
DESCRIPTIOM 

Tir.].e of Invention: DATA PROCESSING APPARATUS AND DATA 

PROCESSING METHOD 

Technical Field 

[ 0 0 0 i ] 

The present techno.Logy relates to data procossinq 

apparatuses and data processing methods, and more 

specifically to data processing apparatuses and data 

processing methods which enable provision of, for- example, 

T,L)PC codes that achieve good error-rate performance.. 

Background Ait 

j' 0 002J 

In recenc years, 1T)PC (Dev; Density Parity Check) coda 

which have a high er r or-co r rec t mg capabi i. i cy, have been 

widely employed in transmission schemes including sarellif 

digital broadcas t i.ng technologies, such as DVB (Digital 

Video B roadcas t i.ng) - S.2, which is used in Eurvpe (see, i 

example, NPL 1} . LDRC codes are also eniployed i.n noxt-

generatlon terrestrial digital b roadca s 11 nq t echnoi ogi es , 

such as DVR-T.2, 

10003] 

Recent studies have found that., i i.k.e turbo codes, LDP 

codes have e performance closer.' co the Shannon 1 i mi u for 

larger code lengths. In addition, because of cheir 

cha i a c to r i s t is: of iia v i ng :n.in imum ci i s t a noes c r ooo r t icrm 1 



code ienqths, LDPC codes have; the feature of hiqh block 

error probability performance, and have a further aovantaqe 

n showsny substantially no error floor phenomena, which. is 

observed in the decoding characteristies of ;urbo codes and 

the like. 

[0004] 

LDPC codes will now be described in more derail. LDPC 

codes are linear codes, snd may or may not be binary. The 

following description will be given ir; the context of: binar 

Lose cooes .. 

[0005! 

An LDPC code has the most str.iki.nq feaoare thai ; t is 

dammed by a sporse parity rheck matrix. sere, the term 

''sparse inotrix" refers to a matrix havinq a very sma.l I. 

camber of elements of i. (or a matrix -whose elements are 

a Lsnos t zeros). 

[0006] 

Fh g . 1 .11 .1 us t ra 0 es an example of a parity check matrix 

H o f a n I 0)PC.: co'.'a . 

In the parity check matrix H il iasfraoed in Pig. I, rim 

weighs o f each column ;eoPi.arnn werghr.) (i.e., the nscber of 

is j is 0 and the werqht of each rev-; r ow woaqht ; is G. 

' 0 0 0 8 i 

i. n an cmom rm oioer.ici.ori as; so an LDPO" code M.DPC 



encoding), for example, a generator matrix G is generated or; 

the bas;s of a parity check matrix H. 3y multiplyinc; trie 

generator rca.tr Lx G by binary i.n forma i: ion bits, a code word 

(i.e., an LDPC code) .i s genera Led. 

[00091 

Spec:i t i ca 1 L y, an encoding device t.hab per Dorms LDPC 

encoding iirsi: calculator a generator matrix G, where the 

eona taion Gib -- 0 is established between trie transpose HT of: 

the parity check matrix H and the generator matrix G. Here, 

it trie generator mat rtix G i s a K x M ruar rix, the encoding 

device niui.ti.pli.es the generator mat mix G by a bit aoguence 

(i.e., a vector a) or K :i. ntorma ti on oris to generate a code 

word e uGS having N bits. The; code wo rd (or sLPC: coded 

generated by trie encoding device i.s received on the receiver 

side via a certain comrnunicatron path. 

in Lot code can be decoded using the message passing 

aoiorit?-;i;, which is an algorithm called probabilistic 

decoding proposed by Gal lager and which is based on belief 

0 r opaga i .ion or: a so-called Tanner graph with variabio nodes 

Omso referred to as "message nodes"; and check nodes. Here, 

t he: varuabio nodes and the check nodes will also ire 

he re.:. na i re r retorted so simply as "nodes" as appropriate. 

1 0 0] 1 j 

than r i i insi rato.s an LDPo code doeodiaq orocedure. 



Note that, i. n the f o ]. 1 owing description, a reai-numbe r 

value representing the Likelihood of the value I!0" of the 

th bit of an LDPC code (i.e., a code word) received or: the 

receiver si.de, which is expressed in log likelihood ratio 

(i.e., a reception LLP), is also referred to as a "reception 

value uof' as app r opr i a te . further, a message output iron; a 

check node rs represented by u-, and a message output from a 

variable node is represented by v.. 

[0013 i 

In an LDPC code decoding process, first, as id lustra/tod 

in fig, 2, in step 311, an LDPC code is received, and a 

message 'check node message) a-- is initialised to "0". In 

addition, a variable k of a counter: for repetitive 

processing, which takes an integer value, is initialized to 

"u'b Then, Lhe process proceeds to step 312. In step 312, a 

message 'variable node message; ".y is determined oy 

performing computation given by Expression (:) (variable 

nolle computation) on tiie basis of a reception value a,,, 

obtained through the reception of the LDPC code. A message 

u: is rurther de te cm r necl by performing comoura'm on given by 

expression (?.) (check node computation] on tie basis of the 

message v: -

i 0 0 L 4 I 



dC1 
Vi=U0i+ i Uj 

j-i 

• • - (i) 

i 0 01 5 "j 

(Mat n. 2] 

Hero, ov and d,-; in Expressions (lj and (2) are 

arcitrara iy selectable parameters md.icat Inq die number o 

is in. the vertical direction (columns) and the; laonvoinai 

direction (rows) or the parity check matrix H, resoo'Cr ve 

tor exarapie, for an LDPC code in a parity check matrix H 

with a column v/eiqht of 3 and a row v/eLqht of 6 ( i .. e . , a 

(3/0) Id) PC code) 1.1 lusarn ted in F;:q. "\ , dv 3 and d,. -- 6. 

f 0 017 j 

Note t na t r in each o!: "he vairi.ab.ie nooe comou i <a c i on 

Fxpresaion ( i ? and trie check node cornpu t a h .1 nr> of Fxpm-?aai. 

(2), a message input iron! an edqe (or a line connect i nq 

oetweei! a variable node and a check node; from which a 

mess-ape is cutout is not. the target of the comou t a r. ] on. 

Thus, the range of computation is i to dv - 1 or I i.o d. -

Fa r he rmo r e , the check node compu ca 11 or. of bxoression (2) 

no tea.; .y porrormed bv c reatina Ln advance a table oil a 



function R:v;f va) given by Expression (3), which is defined 

by one output foe two inputs v; and v:>r and soquen I. i a3 I y ;oi: 

recursively) us inq the cable in the manner given by 

Express ion (4) -

[00181 

[Marti. 3] 

x~2tanh""t itanh (v-j/2) tanh (v2/2)} =R(V|, v2) 

[ 0 0 1 b i 

[Hath, l; 

Uj=R(Vi, R(V2, R(V3, • • -R(vd_--2, V4..1)))) 

In step Ids, fur trie rrnor e, the vat iable k is incremented 

by " I" . Then, ; he process proceed:-: to step 313. In step S.L3, 

it is betermi ned whether the variable k is larger tdn.ni a 

certain number of times of repetitive decod.inq C. Id: it .is 

oerermined in step id 3 that she variable k is not Larger" 

man bb tne process returns to step IJj.z, and subsequentLv, 

similar processing is repeatedly oe r f o tried . 

I 003 L ] 

if i r is octermined in step S:3 that the variable k. JO 

b:;rcer than hi r he process proceeds to step 3i4. bn srep 



Sl'l, a message \o as a final output result, ei decoding is 

determined by pe r f o rmi nq computation qiven by Expression (5) 

and is output. Then, the F.DFC code deccdi.nq process ends. 

[0022 1 

[Math. 5] 

dv 
Vi=U0i+ /, Lf; 

j-1 

... (5 ) 

Here, the compatat ion of Expression (5) Ls per foni-ec 

ae;inq, unlike the variable node computation or Expression 

f "1 } , the messages tp from ail the edqes connected to a 

va r iab1e node. 

[00241 

log. 3 illustrates an example of a parity cheek matrix 

11 o>i a [?<,€) LDPC code (with a code rate of L/2 and a code 

lenq t h of 12';. 

" 0 021; 

is t.he parity check matrix 3 id .in. is t r a r: ed in lire. 3, 

similarly to Fig. J , trie column weight rs 3 and vase roe 

we.1.gn t is 6. 

[00201 

Ida. 4 i 1 i. us t r a res ;..i Tanner graph of she parity check 

masrix 3 iLi ustrated in Fig. 3. 



dene, in Fig. 4, a check node is represented by a plus 

"•!•" sign, and a variable node is represented by an equal 

sign. A check node and a variable node correspond t:o each 

row and column oi trie par;ty check matrix Id respectively. 

A connection becween a check node and a vari.ab.le node is an 

edge, arid corresponds to an element of "1" in the parity 

check, matrix. 

i. 0 0 2 B j 

More speed, fically, in a case where the element in the 

-p-th row and the i~t..h column oi the parity check rnatri. x is 

in Pig. -1, the i-r.h variable node node) from the too 

and the p-th check node p's" node) iron; the ton are 

connected by an edge. An edge indicates that a code bit 

corresponding to a variable node has a constraint. 

ceo r espond i.ng to a chock node, 

| 0022] 

In the sum product algorithm, which is an LDPC rode 

decoding method.,, variable node computation end check node 

computation are repeatedly performed. 

r o o 3 0] 

Pig, 0 illustrates variable node compuiatnni to Iv-

petiorrnod at a variable node. 

• 00 ; : ; 

At a variable node, a message to corresponding lot an 

odtO" l or which calculation is to be performed Is del" o r no nod 



through the variabLe node computation of Expression ( !.) 

using messages j and in from the remaining edges connected 

co the variable node and also using a reception va Lue UQ,. 

:l'he messages corresponding to the other edges are also 

determined .in a s imi Lai way. 

[ 0 0?, 2] 

Fd g . 6 .i.iius iraies check, node coinputai: ion to be 

per fiofisei at a check node. 

Here-, the chock node computation of Expression (2) can 

be rowrirten as Expression {6} by using the reJai jonsbj.o of 

r.ho oquad;on a >• b exp{in( U j 1 f ) n ; j b j ) } x sign(a) x 

sion in;, where signix) is ; cor x > 0 and •- L for x C. 

j'Ha nil. 6 | 

/led 
Ui =2tanh~1 [ IT tanh 

v, n 
2 j ; 

= 2tanh' 
fdc-l 

L 

/ exD-i ) in! 
' i-i I 

(Al 
\ 2 / 

\1 cif."" 1 ( . / V; V 
•-X '|f s i gn[ tsrih |--W 

i„q \ v L 

= 2tanh ...! 
/ dc-i f 

exp i - ! „>, ~~ In 

I \ 

i ILL 
\ 2 

ci, -
y 

( 6 ) 

OOV; ] 

in;': q s oe iPi.nod as iho enn< (j) X ; 
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In ( canh (x/'2 ) j for x > 0, the equation ©"' { x) 2 Lanh"J (e";':) is 

Co Labi i.shed. Thus, i-'xpiession (6) can be trans f ormed into 

Express! on : 7) . 

I. 0 0 3 61 

[Math. "!} 

j \ dc~ 1 
Ui = 0_i I I 0 (Iv11) j X [T sign(Vj) 

\i=l ) ^ 

• • • (7) 

[00c '7 3 

At a check node, the check node compute t. i on of: 

Expre; in ion [/) tn performed in accordance with Expression 

I 0 0 3 8 j 

Mere: soec :i f i ca i I y, a i:. a check node, as i. Id us v. ra Led in 

ire. 6, a message a, cor responding to an edge for which 

calculation i s to be per forme:! is determined through he-

check node computation of Expression (7) rising messages v;/ 

v.;, re, and vu irom the remain-mag edges connected to the 

check race . The messages corresponding to the: other edges 

a late determined in a similar way. 

| 7 0 p;j 

dote t.h.:.:t r he idncr ion H> (x} in Expression (7) cor be 

•"opresented bv the equation <[)(x} ]n( r 1 ; / pb - 1}), 

wine re <j A x J i (x ' ''or. x > 0. The functions <b { x j and ijb ' b< ; 
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may be implemented in hardware by using an LLJ? (hook hp 

Table) , where the same 7.UT i.3 used for both functions. 

C i tail on hi s t 

Non Pa tent Literature 

[00 4 0 j 

M PL 1: DVB--3.2 : ETSI EN 302 307 VI.2.1 (2009-QB) 

Summary of Invent: ion 

Technical Problem 

| 0 0 4 J. j 

lb: the standards that, employ LDPC codes, such as DVls-

0.2, DVB-T.2, arid DVB~b.2, an LDPC code is mapped to symbols 

(or J.S symbolized; of orthoqonal raoduia tion (digital 

inoduiatbs"') such as f;PSK (Quad r a ru r e Dhase Shift Kiy i.nct . 

The symbols are mapped to constellation points and are 

1. ransaj. 11 ed . 

[ 0 0 4 2 I 

Meanwhi be, there has recently been a demand for 

efficient transmission of a large amount of data such as a 

t h r. ee-d (.mens bona 1 (3D; image or a 4k image. A 4k image nas 

a rescission of 3040 pixels horizontally ami 2160 pixels 

vertically, providing approximately four times the pixel, 

resolution of fall high definition. 

• CO'} 3 ] 

riowe r , priori r i zi ng 1 lie e ffic i enc y of data 

t r a n sm:. s s i or: wou I d : r:c tea so an error ra t e . 
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[0044] 

On the contrary, there may also be a demand that the 

efficiency of data transmission can be somewhat sacrificed 

for data transmission with good error-rate performance. 

[0045] 

In the future, demands for data transmission with 

various efficiency levels are expected to increase. For 

example, a plurality of LDPC codes having different code 

rates allow data transmission with various efficiency levels. 

