix F' similarly, and. each length of the FlitsO4ui [03331: Now,
operation of taposda is described. [033 The edge data storage. memory 300 includes he s[ FIFns
3001 to 3006, and FIFOs into whichare 7C b. stored are selectedFIEnDs 300[ to 3006 accordance with
informationdata. 0312 representing o which row of the convers on par ty CfleCK matrix H' five
messages lIflsu shift circufr 3061 at the tecet,stage the five massages 0311 are stored collecti ordor
into the selected FIFO.s. Further, the edge data storage memory sages 0300g in order from the FIFC

columns each of whose numbers indicates a remainder of

s

of 2 where it is divided by € are replaced to 66th, &7th

gth, 6%th and 70th columns.

an

&

2
-
o
[

the rows and the columns for the parity check matrix H

influence on the arrangement of the code bits of the LDPC
code
(G312

Meanwhlle, the column replacement of the expression
(S} corresponds to parity interieave when the information
length K, the unit column number P of the cyclic
structure and the devisor g (= M/P} of the parity length
M (here, 30) in the parity interleave of interleaving the

& -t - - e ~ “ bt

K+gx+y+lth code bit to the position of the K+Py+x+lth



the cv Then, d in data are reads out supplies thmessages 030the selector 301 at succeeding stage.
After the readino out messages from7C,edge data stgrage mem3 reads out the messaaes in order a)
so from the FIECIs 3302 to 3006 and sumpout massages the selector 301. The selector 301
selects the five messages from that FIFO 4-107L which data are currently read out from among the
FIFOs to 30H in accordance xi t.h t s signsuppliesfive messages as messages :6302 to the check
node eicuiatfon sec

If the parity check matrix H’' (hereinafter referred

to sultably as replacement parity check matrix) of FIG.
32 is multiplied by a result of replacement same as that

(Rt 3 e

of the expression (9) for the LDPC code of the parity

check matrix H (hereinafter referred to suitably as

origina
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vector 1s outputted. In particular, where a2 row vector

N K £ b o e + . ~

Lasis oL thne Cnaracteristlic of the parity check matrix,
! ’ 7l ~ T 7« P

also H'c¢ natura.ly pecomes the 0 vector

(03147

from the Ioregoing, the conversion parity check
P R IRV N 4 T 2T - oy v Ry 3 - d =
matrix #’ of FIG. 3Z becomes the parity check matrix of

=21
03155

Accordingly, by carrying out the column replacement
Or The expresslon (9] for the LDPC code ¢ of the or-ginal



The check ncde ceiculati s sectich 3012 inclgdes five check in362.. and carries out the ch.eck node
mathematical operation In accorclarcg the expression (7) using the messages 030 T3021 D3025)
(messages v of the expression (sappl there-c through the selector 301.check node calculation sect ion
332 supplies five messacs(D301 toiitessages u7. cf the e.xpression (obtained a result of the check
node mathematical oto the cyclic, shift circuit 303. The cyclic shift ci_shifts the five messagesto
3036,Jed by the check node calculation section 302 based on information:(Matrix data) 0305
reoe.rd.ing by what arhger of cricinel unit matrices the coarespon.ding edges are cyclically shifted

the conversion parity check matrixand supplies a result of theshift_ as a message E.;304. to the edge
data storage memory 304. 103401

check matrix H’ of FIG. 32 and then carrving out reverse

. T x ; - 1 ~ I LI . s ,
rep.iacement to the column repLacement oI tne sxpression

!
4
691
(98]
%)
w
oy
O
E
w
ot
oy
4]
Q

onversion parity check matrix H'

of FIG. 32 wherein a space is provided between units of

[@2]

e LTS .

Suitaply as guasi unit matrix) which corresponds to the

into an element or elements of 0, a further matrix
rred to suitably as shift matrix) which

corresponds to the unit matriy or quasi unit matrix after

L - _ e . .

it 1s cyclically shifted {(cyclic shift), a sti furth
PRI e v - £ o o - e o

matrlx (herelnaiter referred To suitably as sum matrix)

©I TwO or more oI the unit matrix, guasi unit matrix and

Sh1ZT matrix, and a 0 matrix of 5 x 5 slements.

1l¢



The edge data storage memory 304 includes 18 FIIOs 38)4: to 304p3 The edge data storage memory
304 selects a FIFO into which data arc to be stored from among the FI7ns 304] to 30418 in
accordance with the information :305 regarding to which row of the conversion parity check matrix Hf
the five messages 0304 subbilea from the. cyclic shift circuit 303 at the preceding stage belong and
collectively stores the five massages 0304 in order into the selected FIFO.. On the other hand, when
data are to be read out, the edge data storage memory 30: reads out five messages 0306H in order
from the F7F0 3.041 and supplies the messages D308,1 to the sementor 305 at the succeeding stage.
After the reading out of data from the 811:0 3841 ends, the edge data storage memory 304 reads out
messages in order also from the 877F-Cs 3042 to 3041e and suptbiss the messages to the selector
305. [0341] seleéct6F 305 selets the fivehraessages-fromethei ZFOcfram-which«data are
currently read cud from among the FIFOs 3041 to, in accordance: with a select signal :387 and
supplies the s&fected nes$ages'ds. messdgeSDRO8IE thi parabie ndee-ealeulation section 20lf-7 and
the "77 decoded word calculation section. 309. the recemtre- arrangement section 310 carries out the
column. replsacement of the expressuon (9 te Te"arrange an code 6313 récéiviéd snfougn a
communicatioppath.and-apti,Hen the.rel OPC code 0313 as receptio 0314 to the reception data

memory 306. The -ion data memory 306 calculates anc snoéres d (O‘Sggr?tfﬁfnscdfﬁst?o)xfrtf- the reception
data 3374 supplietstheseterfrom therreseptiondata f-asrangement.section319.an., . . .

o

17 e red ra F £y ]+ P :
H are nherelinalter referred to as component matrices.

components, an architecture which carries out check node

mathematical operation and varizble node mathemat cal

[63207]

FIG. 34 is a block diagram showing an example of a
configuration of a decoding apparatus which carries out
such decoding as just described
[03217

ceccaing of LDPC codes of the original parity chec}
A o Nag T bl ~ 3
matrix H of FIG. 31 using the conversion parityv check



ones of the rocepts 1-cots and, supplies every as reception values 06509 to the variable node
calculation section 201 decoded wesesron 309. LOO 3ralues tr, of the es,.s;sn thereto. 'memory 06.
Then, t variable node calculation section 307 supplies messages 1,310 (D301i to D3105) (messages
vu of the expression rl)) obtained as a result of the mathematical operation to the cyclic shift circuit
308. 103441 The cyclic shift circuit 308 cyclically shifts messages D810o to D3105 calculated by
the vardande node calculation section 307 based on information regarding by what number of original
unit matrices, the corresponding edge is ovtlitally shifted in the conversich parity cheek matrix H', and
supplies a result of the cyclic shifting as a. message D311 to the edge data storage memory 300.

a selector 301 for selectine the FIFOs 300

check node calculation section 302, two cvclic shift

selectring the FTFO 3¢ + 304
selecting the FIF0s 304, to 204, a rece
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storage method ¢f data into the edge
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storage memories 300 and 304 is described.

L

N0
[03247

The egcos data ot a 3( '

{2 ecge data storage memory 300 includes the sis
A
pLrUs = + T 06 1 ha - i ¥ i 1
FIFOs 300 to 300; the number of whic 1s eqgual to a

) U to a

quotient when the row number 30 of the conversion par

check matrix B’ of FIG. 323

of the component rrices Ta £ o+ FTEOs ]
pohent matrices. Each of the FIFOs 200, (y = 1,

’ e - - -

«r wy ©) N&s a plurality of stages of storage recions

Such that messages corresponding to five edges whose



[01049g1 By carrylne out the sequence of operations described above, decoding in one cycle of an
LDPC code can be carried out. In the decoding apparatms of FIG. 34, after an LDPC code is decoded
by a predetermined number of times, a final decoding result is determined by the decoded word
calculation section 309 ahn. the decoded data re-arrancement section 311 and then outputted. t03461
In particular, the decoded word calculation sect-tam 309 includes five decoded word calculators 309-.
to 309F, and acts as a final stage in a hlurafotv of cycles, of decoding to calculate a decoding result
decoded word) in accordance with the expression. 5) using the five messages 030:8 (13081 to
03385)(messages ul of the expression Mr))) outputted from the selector 305 and five reception values
0309 (reception values rice" of the expression (5); outputted from the reception data mbrnory 306.
Then, the decédedord CalddlatiGREeei6h 309°sUppiRS detdoded datat 315 obtaified as a result of
the calculation to the decoded g%ga re-arrangement section [03431 ~ The decoded data
re-arrangement section 311 Garries Sut Teverse replateément 6 the EoltHm feéplacément of the
expression (9)Jor the decoded -dec. 5115,supplied thereto_from Lhe decoded word calculation.
section 309 to rearrange the order of the decoded data 1)315 and outputs the re-arranged decoded
data 0315 as a-deceding-R316-F0346)c 50 AS described gbove, by anJine.gne or both of row

replacement and column replacement to a parity check matrix (original parity check matrix) to convert
the parity checkaMiatrix info espaHeycheckwmatyix ) in the row direction of +he

conv

®

- 3 - L Y r e ERT 4 N =2
rsion parity check matrix of FIG. 33.

(0325]

value 1 ol the unit matrix of 5 x 5 elements from (1, )
¢ o g £ o o - . o

te (5, 5} of the conversicon parity check matrix H' are

stored. In the storage ragions at the second stage, data
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(conversion Parity check matrix) which can be represented by a. combinatlon of a unit matrix of P x P
elements, a quasi unit matrix which corresponds to the unit matrix whose element or elements of | are
changed inyo an element, or elements of 0, a shift matrix w :Lich corresponds to the unit matrix or
guasi unit matrix after it is cyclically shifted, a sum matrix cif two or more of the.: unit matrix, quasi unit
matrix and shift matrix, and a 0 matrix of P. x elemdnts as described above, it becomes possible to
adopt for LEPC code decoding an architecture which carries out check node mathematical operation
and variable node mathematical operation simultaneously for P check nodes and P variable nodes.
lonsecnently, by carrying out the node mathematical operation slmattaneosiv for P nodes, itpossible to
suppress the operation frequency within an implementdble range to carry cut. LDPC decoding. IC3491
The LDPC decoldfng Section 565uhichicompeses thereception aippatratusrl2:of FIG. 29 carries out
check node mathematical operation and variable node mathematical operation. simultaneously for P
check nodes and P Vafiable nGdés to Barty out t BIPC HecodineesifikRIyAT e detodifig apparatus of
FIG. 34. [0000,in parficylar,is,@ssumed now to_simplify descriotion that the parity check matrix of an
LDPT code outputted from the ID2C én’coﬁing Seficn 71 which Composes thetransmission apparatus i
cfTIC. 8 s, for examplethecheck matfix H whereinthe pars to matrix has a staircase strucL,ure
shownPIC. this instance, the pariterieaver 23 of the transmission apparatus 1.1 carri.es out parity
interleave for interleaving: the.Pecdx.ey+ th code biteions, 90y of the conversion

parity check matrix H’ (a shift matrix obtained by

o

o e . e e L .
rep.acing the value 1 in the first row of the unit matr

O
th
N
%
o
[¢)]

n
ot

v
-

}
Hh

ing The unit matrix after the replacement by one in
wne leftward direction) are stored

IFO 300z, data corresponding to the

N i~ —~ 3 wrt Pl o 2

Y check matrix H' of FIG. 23 are
e e~V T e - - = y
stored - particular, in the storage recgion at the first

S e O

positions of the value 1 of 2z first shift matrix which

conversich parity check matrix H' (a sum matrix which i

o
el

cyclically shifting the unit matrix of 5 x 5 elements by
Two in the rightward direction) are stored. Further, in



of thedwith the information length b set to 60,the unit column number P ci tf o 5 and. with the dee5(=
M/Pi of the pariath 5sj sparity interleave corresponds to column replacement of
texPression(P) , the L.I'PC decoding section 56 need not carry outobit=)laceof the expression f9),
Therefore, in the reception apparatus 12 of TDPT5 coda forparity dei,nterleave has not been carried

out, that is, an inaC code in a state wherein the column reefacomen- ofexpression Y9) is

c.arriod out,

decoding section 56 as described above. The OEL30 decoding section 56 carries out processing simile

corresponding to the pos
second shift matrix which forms the sum matrisx from (8§

1 s (10 . F +he ~eanw : : =
1) te (10, &) of the conversion parity check matrix H'

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 cnes from
among & unit matrix of P x P elements having the weight
& 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 matriyx obtained by cyclically
shifting the unit matrix or <he quasl unit matrix, data

corresponding to the positions of the value

fout

matriz, quasi unit matrix or shift matrix whose welght

1 (messages corresponding to sdges belonging to the unit

matrix, guasil unit matrix or shift matrixz) are stored

P

Ly

into the same address {same FIFD from among the FIF0s 200

s . - - .
stages, qata are stored in an associated relationship
Wwith the conversion parity checx matrix #’



that of the decoding apparatus of 31except tnat column replacement of the =airy essior out. [0353]

In particular, FIG. 35 snows an examgie of a configuration of the 1030 decor-L-1 section 56 of FIG,
[0354] is 1. DPIldecoding section 56 configured simils,s:t of the lecodin- dflwaratus of 7except that the
recere-arrangement section. 315 of File, 34 is not pfcc proccssing similar to chatecodfro acparatus of
34 except that the column rebiacement of the expressionis not carried out. Therefore, description of
the LTPC. decoding secL,icr. 56 is omitted herein. Since the LERC decoding section 56 can
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The edge data storage memory 304 includes 18 FIF0s
304, to 3041p tne number of which is equal to the guotient
when the column number 90 of the conversion parity check

HE oyt s RIS 14974 dend ey =) 1 3 L £ o4
matrix H ~S5 diviaed By the column number 5 of the

componant matrix Lach edge data storage memerv 304 ¥ o=
i, 2, ; 187 includes a plurality of stages of storage

numper of columns of the conversion parity check mas

i s -~ ~ 4 e~ - e e - + ¥ +
H' can be read out from or written into the storages

o231
0331

T e TR N S s ey e 34

In the ¥IFC 304,, datea corresponding to the
peslitlons of the value 1 from the first to fifth columns

- S e N P S i N SRS S

~F o+ - aral o 2 . I 22
GL The conversion parity check matrix H' of FIG. 33

e e e o o e e o ‘ - 5
messages U+ Irom tne check noedes) are stored in a closed
form in the | Cz 3 ction 1 8 individius j

Torm 1in the vertical direction in The individua. columns

+ N Y o N oy o, &£ 3 - 3
storage regions at the first stage of the FIFQ 304,, data



without including the reception data re-arrangementoncan be -educed in scale in onparison with the
decod.ing absaretos of FIG. 34. It is to be noted that, while, in FIGS. 31 to 35, it is assumed that
the code length N of the LUPO code is 90; the information length K is 60; the unit column nuber P (row
number and coil= number of a component matrix) of the cyclic structure is 5; and the devisor fa (=
NIP) of the rarity length. M is 6, for simplified description, the code length N, information. length K, unit
column. number P of the cyclic structure and the devisor g (= MINPt are not individually limited to the
soectfic values given above. In barticular, while the iil(PC encoding section 21 in the
transmission apparatus Il of FIG. 9 outputs an LDPC code wherein, for example, the code length N is
64,830, the information (length K is N - Pc (- N - NN, the unit column number P of the cyclic structure
is 360 and the HeVISOTRERINVIN the |((DRCrdecoding sectiort 55 showr i FiG. 36 €anrhe-applied also
where. LINPC decoding is carried out by carrying cut the check node mathematical operation and the
variable node fiathérmatica7 operafiort &iiGRarnesisly for P cheek hodes arid Pvariable nodes in
regard to such an LIOPC code as ijustﬁt%gegs{g}[ibedi [0358] While the series of processes described
above can he executed by hardware, it may otherwise he 8xéciited 5 'softwars Where the series of

processes is exeeulegksafware, & program which, constructs the software is installed into a combater

for universal use or the like. [0159] FIRS. 16 shows an example of a cenlimeration of an
embodiment of a computes intoankicha. pregram,for exeguting the series of processes described
hereinalopve Is installed.

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

A Y R PP B Y 1 v om i e / 4 - 3 } o
vertical parity check matrix H’ (a sum matrix which is
ha o £ o S e g A o b o - : v 5 _—
the sum of a first shift matrix obtained bv cyclically

shifting the unit matrix of 5 » 5 slements by one fo —he

right and & second shift matrix obtained by cvclically

e s o~ e o el o

va.ue 1 cI the second shift matrix which forme the sum
o e o £ /& 1 + I = - b

ratrox from (&, 1) to {10, 5) of the vertical paritv

PPN
t03327

In particular, with regard to a component matris
whose welght Is 2 or more, where the component matrix is

among a unit matrix of P x P elements having the weight 1,

replaced with 0 and a shift
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1,03.60,1 The ptogram car, be recorded in advance on a hard disk 405 or in a ROM 5103 as a
recording medium built in the computer. _ (fIRF)(1) Or, the program can be stored. (recorded)
tempprariTy or permanently on or in a removable recording medinn. 411 such as a flexihgc dish, a
CE-ROM (Compact Disc. Read Onii", Memory), an MS (Magneto Obsical) disc, a DVD (Digital
Versatile Disc), a magnetic disc or a semiconductor memoty. Such a removable recordihqg medium.
411 as just described can be provided as so-called package [0162] installed from such a. removable
recording medium 411 as described above into the computer but also can he installed infp the hard.
disk 405 -.audit in the computer where it is transferred thereto and received by a communication
section 458. Tn this instance, the program may be transferred to the computPr by wireless
coxcnioation fronr adéiwnloat sifelthreagh an arinfidial satellite for dipital-satellitesbroadcasting or
transferred to the computer by wire communication through a network such. as a LAN (local Area
Network) or the Thterhief 16363 “© “Ffie EBMputerRasa CPY (Central Protessing Unit) 402 built
therein. Ar inpyt/output "Interface. 420 is connected to the CPU 402 by a bus 401, and if an instruction
is inputted to the CPU 402 throggh the INpUtputott ifterfacd'a 18 whéh aRSnptifg section. 40T
configured from a.eyBadick amouse, a{iciaphiane and so forth fs perated by a user or in a like
case, the CPU 402 executes the program stored in Thé RCP: (Read Cnly MProiifV 403. Or, the CPU
402 loads a. pregran stared:on the:hargkdisk-405; asprogram.transferred.from g satellite or a network,

(O

received by the opmmunication section 408 and installed in the hard disk 405 or a. program read out
cm the removableTecordingmedianr4tt loadeda Orive from among the FIFOs 304,

(3

to ‘Oélgj.

Also with regard to the storage regions at the

fourth and fif:th stages, data are stored in an

el At et e s e , .
re.atlionship with the conversion parity check matris o7
r 2Ck matrix HY.

—a T e

Ces -
Fiftn colunm £y convergi i } :
_____ 1 columns oI The conversion rarity check matrix H’

conversion parity check trix B similar] ]
tversion paritly check matrix B’ similarly, and each



409 andled Hp the hard disk 405 ',nit_ a PJd4:Randcm, laccess Memor\Je 404 ahe program.
Consecruentiv, the 7.1.7.; 402 carries out processing in accordance with flow chat described here
above or processing carried out by the configuration of the block diacram described e.reinabove.
Then, the -21., 402 outputs a result of the processing from an outpunt4fla section 406 configured flr an
LCD 1,1;prujd Crystala speaker and so feclin s the proces=ino renT t from the communication section
408 throug:t/outcct interface eliC or rac.ords the processing result occasion dehu Here,pc sent
specification, processing steps which describe=gram for caus ,lig the computer to carry out vafl us
processes neet riot necessarily be processed in a time series in accordancene order described as a.
_LIOW chart byt include those processes tc. be executed in parallel or individuallv (for example,
pare__ocessés 0f protessCrocessed by & 76henie conpater drdi scribited Proéess

ach length of the FIFCs 304.; to 304, is Z.
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Now, operation of the decoding apparatus of
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is described.

[0336]

The =dge data storage memory 300 inciudes the six
FIFGs 300, to 3004, and FIFOs into which data are to be
stored are selected from among the FIFCs 300. to 300 in
accordance with information (Matriw data) D212

~ity check

e =l 2 - P 3 T R 7 Tk y - IRV
the five messages D311 are stored collectively and in

oo ~ wh oo = - - ~ -
memory 300 reads out the messages in order also from the
FIFCs 330, to 300¢ and supplies the read out messages o



a plurality of computers. Further, the program may be transferred to and executed by a computer at a
remote Place. [036El It is to be noted that the embodiment of the crespnt invention is not limited
to the specific embodiment described hereinabsvp hut mac he altered in various illa-MICIS without.
departing from the subject matter of the present invention. :367] In particular, whiie, in the
present embofnimend, parity interleave and column twist. interleave as a rearrangement process are
carried out for an LEPC code prescribed in EN'E-5.2, the parity interleave can be applied to an LDPC
code of a parity check matrix whose information matrix does not have a cyclic structure :f the parltv
Ity=.7-rHz has a staircase structure. Meanwhile., the column twist interleave as the me-arrangement
process can be applied also to the LDPC code of a. parity check matrix which can be varied so as to
have a pseudo cyclic strtfetde &east by colmrs féplacement thetfes jG4E: PG avde (DC:
Quasi-Cyclic) gnd SO tpL[Eh where the e rPtlre parlty chec.< matrix has a cyclic structure. [03681 In
particular,rem-rify” atrix of 'DPC cddes ahich &¥eé Tidde AnSHtecFofpartyiinterleave chatthe

parity matrix tge{&gi h@§@a staircase structure, b%ﬂe '[here IS né)necessnx ft aat tge -anion matrix has aiic
strurfai [03 Irthei, the rarity checkri>:ch an LE(PC code” Mich is madLcolumn twist interleave as the

signal D301 and supplies the five messages as messages

>

™I o~ ~ PRI g =
D302 to the check node calculation section 3

Q)

The check node calculaticn section 302 include

w

a result of the check node mathematical operation to the

The cyclic shift circuit

five messages D303; to 3(C3: determined by t

ne check node
P Yoo e . - 200 3 : - : 5
Carcuiation section 302 based on information {(Matrix
N R s -
data) D20S regarding by what number of original unit



re-arranacmnt process is not inited parcrcucariyin terms of the structure. rU 7.70

noted thar only it is ncessary for the re-arrangementim can re-arrange code bits of an LDPC code such
that a riuralttv of code bits ccrrespondrng to the. valueincluded it row ormatrix are not included in same
symbol ande carriedethod ocher than the column twist iner ave. in particular, the rearrangement
u.noc.trs may be carried cult by us. El nrn. the menory 31 fo.r storing data in the column direction and
the row d4 rectiCarty for examnie, a memorystoring data only in one direction and controlling sa and
the read addrss of the memory. Now, a process for 12:20 encoding. by the encoding section 21
of the transnirssmon apraratds described further example, irDVE-S.2 standard, LDPC encodinc of the
two different code lenoths N Of 6.4,800 h ts and 14,200 bits are rresorrbed.

data storage memory 304.
[0340]
The edge data storage memory 304 includes 18 FIFOs

304: to 304;4. The edge datz storage memory 304 selects a

CyCclic shift circuit 303 at the preceding stage belong

into the selected FIFC. On the other hand, when data are

FIFC 304; ends, the edge data storage memory 304 reads out

messages in order also from the FIFOs 304, to 3045¢ and

o

il



731 god, for the LDPC doge hose- 04, eCU bits,encoding fares 1/4, 1, 3/4,5/6, 8/9 and 9/10 are
Prescrited, and for the 10130 codedel is 16,290 bits 10 encoding rates 5/6 and E/9 are prebed. 0J /4:
LDPC encoding section 21 carries cut. e c inr --r correction encoding) into 1021 codes of the ilLierent
encoding rates whose cope length N is 64,300 bits or 16,200 bits in accordance with ¢ seritv check
matrix prepared for each code :1..encth N ' for each encodino rate. [0375j r paLDPC encoding, section
21 stores a paohlec matrix mi ti.al value tab

On the other hand, the reception data re-
arrangement section 310 carries out the column

repilacement of the exp:

[

{logarithmic likelihood ratio) from the reception data

D314 supplied thereto from the reception data re-
arrangement section 310 and collects and supplies every

The wvarilable node calculation section 207 includes

o1 2 expression (1) supplied
4 ~ A = . - - -
tneretoc Ifrom the receptiorn data memerv 308 Then, the



described for producing a rarity check matrix H for each code length N and for each encoding rate.
[03761 Here, in the ENE-S.2 standard, LDPC codes of the two different code Lengths N of
64,800 bits and 161200 hHare prescribed as described hdreinahove, and the 11 different encoding
rates are Prescribed for the LDP.: code whose code length N is 64,800 bits and the 10 different
encoding rates are prescribed for the LO.PC code whose ocde length N is 16,200 bits. [03777
Accordingly, where the transmission apparatus 11 is an acoaratus which carries out urocebsind in
compliance TiMlah the 111.73-3.2 standard, parity check matrix -ini-ial value tables individually
corresponding: to tie 11 different encoding rates for the L. TEaT code whose code length N is 64,40D
bits and oarity check matrix drithal value tables individually corresponding to the 10 different enooding
rates for the 10PECote*Whose corledengih Nrissk6;200bits Gre storediinsthe<ER2-encoding' section.
21.[13781 -The TATPC encor-41ng section 27 sets a code lenott NT and an encoding rate r for
LE..PC codes, 10 exorable, in feSponse 16" 6p&ftion ofan operacsrcsue imath!N and the
encoding rate g,s5ef by the LDPC encoding section 21 are hereHnamter referred 7:3 suitably as set
code length N and set encoding rate t, respectively. Foetes operatioh to the

cyclic shift circuit 308.

(03447
calculation section 307 based on information regarding by

[

matrix H', and supplies a result of <the cyclic shifting

fol -y G U &



The --DPP encoding section 7: oaces, based on the parity check matrix initial value tables
corresponding to the set code length N and the set encoding rate r, elements of the value 1 of an
information matrix FL corresponding to an information Tenoth NNr = code length N - parity
lendthcorresponding: to the set code length N and the set encoding rate r in a period of 360 columns
(nit column number. P of the cyclic structure) in the col= direction to produce a paretv check matrix E.
[6386] Then, the 1880 encoding section 21 extracts information Pits for the information length E
from object data which are an object of transmission such as image data or sound data supplied from
the transmission apparatus 11. Further, the 1086 encoding sectHon 21 calculates parity tits
corresponding to the information nits based on the parity check matrix PI tp produce codeword
(11,112C code)Tor onecode fehgth 2% AnGtRerwords The Tilr£46 entedinessbtion 21
successively carries ggﬁg%atmag}gt%:gj% ogggalﬁtlepgr_ggf a parity bit of the codewort ¢ which satisfies the

pw LA e® o

fiollowns expression. [0382] HOT = Here, in‘the ei‘(pfe:ésujrrl1 %bb%, ¢ indicates a row vector as the
Paideword (LRRE0de), and:oij indicatesdnyersion of the.tow vector ¢, {03841 Whern from within

the row vector ¢ as an LDPC code (one cpdewordi, a portion corresponding t) the information bits is
represented byeorove vector A andauepttic:a cofresponding<e:the-parity bifs or represented by a. row
vector 2, the row vector ¢ can he represented by an exoression ccm the row vector A as the

information bits'affd BeCrRY vettors2 as 108 paftity bitsdr03ebHvaluss uy; of the

expression (5)) outputted from the reception data memory

- R LTl



Meanwhile, the parity check matrix H can be represented, from the information matrix !fik of chose of
the code bits of the LDPC code which corresconH to the information bits and the parity matrix HT pf
those of the code bits of the Ti.C.PC code which correspond tb the parity cv an expression H =HT
(rnthe elements of the inforraarhon matrix HAare elements on the left side and the elements of the
cmatrix y ,aiam4,n=s on the right side). 103861 Further, for examele, in the avustand-, the rarity check
matrix -2 of the carj..ty heck matrix IHkH) has a staircase st kcure. rfl-"C7- it is necessary for theand
the -ow vector c -Ti as an LDPC code t satisfy the expression .and where the par paT.n.tv check
matrix h. = [HAIl H7a staircase structure, the row vector T as oaritv ititch conficure

by a combination of a unit matrix of P x P slements

corresponds To the unit matrix or guasi unit matrix after
it is cyclically shifred, & sum matrix of two or more of

The unit matrix, guasi unit matrix and shift matrix, and

simuitaneously for P check ncodes and P variable nodes.
Conseqguently, by carrving out the node mathematical

Operation simu.taneQusly Ior P nodes, it is possible

ot
O

suppress the operation freguency within an implementable

range tTo carry out LDPT adecoding.

(0349
The LDPC decocing section 56 which composes the

reception apparatus 12 of FIG. 2% carriss out check node
mathematical operation and variable node mathematical
operation simultaneously for P check nodes and P variable
nodes To carry cut LDPC decoding similarly to the
decoding apparatus of FIG. 34

0250

4.

L e



LIT, which satisfieseselon Hc can be. determined seuenti any by setti g the elements of each row to.

'I=rr" in order Pegtncing the first row pf the column vector Hc in the excre - erap ding secispar for
an 1. formation hit A, then i.t curpits a cedeword cTJ represented dv the and the caT as an LEFT
enccdin information bit A. [0399j As describht above, the EDP!: encoding section 21 stores the

parity check matrix initHa7 value tabfes corresponding to thelengths N and the encoding ratesin
advance therein and cantles out LEPC encoding of the set code, length. N and the set encoding rate r
using a parity check matrix hl produced from the rarity check matrix initial value tables corresponding
to the sat coda length N and the set encoding. rate [0390] Each parity check matrix initial value
table is a table which represents the position of elements of the value | of the information. matrix hs
corresponding to the )nfarmaticn fehgth Y)L.cortesporrdine ¢o thercode temgthiN and the encoding rate r
of the LCPC code of the parity check matrix H (IfDPC code defined by the parity check matrix H) for
every 360 rowS{anft toluriih nutiber Pofthé Pen 6diRcdtrittire) *and isprédiicedindalivance for a

parity cheok matix 8, for eah cod length 1, and each encoding rate 1 [(1)391,

- Lo bd

composes the transmission apparatus
example, the parity check matrix H wherein the parity
matrix has a staircase structure shown in FIG.

this instance, the parity interleaver 22 of the

transmission apparatus 11 carries out pari
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F5CS. 877 to 82 illustrate the parity check matrix HnitThi value tables for producing various parity
check matrices H including parity check matrix initial valve lea prescribed in the 970-3.2 standard.
1.0392] In particular, FIG, 37 shows the parity check matrix initial value table for a parity check
matrix prescribed in the Dvs-S,2 standard and. ha-vino a code length N of 16,200 hits and an encoding
rate r of 2/9. YI13921 FLO'S. 38 to 40 show the parity check matrix initial value tablea parity check
matrix 9, Prescribed in the 170E-3.1 standard and having a code length N of 64,800 bits and an
encodine rater of 7/2. 102941 It is to be noted that. FIG. 30 is a view contlnudno from FIG. 28 and
FIG. 40 is a view continuing from FIG, 39. FIG. 41 shows the Parity check matrix initial ‘'value
table for a payity. check tzgigg( H gg%Scr;peb%inatge :J«}—,/SECB*% gte%ndaabrgva}en.d hﬂ‘@”%% Eggde length r of
16,200 bits and an encodingrate r of 214

decoding section 56 carries out processing simi

T i 3 oy e - -
IG. 25 shows an example of a

configuration of the LDPC decoding section 56 of FIG. 29.

is configured similarly to that of the decoding apparatus
£ e A - . 3 e} o~ MU . D ;
cf FIG. Z4 except that the receptlon data re—-arrangement

. n A - aa C o . :
section 310 of FIG. 34 is not provided and carr:

T that the column replacement of the

expression (9) is not carried out. Therefore, description
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section 56 1s omitted herein
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Since the LDPC decoding section 59 can be
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nfigured without including the reception data re-
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nt section S1U as descriped above, 1t can be

reduced in scale in comparison with the decoding
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apparatus of FTIG. 4.
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F02961 FIGS. 42 to. 45 shdw the parity check matrix initial value table for a parity check. matrix H
oreser'had in the DVE-S.2 standard and having a code length N of 64, 800 bits and an encoding rate r
of [03971 It is to be noted that FIG. 43 is a view corl 'plug from FIG. 42 and FIG. 44 is a vi.ew
continuing from FIG. Further, FIG. 45 is a view ccnti.nuing from FIG. 44. DIG. 46 shows tpari.matrix
initial value tabie for a parity check matrix M prescribed in the 511 standard and having a code length
N of 14,200 bits and an encodinc rate r of [03 FIGS. 47 o 50 show thecher-, matrixal table
forparimatTmeseribed in the DVE-S-2 standard ano-de .cnotn y of 54, E11: and an encodino rate r of

It is to oE: noted that FIG. _. is a view continue from F:: 47 and Fitm 49 is a view Continuing rom FIG.
48. Further, FIG. 50 is aV|eW contlnumg from FIG. 49,
It is ¢ be noted thaz, uhlie, in FIGS. 31 to 235,
it 1s assumed that the code leng N of the LDPC code is

$0; the information length K is 60; the unit column
number P {(row number and column number of a component

matrix) of the cyclic structure is 5; and the devisor

LQ

x ] \ o N : " . . - : - .
= M/P) oI the parity length M is &, for simplified
description, the code length N, information length X,

unit column number P of the cyclic structure and the

devisor g (= M/P) are not individually limited to the
specific values given above
(G357

In particular, while the LDPC encoding section 21
in the transmission apparatus 11 of FIG. § outputs an
LDPC code wherein, for example, the code length N is
04,800, the information length K is N - Pg (= N - M}, the

unit column number P of the cyclic structure is 360 and

the devisor ¢ is M/P, the LDPC decoding section 56 shown



showatrix initial value table _y neeurea, bed in Ike DVE- rd and hacof 19,700 bits and an encoding
rate r of 5/6. 10402] FIGS. 52 to 55 show the bar2ty chec:c matrix initial value table for a parity
check matrix H prescribed in the [VS -3.2 standard and having a code length N of 64,800 bits and an
encodingr of 5/6. [0403] It is to be noted that FIG. 53 is a view condinuing from FIG. 52 and FIG.
54 is a view continuing from Fir:. F.-~1-h(=t, FIG. 55 is a view continuing from FIG. 54. 104041
FIG. 56 shows the parity check matrix initial. -value sablea parity check matnix H prescribed in tne
073- 3.2 standard and having a. codo length N of 16,200 bits and an encoding rate r of 6/9. [040g1

£ oo ¥ o A Pad : :
SoItTware. Where the sSeries oz processes 1s executed by
e jON"
£ v e = = oy = £ 4 3
SOLt‘NGIC, a program which cor structs the software s

installed into a computer for universal use or the like.

FIG. 36 shows an example of a configuration of an

embodiment of a computer into which a program for

executing the ser

The program can be recorded in advance on z hard

disk 405 or in & ROM 402 as a recording medium built in

Or, the program can be storsd (recorded)
temporarily or permanently on or in a removable recording
ing
A 1 <y =3 - 34 - ~ ~ ;
medium 411 such as a flexible disk, a CD-ROM {Compact

DVD (Digital Versatile Disc), a magnetlic Cilsc or a
semliconductor memory sSuch a removable recording medium

-t is to be noted that the program not only can be



FIGS. 57 to 60 show the panitv check gabrix initial value table for a parity check matrix 171 prescribed
in the DVS-3.2 standard and having a code length. N of 64,800 bits and an encoding rate r of 5/9-
f04061 It is to ....toted that FIE. 58 isview continuing from FIG. 57 and FIG. 59 is a view continuing
from FIG. SE, Further, FIG. 62 is a view cortinuind from FIG. 10407] FIGS. 51 to 64 show the
nariiy check matrix initial value table for a sanity check. matrix Id prescribed 4n the 27/B-S.2 standard
and having a code length N of 64,600 tits ang an encoding rate r or 94273. FO4681 Itis to be
noted that FIG. 52 is a view continuiing from EI1.7. 61 and FIG. 53 is a view continuing from FIG. 62.
Further., TIC. 64 is a view continuing from DIG. 53.

installed from such 2z removable recording medium 411 as

STl e T

communication section 408. In this instance, the program

transferred to the computer by wire communication through

& network such as a LAN (Local Area Network) or the

TS - - e RS LA -~ 7 1 T e
Ine computer has a CPU (Central Processing Unit)

402 built therein. An input/output interface 410 is

-
B T SR = S S e et S, N A 2 N o~ S S S A [ el FAER

a0% evecutes the oroogram storad Aarn & RO Yo S

UL TacllUle: Lhe Drogram stored Ly the ROM {(Read Unlvy

o 2 T T1 ' 7

Memors 403 Or, the CPU 402 loads a program stored on

- - e - = o .

che hard disk 40%, a program transferred from a satellite

—~ v - o= o L o T 5 —~ & - v

OY a network, receivec by the communication section 408

Fa - -— g
andg installed In the hard disk 405 or a program read out



[0409] FIGS. 55 and 56 show the parity check matrix initial value table forparity check matrix E
prescribed in the DVE-S.2 standard and having a code length N of 64,900 bits and an encoding rate
r1/4.[04101 It is to be noted chat FIG. 66 is a view continuing from PSG. Ef. [0411J FIGS.
67 and 48 show the parity check. matrix initial value table for a party check matrix H prescribed in. the
27E-E.2 standard and hab'ng a code length N of 54,800 'sits and an encoding rare r of 743N' 1041211
It 4s to be noted that FIG. 68 is a view continuing frem FIG. 67. [0413 FIGS. 69 and 70 show the
parity check matrix initial value tahie for a parity check matrix E. prescribed in the DVD-S.2 standard
and having a code length. N of 04,600 bits and an encoding rate r of 2/5.

from the removable recording medium 411 loaded in

83}
0.
=
; J
<2
<4
)

40% and installed in the hard disk 405 into a RANM (Random

the CPU 402 carries out processing in accordance with the
flow chart described hereinabove or processing carried

and transmits the processing result from ths
communication section 408 through the input/output
interface 410 or records the processsing result on the

hard disk 405 as occasion demands.