[0046] 

In data transmission, therefore, it is desirable that 

LDPC codes having code rates which are easily set to a 

somewhat large number of code rates, the number of which is 

greater than or equal to, for example, the number of code 

rates demanded for data transmission, be employed. 

[0047] 

It is also desirable that LDPC codes have high 

resistance to errors (i.e., high robustness), that is, good 

error-rate performance, no matter which code rate of LDPC 

code is to be employed. 

[0048] 

Embodiments of the present invention are made in view 

of the foregoing situation, and are intended to provide LDPC 

codes having good error-rate performance. 

Solution to Problem 
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[0049] 

A data processing apparatus according to a first aspect 

or data processing method according to a second aspect of 

the present invention includes an encoding unit configured 

to encode or an encoding step of encoding information bits 

into an LDPC (Low Density Parity Check) code having a code 

length of 64800 bits and a code rate of 24/30 on the basis 

of a parity check matrix of the LDPC code, wherein the LDPC 

code includes information bits and parity bits, the parity 

check matrix includes an information matrix portion 

corresponding to the information bits and a parity matrix 

portion corresponding to the parity bits, the information 

matrix portion is represented by a parity check matrix 

initial value table, and the parity check matrix initial 

value table is a table showing positions of elements of 1 in 

the information matrix portion in units of 360 columns, 

including 

1504 2103 2621 2840 3869 4594 5246 6314 7327 7364 10425 

11934 12898 12954 

27 1903 3923 4513 7812 8098 8428 9789 10519 11345 12032 

12157 12573 12930 

17 191 660 2451 2475 2976 3398 3616 5769 6724 8641 

10046 11552 12842 

13 1366 4993 6468 7689 8563 9131 10012 10914 11574 

11837 12203 12715 12946 

432 872 2603 3286 3306 3385 4137 5563 7540 9339 9948 



2 31 5 12 69 6 1 2 3 2 9 

3.1 1 3 1 3 94 4101 '1 1 8 6 7240 8827 .11.522 1.1 0 33 .12 3 5 9 12363 

19 62 9 12 8 2 J '12 9 0 9 12 91 6 

19 4 91 14 3 2 167 7 2 4 32 8 981 11478 11507 12599 L278 3 

12 7 93 12 913 12 922 12943 

1 5 / 9 806 /5/I 8 58 6 98 4 5 103 57 1 1 600 J 2007 12020 12330 

1.2576 12fM 7 12 330 12 904 

20 54 6 3672 5538 6914 3052 8781 9743 12269 "12393 12 41.8 

i 2 54 9 1 2 5 55 1 271 8 

1 .rwiO 4 197 5011 6625 8 6 17 9587 10560 10662 1 1402 11.983 

12 968 .1 3 4 95 12838 

'i0 ]'yr:- 7 4 2 1 8 0 4 1 891 0 8968 11005 1.1 930 12240 

12 940 '.24 6"? 1.28 62 12 97 1 

35 2060 3907 42 1 5 554 5 8306 8 655 8743 8806 93131 93b4 

1068 6 11934 12 959 

1 388 2 596 4 87 6 5207 9555 1012 L 1.0929 11648 11739 .12375 

17 4 1 6 1 2 643 12 7 4 2 1275'= 

0469 10544 10932 11250 114 2 6 11582 11846 12139 12202 

12 8 1 0 1 2 1 5 6 1 2 5 7 8 12 8 7 3 l > 6 ;• g 

2 68 1 233'/ 3 6 i. 6 611 3 70 18 lO. 6 7 8 624 9697 : 0 90 8 1 "'?8: 

i18 5 5 i2 0 7 5 12 4 7 5 1 2 6 6 9 

28 4 986 54 32 il556 6,8 6 8 7 358 8751 11453 11572 1 24 1 1 

3 5 04 4 5 57 2 00 7 < 9 1.92 9589 9979 10099 19833 18941 11.715 



1? 272 602 558 1 6530 9572 98 8 6 11061 i VI 9 5 12238 1.226. 

12'18 3 1 2833 1 2935 

22 2233 4282 3469 3007 5650 6733 10151 10401 11571 

i 2 00 3 1 2261 12805 12843 

23 3270 4468 862 1 0662 1 1240 11934 1 2091. 12144 1 2691 

12717 1283B 12888 12917 

730 1 5 1 9 4023 61 91 7878 8350 9203 10779 M.0-;0 j i 2 87 

1 1 630 1 2 7 90 1 20 62 i3 

: 2 23 37 4 6072 7079 0075 ) 0 4 7 7 1 1130 11383 11780 1 2 541 

.1 2 667 128 18 12 9 2 7 

14 11 8 628 3 5 382 830 1 9097 94 13 9664 104 37 19701 11 12 4 

: 2 G 8 5 127 30 ;2'011 

3 2 14 2 6 i 67 0 4 12 5 52 6 3 77 80 003 2 902 0 10077 01377 ;0;676 

1119 1 117 00 1 2 6 1 : 

1 6 09 30 3: 3080 538 1 5412 6 552 0^53 94 3 5 10243 11546 

i. J. 8 2 .1 1 1 9 8 / i 2 8 0 ' 

232 483 719 1/72 21 56 2309 2990 211 A 8539 0704 88 1.9 

!. 0 8 1 0 1 18 6 0 1.2 6 5 4 

2 181 7509 23 84 

34 8 64 9 4 1.2 62 3 

5 ; 1 3/0 1. 1.O80 

6 6 ;. 7 i .1 : 0 8 i. i 8 3: i 

\ I'll H 1 : 6 



17 4 8 2 8 917 4 

2329 6034 12642 

12 24 2 26 6 9013 

2934 5073 5664 

7 4 2 3 !0 2 6 5 119 2 8 

1696 8 52 6 8 7 1 6 

22 287 28 37 

IB 10 0 3 07 9 

2 99 317 1 12199 

14 9 92 0 11L44 

2 8 9 J 9 9 0 9 2 0 0 

2 2 3 3 8 8 0 9 J 2 2 0 3 

3 199 8242 908 ! 

2 9 07 88 4 6 31 U 

921L 8722 126R9 

i064 4 9 9 2 8 6 9 9 

6 116 6 92 9 1 2998 

129o 127 8 9 12 932 

4 2 / 1 894 3 8 7 8 8 

I 9 2 1 .5 A 0 9 8> 9 9 6'. 

II 8899 i2 6 6 9 

0 2 4 9 >; 91 8 ; 3 0 

6 4 I 96 7 9 12 H3 1 

9 4 3 9 9 8/6 ill 8 9 



907 B 12'.: 2 6 L 2 7 71 

10 907 1127 8 J 27 31 

3 3 92 '1020 12 8 3 8 

2814 1 j. 5 8 8 : 2 9 0 9 

6063 92 14 11519 

60 64 6827 12 683 

16 L 0 24 32 6582 

90 3 62 8 9 8 07 4 

1 5 92 8:58 1.2 9 5 2 

2 587 62 7! 994 5 

2 7 3 3 1 18 4 4 118 9 3 

681 4 601 10020 

[4 5 5 97 604 6 

34 3 7>8 2 69 3!. 

5263 4521 12846 

1.394 2457 52 6 1 

1 1 4 627 ; 2 7 4 1 

i~i 2. 8 5 1.1 8 9 8 i 2 0 6 2 

J. 0 17-13 12 8 92 12 9!; 6 

8 4 18 ]. 3 9 11 1 2 4 8 9 

4 2 99 ! 6;7 12 3 5 6 

i 3,2 6 2 3 60 998 o 

5 33 9 8148 10224 
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6627 12709 12933 

364 1976 12888 

8213 9124 12793 

9588 10088 11108 

299 890 11634 

7368 7598 11602 

28 4669 12585 

15 27 12474 

1426 3614 4205 

30 2087 11147 

6226 6259 12941. 

[0050] 

A data processing apparatus according to a third aspect 

or data processing method according to a fourth aspect of 

the present invention includes a decoding unit configured to 

decode or a decoding step of decoding an LDPC (Low Density 

Parity Check) code having a code length of 64800 bits and a 

code rate of 24/30 on the basis of a parity check matrix of 

the LDPC code, wherein the LDPC code includes information 

bits and parity bits, the parity check matrix includes an 

information matrix portion corresponding to the information 

bits and a parity matrix portion corresponding to the parity 

bits, the information matrix portion is represented by a 

parity check matrix initial value table, and the parity 

check matrix initial value table is a table showing 

positions of elements of 1 in the 





1 0 G b 5 I :9 5 4 12 959 

1.1 8 4 6 1 2 13 9 1220 .1 •'] 2 'o i i ; 

) 12356 12378 12873 12929 

2 68 i. 3357 3 616 6.1213 7 07 2 8J67 8 62 4 9 697 ]Q90R 11781 

47 2 12 659 

8 4 08 e iUdo :>'s.5.c: SDJJ 684 8 7368 87 94 11483 11572 124 14 

: 9 5 7 

.92 958 9 9 97 9 100 0 9 1.08 55 10991 ]. j. 7 

/ 7 8 (J 





2 4 -

19 2 4 3 2 0 9 6 9 2 f> 

64 1 9 670 L 2 3 31 



5263 6521 12846 

1.394 2457 5251 

11 4 62 7 127 47 

2 65 0 10366 12390 

6285 1.1 893 ; 2 0 62 

1 0 .1. 4 3 12 8 92 12 9 5 6 

8 4 4 8 1 1 2 2 / 12 3 2 0 

4209 1.5.6 92 12856 

252 9 2 3 60 90 8 6 

5889 8 1.48 10224 

6 4 4 8 7 6 4 2 8 62 

94 8 8 12659 12887 

2) / 6 / 6 •' i 2 / 8 

2 222 524 5 9044 

3267 19218 "I! 4 66 

1.3 4 7 3 8 57 67 0 5 

9884 95"'6 2 57 1 

1366 8708 16758 

4 12 4 2 4 4 12 8 6 8 

1676 10488 11850 

17 1605 24 55 

14 ;• i 6 0 4 5 

1 23 68 1 2 9 L 9 :. 2 9 5 3 

16 5 8 8 21 5 3 0 i 2 9 3 7 

4 5 4 9 5 1. 4 < 1 2 2 1 3 
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734 4790 12940 

8 6991 12772 

19 8205 11289 

12 1440 9077 

8670 8837 12951 

3531 9166 12937 

15 8901 8929 

838 10114 11740 

2648 9959 10934 

323 7499 12877 

5505 5659 11395 

6627 12709 12933 

364 1976 12888 

8213 9124 12793 

9588 10088 11108 

299 890 11634 

7368 7598 11602 

28 4669 12585 

15 27 12474 

1426 3614 4205 

30 2087 11147 

6226 6259 12941. 

[0051] 

A data processing apparatus according to a fifth aspect 

or data processing method according to a sixth aspect of the 

present invention includes an encoding unit 



cont.! qured r:o encode or an encod i.nq step of encodma 

mrormatiof: bit's into an LDPC (how DSIISL i.y Parity Check) 

code having a code lengch cf 64800 bits and a code race of 

20/30 on One basis of.: a parity check matrix of bhe LDPC code, 

wherein the LDPC code includes .information bits and parity 

bit:.-;, the parity check matrix includes an in form a b ion matrix 

portion corresponding to the in forma i\ :i on bits anci a oari ty 

matrix portion cor r espond i. no to the parity bits, the 

information matrix portion is represented by a parity check 

mat mix initial vaino tacie, and the parity check matrix 

initial value table is a table shewing positions of eiemenes 

of. 1 in she i.r: forma r.i.on matrix portion in units of 360 

00 umns , i nc ! nd i no 
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[0052] 

A data processing apparatus according to a seventh 

aspect or data processing method according to an eight 

aspect of the present invention includes a decoding unit 

configured to decode or a decoding step of decoding an LDPC 

(Low Density Parity Check) code having a code length of 

64800 bits and a code rate of 25/30 on the basis of a parity 

check matrix of the LDPC code, wherein the LDPC code 

includes information bits and parity bits, the parity check 

matrix includes an information matrix portion corresponding 

to the information bits and a parity matrix portion 



corresponding to the parity bits, the information maerix 

poicion is represented py a pari, ty check matrix initial 

value- carle, and the pa.ri.ty check matrix initial, value ta 

is a table showing positions of elements of i in the 

iriio.naat.ion matrix portion in unites of 360 coimnns, 

i nc1 no inn 

i860 2 3 5 4 3967 4292 J088 524 3 5373 5766 8378 91 li 

.10505 ] 0 7 7 a 

24 2266 2 380 3232 -42 35 3779 8729 91 40 9566 10102 10661 

7)7 11 167 97 

605 6 50 1 108 1 66 9 22 5 i '7 3 3 58 37 6 1.97 6 90 2 '7)4 5 10521 

1 0 60 0 i 0 7 7 3 

1010 1428 1 6.1 2 2 33 5 31 62 38 10 4 92 6 5953 9964 1024 6 

10569 1.07 3 4 10784 

3.19 5 6808 8 02 9 90 30 98 9 1 0/;7i 98 7 3 10239 7)499 1.0675 

107 3 6 107 5? 107 71 

8 2 7 364 1 4 5 66 7 8 82 5818 932 3 9016 193 63 104 38 10561 

77771 10750 

2 4 0:1 24 58 <1820 6232 6254 6347 78 9 7474 8 625 377 9 37 98 

10747 J 0794 

3 i. 6 4 47 36 60 74 7 1 62 24 20 7 5 ! 7' 78 35 8258 8412 84 89 9006 

20 8 ;<7v 5 5 61 5649 a99'.-; 8393 8305 9 77 9567 9595 1088B 

1 0-1 8 3 1 0 7 .: 4 



5 8 i j. U / 6 8 





1 0 A 2 6 

8 7 '•! 