TO carry out various processes need not necessarily be
processed 1n & time serles 1n accordance with the order

be executed in parallel cr individually {for example,
parallel processes or processes by an cbisect)
0y



ro414l It is to be noted that FIG. 90 is a view continuing frog.. FIG. 09. [0415] FIGS. 71 to
73 show the Pare,.ty check matrix initial value table for a parity check matrix F prescribed in that
DVB-S.2 standard and having a code length N of 04,600 bits and an encoding rate r of 1/2. C...)4167
It is tb be noted that FIG. 72.is a view continuing from PIG. 71 and FIG. 73 is a view continuing from
FTE. 72. [04171 FIGS. 74 to 76 show the parity check matrix initial valie table for a parity check
matrix 5 prescribed in the 575-5.2 standard and having a code length. N of 64,800 hits and an
encoding rate r of 3/5. [0418] It is to he noted thatview continuing from FIG. 74 and FIG. 76 is a view
continuing from FIG. 7b.

a plurality of computers Further, the program may be
transferred to and executed by a computer at a remote
place
[0368]

e . . .
1T 1s te be noted that the embodiment of the
imited to the specific

embodiment described hereinabove but may be altered in

T P b I L T 2 3 :
in particular, while, in the present embodiment,

S s - R s - . . .
parity interleave and column LTwist interleave as & re-

- -+ - —1 .
inrormation matrix does not have a cyelic structure 5 F
voli ture ifF

e PR 4 - - JR 2

the parity matrix has a staircase structure Meanwhile,

4 - - -

tae column twist interleave as the re-azrrangement process
s re rangement process

o ~Eire av e < b 1 T
Structure at Least py co umn replacement, the QC-LDPC
- S e : ; - ; .
ode (QC: Quasi~Cyclic) and so forth where the entire



FIG. 77 shows the parity check matrix. initial value table for a barity check matrix H prescribed in the
DVS -:3.2 standard and having a code length. N of 16,200 bits and an encoding rate r of 1/4. [04201
FIG. 78 shows the parity check matrix i::itia. value table for a parley check matrix 91 prescribed in the
FM- 4 s,anddra dna naorbqg a code Length N of 16,200 hits and an endodli:.(2 rate r of 1/3. 12.4274'
FIG. 79 shows the pariLy check matrix initial value table for a parity check matrix N prescribed in the
2:9/S3.2 standard and having a code length H of 16,20C bits and an encoding rate r of 2/5. [0422]
FIG. 90 shows the parity check matrix initial value tabae for a parity check matrix F prescribed in the
07E5.2 standard and having a code length N of 16,200 bits and an encoding rate r of 1/5. [0423]
FIG. 81 shows the rarity,check.-mafrix initidl, value table for a parity check matrix h. prescribed in the

i L TH

DVS-5.2 standard and having a code length N of 16,280 bits and an encoding rate’r of 8/5,

. L - . S ; . -
check matrix of LDPC codes which are made an obiect of
J

parity interleave that the parity matrix therecf has

)

staircase structure while there is no necessity
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[0/1241] EO02 shows the pariv check matrix initial value table fer a parity check matdix A
having a node 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. Di. [842Ey The 1/DPI encoding section 21 of the
transmission apparatus Il determines a parity check matrix A in the following manner using the parity
check matrix initial value tables. [042€] In particular, FIG. 83 illustrates a method for determining
a parity check matrix A from a Parity check matrix initial value table. [842I It is to be noted that
the parity check matrix initial value table of FIG. 83 indicates the parity check. matrix initial value table
for a parity check matrix H prescribed in the DVB-3.2 standard and having a code length N of 16,200
bdts and an encoding rate r of 2/3 shown in TC:. 37. r0423: As described, above, the parity check
matrix. initial value tablé &' a tabl\whkthreprésentetherpositiorofelenients ¥ the value 1 of a

information matrlx HA corresponding to the information length K corresponding
ncoding section 21 of the transmission apparatus 11 is

described further.

(03727

For example, in the DVB-S.Z2 standard, LDPC encoding
of the two different code lengths N of 64,800 bits and
1¢,200 bits are prescribed
G373]

And, for the LDPC code whose code length N is
€4,800 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 /10 are prescribed, and

N ~ 3 +
tor the LDPC code whose code length N is 16,200 bits, the
7 o e Y . - “ ~ /@ -7 - ~ ~ A -
LU enceding rates 1/4, 1/3, 2/5, 1/2z, 3/5, 2/3, 3/4, 4/5,

{0374

The LDPC encoding section 21 carries out encoding
lerror correction encoding) into LDPC codes of the
dillerent encodlng rates whose code length N is 64,800



to the code length N and the encoding rate r of the .1DPfl cede for every 366 columns for every unit
oblimn number P of the- cycLc structurej, and in the first row of the parich2 check. matrix initial yahoo
table, a number of row numbers of elements of the value 1 in the 16360x(i-)th column of the parity
check matrix H -1.7ow numbers. where the row number of the first row of the parity check matrix. 11 is
0) equal to the number of COM= weights which the 16360x(1-1)th =rum has. [C429] Here, it. is
assumed, that the parity matrix NT Of the parity check matrix H corresponding to the -parity length M
has a staircase structure and is determined in advance. Acccrdind to the parity check matrix initial
value table, the information matrix HA corresponding to the information length K from within the parity
check matrix H is determined. [0430J The row number. Re' of the parity check matrix initial value
table differs depeieing 8poathe iaformation lengthrK ={54314c« makhe infermation length K and the
row number kiff of the pari%check matrix initial value table satisfy a relatlicnshito given by the
following expre”s%?&n.i[@ﬁg hy f?§6d§ [0433Ch erefe, 'BB0tAthe extression above is the unit.
column. numb%FB’ﬁthhe cyclic structure. [04341

whose code length N is 64,800 bits and the 10 different

encoding rates are prescribed for the LDPC code whose

Yy

with +i T > -~ = SN 5 . . . .
witn the DVB-S.2 standard, parity check matrix inltial

o o+ w1 o= I~ [oNa¥al . -
+engtn N 1s 04,300 bits and parity check matrix initial
- ~ P, h P ¥y T
value tTables Indivicdually corresponding —c “he 10

the LDPC encoding



In the parity check matrix iniVial vslua table of FIG. 83, 13 numerical values are listed in the first to
third rows, and three numerical values are listed in the fourth to 'Keith (in PPG. 83, 30th:. rows. [04351
Accard.ingly, the number of column weights in the parity check matrix H determined from the raxacy
check matrix initial value table of 7:G. FL?. is 13 in the first to 1.8360x(3-1)-1th rows but is 3 in the
1+360x0-1)th to Kch rows. [54741 The first row of the parity check matrix initial value table of 215.
83 includes 8, 2084, 1613, 11548, 1084, 1460, 3194, 4297, 2481, 3369, 3451, 4620 and 2E22, and
this indicates that, in the first column of the parity check matrix H, the elements in rows of the row
numbers of 0, 2004, 1613, 1548, 1284, 1460, 2195, 4297, 2481, 9349, 3451, 4420 and 2692 have the
value 1 Mane besides the other elements have the valce 06. [8437] Meanwhile, the second row
of the parity chiecknafiix inftidvatis e of FG. 87 inelerlesd; 122,75 16,8448:2895, 1407, 1847,
3799, 3529, 3%3,,%/1, Q§§8Q@ng 3108, and thls indicates that, in the 351st 15360x(2-1)th column of the
parity check matrix H, the elemants ih rows of theSrow Ruimbers 6fiC 122 <$546.53448, 2880, 1407,
147, 3799, 3529313, 971, 1338,and 3128 have the value 1, [0438]

,,,,,, itably as set

code length N and set encoding rate r respectively

L oy e - i PN S 2 [ - : 1o
barity check matrix nitial value tables corresponding

the set code length N and the set encodin

corresponding to an information length K (= Nr = code
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N oL ~ \ s . .
inrormation pits for the information length K Ifrom obiject
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codeword (LDPC code) for one code length
0381



As given above, the parity check, matrix initial value table reprosenes the tosition of elements of the
value 1 of the information matrix Lir of the parity check matrix H for every 360 olumns. [0439]

Each of the columns of the parity check. matrix F. ocher than the 1+360x(S-I)th column, that is, each of
the columns from 2+360x(i-I)th to 360xith columns, includes elements of the value. of | obtained by
cyclically shifting the elements of the value of 1 of the 1-'763x(ith column which depend. uron the parity
check matrix initial value table periodically in the downward direction (in the downward direction of the
column) in accordance with. the fiabry lenath E. P1440] In particular, for example, the
9-E360x(i-])thl columnobtained by cyclically shirting the OH360x(i-ijth column in the downward direction
by M/366 (= 0], and the next 3H360x(1-1)th -LS a column obtained bv cycllcally shift:mu the
1-3E0x(i-I)th column in thie YoWHWARF difecticitby 2% MB66YE-2% §Faiid tHer éyclicallyiOLinetoe
cyclical). shn‘ted codumn K(gHBGOXY(l -1]th column] m the glownward dlrectlon by E/360 1.0441] from
above) of the parlty Check matrix initial value table is p éntetihe Tow ntimber df th Cr

parity bit of the codeword ¢ which satisfies the

{.

fclliowing expression.
(03821
He' = 0
038371
Here, in the expression above, ¢ indicates a row
vector as the codeword (LDPC code), and ¢° indicares

inversion of the row vector c.

Where, IZrom within the row vector ¢ as an LDPC code
fone codeword), & portion corresponding to the
information bits is represented by a row vector & and a
portion corresponding to the parity bits 1s represented
by a row vector T, the row vector ¢ can be represented by
an expression ¢ = [A|T] from the row vector 2 as the

information bits and the row vector T as the parity bits.

0385]
Meanwhile, the parity check matrix E can be
represented, from the Infcormation matrix Hy of those of

information bits and the parity matrix Hr of those of the

coce pilts of tne LDPC code which correspond to the p



element of the value | in theumn of the ran --ix E a.toented by H, then the row number ne element or
tn.e value. 1on the wtn column which column other thanlelcolumn of the heck matorix E can be
determone- in accordance with tlll in-2hp expression. - mod-1)x gyyl C4-431 , moax,y)ignifi.es a
remainderwhe n 2: is Oded b [ 0 Me.anwhtle, P isa unit number of columns of the structure described
e e above and is, for r a, PU\R-S.2 67aa

(matrix wherein the

elements ¢f the information matriw Hp are elements on the

left =ide and the elements of the rarity matrix He are
elements on the right side).

)
(%}
o0

™IFm -~

I Y v e 1~ g} o~ 5 . 3
Furtner, for example, in the DVB-5.7 standard, the
parity check matrix He of the parity check matrix H =

[HalH»] has a staircase structure.

SYTmrTroaaar M % e N - . . — < N
expression Hc v, anc where the parity matrix B- of the
“ - -
Y e A ~ T . [ .
parity check matrix H = [HilHyl has a staircase structure
. staircase ructure,

e Sword = [2 Al :
codeword ¢ (A'T] represented by the information bit &
P - L. - m T TN 7

anc the parzty b1t T as an LDPC encoding result of the



value M/360 obtained by dividin unit col. uma, number340, of theupti The 10PC en:codirio section
21 soecifi.es the row number of the elements of the value 1 in the 1+360 columnthatv check matrox H
from the pant L'0446(i Further, the LDPC encoding section 21 determines the row number H,..j of
the element of the valnb i in the wth column whtch is a column other than the -,0n360x(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 foregoino have the value. 1. [0443] Now, variations of the method of
remiacement of code hits of an( LPPC code in the replacement process by the replacement secti 32 of
the demultiplexer 25 in the transmission apparatus 71, thet is, of the allocation pattern (hereinafter
referred to as bit allocation pattern) of code bits of an LEPT code and svmboi bits recxesentative of a
symbol, are deStrbede [o448F 1 2in the demultinlexer 2E, the code bits of the 1_,DIY: code are
written. in the Q%Iuggdirection of the memory 31, which stores N/ (nib)x (Tab) hits in the column
direction s row direction. Thereatfter, the code bits are read out in a unit of mb bits in the row direction.
Further, in the demuitiplexey 25, the, replagement section 32 replaces the mit code bits read out in the

15 B

row direction of the memory 31 and determines the code Pita after the' réplacemerit'as mb symbol bits
of (successivey bsymbelse I particular, the replacement section -1 .. 11 ex

corresponding to the code lengths N and the encoding

rates r in advance therein and carries out LDPC encoding

set code length N and the set encoding rate r
s ] rate 1
103901
Each parity check matrix initial value table is a

value 1 of the information matrix B, correspondine to tThe
information length K corresponding to the code length N

LT R =Ry i

- 1 £~ Sy vy Y . / S 3 3 Py 3
matrix H) for every 360 rows (unit column number T of the

~ IO



determines the isfith hit =rom the most signific bcocle its read out in ttion of - memo)de bit b.dinesth
i+lth hit from the mostntof the'1)01 bits of the b (successive) symbols as the symbol bit y, and :hen

_aces the mf dodo b ts b3 to Orr.;,1 in accordance w1 th hredetermined fin allcation pattern. [04.50]
FIG. 34 shows an example of a bit allocation oattern which can be adopted where the NIOPC code is
an 10140 code whose code length N is 64, 800 bits and whose encoding rate is 5/6 or 9/10 and
besides the m culation method os 409602M and the mult '7'911 code -is an LDPC code whose code
aength N is 6C bits 9/10 ano beside the flr' an uflO

matrices o 1ncluding parity check matrix initial value
tables prescribed in the DVR-8 tand
03821
In particular, FIG. 37 shows the parity checlk

matrix initial value table for a parity check matris H

prescribed in the DVE-3.2 standard and havin

o]
o
9]
Q
@)
[¢H]

length N of

[03833
FIGS. 38 to 40 show the parity check matrix initial

le for a parity check matrix H prescribed in th

DVE-5.2 standard and having a code length N of 64,800

It 1s to be noted that FIG. 29 is a view continuing

is a view continuing from FIG.

FIGS. 42 to 45 show the parity check matrix initial

Yy Ccheck matrix H prescribed in the

L



multldie written in the memory hose en di3/6 or method is 4096A1'1 and the dencode bits for
storinc (64,8 the column direction x res. direction read out in a unit of 12 x I. = mb) bits
in the row direction and supplied to the replacement section 32, [04521 The replacement section 32
ree3acee 12' = Mb) code bits ho te pli such that the 12 x 1 0-5 mbe code hite g0 to hu to be read out
from the memory ST, nay allocated to the 12 x 1 foo mobl symbol hits vo toof one ge, hi) symbol as

seen in FIG. 84.

DVE-S.2 standard and having a code length N of 64,800
bits and an encoding rate r of 3/4.
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43 1s a view continuinc

from FIG. 42 and FIG. 44 is a view continuing from FIG.
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FIG. 46 shows the parity check matrix initial value
table for a parity check matrix H prescribed in the DVE-
5.2 standard and having a code length N of 16,200 bits

bits and an encoding rate r of 4/5.

It iz to be noted that FIG. 48 is a view continuing

from FIG. 47 and FIG. 49 is & view continuing from FIG.
48 Further, FIG. 50 is a view continuing from FIG. 49
(0401

FIG. 51 shows the parity check matrix initial value
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[0453] In particular, according to FIG, 84, the replacement. section 32 carries out, with regard to
both of an 22180 code haying the encoding rate of 5/6 and an 2030. code having. the encoding rate of
9/10 from among 2030 codes having the code length N of 64,830 Cita, replacement for allocating the
code bin bo to the svmbo bit ys, the coda bit bi to the symbol bit vo, the code tit Jol to the symboly r
the code tit bo to the symbol bit the code bi54 ba to the symbolyl, tthe code hit bE. to the symbol bit
the codeto the symbol bit the code bit b7 to the symbol bit 'go, the code bit bp 7-0 the SMM501 bit y7,
The code hip bo to the symbol bit v110 the code bit bl< to the svTnhol bit. the code bitthe symbol FIG.
BS shows an example of a.allocation nattern which can be adapted whthe 2090 code is an code

whose code. lenoMin N cs 64,500 hitsse
and an encoding rate r of 5/6.

T 5+ gl P 3 : 3 :
FIGS. 5Z to 55 show the parity check matrix initial

= T rves ol £ - oy 3 :
value Tabie for & parity check matri

h
¥

rescribed in the

e

DVE-S.2 standard and having a code length N of 64,800

bits and an encoding rate r of 5/6.

is a view continuing

(89

It is to be noted that FIG. &

Trom FIG. 52 and FIG. 54 is a view continuino from FIG
3. Further, FIG. 55 is riew inui fr IG. 5
cher, rle. 59 is a view continuing from FIG. 54.

[0404]

FIG. 5% shows the parity check matrix initial value

21ts and an encoding rate r of 8/0
040¢e]
It is to be noted that FIG. 38 is a2 view continuing
from FIG. 57 and FIG. 59 is a view continuing from
FIG. 58 urther, FIG. 60 is & view continuing from FIG



encoding rate is 5/6 or 9/10 and besides the mocuraMion method is 4096QAt4 and the muitiDie b is 2.
Where the 2022 code is an IDIPI come who ienath N is 64, 500 pits and whose encodino -ate is 5/6 or
0/15 and besides the modulation method is 4596QAre and the mass: .5 25, the code bi written in the
memor (12 x 2) read out in a unit ¢ torino (64,500/(12 x 2 on x row direction are = mc bits in the

row direction and silacem 5 seo.tion 32. j4(1561 The replacement section 32 reciaces 12 Y code hits
bo to b?hits
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FIGS. 61 to 64 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

[G40g)]

it 1s to be noted that FIC. 62 is a view continuing
from FIG. 6l and FIG. €3 is a view continuing from
FIG. 62. Further
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It 1s to be noted that FIG. 66 is a view continuing
from FIG. &5
041z

FIGS. €7 and 68 show the parity check matris
initial value table for z parity check matrix H

prescribec in the DVEB-3.
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standard and having a code

length N of 64,800 bits and an encoding rate r o
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iss to b2 to be read out from the memory icbated to the 12synro 101.15 yo 5!Th two - b) successive
symbost as seen. in FIG. 85 P3457) In particular, according to FIG replacement. section 22 carries
out, with regard to tot of an -LUPO code haying the encoding rate of 5/E and an having the
encoding rate of 9/E0 from among LDPC codes having the code ]Jength N of 64,200 bits, :casement
for allocatino the code bit b.7 to the svrnho hit the code bit b. tc cc symbol bit the code bit symbol bit
the code bit be to the ymbol hit the code symool e code bit hv. to the symbol cf e symbol hit the doe bit
noi to the symbol hit, y9, the code nit M19 to the symbol the code bite to Odesymbol bit s

-t 1s To be noted that FIG. 68 is a view continuing

(0414]

it 1s to be noted that FIG. 70 is a view continuing
from FIG. €%
[04153

FT48 71 to 732 show the varitv Yo~ o 2 : co T
Lo /4 TO /2 8N0OwW Lhe parity check matrix initial
value table for a parity check Trisx H scri in ot

e table £ & parlty check matrix H prescribed in the

I D o o § 3 I} 7N
DVB-5.2 standard and having
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the codthe symbol the code bitthe symbol hit Yi, thehit h; to the symbol_ bit y20, the code bit hn9 to
the symbol hit the coda bto the symbol_ Lityub the code hit no tsymbol bit v1, the code bitto the syffboi
cit the codeto the symbol ' the code bit b12, to the symbol bit ya4, the code bit by, to the symbol bit
y15, the code bit h17 to the symbol bit 121c,, the code bit bixi to the symbol bit y2h, the code bit bm to
the symbol bit y7,0, and The code bit Om2, to the symbo__ bit yh. 1_0158j Here, the bit allocation
pattern of FIG. 85 atilizes the bit allocation pattern of FIG_ 84 wherein the multiple b is 1 without any
modification. particular., the allocation, of the code pits h, b2,-222

pits and an encoding rate r of 3/5.

It 1s to be noted that FIG. 75 is a view continuing

from FIG. 74 and FIG. 76 is a view continuing from FIG

Frvp 7—} Ql" T — LR 3 p . . s . -
N CIN ¢ B8NOWs the parlty check matrix initial vaiue

table for a parity check matrix H prescribed in the DVE-
5.2 standard and having a cecde length N of 16,200 bits

[0420]
FIG. 78 shows the parity check matrix initial value
) teble for a parity check matrix H prescribed in the DVE-
S.2z standard and having a code length N of 146,200 bits

, o - -
anc an encoding rate r of 1/3.

[0421]

FIG. 79 shows the parity check matrix initial value
table for a parity check matrix H prescribed in the DVRE-
S.2 standard and having a code +ength N of 16,200 bits

0 shows the parity check matrix initial value

S.2 stancard and having a code lenagth N of 16,200 bits



to the syrrtel bits ya and the allocation of the ba, b3, to the symbol bits yi are similar to the allocation
of the code bits Oa to h11 to the symbol bits va of FIG. 84. FO0459; FIG. 86 shows an example of
a bit allocation pattern which can to adopted where the modulation TeLhOd iS 1024021E and. the
ipPC code is an IfOP0O1 code whose code length N is 16,200 bits and whose encoding rate is 3/4, 5/6
or EJ9 and besides the muThbfe b is 2 arid also where the modulation method is 1024c.hfA and the
LOPC code is an TDPM. code whose code lengrh N is 64,800 bits and whose encoding length is 3/4,
5/6 or 9/10 and besides the mitH,hle his 2. [P1601 Where the LDPC code is an LDPC code
whose rode length N is 16,200 bits and whose encodino rate is 5/6 Of 8/9 and the modulation method
is 1024QAM angbesides the rraltiple-h. is 2, 4n the demnitnlexer 95, the code bits written in the
memory 31 for storing :16,200/(15 x(12 x 2) bits in the column direction x row direction are read out in
a unit. of 10 x 20(%2¢ab) bits in the row direction and supplied to the replacement section 32. [016].]

On the other hand, where the 109:3 code is an code whose code length N is 64,800 bits and whose
encodino rate is 3/4, 5/6161-9A0 aridtife modutation methed is 1024c)AM ranck besides the multipleLs
2, in the

tap_.e for a parity check matrix H prescribed in the DVE-
S.2 standard and having a code iength N of 16,200 bits
and an encoding rate r of 3/%
(0424

FIG. 82 shows the parity check matrix initizal valiue
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

P S i

matrix initial value table.
[04z7
It is to be noted that the parity check matrix
initial value table of FIG. 83 indicates the varity check
.



demuittplexer 25, the code hits written in the memory 31 for storing 164,800/102)(10 x 2). nits in the
column direction x row direction are read out in a unit of 15 x 2 (= mt.) bits in rho row direction and
supplied to the replacement. sect] on 32. [0462] The replacement section 22 replaces 10 x 2 er
mt.) code bits ha to ey, such that the 10 x 2 (= mien code tits ho to hJ2 to be read out from the
memory 31 may he allocated :0 the 10 x 2mb) symbol bits yo to yoo of twoh) successive symbols as
seen in FTC. 86. [04631 In particular, according to FIG. 86, the replacement section 32 carries
out, with regard to all of the LDPC codes having the encoding rate of 3/4, LDFC codes having the
encoding rate of 5/6 and 12682 codes having a further encoding rate of 8/9 from among 1970 codes
having the code length of 16,200 bits as well as 198C code having the encoding rate of 3/4, LDPC
cones haying thé encodirg Fatelof 576 d-EDPC €odes hawingta furtherencoding rate of 9/10 from
amocq 2E6PC codes having another code length N of 64,800, replacement for allocating the code bit
hu to the symbot bit Va: 17e’ code Bifbd 6 the symibsl Fit§T e the codersit b2 %6 de symbob bit ge, the
code bit b3 to the symbagl bit yeg, the.code bit bel tg the symbol bit yoo, the code bit be to the symbol
bit yo, the code bit b6 to the svmbob bit VI, the codé bit b7 6 tHE syimisod. Hitya, the code hit he to the
symbol bit yv,, 4hegodehirba to the symbol bit y6, the rodein= symbol

As described abeove, the parity check matrix initial
value table is a table which represents =he pesition of

(Ve N

elements of the value 1 of a information matrix H

A

~Or e el +~ the inf ol D sy e 2 :
correspeonding to the information length X corresponding

Lo tThe code length N and the encoding rate r of the LDPCO

code Ior every 360 columns {for every unit column number

S o~ F = 14 9 '

P of the cyclic structure), and in the first row of the
parity checx matrix initial value table, & number of row
numbers of elements of the wvalue 1 in the 1+360x (i~-1)th

aavance. Accerding to the parity check matrix initial
value table, the information matrix Hp corresponding to



the code hit hsymbcd hit yfl, the code bit b12 to the symbol92 the CM the code bit h1:nod. 19'.t You

e code bitto the symbol5 toe code bid :DIE to the sy the cods himsymbol bit the code bit b1 to the
symbol ot YIBr and toe cotet.ho.syminoi hi 11:4641 . 87 shows an example of a bit allocation
pattesr which canciopted wh.ere the modulation Met 862 code is an
'ur-,PC code whose code lenoth N is 16,206 bits end whose encoding rate is 5/6 or 8/9 and besides
the multinle b. is 2 an d also where the modaletion method is 40916QM and *fle LDPC code *s, an
LDFC code whose coe length N i 64,800 hits and whose encoding rate is- or 9/10 and besides the
multiple b P the IDPC code: is an LOPC code whose code lenath N is 15,204rid wh.os a encodinc
rate is 5/6 or e modulatlon method is 4096cA4 and beS|des

e information length ¥ from within the ca heck
e parity check
matrix H is determined
(04301
The row number k+l of the parirt v check matriz

iniltlal value table differs depending upon the

information length XK.

P 5 N ey e 7 ESR O 7 SRR S }
the intormation length K and the row number k+l of

IYelalar e IR +} -~ & : E
Attordingly, the number of column weights



rru:Ltcp_e his 2, in the demuiti lexerTEp the code bits written in the memory 31 for storing (15 00/(r x
2)) x x 2)the column direction x row dLrecticr are read out in a unit f 12 xbits in the row direction and
supptied to the replacement section On. the other hand, where: the LOPE:. code is an L0160
code whose code length N is 6s and whose encoding rate2 or 9/19 and the modulation method
40960'M and besidesn demur iplexer 25, the codee emcr for storino890/(12(12 xbits in the column
direction x row direction are read out in a unit of 12 xthe row direction and supplied to the replacement
section [0467' The renlacerneni section 32 recl nes 1

te 1+360x(3-1)-1th rows but is 3 in the 1+360x(3-1)th TO
The first row of the parity check matriy initial

Y

this Iindicates that, in the first column c¢f the paritvy

check matrix H, the elements in rows of the row numbers

matrix initial value table of FIG. 83 includes 1, 122

e a i T S

T 4% 3 P s PR 5 - . . . . -
£8 glven apove, the parity check matrix initisl



codeh9h. such that the 12 xto be read out from the mgmg,e ulliniated to 2 (=symbol hits Ycsuccess
symbolsFIG. LDPDcodes having the encoding rate of 5/5 and LDPC codes having the encoding rate
of 8/9 from among LOPC codes having the code lengthas well as LDPfl coded having re encoirc rate
of 5/6 and LDPC codes having the encoding rate offrom among LIDPD codes having another cede
length N of 64,8for allocat ¢ the code bit b0 tc the symbol bit the code bit b, to the symbol the code tit
b2 to the symbol hit y4,

direction (in the downward direction of the column) in
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In particular, for example, the 2+360x (i-1)th

column is & column obtained by cyclically shifting the

-
-
w
[

Ux{i-1)th column in the downward direction by M/360

1+360x(1-1yth column in the

o C A . - -
downward direction by 2 x M/360 (= 2 «x gy and then
Y nd then
~ vy 7 £ - T el z
cycllcally shifting the cyclically shifted column
74 Lalra P T T ~~ Ty | % o - 3 3 35 Y
(2+360x{i-1)th ceclumn) in the downward clrection by M/360
5
/(-—-— %
(= qgj.
s S T Y
[04471%
Now if i+ ig e hy ume B i ; '
NOwW, 11 1T 13 assumed that the numeral values in the
I SN - e £ A T Fagun N . . . 3,
jto column (jth from the left) in the ith row (ith row



the code hit b3 to the symbol. bit O; tThe code nit b4 to the symbol bit y21, the code tit b- to the symbol
bit y16, the code bit to6 to the symbol hit 5 the code bit b7 to the symbol the code L.Ht h12 to the
symbol bit the code hit hl to the svmhol the code bit h14 to the symbcl hit the code hit blE, to the
symbol the code bit b. tc tte symbol the codesymbol code hit teaT, to the symbol bit

from above) of the parity check matrix

table 1s represented by b, s and the row number 0f the 3th
It Gl

element of the value 1 in the wth column of the parity

check matrix H is represented by Ey-4, then the row number

the element of the value 1 in the wth column which

Hy-5 = mod{hi 5 + mod((w~1),P) x g,M}
(04437

Here, mod(x,y) signifies a remainder when % is
divided by vy
[04447

Meanwhile, P 1s a unit number of columns of the
cyclic structure described hereinabove and is, for
example, 1n the DVB-S.2 standard, 360 Further, g is &
value M/360 obtained by dividing the parity length M by

the unit column number P (= 360} of the cyclic structure.

(04457
fani T o 3 - - > . 3
The LDPC encoding section 21 specifies the row
™ £} 7 = U \ )
number of the elements of the value 1 in the 1+360x (1~
lith column of the parity checi atrix H I I j
LiTnh oC M oL Lhe parity CchecCk matrix H from the rvaricty




code hit4 the symbol code tit :620 to the symbol bit y-b the code bit b26 to the symbol left cd.),_to the
symbol hit v,, and code bit y. to the symbol h {34593 Aoco.ding to the bit allocation pattemos shown
FIGS. $4 to $7, the sane hit allocat.ion pattern can be adopted for a plural itt of k.inds of 16D177
codes, and tn.e tolerance to erroro can be set to a des performance with regard to all of
theui.St LEPC codes d4:10] In parildular FIGS. 8$tes results of simulations of the DERIrror Rate)
where a replacement orooess is carried out in accordance with the on patterns. of FIGS. 84 to 27.

[0446]

Further, the LDPC encoding section 21 defermines
the row number Hy; of the element of the value 1 in the
wih column which is a column other than the 1+360x(1-1)th
column of the parity check matrix H and oroduces a parity
check matrizx H in which the elements of the row numbpers

3

obtained by the foregoing have the value 1.

VP PR R A me T VI ] i ;
codse pits o an LDPC code in the replacement process by

the replacement sectior
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(04487

In the demultiplexer 25, the code bits of the LDPC
code are written in the column direction of the memory 31,
which stores (N/(mb)) x (mb) bits in *he column direction
X row direction Thereafiter, the code bits are read out
in a unit of mb bits in the row direction Further, in



, on RIGS_ 88 to 91. the axis of abscissa representsaquato no ratio per one symbol: and: the axis of

ordinate represents _ e FPS_ Le472; Further, a solid line curve reoreserts acement, process
is carried.out and an alternahi ion; and short dash line: rePresents the F2r2. where a repiacemenh
prores is not carried out. [N72, FIG.88 illustrates the SIR where a replacement process in

accordance with thu bit allocation pat:ern FIG. 84 is carried out for LDFIAI codes whose code length is
64,880 and whcodi2- 5/6 and 9/10 40960N as the modulation method and settina multiple FIG. 89
ill-ea the "SEP unere a replacement process in accordance with the bit alloca ion patern of Frnm 85 is
carried out for LEFC codes unose code Iength N is 64,800 and whose encoding race is 5/5 and 9/70

adocting a_ "AM as thc modulation method an' setting the muicnLe h to 2.
cement as mb symbol bits of (successive)l b symbols.

1044

Ve
[—

In particular, the replacement section 32

ie}

determines the i+lth bit from the most significant bit of
the mb code bits read out in the row direction of the
memory 31 as the code bit b. and determines the i+1th bit
from the most significant bit of the mb symbol bits of
the b [(successive) symbols as the symbol bit v;, and then
replaces the mb code bits by to Bmn-1 in accordance with a

predetermined bit alliccation pattern.

[0450]
=T o o T ~F o T
FIG., 4 shows an examo cf a bit allocation

pattern which can pe 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

104517

Where the LDPC code is an LDPC code whose code

©/10 anc besides the modulation method 1s 40%60AM and the

multiple b is 1, in the demultiplexer 25, the code bits
written in the memory 31 for storing (64,800/(12 x 1)) «x
(12 x 1) bits in the column direction x row directior are
read out 2n a unit of 12 =x 1 (= mb) bits in the row



[0475] It is to he noted that,FIGS. 88 and 59, a diu having a tr ancular mark applied thereto represents
the or g-70 code hay .ng an asterns'r app ahereto represents the DER rederding the LDIC code
having the encoding rate of 9/10. th4,6, 010. 90 illustrates the PER where a =lace-menu process
in accordance with the tit allocation pattern of RTC. 06 is carried out 60r LEIRC codes whose code
length N is 16,200 and whose encoding rate is 3/4, /6 and 8/9 and for LopO codes whose code length
N is 64, 900 and. whose encoding rate. is 3/4, 3/6 and 9/10 agocdind 1624{,6:AM as the modulation
method and settina the multiple h to 2. {04711 Itis to ....noted that, in FIG. 90, a graph having an
asterisk applied thereto represents the PER regarding. the SD PC code having the code length E of

64,800 and thg encoding rafg.of 9/10,,and a.graph-havinot an ypwardly directed triangular mark
acciied thereto represents the PER redardinp the LOP: codes having. the code1&ngth N of 64,800 and
the encoding rate ©f 5/6. Further, a graph having a. square mark applied thereto recrasenda the PER
regarding the LOP: code having the code lenath N of 64,800 and the encoding rate of 3/4. r04781
Further, in FIG. 90, a graph hawirg-ameund searkiapplied. thereie sgpresents the-PER regarding the
'EDP 1.71 code having the code lenoth N 09 16,200 and the encoding rate of 8/9, and a Graph having
a dowro, fardlyditécted tfiaRguldr Marksapplice theratoerepresenits the BRP crefardingsthe 2220 code
having the code nggg N of 16,200 and the encoding rate of 5/6. Further, a graph having a plus mark
applied. theretd representsthd PERFegardingThHE LIPS d5dehaving thetdee length N of 16,206 and

theenCOd"K3§ﬁ§é%§¥%d to the 12 x 1 (= mb) symbol bits yy; to vy, of
orne (= b) symbol as seen in FIG. B84.
(04537

the code bit by to the symbol bit vys,
the code bit b to the svmbol bit vy,

the code bit b:; to the symbol bit v,

Tne code it by tc the symbol bit v,

tne code bit by te the symbol bit vs,

the code bit by to the symbol bit vy
¥ ¥

the code bit by to
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[04791 71.G. 91 illustrates the DER where a replacement process in accordance with the hit
allocation pattern of FIG. 89 is carried out for LDPC codes whose code length. N is 16,268 and whose
encoding rate is 5/6 and 8/9 and for LIPS codes whose code length N is 64,609 and whose encoding
rate is 5/6 and 9/70 adopting 40960kM as the modulation method and settng the multiple r to 2. [0480:
It is to he noted that, in FIG. 91, a. graph having an asterisk applied thereto represents the BEE
regarding the LDPC cods havind the code length N of 64,800 and the encoding rare of 9/16, and a
graph having an nowardlv directed trandular mark appliec. thereto represents the DER regarding the
LDPG dodos having the code Jen:7th N of 64,600 and the encoding rate of 5/6. [04811 Further,
in FIG. 91, a graph having a round mark applied thereto represents the BER recording the LOP: code
having the code length™ ‘of 42%20F ahdthe ehcodmgrdpecof 8/9-and:a araph hav7hc a downwardly
directed triangular marg}%pprljggathegqto%rgprgsegts the BHS5 regarding the =PC code having hhe code
length N of 16,200 andthe encoding rate' of 076 -[628277 ! ABcbrding to FIGS. BE to 91, the same bit
allocation pattern,ean he adopted with regard to a plurality of kinds of LDPC codes. Besides, the
tolerance to errors can he set to a desired performance with regard. to all of the rHare1 kinds of 0080.
codes. [0483]  In particutar, where a Pitallacation patiern for exelusive use is adopted for each of
a plurality of kinds of 0080 modes which have different code lengths and different encoding rates, rho
tolerance to ametror vanvbe red taa veryhigh petformanee: However, it isinecessary to change the bit
allocation Pattern for each of a plurality of kinds, of 1080 codes. F04.4741 On the other, hand,
accoﬂﬂngtoﬂ%@%ﬁ;ﬂ@@gﬁ@ﬁcse code length N is 64,800 bits and whose

encoding rate is 5/¢ or 9/10 and besides the modulation

multiple b is 2, in the demultiplexer 25, the code bits

written In the memory 21 for storing (64,800/(12 x 2} «x

—

read out in a unit of 12 x 2 (= mb) bits in the row
direction and supplied to the replacement section 32
[04d5¢
The replacement section 32 replaces 12 x 2 (= mb)

code bits by to by such that the 12 = 2 (= mib) code bits
©o L0 Doy LO De read out from the memory 31 may be
allocated to the 12 x 2 (= mb) symbcl bits Vo TO yzz of
TWo (= D) successive symbols as seen in FIG. 85

4457)



patterns of FIGS. 84 to 67, the same bit allocation pattern can be adopted for a plurality of kinds of
LIPS codes which have different code Lengths and different encoding rates, and the necessity to
chance the bit allocation pattern for each of a pirralfty of k7nds of 7-1,PC codes as in a. case wherein
a hit allocation pattern for exclusive use is adopted for each of a. plurality of kinds of LDPC codes is
eliminated. r0485' Further, accordin,c to the tit alliocatior patterns of FIGS. 84 to 87, the tolerance
to errors can be raised to a hich performance although Lt is a little lower than that where a bit
allocation catbern for exclusive use is adopted for each of a plurality of kinds of LDPC codes. :0486]