1 5 2 6 5 07 3 9 6 5 0 

2126 93 2 0 1.06 36 

4 2 11 2 4 6 4 9 3 91 

8 9 i B .1. 0 j 3 9 .1 (3 61 0 

3 98 4 1.0209 10647 

3 4 L 4 7 2 7 2 8 5 99 

4 80 3 9077 9523 

2 2 817 3 8 425 

294 1 65 3 6 1 01 2 6 

2 9 6.5 4 0 7 3 61 

5 37 3 7 ]. 0 4 68 

4294 4818 6906 

3 9 0 3 7 0 4 j. ]. 0 4 12 

6 0 7 8 7 6 6 1. 1 0 61 9 

6 92 2 97 2 3 9 3 9 Q 

5 1 12 5 4 J. 6 62 5 3 

5 92 3 9961 104 4 7 

9 10511 10598 

8 7 90 88 14 1.0 79 3 

4768 5466 10064 

1 0 1 0 6 / 5 ' 07 66 

68 14 8 7 Q 5 I 0 78 / 

17 7 6 9 6 6 97 

1 6 0 3 106 9 6 10 74 2 

1 2 8 5 4 682 8 9''6 



4 27 9 -'197 3 7 90" 

4 6 9 0 4 7 7 5 1 0 7 8 5 

1914 52 4 0 10723 

V"- 6 9 4 921 8 5 9 i 

17)7 8763 10 7 5 0 

!1 10 075 10644 

4 1 6 9 4 6 3 0 8 8 71 

8 9 9 ^ 8 6 9799 

2 9 7 



r.; n o '> i 

2444 5378 61.30 

6 .Lb 3 8 3.1.5 .107 2 6 

4 3 4 8 7 1. 8 3 4 7 

2 4 2 7 1.0 2 1 9 1.07 2 8 

7 0 67 8312 8420 

1 0 5 3 6 107 2 4 

7 4 9 6 1 07 09 > 8 

"i f."] 

5 4 d 



- 43 -

22 6220 8405 

5153 5944 10367 

7260 7726 9529 

3039 8397 10665 

7262 9644 10083 

5531 6248 10795 

7926 8248 8413 

4649 8971 10182. 

[0053] 

A data processing apparatus according to a ninth aspect 

or data processing method according to a tenth aspect of the 

present invention includes an encoding unit configured to 

encode or an encoding step of encoding information bits into 

an LDPC (Low Density Parity Check) code having a code length 

of 64800 bits and a code rate of 26/30 on the basis of a 

parity check matrix of the LDPC code, wherein the LDPC code 

includes information bits and parity bits, the parity check 

matrix includes an information matrix portion corresponding 

to the information bits and a parity matrix portion 

corresponding to the parity bits, the information matrix 

portion is represented by a parity check matrix initial 

value table, and the parity check matrix initial value table 

is a table showing positions of elements of 1 in the 

information matrix portion in units of 360 columns, 

including 
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[0054] 

A data processing apparatus according to an eleventh 

aspect or data processing method according to a twelfth 

aspect of the present invention includes a decoding unit 

configured to decode or a decoding step of decoding an LDPC 

(Low Density Parity Check) code having a code length of 

64800 bits and a code rate of 26/30 on the basis of a parity 

check matrix of the LDPC code, wherein the LDPC code 

includes information bits and parity bits, the parity check 

matrix includes an information matrix portion corresponding 

to the information bits and a parity matrix portion 

corresponding to the parity bits, the information matrix 

portion is represented by a parity check matrix initial 

value table, and the parity check matrix initial value table 

is a table showing positions of elements of 1 in the 

information matrix portion in units of 360 columns, 

including 

142 2307 2598 2650 4028 4434 5781 5881 6016 6323 6681 

6698 8125 

2932 4928 5248 5256 5983 6773 6828 7789 8426 8494 8534 





U i 4 J r; 5239 6248 63/7 8230 8446 85 

653 

9 n • r> ' . j I. 0 O 0 7 349 7 54 2 <690 HO37 8201 ^ J / 0 

8 391 8 52 

2501 4252 5256 5292 5567 613 6 632 1 6430 6486 7571 

P V " O 

8 "<"/' 

i 8 57 j 3 B 6 3659 6550 713.'! 7965 86 15 804 0 83 12 8 484 

•> L-, '.l 

f;76v 7 si 1R 8260 85 88 8'44 

-) L o -o c. p 

.5 O .8 6 J 6 % 

378 



82 i 8 6 2 G 



1967 2151 4663 

2 2 7 38 3 5.135 

3 38 5 50 66 8 J 32 

4 40 1 1. .1 8 8 53 7 

3 3 2 9 6058 7716 

9213 7519 8382 

b 3 6 A 8 3 6 5 8 6 2 0 

3 3 3219 8603 

4 5 -1 0 9 3 8 ]. 5 

5 6 3 7 6 7 6 3 4 

3091 5723 5933 

3 3 4 3 6 7 5 4 8 61 3 

1 6 3 7 6 8 'J 8 6 6' 3- 3 

<2 3 3 3 3 8 6 0 3 

3197 3811 7 37 9 

38 4 6 67 4 3 8539 

15 3933 8 62 9 

2 1.33 3859 7068 

4 b L 4 6 ! 7 8 3 6 6 

2 9 60 8 270 3 410 

2 0 3 9 3 6 17? 8 2 1 9 

3 4 4 1*41. i;B99 

4 9 4 3 7 4 8 2 8 5 99 

2 94 2 130 8 92 4 

3 0 8 8 8 •- 8 7 8 3 : 3 



1 7 0 4 2 '1 8 0 4 1. 8 1 

/ 3 J 8 7 8> 7 9 7 9 9 0 

8 2 62 0 3 19 8 6 30 

8 92 18 93 8 02 8 



B 62 b 



/' b 7 6 7 67 .1. 8 66 9 

11 1 6 2 2 91 <1 1 6 6 

6 .i 6 6 R 8 0 2 L 

J i. L 4 9 1 8 8 6 ] ! 

0 32 4 8 62 9 0 

]3 6762 7 172 

681 17 3 6 107 6 

16 3576 6054 

9 J 6 J 



- 59 -

9 401 583 

13 4100 6584 

2299 4190 4410 

21 3670 4979. 

[0055] 

A data processing apparatus according to a thirteenth 

aspect or data processing method according to a fourteenth 

aspect of the present invention includes an encoding unit 

configured to encode or an encoding step of encoding 

information bits into an LDPC {Low Density Parity Check) 

code having a code length of 64800 bits and a code rate of 

27/30 on the basis of a parity check matrix of the LDPC code, 

wherein the LDPC code includes information bits and parity 

bits, the parity check matrix includes an information matrix 

portion corresponding to the information bits and a parity 

matrix portion corresponding to the parity bits, the 

information matrix portion is represented by a parity check 

matrix initial value table, and the parity check matrix 

initial value table is a table showing positions of elements 

of l in the information matrix portion in units of 360 

columns, including 
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[0056] 

A data processing apparatus according to a fifteenth 

aspect or data processing method according to a sixteenth 

aspect of the present invention includes a decoding unit 

configured to decode or a decoding step of decoding an LDPC 

(Low Density Parity Check) code having a code length of 

64800 bits and a code rate of 27/30 on the basis of a parity 

check matrix of the LDPC code, wherein the LDPC code 

includes information bits and parity bits, the parity check 

matrix includes an information matrix portion corresponding 

to the information bits and a parity matrix portion 

corresponding to the parity bits, the information matrix 

portion is represented by a parity check matrix initial 

value table, and the parity check matrix initial value table 

is a table showing positions of elements of 1 in the 

information matrix portion in units of 360 columns, 

including 

658 706 898 1149 2577 2622 2772 3266 3329 5243 6079 







64 6 5 63 4 2 

6 6 60 3044 
i 6 3 d 2.30.1 Vi-;w 

63 60 

660 13 4 4 46137 

6332 603 ) 64 / L 

6662 6622 6336 

Ki66 63 8 0 36 6 7 

6337 69 42 6463 

2 00: 160/ 6 80 1 

"1.1. 14 2 R 3 '7 7 6 

ii6 66 24 0 0 4 B 

: 6 6 o 2 ! 4 4 4 2 0 3 

4 681 64 6L 66 60 

0 4 4 6063 6-3/ 

6 716 2 8 01 6 4 M 

3 2 3 0 3 B 4 6 2 2 4 

"1 6->•"*2' 6033 04 •;0 

4 6 64 600 0 68 6b 

•;64 6 4 383 6066 

• o 2 4 ]. 2 0 6 33 6 

•6 6 6 0 o4 4 3 6 4; 7 

>632 4643 6-3 0 

:2 0 6 2 I 6 3 64 6 7 

3060 T-C.i V1'" ^42 5697 'i9r7 61'1L 

6 4^6 
.. , -3UA-, 7 71: 4 6 99 4 4 64 54 39 



71 -

3 5 551 64 5 4 

3- 2 3 /') 7 6 2 o 1 

boo "I 3 97 3 5 13 

3 0 69 4 2 7 4 6 4 JG 

4 0 4 2 5 9 92 64 37 

/' 3- •; 2 H 9 6 6 '• 0 i 

;•>.-) 6'-





.... 



- 7 -! -



- 75 -

3490 6281 6473 

12 1359 6465 

4202 5179 6412 

3007 3542 4271 

2400 3350 6351 

7 5490 5716 

4695 5231 6266 

777 6292 6402 

919 4851 6367 

6 644 3893 

5386 6190 6434 

17 169 4896. 

[0057] 

A data processing apparatus according to a seventeenth 

aspect or data processing method according to an eighteenth 

aspect of the present invention includes an encoding unit 

configured to encode or an encoding step of encoding 

information bits into an LDPC {Low Density Parity Check) 

code having a code length of 64800 bits and a code rate of 

28/30 on the basis of a parity check matrix of the LDPC code, 

wherein the LDPC code includes information bits and parity 

bits, the parity check matrix includes an information matrix 

portion corresponding to the information bits and a parity 

matrix portion corresponding to the parity bits, the 

information matrix portion is represented by a parity check 

matrix initial value table, and the parity check matrix 
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[0058] 

A data processing apparatus according to a nineteenth 

aspect or data processing method according to a twentieth 

aspect of the present invention includes a decoding unit 

configured to decode or a decoding step of decoding an LDPC 



(Low Density Par.i.t:y Check; code having a code length of 

64800 bics and a code rate of 28/30 on the basis or a parity 

check matrix of the ODPC code, wherein the LDPC code 

includes in iorma t i on biles and parity bits, the parity check 

matrix includes an .information matrix portion corresponding 

to the information bits and a par. id;, y matrix portion 

corresponding to the parity bits, the information matrix 

portion is represented by a parity check matrix initial 

value table, and the parity check matcix initial value table 

.is a table showing positions of elements nf 1 i..n the 

information matrix portion i.n units of '360 columns, 

inclad ino 
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[0059] 

An data processing apparatus according to a twenty-

first aspect or data processing method according to a 

twenty-second aspect of the present invention includes an 

encoding unit configured to encode or an encoding step of 

encoding information bits into an LDPC (Low Density Parity 

Check) code having a code length of 64800 bits and a code 

rate of 29/30 on the basis of a parity check matrix of the 

LDPC code, wherein the LDPC code includes information bits 

and parity bits, the parity check matrix includes an 

information matrix portion corresponding to the information 

bits and a parity matrix portion corresponding to the parity 

bits, the information matrix portion is represented by a 

parity check matrix initial value table, and the parity 

check matrix initial value table is a table showing 

positions of elements of 1 in the information matrix portion 

in units of 360 columns, including 
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[0060] 

A data processing apparatus according to a twenty-third 

aspect or data processing method according to a twenty-

fourth aspect of the present invention includes a decoding 

unit configured to decode or a decoding step of decoding an 

LDPC (Low Density Parity Check) code having a code length of 
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6480!'J bits and 5 code rate of 29/30 on the basis of a parity 

check matrix of the LDPC code, wherein the LDPC code 

includes in normal": i on bits and parity bits, trie parity check 

matrix includes an information matrix portion corresponding 

to the "i. n forma tion bits and a parity matrix portion, 

corresponding to the parity bits, the information matrix 

portion is representees by a parity check matrix initial 

v a J. u e r a oa , a n a t i as p a r 1 t y ch e c K ma t. r j x J. r: .11.1 .a 1. v a 1 a e c a ia J. e 

L.s a. tabic 5;howini; positions of elements of 1 in the 

j n f. arma f i on matrix portion in units of 860 columns, 
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[0061] 

In embodiments of the present invention, information 

bits are encoded into an LDPC (Low Density Parity Check) 

code having a code length of 64800 bits and a code rate of 

24/30, 25/30, 26/30, 27/30, 28/30, or 29/30 on the basis of 

a parity check matrix of the LDPC code. 

[0062] 

In embodiments of the present invention, furthermore, 

an LDPC (Low Density Parity Check) code having a code length 

of 64800 bits and a code rate of 24/30, 25/30, 26/30, 27/30, 

28/30, or 29/30 is decoded on the basis of the parity check 

matrix of an LDPC code. 

[0063] 

The LDPC code includes information bits and parity bits, 

the parity check matrix includes an information matrix 
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portion, corresponding to the information bits and a parity 

matri.x portion corresponding to the parity bits, the 

informal ion matrix portion is represented by a parity check 

matrix initial value table, and the parity check matrix 

initial, value table is a table showing positions of elements 

of 1 in the informat 1on matrix portion in units of 360 

colurnns . 
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[0070] 

Note that each data processing apparatus may be an 

independent apparatus, or may be an internal block in a 

single apparatus. 

Advantageous Effects of Invention 

[0071] 

According to embodiments of the present invention, it 

is possible to provide LDPC codes having good error-rate 

performance. 

Brief Description of Drawings 

[0072] 

[Fig. 1] Fig. 1 is a diagram depicting a parity check 

matrix H of an LDPC code. 