In particular., for example, where the modulation method is LICEIGE, the same bdt allocation pa:tern

in FTC. $4 or 85 can be used for all of the LIRS codes which have rtho code lonath N of E4,600 and

the encoddnd rate of 5/6 and 9/10. Even where the same bit allocation bgﬁern is adc.c.ded in this
manner, the tolerangede<ertorscan be raisedte.a high.performance..EQ487] Eurther, for example,
where the modulation method is -10240Am, thehit allocation pattern of FIG. 86 can be adopted for all
of the LDPC codes whi¢l havedhercoderlengtie Nof46;200 and the engodingtate of and 8/9 and th.e
7DFC codesthe code length N of 64,800 and the encodi ¢ Then, even if she same bit ailocatic in this
manner, she coléra & fFefrdis 8an tigh petforartcer and 9/409/10 from among

LDPC codes having the code length N o

=

64,800 bits,
replacement for allocating

the code bit by to the symbol bit vy,

the code bit b, to the symbol bit Y

the code bit bg to the symbol bit y-

the code it by to the symbol bit v,
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the code bit bi; to the symbol bit vy,

s L, n L
the code bit by to the symbol bit vy,

the code bit bz, to the symbol bit Yoo



Is adopted n_.for exa:nolo, vinare che modulation [ is 4086QAM, she same bit allocabon pattern of
FIG, can be adodced for et. of the LDPC codes which have the, code length F of 16,200
andantocenoand 0/9 and the LDPO codes which have the code _Length N of 64,800 and the encoding
rate of 5/6 and 9/10. Then, even if th same hitiocat.ion pasterndorin this manner, the tolerance toObe
rd secm a h cerrormance, [0Q. s of the bit allocation pattern are fuEr described. _rates an
examblileft allocation n be adopted where the LDPC coclL is a

the code bit by to the symbol bit Yig,
the code it big to the syvmlbol bit vos,

the code bit bs. to th

@

symbol bilt vy, and

the code bit bs; to the symbol bit Vo

FiG. 86 shows an example of a bit alliocatio

5/6 or 8/9 and besides the multiple b is 2 and alsc where
the modulation method is 102408N and the
LDPC code whose code length N is 64,800 bits and whose

dine - R odig 2 /A orv G/ 4
encoaing Length is 3/4, 5/€ or 9/10 and besides -he



LDP.: code which has the code length N of 16,200 or 64,600 bits and one of the encoind rates for the
LOOO code defined by a parity check matrix H produced, for example, from any of the parity check
matrix inntiai vabue tables shown in FIGS. 27 to 62 other than the encoding rate of 3/5 and besides
the modulation method is c72PSN and the multiple b is 1. [04917 Where the T.EPC code ts an
LDP7 code which has the code length N of 16,200 or 61,800 bits and has the encoding rate other than
3/1. and: besides the modulation method is ciPSK and the multiple b is 1, the demultiolexer 23 reads
out rode bits written in the memory 3] for storing (N./(2 x 117 x :12 x 1) bits in the column direction x
row direction in a cult of 2 k 1 (= mit.) bits in the few direction and supplies tho read out code bits to the
replacement seg}t%ogp&. [C(492 The repbacement section 32 replaces the 2 Y. 1 (=. ffel code lefts
no and he rhad out from the memory. 31 in such a manner that the 2 k 1 (= mid) code bits no and hw
are allocated to the 2 x|, (= Inn), symbal bits ye and va of one. (:c bd cst73-101 as seen in FIG. 92.

i

(0493] particular, accordang tothe cement section 35 Carties outor‘e%lawévéchsigntcf%?%lIocating the code

bit b. to length N is 16,200 bits and whose encoding rate is 3/4,

e

5/6 or 8/9% and the modulation method is 10240AM and

. N s om . .
esides the multiple b is 2, in the demultiplexer 25, t

o

1

=
=

C

id

Lo e o

encoding rate is 3/4, 5/6 or 9/10 and the modulation
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column direction » row direction are read out in a unit

©of 10 x 2 (= mb) bits in the row direction and supplied
to the replacement section 32
(04627

The replacement section 32 replaces 10 % 2 (= mb;
coas Dils by Lo big such that the 10 x 2 (= mb) code bits
by to big to be read out from the mamory 31 may be



the code bHt b6 to the symbol bit [049 is to he flogeb that, in this instance, also s possible 70
consreplacement is not carried out and the code "gigs b. and b1 are determined as they a symro.4,
respect’ [0466j 93 hcy an examnie of a bit al:coati( pattern which can be adopted where the LDPC
code is an LDPC cocode lengt.h N off 64,6041 hits and has the encoding rate oanand besides the
modulation method is 6QAN and the muitinie b [0496] ?.re the 1.47616e. cod,'s an |i.DPC code which
has the

leccated To the 10 x 2 (= mb) symbo

two (= b successive symbols as seen in FIG. 86.

having the encoding rate of 5/6 and LDPC codes having a
further encoding rate of %/10 from amonc LDPC codes

having another code length N of 64,800, replacement for

the code bit be to the svmbol bit Yy,
the code bit b- to the svmbol bit YV,
the code bit bg to the symbol bit Vi1,



code i ennn6inc ra methcvd is Ib demultipli colon's: direr ' 16,200 0.54 600 hits and has the mt) bits irr
the row direction and supplies the rend out code bits to the replacement section 32. [0.4971 The
replacement section 32 replaces the 4 x 2 ( = mb) code nits bo to bo read out from the memory 31 in
such a manner that the 4 x 2.(= mit) code bits are allocated to the 4 x 2 (= mtd symbol bits yo to ,77 of
two (= hd successive symbols as seen in FT(T. 93. {04961. In pdrticular, according to 910. 93, the
replacement section 32 carries out replacement for allocating the code bit bo to the symbol hit the
code b-t f=to the svmcel bit the code hit bs( to the svmtol bit the code bit b?, to the symbol bit y2, the
code bit loni to the symbol hit 915, the cone bit h()) to the symbol bit.

the code b3

ct

bic to the symbol bit yi.,
the code bit b;; to the symbol bit Vi1,
the code bit bz to the symbel bit vy,

the code bit bi: to the symbol bit vig,

1 _“

the code bit b,y to the symbcl bit yie,

the code bit by To the symbol it yis,

e code bit by to the symbol bit yg,
the code bit bys to the symbol bit Vi,

&3]
o]
O

[04e4]

FIG. €87 shows an example of a bit allocation
pattan which can be adopted where the modulation method
15 4096QAM and the LDPC code is arn LDP ‘Noae whose code

modulation metnod iz 40960AM and the LDPC code 18 an LDPC

ccde whose code length N is 64,800 bits and whose



the code bit H to the c-"VM.IDC: hit y, and the codesymbol FIG. 94 shows an example of a bit
allocation pattern which can be adopted where the inoculation method is 64QAM and the LDPC code
is an 1290 code whose cede Length N is 16,200 or 64,800 bits and whose encoding rate is any other
than 3/5 and besides the multiple t Is 2. [05001 Where the LETO code is an LDPT. code whose
code length N is 14,200 or 64,800 bits and whose encoding rate is any ether than 3/5 and the
modulation method is 64cAM and besides the multiple b. is 2, in the demultiplezer 25, the code bits
written in the memory 31 for storinc (1);/(6 Y 2)) x (6 x 2) bits in the column direction x row direction.
are read out in a unit of 6 x 2 (= nab) tits in the raw direction and supplied to the replacement. section
05011, The reolacemet section 32 replaces the 6 Y--- artd code tits to to Pil read out from the
memory 31 sudh thatthe & x3Z'92 rubYcéde titkePeto i rmay he Hllocated toothe 6 <2 (= ildo) svabol
bits yo to ylo of two' In) successive symbols as seen in FiG. 94. [0502? ~  Ton. particular, ccordine
to F75. 94, the'replacemént séctidh 32 Tarries ofit repiacement fof cf:0a4iiRd thie €ode it to to the

Swﬂb0|“twa ﬂﬁ%CQd§PW§¥4QtQES¥H¥”%$Tﬁ'h direction x row direction are

read out in a unit of 12 x 2 (= mb) bits in the row

al

M ~t 3 SN NI T L
direction and supplied to the replacement section 372.

(0466}

code whose code length N is 64,800 bits and whose

Ior storing (64,800/(1Z x 2)) x (12 x 2) bits in the
coiumn direction x row direction are read ocut ir a unit
G- Ll x 2 (= mb) bits 1n the row direction and suppiied
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lhe replacement section 32 replaces 12 x 2 (= mb
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sympbols as ssen in FIG. 8§87,



code bit b, to the symbol the code bit b3 t.o the symbol hit \in, the code bit b1, to the syMbol. Hit 7 bit
V2, the code hit bL to thc synhcj.1 1Y r to the symbol bit y3., the code bit bE _ tne symbol
bit. ,23, the -ode bit b the symbol bit yEL, the code bitthe symbol bit y4, and the code bit " FTC.
95 shows al examole of a bit elleba in pattern which can be adopted here the modulation method
isandL'DC code is an LfIPC code whose code length N is 64,830 hits and whose encoding rate is any
other than /5 and besides the mu. 1,050,4J Wherc the LDPC code is ancode wnose code -
N is 64,800 bits and whose encoding rate is any other th and the modulation method is 256(DAM and
besides the multiple b is 2, in the demuicip]. code bits writtenmemory 31 for stor800/(E

e T .y . , . - .
the LDPC codes having the encoding rate of 5/6 and LDPC

cocdes havin

[i9)]
-

the encoding rate of 8/9% from among LDPC

& A

having another code length N of 64,800, replacement for

[E I o S N vt

R O P
a.Liocatlin

O

the code bit by to the symbol bit vig,

the code bit by to the symbol bit vis

the code bit bz to the symbol bit vis,
the code bit by o the symbol bit v,
the code bit bs to the symbol bit v,
the code bit bs to the symbol bit yas,

the code bit by to the symbol bit yig,

the code pit by to the symbel bit vy,
the code bit be te the symbol bit v,

the code bit by To the symbol bit v,

the code bit bix to the symbol bit v,
the code bit bi: to the symbol bit yi-,
the coce bItT Dbiy te the symbol bit vyis,
the coce it D:s to the symbol bit vy,
the code 21t Dy to the symbol bit vy,



xx 2) hits i the column direction x row dirctionreap outunie of E x 2b) bits in the row direction and
supplied to the replacement section (CFCS: The replacement section 32 ret9aces the B x 2 mb code
bits bxj to b75. read out from the memory 31 such that the 8 x 2 (- mb) code bits 00 to b55 may be
allocated to the 8 x 2 (= mic) symbol bits yeof two (= bi successive symbols as seen in FIG. 95. 7, ~.(-,
I In particular., according. to FIG. 95, the replacement section 32 carries out replacement for
allocating the code hit bT to the symtbd bit yls, the code bit bh to the symbol. bit yw, the code bit b2 to
the sgMtcl. bit y53, the code bit b no the symbol hit 375, the code bit b4 to the symbol. bit ye, the code
bit hh th, the symbol bit 9d, the cede bit 17)6 to the symbol S.Hr the code bit bw to the symbol bit y5,
the code bit h to the symbol tit yhe, the code hit b5 to the symbol bit y6, the code bit Imo to the symbol
hit y6, the code bit hd to the symbat bit y=f;, the cage hit-h1 40 the symbol bit the code hit by,, to the
symbol bit y2,

the code bit b

-t

O the symbol bit vy,

the code bit bie to the symbol bit v,
the code it boy To the symbol bit v,
the code bit by: to the svmbol bit v,

the code bit by to the symbol bit vis, and
the code Dit yu3 to the symbol bit v,

[04€9]
According to the bit allocaticn patterns shown in

GS. 84 to 87, the same bit allocation prattern can be

n

adopted for a plurality of kinds o

Q

LDPC codes, an

th

¥

besides, the tolerance to errors can be set to a desired
performance with regard teo all of the plural kinds of

+

Ty oy e - T e e o0 - -
In particular, FIGS. 88 tc 91 illustrates resyults

I simulations of the BER (Rit Error Rate) where 2z

replacement process 1g carried out in accordance with the
bit allocation patterns of FIGS. 84 to 87
047137
It I1s to be noted that, in FIGS. 88 to 91, the axis
cf abscissa represents E./N, (signal power to nolse power
Tatlo per cone symodol) and the axis of ordinste represents



the code tit Cl.) to the symbol bitand the code bit .b2:), to the symbol bit \pc [0507]

FIG. OE

shows an example of a bit allocation Pattern which can be adopted where the modulatibn method is
256QAE and the LTPC code is an LOPC code whose code. length. \T is 16,200 bits and whose

encoding rate Cs any other than 3/5 and besides the mdltible t is I. {050E]

Where the LDPC code

lhs an LOPC code whose code length ic is 54,200 bits and whose encoding rate is any other than 3/5
and the modulation mettod is 2560.74N and besides the mbitiple b is 2, in the tem-dltiplexer 25, the
code tits written in the memory 35 for storind J6,225/ x 1)) xx 1) bits in the column direction x row
direction are read out in a unit of 0 YH-r- nib) bits in the row direction and supplied to the replacement

section 23 [05 8]4 1 The replacement section

32 replaces the 8 x 1 (= mb) code bits bo to P3 read

out from the memory 31 th>t th 8 x I(= mbi code bits bo to b7 may be allocated

solid

nd short

ST

rdance with

)
O

4,800 and whose

adopting 40%6Q

[3°,

AM oz

multiple b to 1.

(04747

in

Lline curve

dash line

the modulation

represents

method and

the BER where a replacement

process accordance with the bit allocation pattern of
FIG. 85 is carried out for LDPC codes whose code lenath N
is 64,800 and whose encoding rate is 5/6 and $/10
adopting 40960AM as the modulation method and setting the
multipie b to 2
104757

It 1s to be noted that, in FIGS. 88 and €9, & graph
having & triangular mark applied thereto represents the
BER regarding the LDPC code having the encoding rate of
5/6, and a graph having an asterisk applied thereto



to the 8 x 1(66 mn) symbol bits y)6 tov of one (= h) sytrbol as seen in FIG. 96. 10516] In
particular., accordirb to FIG.. 96, the reciacem.ent section 32 carries out reblacem.ent for allocating
the code bit b6 to the symbrel bitva, the code tat b.- to the syrdboi tit 86,, the code bit it to the symbol
tit Yi, the code bit Pe) to the symbol telt: y6, the code: bit b4 to, the symbol the codebe to the symbol
bit y6, the code bit it, to the sTaboi bit y4, and the code hit it to the symbol tit y6. FIG. 97 shows
an example of a hit allocation net t= which can be adopted where the LOP.): code is an LG6PC code
whose code length N is 16,206 or 64,800 bits and whose encoding mate is any other than 3/5 and
besides the modulation method is c)PSK and the multiple h is 1. [0:572] ,There the LOPG code
is an 1,0001 code whose code length N is 16,200 or 64,800 bits and whose encoding rate He any
other than 3/5-and besides the-mpddiatiop=methed s £)P:SR andthe multiple bis 1, in the
demb'tiolexer. 75, the code bits written in the memory 31 for storing N/ (2 x 1) ) x x 1) bits in the
column. directior xdonadirectiorrare réad out in a unit of 2mb) bits in the row direction and supplied to

the replacement seé:tlon
10476}
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the mocdulation method and setting the multiple b to 2.

[0477]

the LDPC code having the code length N of 64,800 and

encoding rate of 9/10, and & graph having an upwardly
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64,800 and the encoding rate of 3/4.



22. fpfl%’ The replacement section 32 replaces the 2 x 1 fm nit) code bits b.0 and hi read out from
the memory 21 such. that the. 2 x 5 im mbi code hits bo and Hay be allocated to the 2 xmb) symbol,
bits vn and v1 of one i= bf symbol as seen in FIG. 97. [05143 particular, according to TE)T. 97,
the replacement section 32 carries out replacement for allocating the code bit loo to the sviMpol bit vo,
and the code bit bi to the symbol bit y2 305153 7'i is te be hated that, in this instance, also it.

boss|ble to consider that replacement fs not carried out and the code hits h1l and b2 are determined as
they are as the symbol. bats yo and. y, respectively. [C5161 FIG-. 99 shows an example pattern
which can be adopted where the IDPC code is an LDPC code whose ode iengh N is 64,606 Piso and

whose encoding rateand besides the modulation method is
code having the code length N of 16,200 and the encoding

o]
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[ e
Ld LT

/%, and a graph having a gownwardly directed

16,200 and the encoding rate of 5/6. Further, a graph
having a plus mark applied thereto represents the BER
regarding the LDPC code having the code lencth N of

16,200 and the encoding rate of 3/4.
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rates the BER where a replacement
process 1n accordance with the bit zllocation pattern o
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FIG. 87 is carried ocut for LDPC codes whose code length
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00 anc whose encoding rate is 5/6 and 8/9 and for
LDPC codes wheose code length N is 64,800 and whose
encoding rate is 5/6 and $/10 adopting 40960AM as
modulation method and setting the mulz iple b to 2.

[0480)

encoding rate of 9/10, and & graph having an upwardly

R ] 4 ovmd [N B PR g 4 3 ; 5
dgirectec trilangular mark applisd thereto represents -he

BER regarding the LDPC codes having the code lencth N o

=

€4,800 and the encoding rates of 5/6.



IEQAN and the multiple IP is rgcrl7 Where the IDPC code is an L.DPC code whose code length
11 2 64,800 bits and whose encoding rate is 3/5 and. besides the mduLod is 16Q7\M and the
mulioc.2, in the demuit ipiez_o4 written in the memory 31 for storl(64 Pflr (4 x 2) bitsthe column c e,
ion x tow d'heTtion are read. out in a unit of 4 x 2mh) bits in thc row direction and supplied to the
replacement scction 32 [0516 The'acement sect. ion 32 replaces rob) code biLe b to bT read out from
the memorv 3] such. that the 4 x 2md code tOss LTbe alLocatea to the 4_of two successive swobois
as seen in FIG. 98. C. )ar:jcuiaaco rd rig to FIG. 98,

code having the code length N of 16,200 and the encoding
, and a graph having a downwardly directed

triangular mark applied thereto represents the BER

allocation pattern can be adopted with regard to a

TC eXrors can be sea
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sired performance with regard

to all ¢of the plural kinds of LDPC codes.

In particular, where a bit allocation pattern for

PR AN et

A€ T RDe 3
oT LuPC codes which e different code lencths
PC co hich have differ ent coae lengths and
Ffaerant Ao P o k! -
Airrferent encod g Trates, The tolerance to an error can
he raised * a v rce it
o€ ralsed To a very high performance. However, it is



replacement section 32 carrOes out rerlfor the code bit to to the symbol bit yo, the code bit tr to the
synlb,c1 Pit the code bit bw to the symbol bit yo, the code bit 1-32. to the symbol tit yo, 1.1.i . code bit
tG to the symbol bit VV4/ the code bit ft. to the symbol tit. y2, the code bit b6 to the symbol bit).77,- and
the code bit b7 to the symbol 3-Ht v6. FIG. 99 shows an example of a bit allocation, pattern which
can he adopted where the LDPC code is an LOPC code whose code length N is 16,200 bits and
whose encoding rate is 3/3 and besides the mdduinion method is 160AM and the multioie b is 2.
[0521] Where the LDPC code is an LIPS code whose cooe length N is 16,200 bits and whose
encoding rate is and besides the modulsnion method is 16QAM and the tiis 2, in, the
demultjolexer 25, the code tits written in thd memory 31 for storing (14,200/(4 x 21 1x (4 x 21 bins in
the column direetionsx rew glirection aresead aut in-a..unit Q4 x:2mp) bits in the row direction and
supplied to the replacement section 32. retnacementsecticS the 4 x 2 mb' code bitsreaa out tram the
memory 31 s th@> d= 4x2 = nke3ycede hits ‘0010 b7=raavhe-allogatad x-2 Pe; rah)to 34 of two (=

codes which have different code lenagths ar
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Further, according to the bit allocation patterns
of FIGS. 84 to 87, the tolerance to errcrs can be raised
To a nigh performance although it is a little lowsr than
that where a kit allocation pattern for exclusi

adopted for each of a plurality of kinds of LDPC codes.

[048¢€]
In particular, for example, where the modulation
method 1s 40960AM, the same bit allocation pattern in FIG

84 or 85 can be used for all of the LDPC codes which have

the code length N of 64,800 and the encoding rate of 5/6
and $/10 Even where the same bit allocatiocn pattern is
adopted in this manner, the tolerance to errors can be
ralsed to & high performance
[0487]

Further, for example, where the modulation metnod



successive - nbols as seen p. FIG. 92, In particular, aocordin.g to FIG. 99, reolacemone section 32
carries out replacement _o doting thenit bL, to the symocl the code bit blsvmho2 the code hit hl to the
rode bitsvmhci32, to the svmhol bit code bit bb to the symbol bitv3, the code nit b6 tovvrorddi bit Y6,
and the code bit bc to the =vvidol hit. vcd FIG. 100 shows an. exorable of a rcdocaidon pattern whi.ch
can be adooted where the modulation rletnod. is 64QA54 and the DPC codese node length 1 is
64,800 buts and whose en besides the mutioi.rate is 9t45 LOS2',

is 10240AM, the same bit allocation pattern of FIG. 86
can be adopted for all of the LDPC codes which have the
code length N of 16,200 and the encoding rate of 3/4, 5/6

and &/9% and th

0]

LDPC codes which have the code length N
of €4,800 and the encoding rate of 4, 5/6 i )
of , 800 ar the encoding rate of 3/4, 5/6 and 9/10.

Then, even 1f the same bit allocation pattern is adopted

e oy MR = . T A 1 . ! Jon P : :
I\’A\,CXHV\!H;J.E, ICr eXampi.ie, where the meodulation method

is 4096QAM, the same bit allocation pattern of FIC. 87

€/9 and the LDPC codes which have the code length N of
©4,800 and the encoding rate of 5/6 and 9/10G. Then, even
if the same bit allccation pattern

m H | o~ i~ - - . N L
manner, the tolerance to errors can be raissd +to a high

D7 oo aen 3

- N o - :
variations of the bit allocation pattern are

oA b
rc4e0]
VT a2 417 - = o 1 .
riles. Jg2 o riiustrates an sxample of & bit allocation
e e - o~ - o~ - 3 T
patiern wnicn can be adopted where the LDPC code is any



Where the LDPC code is an LDPC code whose code length N is 64,800 nits and whose encoding rate
is and the mcduletion method is 64),W,.'t and besides the ma(tipie n is 2, in the demaitliolexed 25, the
code bits written in the memory 31 for storing 674,B00/(6 x 2n) x (e x 2) bits 'n the column direction Y
row direction are read out in a unit of 6 x 2rb) bits in the row direction and suordied to the replacement
section 32. [0.526 The replacement section 32 replaces the 6 x O(= ciii code tits ho to nu read out
from the memory 31 such that the 6 x 2mn1 code bits n to kali mat be allocated to the 6 x 2 (= Th)
smrlhol bits y)) to y))) of two (= b) saccessime symbols as seen. in FIG. 100. :05271

-r :particular, according to FTC. 100, the replacement section 32 carries out replacement for an the
code bit Co to the symbol ht the code hit h to the symbol hit y7, the code bit b2 to the symbol hit v6,

the code bit bi o the symbal:hit. 76, the code iz in ta the symbol. PIt -0 [ ¢, g0p

bits and cne of the encoding rates for the LDPC code

Q

direction x row diresction in 2 unit of * 1 (= mb) bits
in the row direction and supplies the read out code birs
to the replacement section 32

[0492]

The replacement section 32 replaces the 2 x 1 (=
mp) code pits by and by read ocur from the memory 31 in
such & manner that the 2 x . (= mb) code bits Dy oand by
are allocated to the 2 x 1 (= mb) symbol bits Yo and y; of

[
Ny
(&3]



the code hit b6 to the symbol hit the code bit b.),i to the symbol hit yi, the code bit b.. to the symbol hit
the code bit hE. to the symbol bit the code bit h,4 to the symbol. bit \in, the code bit bio to the symbol
hit ys, and the code bit bfl to the symbol bib yio [0528b FIG. 1.01 shows an examble of a. hit
allocation pattern which can be adopted where the modulation method. is 64WiM and the ID.PG cedo
is an 2119.0 code whose cods length N is 3h,20C bits and whose encoding rate is 3/5 and besides the
multiple b is 2. 10.529I Where the 2592 code is an IIPC (-Thde whose code length N is 16,200
bits and whose en-flotino rate is 3/5 and the modulation method is 64.QAN and besides the multiple h
is 2, in the demultihbexer 25, the code bits written in the memory 31 for storing [16,200/ ('6 h 2) x (4 x
2) bits in the column direct ion x row direction are read out in a unit of 4 >, 2 (= :Mg) bits in the row
direction and supplied totheaeplasement section32,7C1,322k Thereplacement section 32 replaces
the 6 >: 2 code bits ho to tul read out from the memory 31 such

- T o + -3 ) S N 3
repiacement section 3Z carrles out repiacement for

allocating

(04947

toig ta I + tha ha

It is to be noted Crhat, 1n thig Instance, also it
9 < T o - I -
15 possible To consider that replacement is not carriead

[0495]
T ~ty -~
FlG. 93 shows an example of a bit alloca*ion
P ~ - } o I ¥ J 3 . T i
pattern which can be adopted where the LDPC code is an

LDPC code which has the code length N of 16,200 or 64,800
Llts and has the encoding rate other than 3/5 and besides

the modulation method is 16QAM and the multiple b is

04967

s T IND e 1
13 an LDPC code which has the

corumn direction x row direction in a unit of 4 x 2 (=



that the 6 x 2 (= mbl coda bits he tomay be allocated to the 6 x 21= mh) symbbi bits y0 to yu of two ;=
he successive symbols as seen in 770. H531] In particular, according to FIG. 101, the
replacement section 32 carries out replacement for allocating the code biT bu to the symbol bit the
code bet hn to the symbol bit y), the code hit. ,P1 to the symbol tit 7/3, the code bit he. to the symbol
bit v80, the code hit :04 to the symbol bit p0, the code bit be to the symbol bit 8'-4, the cede bit he to
the symbol tit y9, the code hit he to the symbol bit ys, the node bit he to, the symbol bit yl, the code bit
be to the symbol bit y8, the code het t10 to the symbol bat. v4, and the code het tu to the symbol tit vO.
[0532] Elc:. 702 shows an example of a bet allocation pattern; which can be adopted where the
modulation method. ts 256 QAM and the 002/2: code is an LIFO: code whose code length N is 64,800
bits and whose&iencoding rate i$ 8/5 candibesides ¢he multipiedy is E{CO331rcad Where the LETO
code is an LOFT code whose code length N is E4,800 bits and whose encoding rate is 3/5 and the
modulation méthod i8 258 DAMdiid besitiestme muliple-b 512 3i-the demditiplezer 2E, the code bits
written in the memory 31 for storing. (64,800/(8 xx ¢8 x 21 bits in the column direction x row direction
are read cup in a unit of 8 x 2(= oh) bits in the row direction and stipplied to the replacement section
32.

The replacement section 32 replaces the 4 x 2 (=

D) code bits by To bs read out from the memory 31 in such

in particular, according to FIG. 93

replacement section 32 carries out replacement for

the code bit by to the svmbol bit vy
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the code bit b, to the symbol
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the code bit b: to the syvmbol bit .
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the code bit bs to the symbol bit vs

he coae Dit bs to the syvmbel bit vs,
= Yy E Y - E - - i T T 4 - 3
thie code DLIT ke to the svmbol bit v, and

the code bit by to the symbol bit vyg.

(0456
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FIG. 94 shows an example of a bit allocatioen
pattern which can be adopted where the modulation mathod

1s 640AM and the LDPC code is an LDPC code whose code



[C534.1 The replacement section 32 replaces the 6 x 2 (- oh) code Pits be to h1E. read out from
the memory 31 such that the 8 x 2 (= Filt code hits Jou to b1. may be allocated to the 8 x 2 n=rand
symbol bits yo to yis of two (= n) successive symbols as seen in FIG. 102. 108357 In patrticular,
accorobno to FTC. 102, the replacement section allocating 32 carries out replacement for the the the
code tit code hnt code nit

length N is 16,200 or ©4,800 bits and whose encoding rate
is any other than 3/ and besides the multiple b is 2.
f(0500)

:

Where the LDPC code is an LDPC code whose code

3

length N is 16,200 or 64,800 bits and whose encoding rate

. e - 5 — Y - oy
that the 6 » Z (= mb} code bits by to by may be allocated
i~ o o] F— =\ 3 1 Ty -~ - <y oy - i/
To the © x Z (= mb) svmbol bits yy Lo v 0f two (= b)

successive symbols as ssen in FIG. %94,

.
- o~ - C ™ ~
In particular, according to FIG. %4, the
- 1 . - ol - - N b a
repiacement section 3Z carries out replacement for

the code bit by to the symbol bit v,
the code bit b, te the symbol bit vy,



be hn, boa to to to the the the symbhd symbol symbol tit bit
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he symbol bit vys,

the code bit by to the symbol bit vig,
the code bit b, to the symbol bit vy,
the code bit bs to the symbol bit vy,
the code bit b: teo the symbol bit Vo,
the code bit by to the symbol bit Vs,
The code bit b to the symbol bit Vi,
the coce pit by to the symbol bit vy,
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IG. 85 shows an example of a bit allocation

can be adeopted where the modulation method
the LDPC code is an LDPC code whose code
64,800 bits and whose encoding rate 1s any
other than 3/5 and besides the multiple b is 2.
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hit 112, V1.1 the code tit h th thh symbol blot the code bit b4 to the symbol bit yo, the rode bit h, to tne
symbol hit y9, the cod= Pit ',of, to the SV7MbC4 bit yl, the code hit bb to the symbol bit y,i, the code bit
Up to the symbol bit yu, the code bit b9 to the symbol bit the code hit bn to the symbol bit y7, the code
tit bb to the symbol bit ye4, the code bit b12 to the symbol bit yo, the code bit bn to the symbol bit y45,
the code bit h04 to the symbol bit y9, and the code bit b15 to rt= symbol bit yna

the row direction and supplied to the replacement section

In particular, according to FIG. ¢5, the
replacement section 32 carries out replacement for
allocating

the code bl? Ly To the symbol bit y.s,

the code bit b, to the symbol bit v,

tne code it Iz to the syvmbel bit Vis,

the code bit by to the symbol bit Vi,

the code bit by te tne symbol bit vy,

the code bit b: to the symbol Dit vi,

the code bit by to the symocl bit vye,

tiie code bit by to the symbol bit vy,

It v
U O N }/6,



[053Ej,_ FIG. 1.03 shows an example of a. bi allocation pattern which can. be adopted where the
modulation method is 256¢cAM and thc LEPC code is an -.14DPC code whose code length N is 16,200
bits and whose encoding rate is 3/5 and besides the multiple b is 1. r'.1,7771 Where the LOPC
code is an L.DPO code whose code length N is 16,200 bits and whose encoding rat= is 3/5 and the
modulation method is 236QAM and besides the multiple b is :, in the demuTtipjeser 25, the code bite
written in the memory 31 for storing (16,200/(6 x 1\1 (8 x 1, bits in the column direction x row direction
are read out Ih a unit of 8 x 1 (= mb) bits in the row direction and sueplied to the replacement section
{C5381 The replacement section 311 replaces the 8rent)) code bits hO to S7 read out from the
memory 31 such that the x| (= mh) code hits bo to In ray be allocated to the 8 x I. (= TIth) symbol bits
yo, to y7 of one In b) svmiBelR§'8e8nin RIG: “P0319)5391001 i particYlar, accorddns to FIG. 103, the

replacement section 32, %arrles Dr replacement for allocatine
The code ™D joL ! “lf\m Svmbo* D yll

the code bit by; to the symbol bit Yis, and

the code bit bi;s to the symbol bit Vo

FIG. 96 shows an example of a pit
pattern which can be adopted where the modulation method
is Z256QAM and the LDPC code is an LDPC code whose code
length N is 16,200 bits and whcse encoding rate is any

cther than 3/5 and besides the mul+tiple D is

Where the LDPC code is an LDPC cod

(b
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other than 3/% and the modulation method is 2560B8M and
besides the multiple b is 1, in the ademultiplexer 25, the

code bits written in the memory 31 for storing (16,200/18
x 1)) x (8 x 17 bits in the column direction x row
direction are reac cut in & unit of 8 x I (= mb) bits in

32
[0509]

“he replacement section 32 replaces the 8 x 1 (=
mp) code bits by to by read out from the remory 21 such
that the 8 x 1 (= mb) code bits by to b- mav be allocated



the code bit hi; to the symbol bit y7, the code bit ba to the symbol tit yo, the code bit he tb the symbol
Sdt yi, the code hit In to the symbol bit y51 the code bit In to the symbol32, the code bit In to the
symbbi bit 56, the code hi' SE to the svmbol Sit y4, and the code bit In to the svmbed bit yo. rn9,40;
Now, the deitterleaver Si which cc mscses the reception apparatus 11 is described. 10541] FIG.
104 is a view illustrating processing of the multiplexer 54 which composes the deihterleayer 53. L',542]
In particular, A of FIG. 134 shows an example of a functional configuration of the multiplexer 54. 0543]
The multiplexer 54 is composed of a reverse replacement section 1001 and a memory 1.002. [05441
The multiplexer 54 determines symPpi bits of symbols supplied from the demapp ng section 52 at the
preceding stage as an %bjgcg of processing thereof and carries out a reverse replacement process
corresporio:mno to the replacement-Process carried-outby the denfiltiffsker 25°0f the transmission
apparatus 11 (pracess reverse fo the replacerment process), thatis, a
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T.DPT rode whoose ~ads et J 16 200 -
E ag whose code length N is 16,200 or ©4,800 bits
and whose encoding rate is any other than 3/5 and besides

the modulation method is (QPSK and the multiple b is 1.

Wnere the LDPC code iz an LDPC code whose code
length N 1s 16,200 or €4,800 bits and whose encoding rate

K. 1y Ehlhar /R myey A sal Ao a } } : -3 ;
1s any other than 2/5 and besides the modulat-ion method



reverse replacement process of returning the post:laps of the code hits (symbol bits) of the 1000 code
replaced by the replacement Process. Then, the multiplexer 54 supplies an LDP.: code obtained as a
result of the reverse replacement process to the column twist deinterleaver 55 at the succeeding
stage. L0O545] lar, in toefrdexer 54, rub symbol bite. yo,vmnols are supgL ed in a unit of b (successive)
symbols to the reverse.. replacement sect]1001. [05461 The reverse replacement section 1001
carries out reverse replacement of returning the arrangement of the rub Col bits ye to oridihial
arrangement the rub code bits ht,7.fle5-nt of the code be) to trragi before tle replacement by the
reclacement section 32 which composes the d.emultiplexer 25 on the s issiodatus 11 side is carried
ouc). The reverse repLacemert sec=frin 1001 outputshit= Ce to larda], obtained as a result of the
reversereplaceffert" 0547 TRe Hiemoryiidsa storage CapeOr stelTeiemultiplexer 25,

Che code bilts written in the memory 31 for storing (N/ (2

x 1)) x (2 x 1) bits in the column direction x row
direction are read out in a unit of 2 «x 1 (= mb) bits in
the row direction and supplied to the replacement section
3z,
[0513]

The replacement ssction 32 replaces the 2 x 1 (=
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mo) code pits by and by read out from the memory 31
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—nat the z x 1 (= mb) code bits by and b- may be all
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* 1 (= mb) symbol bits Vo and y; of ocne (= b}
symbol as seen in FIG. 07,
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the code bit by to the symbol bit vy, and
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ction and start, [)/to Thincal) direction simile emorv hgthe de.ser 25 the transmission acbatatds
11 side. :n other words reverse repl adement section 1001 rs configured from. rib columns each of
whic [2548] However, In the memcr'finc of the code bits of 10DHC codes outputted. from the reverse
replacement Eertioh. 1001 is carried out in a direction in which reading out of code hits 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 1022 is carried out in a direction in which writing of code bits into tho
memory 31 is carried out. [0549] In particular, the multiplexer 34 of the reception apparatus 12
successively cart .as out writing of code hits of an LDfC code outpdtted from the reverse replacement
section 1001 in a unit of yab b@t@ it.the, row direction beginning with tine g;st,rgw of the memory 1002
toward a lower low as seen in A of FTC. 104, [055C] Then, when the writing of code bits for one
code length ends; the multiplexer £4 readsseutthe cade bits inthergolupndirection.from the memory
1032 and. supplies the code bits to the col= twist deinterieaver 35 at the: succeeding Et...app.

- LDPC code whose code length N is 64,800 bits and whose

N

encoding rate is 3/5 and besides the modulation method is

16QAM and the multiple b is 2.

Where the LDPC code i1s an LDPC code whose code
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Tten in the memory 21 for storing (64,800/(4 x 211 x

(4 » 2} bits in the column direction x row directicn are

read cut in a unit of 4 x 2 {= mb} bits in the row
directicn and supplied to the replacement section 32
[0518)

- - - ey o — —~ ~ - - - ! - A
that the 4 x 2 (= mb) code bits by to by may be allocated
- -~ 3 ] x + -
to the 4 x 2 (= mb) symbocl bits vy to vy 0f two (= b)
successive symbols as seen in FIG. 98
P b
[C519]
Tn rtiounlar arecorod o FTG Ga ks
= paricular, accoraing to bl o, LThe
replacement section 32 carries out replacement for
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[0551] Here, R. of F2c. 104 is a view illustrating reading out of the code bits from the memory
1002. [05521 The multiplexer 54 carries out reading out of code bits of an LOST code in a
downward direction (col= direction) from above of a column which composes the memory 1002
bedinueng with a leftmost column toward a right side column. Now, processing of the coduridc twist
delnterleaver 55 which composes the deinterleaver 53 of the reception apparatus 12 is described with
reference to! ELI C4. 105. [05541 TIC. leh shows an example of a configuration of the memory
1002 of the multiplexor 54. [03551 The memory 1002 has a storage capacity for =torin mb bits in
the column ivertical) direction and stores N/ 01-b) bits in The row (horizontal) direction and is
composed of mb cclumns. 105561 The column twist deinterieever 33 writes cod= tits of an LDPC
code in the row directiortitfto ¥R€ érory1002 ahe controtsitheibbs-itdon a: which reading out is

started when the code blts are read out in the column direction
code bit b; to the symbel bit v

o

(I

the code bit b, to the symbol bit vy,

the code bit bs to th

1t

symbol bit ys,

the code bit be to the symbol bit Vi,
The code bit be to the symbol bit Y,
the code bit be to the svmbol bit Vi, and

the code bit b+ to the symbol bit ve.

o ding rate 19 2/T 3o} e } ) i neyel
encoding rate is 3/5 and besides the modulation me-hod

[

0N

and besides the modulation method is 16Q0AM and the

written in the memory 2

Wi LeCol



to carry out column twist deinterleave. dU557]

in particular, the opium twist deinterleaver 55

carries out a reverse re-arrangement process of suit:ably changing the reading out starting position at
which reading out of code bits with regard to each. of a niurslity of coluffms is to be started to return
the errsndement of code Sits re-arranged by the column twist interleave to the original arrangement.