[Fig. 2] Fig. 2 is a flowchart depicting an LDPC code 

decoding procedure. 

[Fig. 3} Fig. 3 is a diagram illustrating an example of 

a parity check matrix of an LDPC code. 
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. -I 1 Fin. 4 ra a diagram bL lust rat. inq a banner 

graph of a parity chec;< ma i; r i x . 

bb.g. bj Fiq. 5 is a diagram i ]. la s tr d 1 lap a variable 

node . 

I. Fiq. 61 Fiq. 6 la a diagram i J. j us t: ra t i r i o a check node. 

f Flic . 7] Fi g . 7 ia a d:iaqram i. 1 'Las i: rati. n.q an example 

con f.i pa r a a ion of an embodiment or a i r an srn.i. a a i on aysicerf: to 

wh i oh r.he pr eaerm 1 echno 1 oqy nop!lea . 

i-Fiq. Hi E'ap 8 ra a b:ock. rbaqrarri A. L1 as t ra J no an 

example eon ib g u ra hi on of a i.ransm b'. t i ng device ]i. 

!Fig. 9] Fig. 9 ra a block diagram i! In a 1: r .a tar ng an 

-oanrpie con 1 i q n rati on o l a bit bbcrioave! lie. 

[Fiq- bb Fig . 10 y n viagrao '! j la a ran L i a o a paoiay 

check ma hr ,. x .. 

I Fi.q. 1 !. j Fbg. 1.1 J. a a diagram i bin a era h i.nq a parby 

rn a t r i x . 

(Fiq. i 2; Fiq. 12 is a diagrarr bepromrnq a eariry chock 

iaar.n of aa hDPc code defined in rhe DVB-lb 2 arandara. 

[Fiq. bb Fig. ib ia a diagram depleting a oarb;y ebeok 

matrix af an bDPb -rode de.bi.ned in bhe DVP-S.r aranoamb 

[Fiq. bb Fiq. 14 inciades diagrams :. 1 ;. a a 1a ting an 

a r rmngomerg: of cons Lei i a ion :»oi nt3 al ItybM. 

! F.; g . bb Fiq. ;a is a diagram i i i aa r r a t inq 

arranqemenca of con a ae i. 1 a i i on ooinbr of hbb 

Fi.o, id] F: a. 16 dbioram i .. 1.1.; a 
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a rrangenients of constellatK/n points of 640AM. 

[Fig. 1"/ j Fig. 17 .is a diagram i L Ins 6 ra t i ng 

arrduqemanld of ocnstellaoion points o5 64QAM. 

[Fig. 18] Fig. 18 is a diagram. :i J. 1 ustrat.inq an 

arrangement of cons tel. 1 a t ion points defined j.n the DVB-S.2 

s f an da rd . 

[Fig. 19j Fig. 19 is a di.aqram 11 I ustrating an 

arrangement of constellation points defined .in the DVB-S.2 

s tareiard . 

[Fig. 20) Fig. 20 includes diagrams illustrating an 

a rrangemen c. of eonstei iatson points defined i.n the dVB-3 . 2 

tandard . 

[Fig. 211 Fiq. 2.1. incindes diagrams 11 Las i r a t inq an 

arrangement. of cons c e L L a n i on points defined i. n trie l;VB~S.2 

s !; anda ro . 

[Fig. 22j F'i.g . 22 includes diagrams depicting the 

orocessing of a dernul tipl.exer 25. 

[Fig, 231 Fig. 25 includes diagrams depicting the 

processing of the demul t.i p i exer 25, 

j F.: g . 24] Fiq. 24 is a diagram i 1 1. us f ra t i ng a Tanner 

•graph tor. LDVC ;.ecie decodmq . 

[Fig. 25; Fig. 25 includes diagrams 11 1ustra ;o ng a 

ourity matri.x H7 having u s t opw.hse si.iuot.uro, and a 'T'annor 

graph cor r' espond i ng to rhe parley uiatrix !h. 

j'F i g . .2 :;h Fig. 2 5 is a ifa'par i i. ! as trs •: inn:; a oatP.v 
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nu'i [TLX lb O f a pa i" i ty c'ncck :na t. c I. x fi ccr respond i nq to an 

LDPC code Leer. has been subjected ho pancy in Let 1 eavi. nq . 

[ F i g. hp Fiq. 27 vnciudes diagrams i L j.us t r a t i. nq a 

transformed parity check matrix. 

[Fig. 78] Fig. 28 is a diagram dcpj.ciii.ng the processing 

of:' a column twi.st inter leaver 24. 

I dig. 29: Fiq. 29 is a diagram illustrating the numbers 

o i: co.i anins oi a memory si which are necessary for column 

twist in lie ? 1. ea 7 i no , and me addresses of w::.it:e start 

pesi ; i. oris . 

h'd.g. 70j Fig. 3 0 i.s a diagram i. i ius tra id nq the numbers 

oi" commie; ot the memory s- whitn e r. e necessary Lor column 

iemi. in; te r i ea v inq , arid the addresses ot write start 

pes.! t iens . 

iFi.g. 3 I j Fig. iei. is a i 1 ovarhe c t depinrinq a process 

perio;tmed by the bull interleave]. i16 and a CAM encode;: i i 7 .. 

IFig. 3 id j Fiq. 32 Includes diagrams i i. i. us it ra i is :g a 

model o; a oemrnun 1 ca t ion pa Lb used in simulations. 

I: .1 <7. s J j " ) q . ..i l .: s Si d. ] g r a m i J [ a i1.1 a .] n q 

re ! a i: i. ousn I ps bet: ween Dope i e r fi reouenc: i es 1 . o ii i 1 a L to- r s and 

euro; rates obta : nod it. s irnu 1 a id ens . 

[Fig. e a j Fiq. ii 4 .is; a diagram r i last ;: a t irq 

relit ionships between uoopitr frequencies ib; oi i inters and 

err-s?" r:at.es obtained i.n the simulations. 

I Fig. 7:7 Fiq. 3:1 is •; oh;ct tho-neem i Lias; r -n inq an 
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example co:ii igura c i.on of: an LDPC encoder 115. 

[Fig. 36; Fig. 36 is a Flowchart cieo i c 6 A eg a process o f 

the LDPC encoder 115. 

(Fig. 37j Fig. 37 is a diagram illustrating an example 

of: a parity check, matrix in.iti.al value: table with the cods 

rate 1/4 and the code length 18200. 

[Fig. IB' Fig. 38 ia a di.agiam depicting a method for 

determining a parity check matrix H From a parity check 

matrix initial va.3n.ie table. 

:Fju. 50j Fig. 39 is a diagram 'i i ] u s t ra r i ng the BER/FFP. 

characteristics or an LDPC code having' a code length of 

64 800 b ia, which is deli inch in trie DVB-S.2 a na nda ;"d . 

IFig. 40! Fig. 40 is a diagram ii InstreMng an exampi e-

o L a parity cneck matrix inirial vsj.ue Lar>;„e v/irn cne code 

rate 2/30 d(lu ita code length 64800. 

[Fig. 43 1 Fig. 4J is a diagram illustrating an example 

ot" a parity cteok ma k i x ini.ti.ai value '.ab'.e w ib" "tie eerie 

rate 3/30 and the erode length 6^8(JC. 

[Fig. 42! Fig. 42 is a diagram i 1 .hoarc's a i ng cn example 

or a parity check mat. no x mitral. value t.ab.i.e with the code 

rate 4/30 and the code length o480C. 

jd.bg. 43; Fig. 43 .1. s a diagram i lias tora ri no an exampie 

oh a pancy check matrix in i a ; a 1. va koe cable w b'h rho aaic 

rate 3/30 and the eerie length 64800. 

! 10 g . 44; 3 : ci . 13 is a d i a rp"'am id. la. :s t m k ; rrg an rx-opa-



oi a parity check matrix initial value table v/i. tih the code 

rate 6/80 and the code ieiiqdi 64 800. 

IFig. 4 5; Fig. 45 ia a diagram i .! ! as t ra t i n q an example 

of a parity check matrix initial value table with the code 

rata 7/30 and the code length 64800. 

! lib g. 46] big. 46 is a diagram iliustrating an example 

el: a parity check matrix mi trial value table with ohe cede 

rate 6/30 and the code length 64800. 

(Fig. 4 7! Fig. 47 is a diagram illustrating the examoie 

OL che parity check matrix initial value cable wr:h tne code 

rate 6/30 and the code bmgoh 64 800. 

IFig. 48 1 Fig. 48 is a diagram illustrating an ex-aitoi e 

of a parity check matrix initial value taroo with the code 

rate 9/30 and the code length 64800. 

[Fiq.. 49] Fig. 49 ,ic a diagram i. Lias t r a t ing the examem 

of the parity chock matrix initial value table with tne code 

rate 0/30 and the code length 64800, 

[Fig. 00 i Vb,g. 50 is a diagram illustrating en mampio 

of e parity check matrix initial value mbie with the code 

rate 10/80 and the code length 64800. 

|Fig. bill Fig. 51. is a diagram ib. I as t r a t i rag the example 

of me parity check matelx initial value table with the code 

iate 10/30 and the code Jenoth 64800. 

[Fig. 32] Fig. 52 is a omgram illustrating an example 

oi a parity eneck matrix initial value mole a j. L n s he code 



rate 11/JO and the code length 64800. 

>Fig. 53] F j g . 53 is a diagram i I Ivis t r a 11 ng the example 

ot the parity check matrix initial value liable w.ibh the code 

rate 11/30 and the code length 64800. 

[Fiq. 54] Fiq. 54 is a diagram illustrating an example 

of a parity check matrix initial value halbe with the code 

rate 15/50 turd the code length o4800. 

'Fig. 55] Fig. 55 is a. diagram 11 lust ra r. ing the example 

oi rhe parity check matrix initial value table with the code 

rate 12/50 and the code length 04800. 

[Fig. 56] fig. 50 is a diagram i I lustracing an example 

or a parity (beck matrix initial value bible with the code 

rate i. J / JO arc! rhe cooe length 04 800 . 

IFig. 57; Fig. 57 is a diagram i iiustrating 1 he example 

cf the pantry check matrix initial value table v;i th the code-

rat e 15/50 and the code length 64800. 

[Fig. 58] Fig. 58 is a diagram i 1 1 ustrating an example 

of a parity check matrix initial value table with the code 

rate '14/50 and the code length 64300. 

[Fig. 59] Fig. 50 is a diagram I 1 ; us t: r a e i ng the example 

•:">f the per g check matrix initial, value table with the cooe 

x a i e L4/30 and the erode length 64 800. 

[Fig. (bp Fig. 60 is a diagram i 1 list ra una an example 

ot a parity cheek matrix initial vai.ne table v;i th the code 

i a t e 15/530 and the code .length 04 860. 



(Flo. 61] Fig. 6 1. is a diagram illustrating che example 

oi the pari'".'/ dieck matrix initial value table with che code 

rai:e 15/30 and che code length 64800. 

IFig. 6/1 Fig. 62 .is a diagram illustrating an example 

of a parity check matrix initial value table with the code 

rate 16/30 and the code length 640(d). 

[Fig. 63j Fig. 63 is a diagram illustrating the example 

of che purity check matrix iniliai value tab'ie with the code 

rate 16/30 and che code i engine 64000. 

[Fig. 64; F i g . 64 is a diagram i. 1 j. us t ra 11 ng Cue example 

of the parley check macri.x initial value table with the code 

rate 16/30 arid the code length 64800. 

[Fig. 63[ Fig. 6 5 is a diagram :. lluat ra r i ng a o example 

or a parrty check matrix initial value table wj.th che code 

rate 17/30 arid the code length 64800. 

|Fd.g. 661 Fig. 66 is a diagram illustrating the example 

ot the parity check matrix Initial value cablo with the code 

rate 1//30 And the code length 64000. 

[Fig. 67 1 Fig. 67 is a diagram i1 lussra11ng the example 

ot the parity check matrix initial value table aire the code 

rale '13/30 and che code length 64 800. 

[Fig. 60j Fig. 68 is a diagram i i J. as r rat A ng an example 

o 1 a pariiy -shook matrix j.n > r i a J value table with the code 

rate 18/30 and the- eerie length 64800. 

IFig. 601 Fig. 60 is a diagram r '; ins i .:. a id no ' ; i r^ examisba 



or the: parity check m.ahri x initial va i ue table with the: code 

rate 18/30 and the code length 61800. 

i.fiq. 70J fiq. 70 is a diaqrarn i 1 lus t ra t i nq the example 

of the parity check matrix initial value table with the code 

late 18/30 and :he code length 64800. 

[fiq. 71] Fiq. 7J is a diagram illustrating an example 

of; a parity check matrix initial value table with the code 

rate 19/30 and the code length 64800. 

[fig. 72; fig. 72 is a diagram illustrating the example 

of the parti.ty check matrix initial value table with the code 

rate- 1.9/30 anei the erode .Length 64 300, 

| fig _ 73] fig. 71 is a d Lac: ram i 11 ustrating lorn example 

err the parity check matrix initial value table wtth she erode 

rate 19/30 anei the code length 6480;;. 

• f o.m 74] firm 74 is e di a c; ram i }. j us tea t inq an examnle 

cc t a parity check, matrix initial value table win the code 

ra;e 2 0/30 and the coeie length 6<Ud)0. 

;.fi.q. 73] fig. 70 is a diagram j. i I. u s t r a 11 ng i he example 

of the parity check mcstrix ;nit.;.a) value table with tire code: 

cte 20/30 and the cede length 64800. 

[fig. 7'b'j fig. 76 is e eii.aqram i. 1 ] us t r a t I. ng rue exarap Le 

oi the parity check matrix, ircitn.b. value table with the code 

raie 2 0/10 end the code length 64800. 