[0556) Here, FIG. 105 shows an example

of a configuradion of the memory 1= where the

modulaticr! method is 16QAM and the multiple h is 1. Accordingly, the bit number m of one symbol is 4

bits, and the memory 1002 includes four (= mb) col=m1s. [05F.9

The column twist deinterleamer

SE: carries out (in place of the mitinlexer 54), writing of code bits of an LDPC code outputted from tha
replacement section lGQJ,lmu@l@y\élqugctlgasugggsavelyggto thgqmeqpr)! 1002 beginning with the

first row toward a lowermost row. ClU.5601

Then, if writing of code tits for one code length ends,

then the colummptwist de'nterteaer, 55darrtess our seading-out-of codehits in-the.downward direction
(column direction) from a top of the memory 1002 hegfinnng with a leftmost column toward a right

side that the 4 x 2 (= mb) code bits by to by may pbe allocated
Lo the 4 x Z (= mb) symbol bits yg; to ys of two (= b)
successive symbols as seen in FIG. 6%
[05237

In particular, according to FIG. 99, the
repi.acement section 32 carries out replacement for
allocating

the code bit by to the symbol bit y,,

the code DIt b: to the symbol bit vy,

the code bit b, to the svmbol bit Vi,

i the code bit b; te the symbol bit Vo,

the code bit b, to the symbol kit ys,

the code bit bs to the symbol bit vy,

the code bit bg to the symbol bit vg, and

the code bit by to the symbol bit vy
[0524]

FIG. 100 shows an example of a bit a_location
pattern which can be adopted where the modulation method
is B4QBM 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
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0561] However, the column twist deinterleaver 55 carries out reading out of the code hits from
the memory 1002 determining the writino starting mosition upon writing of the code bits by the column
twist interieaver 24 on the transmission apparatus 11 side to a reading out starting position of the code
bits. [0:,62] in particular, if the address of the position of the top. of each column is determined as
0 and the address of each posdtiot in the column direction is rebresentec by an integer given in an
ascending order, then where the modulation method is IEedjAN and the multiple b is 1, the column
twist deinterfeaver 55 sets the reading out starting position for the leftmost column to the position
whose address is 0, sets the reading out starting pesition for the second column (from the left) to the
position whose address is 2, sets the reading out starting position for the third coil= to the position
whose address is 4, and's8t$tHe feddiig otit Starting Positiohfor thie fourts eolumia to the position
whose address IS 7. b be noted that,with regard to each of those ¢ -damns whose reading
out staidion has Zhaddress Hthér than 6- Fe%d?ﬁ‘éjt oFcotie BitsiRCified 266tsuehihat, after such
reading out is jed,out, o Iovgerm stsitaion, the readln 9, out posi.tl on is reJurned to the
top uosataon v?/%g%e é?jd;ggs s i 8fithmev N r?m an§ ( 8ul§/|s Chtried oh?‘élbwnWardly to the position am
ediatelv preceding tq the reading.out startin.c gosition. Ihggba,ftarﬁthai,r eadlncgeout is carrled Out
frodm the next (right) column.

written in the memery 31 for storing (64,800/(6 x 2y =
{6 x 2} bits in the column direction x row dlrection are
reac out 1n a unit of € x 2 (= mb) bits in the row

The replacement section 32 replaces the 6 x 2 (=

mb) code bits by to by, read out from the memory 31 suc

ry
o

11 may be allocated

o o the - T = Ny el i iRs R X <4 }
“Cotae o o x 2 (= mb; symbol bits yp to yi: of two (= b)

in partlicuiar, accerding to FIG. 100, the

oyl o e : s i~ . - B .
repiracement section 22 carries out repilacement for

the code Dit by to the symbol bit vy,
the code bit b; to the symbol bit vy,
the code bit b, to the symbol bit Vo
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,



carrvinc out such cr....Marin twist interleave as described above, the arran.cement of the code bats
arranged byla tin twistis returned to fl FIG. 100 :0-.7 a block of the con.fen of the reoention anoaratus

[9560i Ref ring to FIG. 106, the reception appara is a data processing apparatus which receives
a modHdnal from' the transmission apparatus example 70dedhodonal demodulation sec demapping
section 52, a deinterleaver al and an LDPC decoding section 1021. [0561] The orthogonal

demodulation section. 5I. receives a modulation signal from the transmission apparatus 11, carries out
orthogonal demodulation and supplies symbols values to the | and Q axis directions obtained as a
result of the orthogonal demodulation to the derrapping section 52.

the code bit by to the symbol bit Vi,
the code bit by to the symbel bit Ve,

the code bit by to the symbol bit Va,

9]

the code bit be to the symbol bit Vi,
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D1y To the symbol bit vy, and

the code bit by, to the symbol bit yip.

FIG. 101 shows an example of a bit allocation

pattern which can be adopted where the medulation method

e A PN 9] 4o ) \ R RO y > > 4 3 I~ 4
mu.tiple b is 2, in the demu.tiplexer Z5, the code bits
T o T TR ety 2% - : - .
written in tne memory 231 for storing (16,200/(6 x 29} x

{6 x 2) bits in the column direction x row directi =
L <) D in the Col QLITeCTion Ir'ow directicon are

read out in a unit of 6 x 2 (= mb) bits in the row



fU 569; demal2ping section 52 carries out gemapoing of converting- the symbols from the
orthogonal derfcdulatfon section ii into code. hits of an LDPC nociP and supplies the code tits to the
deinterleaver 53. [05691 The deHnterleaver 53 includes a multiplexer (MLI2C 54, a column twist
dein:Le:tie:aver 55 and a barfly detnterleaver 1011 and carries out deinterleave of the code hers of the
LEIPC code from the demaydihd section. 52. 105710 In particular, the multiplexer 54 determines
an 0007 code from the demaoping section 52. as an obfect of processing thereof and carries out a
reverse replacement process corresponding to chs replacement process carried 20i out by the
demultipiexer 25 of the transmission apparatus 11 (reverse process to the replacement process), that
a. reverse replagemert pracess of; tetpning the positions of the code hits replaced by the replacement
process to the oripinal positions. Then, the multiplexer 54 supplies an LDPC node obtained as a result
of the reverse replacement processto) theyeelumnstwist geinterleavex55..[057)) , The column twist
deinterleaver 53 determines the LDPC code from the multiplexer 54 as an object of processinc and
carries out coldrpi Buist detrteriasel coresperdingrto Rhe coluin twist interleave as a rearrangement
process carried out by the column twist inter leaver 24 of the transmission apparatus 11. [0572]

The LEPT35: code’ dbtained as a besult of the column twist deinterleave is supplied from the column
twist deinterleaver 55 tq the parity deinterleaver 1011. The parity deinterleaver 101: determines
the code tits after the column twist deinterldave %?f‘fﬁ% cofurnnwistteintéif@aven 55 as an object of
processing theseof and carties onarity deinigreaye corespandimico the parity interleave carried out
by the parity interleavr

allocating
the code bit by to the symbol bit Vi1,
the code bit by to the symbol bit
the code bit by, to the symbol bit Vi,
the code bit b; to the symbol bit Vi,

the code bit b; fo the symbol bit vy,
3 Y

the code bit b: to the svmbol bit v,
the code bit bg To the symbol bift vy,

the code bit by to the symbol bit vy,

the code bit by to the symbol bit YV,

the code bit by to the symbol bit vi, and
the code bit b;; to the symbol bit vy,
0822
FIG. 102 shows an example of & bit allocation
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202 23the transndssion apparatusverse process no the pa i, that is, pandeinterleave of re =ifs the
arrangement of the ciode hits of the -- code whose arrangement was changed bv the rarity interleave
to the origin a] arrangement. :74] 1020 code obtained as aparity deinteri save IS supplied f am the
parity aeintenea 1011 to the ILDPC decoding. sectit,it Accordtrgly, in the recer.a.ior, apparatus. 12
1020 code for whicref e rplacemen process, column rvLSt deinenl.eave and parity ae have
been .arried out, that is, an 10277 code obtained dv LOPC cocii.ng in accordance -heck matrix H, is
supplied to the LDT7C decodinc sect .on 1.13761

and besides the multiple b is 2.

(05331

Where the LDPC code is an LDPC code whose code
length N is 64,800 bits and whose encoding rate is 3/%
and tne modulation method is 2560AM and besides the

ultiple © is in the d ltiplexe g i : ¢
multiple © is Z, 1n the demultiplexer 25, the code bits

Fae oy e 4o ) ~ 3
WIitten Ln The memory
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i¢ x Z) bits In the column direction x row direction are
read out in a unit of 8 x 2 (= mb) bits in *the row

direction and supplied to the replacement section 37.

PR G U

that the 8 »x Z (= mb) code bits by to bis may be allocated
to the 8 x Z (= mb) symbol bits Yo CTO yis 0 two (= D)

the code bit by to the svmbol bit v
the code bit b, to the symbol bit v
the code bit b; to the symbol bit v,

the code bit b:; tc the symbol bit v



The 0020 decodin..j section 1027 carries o - decoding of thecode from tn_terleavev check matrix H
itself used f LO770 encodinc sectionthe transmission apparatus 17 or a conversion parity check matrix

d

Here,in the receptiurk apparatus 12 of Fla. 106, since an LDPC code obtained dv LDC

encoding in. accordance with the parcheck matrix i from the ;riaritv deinnerleaver 101’ of the
deinnerleavor 53 to the 120213imp section 1021, where the 1010 decoding of the LOo3de is carried
out usina (-neck matrix 13 itself used for Inc encoding by nhs LDPC encoding section 21 of the
transmission apparatus the LIFT decoding 1021 can be configured
carries out LDTT: decodin in accordance with a full serial decoding method where:Li- math
ematica:operation of messages (check node messages and variable node messages) is carried out for
one dv one node or andther d&toding apéars us Wnerirk BEPC. detoding is carried outaccordance

withfull ;parallel decodlg% ern%%r&%d ne.- &a@gn%%técasl.y,%%%rflt%oint

from a decoaratus which

sages are carried outcusly-L 1

Vs
the code bit b¢ to the symbol bit yi,
the code bit by to the symbol bit Vi,
the code bit by to the symbol bit Va0,
the code bit by o the symbol bit vis,
the code bit b.y to the symbol bit Vo,
the code bit b1y to the symbol bit Vig,
the code kit by to the symbol bit Ve,
the code bit biz to the symbol bit s,
the code bit bys t¢ the symbol bit Vs, and
the code bit by to the symbol bit vis.
[0526]
FIG. 103 shows an example of a bit zllocation

coaes

can be adopted where the modulaticn method

whose code

3
ol



for all nndes, Further, where LDPC decoding of an 1DPC code is carried Dui using a. conversion
parity check matrix obtained by caxrying out at least column replacement corresponding to the parity
interleave for the parity check matrix h used in the LGFC encoding by the LOGO encoding section. 27
a' the transmissich apparatus 21, the .GOPc decoding section 1021 can be confirmed. from a
decoding apparatus of an architecture which carries out the check nook mathematical operation and
the variable node mathematical. 'operation simultaneously for P (or a devisor of P other than 1) chock
nodes and P variable nodes and which has a recebtion data re-arrangement section 310 for carrying
out column replacement similar to the column replacement for obtaining a conversion parity check
matrix four the (IDRCcode: tosre-arrange the godedits.of the LQGO godes. 05791 _ _ Itis to be
noted that, while, in FIG. 100, the multiplexer 54 for carrying on- the reverse repl)acement process,
column twist deinterleavhri5s torcartying ot the columm twist deinterleave ang parity deinterieaver
1011 for carrying out the parity .deintericave are configured separately from each 'other for the
convenience of dESETPIIoN, Ao 6bRToredd the multiplexer. S columastwistdeinterl.eave.r 705 and
parityl011 can he confiaured integrally similaroars interleaver 23, column t.wis luteer 24 and domultipl
er 25 of the tranSmission apparatus 12. '05-n FIG. 107 is a bloch diagram showing a first ewe of a
con on of a receptipn system which can be applied to the reception apparatas 12. [0581]

Referring no FRG. 107, the feception system incitides #n ACqUiSition secfiofl 1104, Atransmission 1ne
decoding orocassing setign 142 and 1 infornatgn sears,  degoding processing seclion 1103 [0562

that the 8 x 1 (= mb) code bits by to s may be allocated
to the 8 x 1 /= mb) symbol bits Yo to yv of one (= b)
symbol as seen in FIG. 103.
0539

In particular, accoraing toe FIG. 103, the
replacement section 32 carries out replacement for
allocating

the code bit by to the symbol bit Vo,

the code bit by to the symbol bit vy,

the code bit b, to the symbol bit v,

the code kit by to the symbol bit ys,

the code bit by to the svmbol birt Yz,

the code blt bs to the symbol bitf v,

ne code blt be to the symbol bit Vi, and

the code bit by to the symbol bit Vo

[0540]



The acquisition section 110ties a stark.. ding. an LDPC code obtained at least by LDPC encodin
orie t- data such as image data and musts: program tnouch a transmissionas, for example, terrestrial
dig tal. broadcast ng, satellite broacicastinc, a CATV netwslnternet or some other .-en, the acquisai-n
section 1101 suto.E. acruired signal ta the transmission line decoaica processina section 1102. [05F:3,
Here, where the signal acquared by the eccuisition section 1101 he broadcast, for example, from a
broadcasting station through ground ayes, satelj.ite waves, a CATV (Cablethe like, the acquisition
section 1101 is conf: urea from a tun an STE (Set Top Boxi or the like. On the ether hand, where the
signal acquired - acquisition section 1101 is transmitted in aast state as ir the IPTV (Internet
Protocollet ston, for example from a web server, the acquisition section 11 Is contoured from a network
7 JInter face) such as;for example, enNIC (Network interface. Card).

FIG. 104 is a view illustrating processing of the

multiplexer 54 which composes the de
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In particular, A of FIG. 104 shows an example

O

functional configuration of the multiplexer 54.

[0543]

repiacement section 1001 and a memory 1002.

e l-Sahah =3 b =3 ~ -~ H t i 4
Carries out a reverss repiacement process cCorrespondinc

The replacement process Then, the multiplexer 54
supplies an LDPC code obtained as a result of the raverse

[
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[0564] The transm"sprocessing section 1202 catties out a transq:a on I'ne decoding process Incltht s
a l.east a prc ess for correcting errors :produced in the transmission 1 ne for the signal acquired
through the transmi.e by the achulsition section 1101, and supplies a Cigna.). obtained as a result of
the transmission line decodlno process to the information e decoding processing sa,,tgai 1103. f0586]
In barticuiar,-1 acethrough. the signal obtained by carrying out at least error correction encoding fox
crrecting errors croduoed in the transmbs, and for such a signa- as _just described, the transmission=
decoding processing section 1102 carries out a tra.smas on line decoding process such as. fnn
example, an error correction proces Here, as the ergo-dtion encodingexampi LOPE ei

coReed-Solomon encod Qop%nq§o Iogh are
1y rticular,

in the multiplexer 54, mb symbol

-

bits vg, Visr w, VYm-1 ©f b symbols are supplied in a uni

reverse replacement of returning the arrangement of the

mb bits in the row (horizontal) direction and storing
N/{(mb) bits in the column (vertical) direction simllarly
To the memory 31 which composes the demultiplexer 25 of
the transmission apparatus 11 side In other words, the

105
-



avallande. as the erroron encoding, least LDPCis carried Further,emission fine decodino orocess
sometimes includes dc:rodulaticrr of a modulation s and so for The information source decoding
processing section 1103 ca _es out an information source decoding process including at least a
oroc.ess for decompressing compressed, ormaticn into ortofxel. informatfor the signal for ismission
line. fding process has been carried out. ticular, the signal ecquir e.d through transmission line by the
acquisition section 1101 has sometimes been processed by compression encoding for compressing
information in order to reduce the data amount such as images, sound and so forth as information. In
this instance, the information source decoding processing section 1153 carries out an information strce
decoding process such as prqc@eg&H,:?&ccrppg sion process) for decompressitpc the compressed
informat'on into trig'nel. information Tor & sigrial for which the franSmassipn-Fihe 8886diRg process has
been carried cyt JOS9IC 1 ¢ Itis to.be,natad that, where the signal ;?CQQU&?QJQQOUQF‘ the transmission
line by the acquisition section

reading cut of code bits from the memory 31 of the

emultiplexer 25 of the transmission apparatus 11 1is

o)

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

10549)

-5

3

In articular he muitan:’ B | ot + 2
particular, the mulllplexer 54 of the reception

Lits ©of an LDPC code outputted from the reverse

repiacement section 1001 in a unit of mb bits in the row

o
faw
<
[

direction beginning with the first row of the memory
toward a lower low as seen in A of FIG. 104.
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hes not been carried out compression encoding, the information source decoding processing section
1103 does not tarty out the process of decompressing the compressed information. into the original
information. Here, as the decompression process, for example, MPEG decoding and so forth are
available. Further, the transmission Line decoding process sometimes includes descraalLling in
addition. to the. decompression process. rOf) In the retention system configured in such a manner as
described aocve, tho accuisition section 1701 receives a signal obtained by carrying out compression
encoding such as MPEG encoding anr data of, for example, images, sound_ and so forth and further
carrying out error correction encoding such as =11 encoding for the compression encoded data
through, a transmission.Jine, The §éqn@a}!lsﬂfsugplie,c}lfjpgt@e transmission line decodin é)rocessing
section 1102. [0931 ~ In the iransmissi= line decoding processing. section 1102 % Gcesses similar
to those carrieg; out, for gxampie, by.the orthoganal demodulation. section demaoping section 52,
dednterleaver 53 and TIP: desod1/2c section 56 (or LIP C decoding section. 1011l are carried out as
the transrdssfari line decoding-prehass-er e signal frem the: acapisirionsection. 1101. Then, a sfunal
obtained as a result of the transmission line decoding process is supplied to the information source
decoding processingysection rEQ3.{CH94] withmthe informsatian $ourcedecoding processing section
1103, an indbrmstict source decoding process such as =L decoginp is carried out for the sPonsi from
the transmission fine decadirig prééessing section 110:2, and an image or sound obtained as a result
of the informatg%r% ggqoding process is outputted.

Now, processing of the column twist deinterleaver
5 which composes the deinterleaver 33 of the reception

apparatus 12 is described with refererice to FIG.