(fig. 77] fig. '77 is a diagram i. 1 .). us t v a t r ng an example 

eh. a parity check matrix initial value radio with idee code 



rate 21/30 and One coae iencrh 64890. 

[Fig. OBj Fiq. 78 is a diagram illustrating the example 

or the parity check matrix initial value table with one code 

rate 21/30 and Ohe code length 64 800. 

i F i g . 70] Fig. 79 i.s a diagram i 1 rue 0 ra t ing the example 

of tne parley check matrix in it Lai value table with Ohe code 

rate 21/30 and she code length 64R00. 

[Fig. 30] Fig. 80 is a diagram illustrating an example 

0 L a parity check mat.i.x .initial value table with tiie code 

rate 22/30 and ohe code length 04800. 

|Fi.g.. 81] lax;. 81 is a diagram illustrating the example 

or the ga r;. L y cheek ma I r.i x in.M. i.ai value laoie vr; rh tiie code 

rate 22/30 ana the code length 64800. 

[Fig. 82] Fiom 8 2 is a diagram 11 lus r rati rig tne example 

eO: the parity check matrix initial, ra Ian- table with the code 

rate 2 2/30 and she code length 64800. 

olig.. 83] Fig. 83 is a diagram i ]. 1. u s i r a t i ng an example 

or. a parity chock mat;;: i. x n i: i a I value tab;.?1 with the code 

1 a t" e 03/ 30 and Ohe code lengrt 04800. 

[ F; g . 94] Fig. 84 i. s a diagram ulLusi ruling the example 

or the pa r.i i y check iit: r ix .ini:mal. value- table with the code 

sore 23/30 and eho code Jengrh 64800. 

[Fig. 80] Fig. 80 is a diagram i I i n s t ra I ;o;g the ixanple 

of tiie paiiiy check matrix Initial value table wi Oi the node 

at'-? 2.1/10 rear, one cede bang Mr 6'! 800. 
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:Flg.. 86] Fi'j . B6 1.3 a diagram i ] .[ us era d no an exampj e 

of u parity check matrix initial value? tarda with the code 

rare 24/80 and the cocie length 64800. 

[Fry. 87] Fig. 87 is a diagram i id.u s t ra t nig die example 

of the parity check matrix initd.a.1 vatue tabic v;J eh the code 

rate 2-1/30 and the code length 64800. 

\ Fi g . 98j tbg. 88 i.s a diagram i 1 l.usrra ting the example 

oi the parity check matrix ncd-ial value tabic with the code 

rate 24/30 -~nd the code .length 64800, 

ibiq. 89] Fig. 89 .is a. diaqram r 1 I us t.rat i. nq an example 

of .a. pard t.y check matrix initial votue aabie with the code 

rate 23/40 a ad tar; code length 64400. 

b-b.a. 80 ; tip OQ is a diagram i. I ia s r ra 'c i ig the-; example 

of the parity check matrix .i. a; r i a i. value table v/rth the code 

rate 23/40 and the code length 64330. 

[Fiq. 9 j j Fig. 91 is a diagram i 1 i u s t r a t i. ng i. ae example 

of Hie earety cheek matrix initial vadue table with the code 

rate 23/00 and the code ienqlh 64300. 

[Fig . 92! F:i q , 9 2 ia a diagram i 1 1 as e r a ~ i ng an example 

of a parity check matrix initial v-Oue table vmmdi the code 

rate 26/30 and the cede length 64 830. 

[Fig. 3 3 tag. 9a is a ebagram i ! j us t r a t big tne example 

of trie parity check matrix laid iai vatae cared e with the code 

i a to 4 6/ 30 and the cocie .Length O4 8 0O. 

,F;g. 9 4 j 13 c. 94 fo , • dlagr.am ' i i a:c.;ea..eej the oxaatcle 



c.i che pari I: y check matrix .initial value table with ehe code 

rate 26/80 ana the code length 64800. 

[Fig. 90; Fiq. 95 is a diagram illustrating an example 

of a parity check matrix initiai value table with the code 

rate 27/80 and. cine erode ienqfh 6-1800. 

[Fig. 26b Fig. 86 j s a diagram ii Last rat inq the exarnpje 

of the parity check matrix i n i:: i a i value table with the cone 

rate 27/30 and the cone length 60800. 

[Fig. 87] Fig. 97 is a diagram i i ins r ra t inq the example 

or the parity check matrix initial value table with the code 

rate 27/20 and the code- length 60800. 

I.F2q. 98 j Fig. 98 is a diagram J i i.u s t ra 1 s no the example 

of the parity check matrix inia-;.!. value- tabic with trie code 

rate 27/80 and tne code length 64800. 

[Fig. 99] Fiq. 99 is a diagram i 'hi us t ra t i no an example 

of a parity check matrix initial value table wi.rh the. cocie 

•' .-•! i 28/ 86; a;id the cc.de length 64 BOO. 

(Fig. h)0i Fig. .100 is a diagram i I j. as era 11 ng the 

example othe parity cheek matrix mitral value table with 

the code rate 28/20 and the code i.ength 64800. 

I F;i g . iCii Fig. tOi ia a diagram i 1 lus t r a r i. ng the 

example oi the parity check matrix: initiai value table whin 

the code rate 28/20 <.oid the code length 64 800. 

[Fbg. 102; viq. 102 is a diagram illustrating the 

example id rne parity •shock ma :: r i. x iroii.ai value ruble sire 



the code rare 28/ 30 anei i;he code length 64 800. 

[big. 103: Fiq. 103 i. s .'.3 ciiacjcam .i ]. 1 u 5 t ra L inq an 

example of a parity check matrix initial, value table vb. th 

the code rate 29/30 and tne code length 33800. 

[biq, 10 3 j big. 104 is a diagram illustrating the 

example of the parity check matrix initial value table with 

the code rare 2 9/30 and the code .Length 64 800. 

[Pag. 103] big. 105 is a diagram i .1 lua tratj ng the 

example of the parity check matrix inioial value table w i o b 

the code retc- 29/20 and the code length 64800. 

b'b.g. 10 6' bog.. 106 ia a diagram ill as ::r a ting the 

example oi the parity check matrix irbo ial v.-.b tie rab.ie v/lrh 

rim- code rate 32/80 at;d the code length 64 800. 

ftbg, ,10V] big. 107 ia a diagram illustrating an 

example or a Tanner graph of an ensemble defined by a deq.ro 

sequence indicating a co i airm we.:, gib" ot 1 and a sow weight o 

6 

[ b ig. 108; big. 108 is a diagram i 1 j. a s t ra o i nq an 

example of a Tanner graoh of a mul~i---edge tvpe ensembie. 

:Frg. 109] big. 109 is a diagram iljustratii.no minimum 

eye I e .. e 'io h r: and ger f o r ma nee r n r eat o 1 Os no r oa r 1 t y ether- k 

matrices of 11)22' codes with che code lenegio 64800. 

!. b i (.3 . i 1 0 j Fig. ;d 0 la a diagram dapiotino; a oa r .1 :: y 

check matrix oi an 2D PC code with the ox:)0ie iouqibi 64 800. 

;Ki.g. I : ; : Pig. ill is a dmsgram dopici .rag per icy che-



matrices of FFOC cooes with the cocie ieneah 64300. 

112] Fiq. 112 is a diagram illustrating simulated 

BFFs/FFOs c 1. FDPC; codes with the code lenqth 64800. 

].F.i.g. 1 10] Fig. 1.13 is a diagram i 1 j us t ra t.i nq simulated 

OFKS/FFRS o!: FFPC codes with che code lenqth 64800. 

[ Pi.g • 114] Fiq. 114 is a diagram illustrating simulated 

BFFs / FFKS or FDPC codes vm. th the code: length 64000. 

Otiq. !. 2;q Fig. 110 includes diagrams i 1. 1 us t ra c i ng BCH 

cooes usee ,i.n s : mu 1.a ti ore- ot bFFs/FFFs or LDFC codes wi th 

she code Length 64800. 

i d Ig- 1 16 ] Fig. 116 is a rdo-ck diagram i ] lus ra-.-. sing an 

exaiTiidc con t i qu r a t eon o 0 a receiving devj.ee 12. 

{1' i q - J. L ••'] "0.x. : I / :s a ia : cc k q ia gram id luscraiina an 

example coin: Lqn r^K ion of a bit de : n ce r 1 ea ver 160. 

! i'' i q - i loj Fi(i . [18 is a ih)W!.Oirii:i depicting a process 

pericrmeo by a CAM decoder i.(-;4,. tne nit 4ei.ntorF?aver 16b, 

and an OFFO decoder L06. 

i F i g - 1.19 : Fig. 11 0 is o diagram iliustrateig an 

0 x a ri'ip e oi a parity check matrix o i. an LDPC' code. 

l—d- 12 0; Fig. 120 is a diagram i Id us tea I ;. ng g mngrix 

1 t r a e s i ormeo par id.y e he n iatrrxi onta .i..ned by Per forin! no rev; 

perniitaLi.cn and column permutation on a oarcry rhed< macrix. 

; 10 g - 1 x] IFig, 121 is a diacraii ill j s ;a: a-" i. no 

transformed pari-y check :oar nz char is divided •; n i o 0 x 0 



]Fig. i32j Fig. 1.22 i. a a clock diagram i i 1 u s r. r a t i r; cf an 

example con 1 igurat ion of a decoding device that co L i ec t i ve I y 

perforins node compurgation for P nodes. 

i F i. g . J23j Fi.':. 123 is a block diagram i ilus t ra tung an 

example configuration of the LDPC decoder 166. 

! id. q . 124] Fig. 124 includes diagrams depleting a 

process of a OUJ ii i p 1 exa r. 14 ineinded in Lhe bit 

de i. nter lea ve r 165. 

(Fig.. 125] Fiq . 121; is a diagram deploring rae 

process ino of a column twisc de i n ire r leaver 55. 

[Frg. 126! Fig. 126 is a block diagram illustrating 

another example con f i gu ra t ion of the bid: de ind e r ! ea a e r 165. 

i. Fig. .12'/| Fig. 125 is a biock diagram i .11 use r a ti ug a 

first example con: igur a t r on ot a r eoe 1 vi rig system in which 

the receiving device 12 can be need. 

[F.:.g, 12b] Fig. 123 J s a block diagram 11 las tra k i nq a 

second example configurarion of the receiving svsrem in 

which the receive ?:g device 12 can be used . 

j.Fig. 12'g Fig. 123 u a block diagram r i las r ra r. i ng a 

tiii.rd example con 1 i gurat i.on of -.he receiving system in ah i oh 

Lhe roceie/i.nq device 1.2 ran be used. 

: 55 g . 1 di j Fig. ;35 is a black diagram i J. imstraeinq an 

example con £ 1 gu r a t i.on ea: an en-bod mien" cf a c,nearer v a 

which the present technology aooiues. 

Description o :. limbed imen La 



I 0 0 7 3] 

I Exarnp i. o Con f: LguLon oi Transit iss Sysfein to wh 2.c;h 

Present; Technology Applies] 

t0074 ] 

01 g. 7 illustrates an example coifiquracion or: an 

embed;. men i ot a transmission system (the term "system" 

refers to a Log 10a I sot ot devices or appa ra t :.;ses, and the 

devices or apparatuses may or may not. be accomnioda L ed in tiie 

same recusing) to which the present teohroloqy applies. 

r 0 0 7 5 j 

Referring to Fig. 7. tlmr t ra n ae. s s i on system inotaaes a 

t ransm I 11 n:g bevi.cn"- ii .-inn a reeei.vi.riu devi.ee 12. 

[00 76] 

'idie transum fi i ng device Ll is configured •'o transmit 

(or broadcast; cat:a such as a television broadcast oroaram. 

id or e spec 1 f i ea .1 Ly , i he ransm 1. f L inq de v i ce J. i encodes the 

target data tor be a r aj: on: 1 i. t org s irt ^3 image d^ta and end.; o 

ciata of a program, into an. Td.)PC code, anei transmits the L.Dbd 

code via a common 1 r :a 11 en paid l.d such as a sat el.Mae link, a 

terrestrial 'ink, er a cable gs.i red i i. no; . 

[0077I 

The receivi.nq decree is receives an LTPC code 

transmitted from tne 1 r an sm r i: t ;. nq cei/ice 11 V:.<-J the 

ccnimun i car i on path id, deoories line ld)PT code mini large; 

data, and outruns the direct data. 



r OOVFS ] 

Her?-, i L is well established that. an LDPC code usee! in 

the transmission system ;i i ] ustrated in Pig. 7 exhibits very 

high periormance on an AWGN 'Additive White Oaussian Noise) 

common'i cation pa an . 

[0 079] 

however, burst errors or. erasures may occur, in she 

common i oa t i on path 1.3. Por example, notably in a case where 

the commiin i oa t .i. on path 13 .is a terrestrial link, in en OFDM 

( Or t h oqona 1 Fretpincv P i. v j s i.on Mu i. t o > i. ex i nq ; s vs torn, a 

spectrin symbol may drop to zero in prv/er (or be erased) in 

aceordanoe w i. t h tne delay of. an echo (wind; is a path carter 

than the main oath; in a ru I.e.-raih environment shore a D/e 

(Desired to undosired Ratio; js 0 on (i .o., the power 'if the 

ooho as rhe undesirod sower is equal ^.o the power oi the 

main path as the desired powori . 

i 0 0 8 0 ; 

Further, it the D/d is 0 dB, a)1 OFDM symbols at a 

specl. Pic p Oin t in One may also drop no aero in power (or 

erased; due to a Pooy'ler (dccpend; rreouoney in a leutt.er 

(which is a eemmru n. e a t.; oe path e which an echo with a 

Doppier ireauen.;-y epo rieci and having a delay oi 0 ;s added) . 

; 008 :. ; 

Te addirion, craar errors may oecur. due to unstabie 

newer oi the r ore ;. v r nq dev.: er :p er u nd-a i. r or! wiricu 



conditions from a receiver (n o" i. 1 i us i r a i ed ) that receives a 

s j. gnu i from the h ra n smi 111. nq device 11., seen as an antenna, 

on che receiving device 12 side to the receiving device 12. 

i" 0 0 0 2) 

In the LDPC code decoding process, on the other hand, 

as described above with reference to big, a, the variable 

node computa 1 ion oi Expression i ;.) , which invoives addition 

of (the reception values to-,, of) the code bits oi tiie LDPC 

code, is performed at: the respective columns of the parity 

check matrix H, Limit .is, ihe variable noiies corresponding to 

tiie code bits of ihe hDhC code. Thus, an error occurring l.n 

a code bit used for variable: node eornoua L i on would lediiee 

the accuracy cf a determined messcqo. 

[ 0 0 8 2 : 

In the hibbl code decoding orocess, furthermore, the 

check node corneal a f ion of expression (7: is oerformeo at a 

check node, by using measaoes determined a i. the variable 

nodes connected io the check node. Thus, an increase in the 

number, ot check nodes for which errors (including erasures; 

s i mu 1.1: anecus i y occur in hmde bits of an LDPC code 

c:or reipundimo ici pjurmnxty oi conrttii eci variable nodes 

would reduce decoding per formanee. 

i 0 U ii i | 

More specsf1oa11y, for example, if rv;o o- inc. re or 

variable nodes connected to a check node i ma 1 taneocs i y 
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become erasures, the check node returns a messaqe with the 

probability of. the value 0 bo inq equal so trie pr obab i. 1 i ty of 

che value 1 to ail. the variable nodes. In this case, the 

check node that returns the message w:i. t.h equal probabiLiti.es 

does not contribute to single decoding orocessmq (one set 

<3 f variable node computation and check node conipn ta t ion) , 

resit; tinq in a larger number ot repetitions of decoding 

processing. Thus, decoding performance may deteriorate, and, 

additionally, the power consumption of the receiving device 

12 that decodes the fDPC code may increase. 

! 0085] 

To address the i noonven .1 ences described above, the 

transmission system 1. L las f r a i ed .in F.iq. ? is capable o~ 

increasing far: nee s tarese to ouisf error's or erasures wit; le 

ma in ha 1. ni nq pert o r ma nee i n an ZiWGN common i. ca f i on oa th . 

! l i 0 H 6 I 

[Traitpic doariuurut ion of Transmi.ft inq Devi.ee J i j 

r 0 08 7] 

dig. 8 is ,-r block diagram i .11 us t rat I. nq ar: example 

cent iqura t i on oi' the 1. ranse! 11 i no device 1.: illustrated in 

Fiq. 7. 

i Li 0 8 8 j 

In the t ranamid" t. i nq dev.: tea 11, one or more tnpuf 

streams as tarqet rata are sapoimed \c a inode 

aaa o t a 11 on/ma ; t : o L exe r 1 i 1 . 
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[0009] 

The mode adaptation/rnu I. ciplexer 11 I performs prootssing 

such as mode selection and multiplexing: the supplied one or 

more input streams, if necessary, and supplies the resulting 

data to a padder 112. 

[0090] 

Tiie padder 112 pads zeros (or; adds null; to 'die data 

supplied free" tine mode adaota11 on/mai I ipi.oxe r 11.1., as 

necessary, and sappli.es the reselling data to a BB scrambler 

1J 3 . 

[ 0091] 

The BP scrsmheei: 113 applies BB scrambling (Bnse-Band 

Tor a rob .11 nq; to '~he data supplied from che padder. 1.12, and 

supplies the resulting dcta to a BcH encoder: 1 Li. 

[0092] 

The BCH encoder TBI performs BCH encochnq on the data 

supplied from ihe BB scrambler 113, and supplies the 

resulting dats to an LDPC encoder 115 as LDPC target data to 

be subjected to LtPC encoding. 

[0093] 

The LDpC oncoder 115 per terms LDPC encoding on tine ili')PC 

targe" dat.n suppi i ed from she BCH cneoder li-i ; n hocoidance 

with a parity check matrix of an 2DPC code, in which a 

parity matrix that is a portion of pariry oris oil the LDPC 
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i ri f orrnah i on hi La corresponding v:o the -hPC v.arqei" data. The 

LDPC encoder lie outputs tiie LDPC. code. 

[0094] 

Mere spec i f L ce 1 1 y, r.he LDPC erieoder id 5 performs LDPC 

encoding to encode the LDPC target data irto, for example, 

an LDPC code defined in a certain standard such as DVB--S.2, 

D7B-T.2, or D7B-C.2 ; cor respond i. nq no a parity check matrix) 

or a predetermined LDPC: -code fcorresporriinq to a parity 

check rnaerix), and ourputs the resulting LDPC code. 

[0095] 

Here, an LDPC code defined m she D7B--S.2, D7f77/.2, or. 

DVB••••(", . 2 s ta nda rd i s an I RA [ T r r ecu fa r Pepea t Ac curia ia i.a ) 

code, and a parity matrix in a parity check mammis or the 

LDPC code ires a stepwise stirctsre. The parity "matrix and 

the stepwise s rructa re wili be describee; beiow. An example; 

of the [RA code is describee in, tor example, "irraquiar 

Repeaf-Aeeuaulafe Codes," B. Jin, A. Kbanaekar, and P. J. 

Pica 1 j.ece, in Proceed ,i nej s o J 2 rid In t e r na i i. on as i C ymoos i am on 

Turbo Coeies arid Peiarod Tooics, op. 1--B, Sent.. 2000. 

[ 0 0 2 o ; 

The PDPC code outpui from ' ra- LDPC encoder 1.: h is 

supplied t.o a rait interleave:'." 1:6. 

[0097; 

The bit inter leaver hi 0 per fonr:s bid: s r e ri e.; v j nq , 

doscr:beo be!(n:, on the LDPC cooe supplier! "rem ' ire LDPC 
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encoder 115, and supplies ihe LDPC code thee has been 

.subjected to bit interleaving to a QAM encoder 11.7. 

[00981 

The OAH encoder .117 maps the LDPC code supplied trom 

the bit interleaver 116 to constellation courts each 

representing one symbol of orthoqonai. modulation .in units of 

one or mere code bits of the LDPC code (or in units of 

symbols), and performs orthogonal modulation (nru 1.11-.1 eve 1 

modu1a t i on) -

[ 00 9 9] 

Mere spec: f ; oa11y, the GAM encoder ,1b? maps the LDPC 

code supplied from the Pit. intei leaver lit to con s t e 1 1 a 11 on 

points 'ifhhiia! by the modulation scheme or; which orthoqonai 

modulation of the LDPC code is based, in an 10 plane (1Q 

constellation) defined oy an I axis represenrjnq an .1 

component., that is in the same phase as that, cf the carrier 

arid a 0 axis i op re sen t i nq a 0 commorient orthogonal ro rho 

carrier, and perforins orthogonal modulation. 

j 0100 : 

Here, examples ot the modihLat.lon schem^ on which the 

orr'noqom-i I mors m a !r ; on pc r r o r rr-o c J by "ihe QLd encoder 1 lh is 

based include modulation schemes defined it the DVB-C.2, 

DVR-T.z, DVL-at.r, and sLrni far standards, and other 

modulation schemes, examples of whicf) .include DPDK (binary 

Phase Child; Keying), OPCK (Cuadiataie Phase Chi it Key lamp , 
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16APPK {Amp i. i. r ado Phaso-Sh i!: t Keyinq:, 22APSK, ioOAM 

(Quadra tare Ampl. i tude Modi; la t. 1 on } , BdQAPO 2 5 GOAM, .! 02 dOAPb 

d0960AM, and -1PAM (Pulse Amplitude Modu la r. ion) . Which of 

che modulation schemes the 0AM enooaer 1.1/ uses to Derfonr; 

orthogonal modulation is set; rn advance Lhrouah, for example, 

operation or the .hike by an operator oi: the transmi t tin a 

device 11. 

1 0 10 :1 

Trie data obtained by ihe process(no of the 0AM encoder 

'00/ (I.e., the symbols mapped to the eons re i La f i o:: points} 

is supplied to a Lime int:er leaver 118. 

; 0 1 u 2 j 

The time interieaver Or B po?Oun"me time Oarer leaaina 

(which is interleave rer in the mi.me domain) on the data (i.e., 

symbols) sural i rod from the OAd encoder 117 in units er 

symbols, and supplies the ?esuitrnq data to a PPlPO/MrHO 

encode r: 1 1 a . 

: 0 1 0 3 ! 

The POSO/FFdiO encoder • la pes. forms space-time encodinq 

on the data {! .a., symLrols) sappi i ed "rem the tO me 

rarer leave: ILB, arte supplies the resehd laq data to a 

f roouenoy late rl ea -er IPC. 

[ 0 10 4 ) 

The rroouenoy aita: ].o<r/er lit performs Frequency 

-• s t e r 1 ea v i ir cu oh: oh 1 s is r er loav ma : e f he t ra que; a -y rianrj in; 
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on Lhe data (i.e., symbols; 31.1ppj.ied from the MISO/MIMO 

encoder 119 in unid; of symbols, .arid supplies the resu icincj 

data to a frame builder & resource allocation unit 131. 

[0105! 

On the other hand, conrccl data (siqtai 1 inq i for 

t r ansmi.ss ion cotrroi, such as 03 signalling (Base Band 

Siqnallinq) [BB Header), is supplied to a BOH encoder: 1,21. 

[0106] 

The BCH encoder Oil oerforms BCH encodinq on the 

control data supplied therein in a manner siao lac to that 

for the BOM encoder 114, and supplies the resuitinq data 1:0 

sn LDPC eneoder 12/. 

! 0 1 0 7 1 

The LDPC encoder 122 performs ODBC encoding on the data 

supp Oi.ed from Lhe BOH encoder 12 1, as LDPC target data, in a 

manner similar to that for: trie LDPC; encoder 10.5, and 

supplies the rose id. inq LDPC code to a CAM escodtr Oil. 

[ 0 1 0 8 j 

The Q.AM encoder 123 maps the LDPC code supp] i.ed from 

ihe LDPC: encoder" 122 to coneteilation points each 

representing ouo symbol of orthogonal modulation, n units 

01: one or more code bits of the LDPC code (i.e., in units ot 

symbols) in a rm.-umor siniliar to that for the QAM encoder 117, 

ami performs rudhoocnai modu Oa t. i.on. The QAM encoder Lis 

supplies the resulting data (i.e., symbols) 10 a frequency 
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in.'/.ftHeaver 12 4. 

L 01 0 9 j 

The frequency interleaver !24 performs frequency 

in ser leaving on ihe daca (i.e., symbols) supplied from Lhe 

QAM encoder 1.23 in units el symbols in a manner s trrd iar to 

that nor ihe frequency i rite cleaver L20, and supplies Lhe 

resulting data to che frame builder & resource allocation 

unit 131. 

[ 0 i L 0 I 

The frame buiLder u resource allocation unjsi 131 adds 

pi. lot symbols at deem red positions ca: the data (1 .e., 

symbols} suptd i ed iron- she rreouenoy i.. n ce J: J. ea ve r s 1 20 and 

124, and ccrifjcpu'S a frame including a ccrtain number' of 

symbols (for example, a PL {physical layer) frame, a T2 

frame, a C2 frame, err:.) from the resulting data (i.e., 

symbols). The frame builder & resource allocation unit 131 

supplies the frame re as OFDM ueneracion unit 132. 

[ 0 1 1 L ] 

The OFDM generation unlr. 1 s2 qenecaces an OFLM signal 

trom che frame supplied from the frame builder .1 resource 

allocation ismt 131, osr respond! nq ro the frame, and 

Transmits the OFDM signa.. via she comrur K:C cum pa''h 12 (Fig. 

"i) -

[01121 

Note thai" she t ransm 11 :r i. no device 1! ray be configured 



without including some of r.he hdocks .1. .1 Lusrrared in E'ig. 8, 

such as the time .1 n s e r 1 «a vo r 118,, tne MT SO./pfidlO encoder ii. 9, 

the frequency i n te r leave r ")20, anei i:he iroquenc;y irrterleaver 

121 . 

r o 113 j 

Fig. 9 illustrates aii example configuration of the bit 

interlerive:: 1 It i binstrated ir. Fiq. 3. 

[ 0 I'M] 

The bit io;:.ork:avc':r lie is a data processing device lor 

later! eav hag data, arc mob ados a par;; y interleaves 23, 

column tw ist i nie r: i eave a 21, and a lerau i t ip l.exe r: (nRMtJXj 22. 

Mote t.hat che bit im;o;' leaver 116 pay be configured. wi t;hour. 

inc.! sd.i.nq one or both of; tiie oarity i. rd' e r li, 5 v' 2 a and : ho 

oc l:.i;i;n twisr i meri.oave;' 21 . 

[ i; 1 L 3 ] 

The parity 1 n aer 1 ea v cr 2 5 performs pan iq i n te r leav Lap 

on tne j„.r>PC code supplied from one LePc encoder 111 to 

.interleave; parity 0t. a oi tne flJPn code' to di trsa:ent par L ay 

bid' positions, and soopJnes ihe PDPb code thai has boon 

subjected to parity ro:or leaving to tne 00 damn tw:. st 

i. n f e r 1 e a v e 'r. 24 . 

\:.j 1 ]qq 

Trui; coSaanr twist: j. n te r I. eaver 2 0 performs ocieen rwier 

infa r: i. ea v _ ng on she L3PC code supplied fron the parity 
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subjected to column twist J rite r lee v i nq to tne demultiplexer 

7 u 

| 0117 j 

More specifically, i he LDPC code is L ransom t red after 

one or snore code dies of ihe hDPC code; are mapped to a 

conste.;. iae.i.on point reprosentlnq one symbol of orthoqonai 

modul a t i o ri usinq the QAl-i eneoder 117 j L las t r a ted. i.n Piq. 8. 