RUEISER
e Iass) e o~ - o Py .
The memory 100Z has a storage capacity for storing
wlb T,\Wz—c i,. “F’~ ,(l {vre R = ~ P s g P - R fe
i e D i [ et [ vmn verTical \.Al.;evv_a..u-’ andg Svo,\“e:
N/ {mb)} bits in the row (horizontal) direction and is

cemposed of mb columns.

The column twilst deinterleaver 55 writes code bits

when the cods blts are read out in the ceolumn direction
To carry out column twist deinterleave.

(‘E\"‘"
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Such a reception system of FIG. 107 as described above can be applied, for example, to a television
tuner for receivine television broadcasting as dialtel broadbasting and sp. forth. 103961 Itis to be
noted that is is possible to configure the acquisition section 1101, transmission line decoding
processing section 1102 and information source do-coding processino section 1103 each as an
independent apparatus (hardware (IC (Inteorated Circuit) or the like) or a software module). [0597]
Further, as regards the acouistion section 1101, transmission line decoding processing section 1102
and information source decoding processino section. 1103, a set of the acquistion section 1101 and
transrdssion line decoding processing section 1102, another set of the transmission T'T*" decod[no
processing section 11013 and information source decoding processing section 1103 or a further set of
the acquisition section 11015 #fansmission linecdécoding processing section 4402 :aricb' nformation
source decoding ﬁ[:)Erocessing#s(-:;cti_pfnwl1VEN3 can be cohfidureP as a single independent apparatus.
1'059E12 FIR."10E iS a Plonk dagram SRowimg 2P6860Hd ExarmpReofthessorififerkation of the
reception system which can be applied to the reception apparatus 12. 105291 Itis to be noted
that, in FIG. 1ogg€ﬁ%ﬁ'ts“£rrégg$§g}%g %;Tdsesi?]dlfl“(?.n é())é? are denbted by lixé feference numerals,
and description-ef thenyis-sutabiv emitied, gn;tgwev.‘,fgljgwyé%g%ceygti8@.C'gogng The reception
system of FIG. 108 is common to that of FIG. 107 in that it includes an acquisition section 1101 a
transmission lineldecdddno processing:section o Hand-af-Hazermerier squrce-decodinp processing

- v v

section 11103 hut is different from that of 77f3. 307 in that it newly includes an oxtnutting section fll

P

STYvYoar + - 5 N A = v oy 0 IS ¥ bl 1
alrandement oL Ccoce b.Lx/S re_dfx‘dngec{ oY the column twist

interleave to the original arrangement.

e T~ ~e . ~ . ‘
Here, TIG. 10% shows an example of a configuration

ry 1002 where the modulation method is 160AM

L

and the multiple b is 1. Accordingly, the bit number m of

one symbol is 4 pbits, and the memory 1002 includes four

The coiumn twist deinterleaver 55 carries ou® (in
blace of the multiplexer 54}, writing of code bits of an
LDPC code outputted from the replacement section 1007 in

"‘ ’ 2 9 P, ey o Yy - + . - 1
beginning with the first row toward = lowermost row.

[0560]

ey NS : = P = 3
{Column girection; from a top of +the memo



[0601] The outputting section 1111 is, for exampHa, a display apparatus for displaying an image
or a speaker for outnutting 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 outputting section illid
ispays an imaaa or outputs sound. C.J6021 Such a reception system of FIG. 106 as described
above can he applied,example, to a TV (television receiver) for receiving alevision broadcast as
oadcast, a radio receiver for reco: ind a radio broadcast and so forth. [06031 ted that, EiCgOl si
ttn section 1301 is not in P form whe compression encodrno is not appliedr:nai cdcrunteo from the
transmission line decoding. Processon 1102 if suppli.ed co the outputting section 1111. 106041
beginning with 2 leftmost column toward a right side

column.

However, the column twist deinterleaver 55 carries
out reading out of the code bits from the memory 1002

determining the writing starting position upon riting of

In particular, i1if the address of the position of
the top of each column is determined as 0 and the address
of each position in the cclumn direction is represented
Dy an integer given in an ascending order, then where the

modulation method is 160AM and the multivle b is 1, the
tiple b 1 ., the

column twist deinterleaver 55 sets the reading out

position Zor the second column (from the left) to the
position whose address is 2

startling positio £ =1 Third ool o ke
tarting pesition for the third column to the position

address 1s 7.



FIG. 109 is a clagram showing e third example the configuration o reception system wit n be applied
to the reception apparatus [060S] ‘tis to he noted that, in 015, 106, coutrespontri elements to
those of. FIG. 107 are denoted dv Ike reference numerals, and in the following description, dectc. utof
them is s tomi ec. IEns recc=pelor. se-stern of 109 is common to that or FiU7 an tnat at includes an
acquisition section 1101 and a. traii 1.ssion line decoding Processing secti on 1102. [06071 However,
the reception system of FIG. 1:9 is

lon
o
[a)
{1

It 1s to be noted that, with regard to each of
those columns whose reading out starting position has an
adcress other than 0, reading cut of code bits is carried
out such that, after such reading out is carried out down
to the lowermest position, the reading out position is
returned to the top {position whose address is 0! of the
column and the reading out is carried out downwardly to
the position immediately preceding to the reading out
starting position. ‘hen, after that, reading out is
carried out from the next (right) column.

[0564;

By carrying out such column twist interleave as
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FIG. 106 is a block diagram showing another example

of the configuration of the reception apparatus 12
[0569]

Referring to FIGC. 106, the reception apparatus 172
1S a <cata processing apparatus which recsives a



et PIA. 101 in tht it does nct include, the i ormatior source decoding processing section 1103 but' newly
includes a recordin.q c=oction 11:1. recording se tic 1171 records Ltore sigHfor examp:e, a TO packet
of an:putted from the trartsmi scion 1.ine decoprocessind section 1102 on or into a reicrdind (storage)

meLtam such an optical disk, a hard diskdisk) c tiash men r0609

Such a reception system of FIG.

199 as described anove can he apmliod to a recordrecont L, a television broadcast or the 1 c It is to he
noted that,109, the 10 .eption system may processing as the information source gencvaing 11:3 such

signal after an

decoding section 102

[05e7]
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modulation signal from
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the code bits to the deinte
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The deinterieaver 52
54, a column twist deinter

the symbels

code bits of the LDPEC
05707

in particular,

LDPC code from the de

delnterleaver 53 and an LDDPC
tion section 51 receives a

the transmission apparatus 11,
demodulation and supplies symbols

axils directions)

from

into code bits

o.—’?

~he

obtained as =2

ne orthogonal demcdulation to the demapping

carries ocut demapping of
orthogonal demodulation

an LDPC code and supplies

includes a multiplexer (MUX
ver 55 and a parity
out deinterlieave of the
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coce Irom the demapping section 52
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the multiplexer 54 determines an
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apping section 5Z as an cbiect of



information source decodingaen canned out the information source decoding processino section
7103, that is, an image or sound obtained by decoding, recorded by the recordunc section 1121.
Claims 1. A data processing ancaratus which interleaves data, comprising: parity interleave
means for carrylmq out parity interleave of interleaving parity 1,77 7" of an LOPC code ob-tadhed by
carryind out 1119C encoding in accordance with a parity check matrix in which a parity matrix which is
a portion corresponding to parity bits of an iDAC (Low Density- Parity Check) code has a. staircase
structure individually to positions of otter ones of the parity bits. The aia processino apparatus
according to claim 1, wherein: the bit number M of the parity nit= of the 17,2)Pr code is a value
other than the crlme numbers and . _where two ones of devisors of the bit number M of the parity
fits other than 1" and M Whose roduct is°&dtarto the PitAumbat N of fie pafBpbits arecrep-resented
byPandg, 1 thapggmgb%r of mormatlon tits qj hghtleOAZ cggg s represented by K, an
integer ecual to or higher than C butTower than Pis’ épé sented. “by“X and: “het isy

of returning the positions

a reverse r.,pJ.acemen; process

thne originai positions. Then, the multiplexer 54 supplies

an LDPC code obtained as a result of the reverse

replacement IS t “he ] Fwist deid
replacement process to the column twist deinterleaver 55,
0571
sk 5] 54 o - . 3
<he column twist deinterleaver 55 determines the

TP ~ane Fres 3 :
LDPC code from the multiplexer 54 zs an cbject of

corresponding to the column twist interleave as 2 re-
o ey - — —~ - 2 3 U 5
arrangement process carried out by the column twist
et ar) antra - ~E : .

inter.eaver 24 of the transmission avparatus 11

he LDPC code obtained as a result of the column

twist deinterleave is supplied from the column twist

Qeinterie



another inteper egaal to or higher than 0 but lower thar g is represente e-leave means interleaves a
code Olt from among the parity hitO which are Kali's-. to K+Mth code hits of the LOP: code to the
position rode. 3. The data processing apparatus according to clam 2, further corprisinc
re-arrandement moans for carrying ou, where the LOP:: code is transmitted such that two or more
ones of the code bits of the LDPC code are trans tted as one symbol, a re-arrandemend process for
re-arranglthe code tits of the LOP: code after the parity interleave such that a plurality of code hits
corresponding to the value 1 included in one arbitrary ithe parity mae not included in the same symbol.
4. data arc:deglingfagg;&gratus accorui claim 2, wherein:

transmission apparatus 11 (reverse process to
the parity interleave), that is, parity deinterleave of
returning the arrangement of the code bits of the LDPC
code whose arrangement was changed by the parity
interleave To the original arrangement.
[0574)
The LDPC code obtained as a result of the parity

I T | - : N . 3 . N ¥ : x VP " _— .
deinterleave 1is supplied from the parity deinterlesaver

1011 to the LDPC decoding sectien 1021.

FIG. 10€, the LDPC cede for which the reverse replacement
process, column twist deinterleave and parity

deinterleave have been carried out, that

check matriz H, is supplied to the LDPC decoding section

The LDPC decoding section 1021 carries

decoding of the LDPC code from the deinterleaver 5§

Laand



the Ill/PC coan LOPE: code wherein an information matrix which is a portion matrix of the
1D2whichrressonis to the in.formation hdta of the LOP: code has said datu processing.toter
comprises twist interleave for changing, where a symbol is formed from code bits of the LOP: code
written in a column direction of storage means for storing the code bits of the LOP: code in crow
direction and the column direction and read out in the row direction, the writing starting position when
the code bits of the LOP: code are written in the column direction of said storage means is changed for
each of the columns of said storage mans as a re arrangement process for re-arranging the code hits
of the LETO code_ 0. The data processing apparatus according to claim 1, wherein the parity
matrix in the pasity-ahieck:matix of the, LQE;, codg has a. pseudo cyglic sfructure, in which the parity
matrix has a. portion haying a cvcito sta.-cloture except pgr? thereo?, the 'striictare bé‘lng obtained by
applying row replacement correspending: tothearity intereave, .., ;& The data processing
apparatus according to claim 5, wherein: where one symbol is formed, from m ones of the code
bits of the ".... DB icoefé, lnd:- hawheérecthescads lengih of the:LOPG, sode s, N- nits and a
predetermined positive integer is represented by t, said storage means stores mb bits in the row

object data.

3

[05773
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dere, 1n the reception apparatus 12 of FIG. 106,
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the LDPC deccding section 1021 can be conrigured, for
examp.e, Irom a decoding apparatus which carries out LDPO
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LDPC decoding is carried out in accordance with a full
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direction and stores N/(mb) hits in the columnrection; the code bits of the LDPC code being written
in the direction. of said. storage means, whereater the code bits are read out in Lhe row direction mb
coderead out in the row direccion said storage means be.ing converted into b symbolA data
processing method forocessing apparatus which interleaves data, comprising: a. sfeo carci.ed out
by the data processing apparatus of carrying out oarlave of inter-ha-Jd V.V s of an I:1)PC code
obt-,carryino out LDPC encoding in accordance with a panity check matrix in which a Parity matrix
which isa portion corresponding to pantyan ILDPC Low Density Parity Check) - od has a starrcase
strtc:vre :Lnaiviauall- to positions of other ones of the parity Abstract Present invention ion relates to a
dare processing apparattsaiid a ¢atg procedsing apparataset an LDPC code is

carried out using a conversion parity check matris

checs matrix H used in the LDPC encoding by the LDPC



ove the tolerance to an error of a code bit of an LDPC code such as burst errors or eras encoding
section 21 carries out LDPC encoding in accordance with a parity check matrix in which a parity matrix
which is a portion corresponding to parity bits of an LDPC (Low Density Partly Check) code has a
staircase structure., and outputscode. A parity interleaver 23 carries out parity interleave of
interleaving the parity bits of the LDPC code outputted from the LDPC encoding section 21 to the
positions of ot The prevent invention can be applied, for example, to a anon apparatusich transLDPC

code.
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FIG. 107 1is & block diagram showing a first exampl

of a configuration cf a reception system which can be
appiied to the reception apparatus 17
[058]

Referring to FIG. 107, the reception system

inicludes an acqgulsition section 1101, & transmission line

decodi rocessi o 1102 ;
GeCcoding processing section 1102 and an information
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acguireda signal to the transmission line decoding
processing section 1102
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Here, where the signal acguired by the acguisition

section 1101 is broadcast, for example, from a
broadcasting station through ground waves, satellite

waves, a CATV (Cable Television) or the like, the
7

acquisition section 11C1 is configured from a Tuner, an

STB (5et Top Box) or the like. On the other hand, where
the signal acquired by the acquisition section 1101 is

transmitted in a2 multicast state as in the IPTV (Internet

(.

Frotocol Television), for example, from a web server, the
acquisition section 11 1s configured from a network I/F

{Inter face) such as, for example, an NIC (Network
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acguired
secticn
1101, and supplies & signal obtained as a result of the

transmission line decoding process to the information



encoding for correcting error
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LDPC encoding, Reed-Solomon encoding and so forth are

scmetimes includes demodulaticon of a modulation signal
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In particular, the signal acguired Through the
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Yy the acquisition seciion 1101 has
sometimes been processed by compression encoding for
compressing information in order to reduce the data

amount such as images, sound and so fo

B

th as informatiorn.

In this instance, the information source decodin

processing section 1103 carries out an information source
decoding process such as a process (decompression

oce for decompressing

3
[
u
n

\
t
‘

information

r
o
D
0
Q
=

is}
H3
o
n
n
(0
0,

[

ot

K
)

ito original information for a signal for which the

transmission lin

¢
Q.
[
Q
O
Q.
‘,_l
o]
@]
=
o]
@]
&
n
1
j
s8
n

pPro: s h been carried out.

It 1s to be noted that, where the signal acquired

through the transmission line by the acguigsition section
1101 has

not been carried out compression encoding, the

o 7y 1 e ~ ~E ~ : . :
not carry cut the process of aecompressing thne compraessead

information into the original informatior.

Here, as the decompression process, for example,
inh i _ . ] Ny ~ - e 4 e T ™ p A Py
MPEG decoding and so forth are availapie. Further, the

n the reception system configured in such a manner
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as described above, the acquisition section 1101 receives

ot

a signal obtained by carrying out compression encod

&

such as MPEG encoding for data of, for example, images,
sound and so forth and further carrying ouft error
correction encoding such as LDPC ancoding for the

compression encoded data thro & transmission line. The

o
O
oo

signal i1s supplied to the transmission line decoding

processing section 1102.

cut as the transmission

signal from the acqguisition section 1101. Then, a signal
cbtained as a result of the transmission line decoding

process 1is supplied to the information source decoding

section 1103, an infecrmation source decoding process such

transmission line decoding processing section 1102z, and
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processing section 1103 esach as an independent apparatus
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Further, &s regards the acguisition section 1]

set of the acguisition section 1101 and transmission line

decoding preocessing section 1102, another set of the
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FIG. 108 i
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a block diagram showing a second

t

example of the configuration of the reception system

which can be applied to the reception apparatus 12.
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reference numerals, and description of them is suitably

¥

omitted in the following description.

The reception system of FIG. 108 is common to that

of FIG. 107 in that it includes an acqguisition

Section

- -

The outputting section 1111 is, for e
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vample, a

N

display apparatus for displaying an image or a speaker
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utting sound and outputs an image, a sound of the



outputting section 1111 displays an image or cutput

n

sound.
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for receiving a television broadca
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by the acguisition section 1101 is not in = form wherein

: ; : T4 3 14 K K
Irom tne transmission line decoding procesgsing section
g b o

F.J
=
>
Mo
=

s supplied to the outputting section 1111.

FIG. 109 is a block diacgram showing a third examp
of the configuration ¢f the reception system which can be
applied to the reception apparatus 12

[0605)
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elements to these of FIG. 107 are denoted by like
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rererence .“H“erals, and N The Tollowing aescripticn,
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different from that of FIG. 107 in that it does no=z

section 1103 but newly includes & recording section 1121.
[0608]

The recording section 1121 records {(stores) a
signal (for example, a TS packet of a TS of MPEG)
ocutputted from the transmission line decoding processing

section 1102 on or into a recording (storage) medium such

as an optical disk, a hard disk (magnetic disk) or &
flash memory.
[06089]

Such a reception system of FIG. 109 as described
apove can be applied to a recorder for recording &
television broadcast or the like.

[0610]

It is to be noted that, in FIG. 109, +the reception
system may include the information source decoding
processing section 1103 such that a signal after an
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interleave of interleaving parity bits of an LDPC code
obtained by carrying out LDPC encoding 1n accordance with
a parity check matrix in which a parityv matrix which is a

the bit number M of the parity bits ¢f the LDPC
code 1s a value other than the prime numbers; and

where twco ones of devisors of zhe bit numpber M of

parity bits other than 1 and M whose product is ecgual

an integer ecqual to or nhigher than 0 but lower than



Hrgx+y+lth code bit from among the parity pits which are

E+lth to K+Mth code bits of the LDPC code to the position

[N

of the K+Py+x+ith code bit

{

3. The data processing apparatus acceording to

claim 2, further comprising

re-arrangement means for carrying out, whers the
LDPC code is transmitted such that two or more o

o h T b = e TOT 3 . RN P L 3
the code bits of the LDPC Code are transmitited as o

code bits of the LDPC code after +the parity interleave

matrix are not included in the same symbol .
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information matrix which is a portion of the parity check
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matrix ¢ The LDPC code which Correspondcs to
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on bits of the
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informa DPC code has a2 cyclic structure:

fe-arrangement means for carrving out column



the LDPC code in a row directicn and the column d

-t

and read out in the row direction, the writing starting

i

position when the code bits of the LDPC code are written

Iy

in the column direction

@]

said storage means is changed

for each of the cclumns of said stocrage means as a re-
arrangement process for re-arranging the code bits of the
LDPC code.

5. The data processing apparatus according to

6. The data processing apparatus according to



direction and stores N/(mb) bits in the column direction:

the code bits of

th
t

he LDPC code being written in =he
column direction of said storace means, whereafter the
code bits are read out in the row direction,

the mb code bits read cut in the row direction o
said storage means being converted into b syvmbols.,
. A data processing method for a data processing

apparatus which interleave

n

data, comprising:

a step carried out by the data processing apparatus

cf carrying outz

e

arity interleave of interleaving parity
bits of an LDPC ccde obtained by carrying out LDPC
encoding in accordance with a parity check matrix in
which a parity matrix which is a port
parity bits of an LDPC (Low Density Parity Check:
has a stalrcase structure individually to positions of
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