[01.18] 

The co i urnn fw.isr i n L e r 1 eaver 34 performs reordering 

processing, for example, column twist 1 nt o r leav ing, 

described below, to reorder the code bits el the I.UPC cods 

supplied from the carlty interleave:" 23 so thut a plnraiity 

ot cocie b.i t.s of the LDPC -code correspond'!, nq to !s i r.- an 

orbi.fraiy row of the parity cheek marrix used in the LDPC 

encoder 1.13 are nor rrndaded in one symbol. 

[ 0 1.1 9 j 

The demultiplexer 2 !i- performs pe cor te t i en processing? on 

the LDPC code supplied rrnrn tin; coiarnn twist in tori eave r 24 

to permute the positions of rwe or more code b it s ot t.Le 

LDPC eerie ro be mapped to symbols, -hereby obtai:m.nq an hDPC 

ode with increased resistance to AWChb dire demu 1. mi n Loxe r 

2h r hen supppies me two r.P more cocie bin:.;; o:: the LDPC codm 

whicbi are obb-.-i mod rdrouqh the perna; ta In. er. p r oc:e s s j nq , to 

the QLM encoder I. i 7 (P.i q. S) as a symbol . 

f 0 12 0 i 



Next, Fiq. 10 illustrates lhe oaricy check matrix H 

"'ha!; the LDPC encoder 11:5 il i ustrared in Fiq. 0 uses for 

hDPC fncodinq. 

[0121J 

The parity check matrix ii has an LDGM ;Low-Dens 1ty 

Generation Matrix} s 1 rue tu; c, a no can be expressed by the 

equation H [fb ; H?! (which is a matrix whose Left elements 

are the elements of an i nto r ma t. I.on matrix H- and merit 

elements are the elements of a parity matrix H-r}, whom the 

in loriua I; i o r • matrix ib, is a portion cor respond.! nq to 

i ri forte li on bits md the oamty matrix :s a portion 

eo r: re spcndir ;q to parity hi us amone the code bits of the -bee 

code . 

[ 0 .122] 

Here, rhe number of t n r o rma t J on bits and tin-- number of 

parity bi.es amonq the code oils or one LDPC code (.i.e., one 

•code word) am rejuroscentoi oy an mforrat i on hmqit h /eel a 

parity length M, r. espec r me ; y . In addition, the number oZ 

•so de oi.es ot one hbPb erode .is reo?:esee t ed bv a cocie leneth N 

( K r M) . 

[0122! 

'the informer ion larnp'u p arid me oarttv leneth M ot an 

rbtb cooe hameq a certam code ..mnqtn. N -ire oomrminod in 

accordance w.mh the code rare. Ia addition, me pai v 

creo:i< ma m : x n m a m-.-b_ r ' x ate./ i up >i r ovri and N 'columns. 
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dlius, the ir. termson matrix Lb ;s an it x K :natr.;x, anei the 

oar it:y matrix HT i s aa M x is ina::rix. 

[012-1] 

Flic. ii i. I l.a s t r;a tea a parity matrix uT ot c.-; parity check 

matrix H of: aa 'LDPC code lie fi nod in me DVPr-S.2, DVB-hi'. 2, 

a ad DVR- 0.2 standards. 

[0izt| 

As i i lustaauid in bi.e. ii, the parity matrix !LP eL the 

parity ctecK matrix H o!" I.he LDrC code defined in Dvj::t-'!L 2 

arid similar standards j. a a iati.x having a stepwise 

>;i. (.ucture (i.e., a .Lower hi.dragons! murrm.x; in which 

elements of ! ore arranged ia; a srerwiso marine r . The oarb.ty 

matrix id has a row weight; o :i i " e.> r -.he ::i;;sl low and u row 

weight oii 2 ior; aii 'die rema.i n i nq ,yows. Tiro parley mai.rrx it 

further has a coLumn weigbL of 1 Lor the Las'., column and 

column weight of 2 for aii Che iiennnrq columns. 

[01261 

In Lire manner descnirbed above, an hDPC coed- o 2 a pure ty 

check mat.nix H including a purity marci.x It- (raving a 

stepwise structure oar; bo oasi.Ly eer.e r. i e:i gains i: he esrarv 

check matrix ;b 

[0 12 7 j 

Liiois spec i ili ca L .1 y , an hbPC erode (i.e., a code weed) is 

represented iiy a row veerer c, ..n":d a column vooror oh>ra i red 

by transposing she row vse'ior -P; ;vc r one r: r.ed by c . ' n th — 



row vector c, which is the LDPC cocie, fui L he cmo re, an 

information bit porLior is represented by a rov; 'ycccor A, 

and a oarity bie portion is repre sen tod by a row vector T. 

[ 01 2 8 ] 

In this case, the row vector o can be expressed by the 

equation c -• [Apr] (which is a row vector whose left 

elements are the elements of a rov/ vector A and right 

elements arc: the elements of a row vector T;, where the row 

vector A corresponds to i a formcd.1 on bits and the row vector 

T corresponds to parity bits. 

[01291 

It is necessary for the parity check matrix L and the 

row vector c •••• [Abie, which serves as the ne?C code, to 

satisfy tiie equal) on He" 0 . Thus, the values of tin" 

elements ot the row vector T corresponding lo parity b.its in 

the row vector c iATi'j satisfying the equation Let ~ 0 can 

be sequentially (or s ocees s .i v e J y ; determined by seining the 

elements in the respective rows of the column vector Led .in 

the equation He:' 0 in; zero in order , starting from the 

element in the first row, l.n a raise where the parity rna In: i x 

!h in the parity check matrix d •••• [fLMhd has tine stepwise 

structure illustrated m Fig. j 1 . 

[ 0 i 3 0 ] 

Fig. .12 is ri diagram depicting a purity oheck matrix II 

or an LPPC code defined in 3V3--T.2 arms similar s t a nc ia r d s . 
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The oarity check ui« rri.x H of the LDPC code defined in 

DV1L-T.2 and similar standards has a column weLqht X fen: KX 

columns, startinq wi.U'i the firs::, column, a column weiqfb; of 

3 for the subsequent K3 eel urmis, a column woiqriL of 2 for 

the suboeouent (-1 ) coiuins, anei a column woiqht of J for 

I".he fast: column. 

: 0 i 3 2 ] 

Here, the sum of columns Given by KX-s-K3-f-M-- J rC eouals 

LLie code lenqld! Li. 

[0133j 

Likfc;. 13 is oLusram i .IT: as t r a Li nq the numbers of 

columns KX, K2-;, ami >1 and the column weiqnL X for Lhe 

respective code rar.es r of j.0)2C codes defined in DVD-T.2 and 

s:. mi 1 a r s Land amis . 

! 0 1 3 4 ; 

in DV13-T.2 ami s i rn i iar standards, LDPC codes havi. nc; 

code ienc;ths N of 63302 bits and 16200 bits are defined. 

[0 133; 

In acidities';, LI code rates {nominal cafes;, .1/4, 

2/1, 1/2, 3/5, 2/3, 3/1, 3/3, 3/6, 2./ 9, and 9/10, are 

defused for an LDPC coco wren a code lonqth d ot 63 800 OILS, 

and L0 code raLes, L/3, i/i, 2/5, L/2, <35, 2/3, 3/s, -'I/O, 

5/0, and 8/9, are defined for an LDLCJ cooe wish a code 

1 cue r ~: LI o L L 62 0 {j n a.!: s .. 



[ 0; 3 G 1 

Hereinafter, the code lenqth N of 6-1800 b.i:.o w i. I ] also 

bo referred Co as "64k bits", and she code length N oi .16200 

bits will also be referred to as "ilk bics". 

[0137] 

It is well established Chat a code b.i t of an LDPC code 

cor re snond i no to a column with a higher column we i ght J n a 

oar;it:v check matrix H has a lower error rate. 

[ o iva • 

I.:a a oarity check matrix H defined in DVI3-T.2 and 

similar standards i.!. las t ra ted ir': bigs. ;,2 :o(i 13. rLe column 

weight tends to increase as rho ordinal narnoor ef the 

columns of: the parity chock marrmx H decreases (i.e., as the 

column comes closer to the Left end of the parity check 

matrix H) . According i. y, robustness to errors (or resistance 

to errors; tenets to increase as the ordinal number of oho 

code bits of an LDPC code corresooiad no :o the pari ry check 

matrix ii decreases (i.e., 'die first -code b1.1 rends to be rhe 

most, robust to errors;, and rends to decrease as the ordinal 

number of the code brrs increases (i.e., roe iast code bio: 

rends f o be rhe Jeasr robust to errors) . 

I hi a 0 j 

Next, L i q . id 11 lus t r a 1 es oxarrp.Le a r anqement a of 

( cons t e i i a t r on points correspondinq re) 16 symbols in an i. a) 

plane in a case who-o the QAM eneoder i iV i.! ,P j s!; r a t. cod in id.q. 



8 performs I 6QAM operat ion. 

[0140] 

More specifically,, part A of V'iq - 14 1 1 i us ;. r a tes 

symbols of DVB--T . 2 16QAM. 

! 0.1 4 1 j 

In 1 6QAM, one symbol is represented as 4 bits, and 2 6 

(••= 2d symbols are provided. Purrhcr, the Lb symbols are 

arranqed in a square of 4 symbols in the I direction and 4 

.symbols m the Q direction, centered on che oriq:in of the T.Q 

plane . 

[0142] 

Assaminq now t)iar the ducL'c-o:b bit from che most 

s iqnif i can L bin: of a bit ssonence repr e s-oi tnd by one symbol 

is represented by bit yq, then 4 bits represented by one 

symbol of 16QAM cai; be represented by bits ye.:, v., yd, end yy 

in order, ster'iua from trie most significant bit. in a case 

vd'iere the mode.! at ion scheme ::s J.60AM,. 4 ood'-> bits o" so T.PPd 

code ere (symbol, i see} to a symbol (symb o! values; of 4 bits 

Yd to y>. 

I 0 j 4 3 j 

Part B of F i e?. 14 ;i lus i. r a i es bit boundaries of 4 Pits 

(hereina id'er a!.so referred i'o as ''sysliol bits"; yo te y • 

r epresen Led by a ] tQAM symbol. 

f 0 1 4 4 j 

Here, a bit boundary of symboi birs y: (In Id q . : 1, 1 



0, L, 2, 3) is a boundary between a .syni'oo':. having a symbol 

bit y;. of 0 and a symbol having a symboi bit y; or i. 

[ 01 4 a I 

As 111 as bra ted in para B of rig. 1.4, lor bio most 

significant symbol bit yo among the -1 symboi. bits y-; to y> 

represented by the L 6QAM symboi., the only one bit boundary 

extends along the 0 axis in the 1() plane. For the second 

symbol bit y; (the second most significant bit;, the only 

one bit boundary extends along the \. axis r r; the 1(1 plane, 

i0146) 

[n addition, two bin boundaries .ire orovided for the 

third symbol bit y-:, one between the first .-ad seecoid 

columns of tine 4 x 1 square ot symbols, counting r mm 'doc 

left, and the other between ihe third and fourah columns-

[ 0 I 4 7 j 

n addition, two bit boundaries are provided tor tlie 

fourth symbol bet y5/ one between tho first and second rows 

of the 4x4 square oi symbols, conn icing [rem rhe top, a; id. 

the outer between the third and fear th: rows. 

[di 48j 

ovmoo] bit.s ay rep re sen rod by symbols are .bens erronwoai 

(i.e., lower error probabi1 Iuy} as vine number of symbols 

spaced away 1 rorn a bit boanbary increases, and are more 

erroneous (i.e., higher erior probabi Lira/} as ihe number o t 

symbol:; close to a bit boundary increases. 
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r o i 19 j 

It: is assumed new thai, a Loss erroneous 'ni t (robust: i;o 

errors) is referred to as a "si:rong bit" and a mors 

erroneous bit (sensitive t.o errors} is referred to as a 

"weak bin". In rhe 4 symbol bits yo to yp ot che 160AM 

symbol,, che most significant symbol bit yi; and tne second 

symbol b:;.t y •, are stronq bits, and the Lhi rd symboi. bit: y^ 

and the fourth symboi bit ye are weak bits. 

; 0 1501 

F.lgs . It to I'/ illustrate example a r. ra nyemen Ls of 

icons t e.L ia t ion octrois co to: espond j. nq ! o) 6b symbols in an IQ 

olane i r: a cawe where; she QAM encoder 1 !'/ j. 1 ] u s t r -a Led en P one 

0 performs 64QAM oper.anion, "heat is, symbols of DVB-'P/ 

J.SQAM . 

1 0 ] a i j 

In 640AM, one symbol represents 6 bits, aim:: 64 (-- h'Q 

symbols are provided. F'urther, "he 64 symbols are- arraneeO 

in a square of 8 symbol s in the I direction ar.d 8 symbols in 

taae Q direction, centered on rhe origin of the; 10 olane. 

ro: hi 

Symbol bits of one 6;!QAM symbol can be represented by 

m.r.s y.,, y:, y, y;, y ,u and ye in ore:er, srartinq • rem tiie 

most s J. an i i loanr. bit. In a case where tie iiiodu La L ion scheme 

:: s 640AM, 6 code bir.s of an bilPC code .ere; mapped to a symboi 

•ofV 6-bi" ayrnbel bits y.. to y- . 
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[ 0 1 5 '3 ] 

Here, Flo. 15 i. i 1. as i al.es bit: boundai les of the most, 

significant symbol bit: y<. and the second symbol bit yg among 

the symbol bits ya to yi; of che 64QAM symbol, Fig. 16 

illustrates bit boundaries of the h-:ire symbol bit and 

the fourth symbol bit yg, and Fig. 17 i; iastrates bit 

boundaries of the f.ifeh symboi! bit y,-, and che sixth symbol 

bit y . 

[0154| 

As iIluscratod in Fig. 15, one bit boundary is provided 

for each of trie in est: s iqni f Leant symbol bit va and the 

second symbol bit eg. Further, as .11 L us t L a t.ed in Fi.g. 16, 

two bit boimdtr ies are p.r.ovideo fo:: end: oli the third symbol, 

bit y;, anei rhe fourth symbol bit ye. As illustrated .in Fig. 

17, four bit boundaries are provided for each oi' the fi fen 

symbol bit ye and the sixth symbol bit. ye. 

[0155] 

Accordingly, among the symbol bits yo to yg of the 54QAK 

symbol, the most significant symbol bid: yg and the second 

symbol bit. y; are v.he strongest bits, and Che third syrnbo: 

bi' y; and the fourth symbol bit y ; are oiie second st rongtst 

b:i !.: s . Then, the fifth symiooi bit y; and the sixth symbol Dim 

V':; are weak bits. 

[ 01 a a j 

ih" ten: be lotinc fveim Fig. 14 and, f a r t he rmo veo Figs . ;ht 
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to 17 that symbol bits ot: an orthogonal modulation syr 

have a tendency that more signi3icant bits are stronger bit; 

anei less significant bits are weaker bits. 

[ 0 I 5 7 l 

Ftg. IB >.s a diagram i i i as t ra t iruj an example 

a.r: ranqemen t of ( cons t el 1 a t i on po i.n c s co i: respondA nq to } 4 

symbols in an IQ plane In a case where a satellite link is 

need as the common i.ea tlon path .1.3 (tig. 7} and the QAM 

encoder 117 .illustrated in icq. 8 perforins OblK operation, 

that Is, a diagram of/ for example, OVB-3.2 QP3K symbols, 

r 0 • 3 8 j 

in DVB-S.2 QPSK, each symbol is mapped to ores of form, 

constellation points on che ctroumfeionce of a circle navin: 

a radius p of 1, centerea on the ori.q;.n of the TQ plane. 

I 0 13 3 ] 

Fiq. 13 ts a diagram iilastratinq an example 

a r ra ngemer; t of 8 symbol.s i.n an 10 plane in a case where a 

sate] i i. te link is used as the commie >i c:a f i on patii .13 (Fig. 7 

ano the QAM encoder lb? lusi rrated in Ftg. 3 performs 8PSK 

operas j. on, that ic, a diagram of, fro- example, DVB-3 . 3 8P3K 

symbo l. s . 

L 0 1 6 0 1 

in D3B-'S.3 8PSF, each symbol is mapped to one of eight 

cons teil atica points or the circumference of a ci.;:cie havirt 

a isdiccs p of l; ceritered or- the origin of he IQ oj.arn::. 



[0161] 

Fig. 20 includes diagrams illustrating an example 

a r rangnynen i of '16 symbols .In an 10 o.lane in -a case whore a 

satellite link is used as the communication path 13 ;Fig. •} 

and the QAM encoder 11? illustrated i.n Fig. 0 performs 

16APSK operation, that is, diagrams ot, for example, DVB-S.2 

16APSK symbols. 

[0162] 

Part A of Fiq. 20 i j ,1a s i a tea an a r. .r angemen a of 

cons :. el ] a. a;: on points ot DVB-crO 2 I6AP3K. 

I 016 3] 

In PVB-S.2 16AP.3K, each symbol ;JS mapped ro one ot 16 

cons telle: ii on points in total, namely, o eons t e j ; a t 1 on 

poi.nus on the circumference of a circle having a cactus Ft 

•and 12 constsl lat i.on oo.!.nts on 'doe oircumierenoo ot a circle 

having; a radius i.O {> R;), centered on the origin of. the i'Q 

pi ane . 

[ 0 2 6 4 j 

Part B of Fig. 20 illustrates r.ho ratio y ^ : W rO, which 

is the ratio ot [.he labid Pp and ;p i n th- arerangemena of 

cons a el la tion point s of DVB-el .2 1 6A2:2K . 

OP 6 5 1 

In the arrangement of oonstOi.iai ion points of: DVB-3.2 

S 6AP5K, the ratio y of tiie radii P- and It differs ciepemlmq 



[0166] 

Fiq. 21 includes oi i aqrams 111 as r. ra t;; nq an oxampl e 

arranqomeai: of: 32 symbols in an IQ plane in a case where a 

satellite 11.nk Is used as the communication oath 13 (HI; q - 7) 

and tiie QAM encoder 117 111 us I: ra ted i.n Fiq. 8 pe r: forms 

32APSK operation, that is, (.blaqrams of, for example., DVB-S.2 

3 2 A P S K s yrn b o 1 s . 

[0167 1 

FarI A of FIQ. 21 illustrates an arrangement ol 

constellation points of DVB--AA2 32AP3K. 

[0163 | 

In DVB-S.2 32AP3R, each symboi is mapped ts; tune oC 32 

constellation points In total, nameiy, 4 cons t e • 1 at ion 

o o in t s on the or roomie rence or a circle hauoinq a radius R • , 

12 cons :;e lbs t i or; poi.nl; s on the circumference o;' a circle 

having a radius Fa (> lb), 16 constellation points on the 

circumference or a circle have nq -u radius P-. R- RA , centered 

on the origin of the IQ plane. 

Part. B ol Fie. 21 illustrates the ratio y. Py/P,, win. oh 

ia che ratio of the radii P:; and R;, uud she ratio y- ^ R-;/'R;, 

wnich .is ihe ratio or the ;adi ; i-R and A-, in tne a r r;a nqemen t 

oii cons t.e L la 11 or- points oi ARB-ciA 2 32APSK. 

a T he a r carr'p-meru; 'if cons i <-A. Ai i i on ooinls of AVR-el 



22AP8K, one ratio y;. of Lhe radii. R~ and R; and the ratio y.> 

oi; the radii R_; and R; each') differ depending on the cod?- rait 

Tne symbol bits of tne symbols of the respect i.vc DVB-

3.2 erthogenaj moduia t ion types (QPSK, 8P8Kb IfAPbK, and 

3/APSF'; having the a r ranqeinen t s of oonste 1. ; a c ion points 

illustrated in Fiqs. IB to 21 also include strong bins and 

weak bits similarly to chose illustrated an Figs. .Id to 1.7. 

I 2.1. 7 2 1 

Here, as de-scribed above with reference: to Pegs. la c-.nn.. 

ib:-, the hDPC code output from the fDPC encoder lit /pig. B) 

incJucies code bits nobust to onon- and code bits sensitive 

to errors. 

ion •>> 

hi; r the more, as described above with reLO-enca te.- Figs. 

II to 2:1, the symbol bits of a symboi of orthogonal 

coon La in on performed bv che ntp encoder 'b/ include strong 

bits and teaK b:ts. 

; 0 j 7 d ] 

Thus, ass in.fh rag code bb's of an hDPC code which ore 

sensitive to err cars t: o symbol bi.ts of an o> r ti ;ogona i 

modal a t .i. or; symbol which art: sensitive to errors would r. educ: 

the res is tan cf: no errors as a who j e . 

Aocordi.ng i y, an in t-r :.eaa? r has i;a;en promised that is 



i H 9 — 

con lb uureci Lo i.nte:. icavc code bits oi: hosC cock'-; .such that 

a code bit of th-; hDPC code which is sensitive LO errors is 

al.located to a strong bit (symbol bit) of en orthoqonai 

module t i en symbol. 

! 0 ] 7 b ] 

The dome 1t i. p lexe r 23 i Lius c ca ted in - i q . 9 is capable 

0 i: per iorminq t no pr:ocess i nq o J: the above -- descr ibod 

iete rleader. 

! o •[ 7 7 ] 

Fiq. 72 .i.noludes diagrams depict inq die processluq of 

the (ieniijbhpiexer 27 i I ! ns r r:a i" ed in Fiq. 7. 

1 (J J. 7 8 ; 

More sooci id c. i 11 y, part .A of Fiq. 77 i i bcfruces en 

e campe Luacrhtnal con I J q a r e iei.cn of tic- come ie: bp 1 exe r; 2 7. 

[0177I 

The demultiplexer 27 ie eludes a memo ivy 3 1. and a 

permutation onet 32. 

Uhi 3 0 ) 

An TDtC code is supplied ~o tern- :nemery 3 i from the 1DDC 

encoder 1: 13. 

[ 7 i 3 ; ; 

The memory 3:. has a scoraqe capacity i"o sicca mb bits 

ia bee • ov.' (iii"; /ortrd. i direction leer ii / bm;b o .c: s in iocs 

column (vertical.) direct i en . Code rets of ihe hDPC code 

supplied to the memory 31 are amities is, the oo i ama 
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direction, and arc? read in the row direction. The read code 

bits are supplied to the pernio La t i on unit 32. 

[ 0 18 2 j 

Here, as described above, h (-- i n to .an a t ton length K •? 

pari.ty length M) represents the code .Length of; the hDPC code, 

i 0 i S 3 } 

J'n addiaiont m represent;: the number of code bits oi 

the LDPC code which are mapper! to one symbol , and o i.s a 

cei taint positive integer' and denotes a multiple usee io 

obtai.n i.nteqei: mu.]. id pies oi: m. 7\s described above:, the 

damn 1 r i p L exe r 2h maps (or symbo I i. zos ) code bits at an hDPC 

code to a. symbol, where Lhe multiple b t -tor esetit s the number 

oi symools obtained by the demultiplexer 27 through smgJe 

s ynbo 1 L /a t i. on . 

! 0 L H 4 ; 

Part A of Fig. 22 illustrates an example eon r I gut a t i. on. 

of the dene 11 i o i exe r 22 in a case where rhe meda b:-u ion 

scheme is 24QAH in v;hicb cacn symbol .is mapper! to one of 64 

conste; i at Lor: poinon or am/ other suitable modulation 

scheme. The narnoei obi cede b 11m ot an hfCPC code ro be 

mapped to one symbol, is therefore C. 

in para it or Fig. 22, t u r •dcermcre, \ no man.Lioie it j. s ! . 

T!:e e for e, the otniury 3i has a stontoe oapam o/ o i: 7) / ml x j.j 

ia I. ts :r the oohtiin dtro't ion ami (ax i; ia i t r; .i.n ihe row 



di r ect. i.on . 

[• 0 1 8 6 1 

Here, In Lire fo.llcwi.nq, a storage area of the memory 3 i., 

which has one foil', in the row direction arid expends in ihe 

COJ iimn direction, is referred to as a "column" as 

appropriate. In part A of Fiq. 22, trie memory 31 includes 6 

(:~ 6 x 1 : eel uini'is . 

i018 7] 

Tire demi.i i t i pi exer 25 writes code o.i. ts or the hDtC code 

to the memory 31 (in the column direction) from the sop to 

the i)o i rem of each column of ihe memory 31, where the 

writing operation moves coward "he right, start inq !. rem the 

ie:tmos t co lumn. 

[OJ88j 

Fart.her, when the writing of code bits no to the bottom 

of rhe rightmost column is comp i.e r ed, code bits are read 

from the memor y 3 i in i. he row d i r o<.; td on, si.art inq from the 

i.;.rst rev; of a 1 L rhe columns of che memory 31, in units of 6 

bits (i.e., mb bits) . The read code bits are suppl bed to 

the pe rmiu a r on unit 32. 

! 0 '! 3 9 ' 

The permutation unic 32 pertorms permuteiion processing 

ro rmcmiare the positions o!: t code fo: is suorm i ori I. •: cm i;''e 

m.emory 3 1., and oarpafs the res ui t inq 6 bits as 6 symbol bits 

'fo y; y. , Vo yo -:u:d yo rcpresehrinq cms- ffpAfi symboJ . 
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f 0 J30] 

More spec.L f i ca 11 y, mfo (here, 6) code bits are read from 

the memory 31 in the row direction. It: the i.-th bit from 

the most; signi f i care bit of the mb code bits read from Lhe 

memory 3 1. is represented by bid:, by (vdtere i ~ 0, 1, . . mb-

1), i:he 6 code bj.to read from tne memory 31 in trie row 

direction, can be represented, by bits b,w ty, b?, b,, b.-,, and 

j")if; order, startino frorri Lhe ;nost significant bid:. 

( 0] 9 i } 

Sd"i terms of the column weights described with reference 

to bigs. 12 and 13, the code bits in the bit i:y, direction 

are code bits robust LO errors, and the code, bits in the b/b' 

Ly direction are code b i. t s sensitive to errors.. 

; 0 ] 9 2 • 

The pe x muta tn on unit 32 is configured i o per Lor:n 

permutation processing fo permute the positions of the 6 

code bit ty, t o !;>.. read from the memory 31 so that; the- .-ode 

bits sensitive to errors among rise 9 code bils b;i to its rear! 

from rhe memory 3i may be allocated Co strong bits among i he 

symbol suits yo to yy r epr e sen 11 ng one oiyAb symboi. 

i 0 193; 

Pbty vaiib.His met.hods tor permuting trie 9 erode bits b-;. 

to b-. read from the memory 31. arid a f iocs r i ng them, to idee 9 

symbol bfts yy to y>. represen t tug one otQAd symboi have seen 

Dropcts'd ey many companies . 



fG194j 

Far'; B of Fig. 22 i ; Insirates a first pormutac LOT; 

method, part C of Fig, 22 i 1 Lusirate.s a second neniiiitar ion 

method, and part 0 of Fiq. 22 illustrates a third 

permatat for: method . 

i 0195 1 

J n part B of Fig. 22 to part D of Pi.q. 22 ia '.so i r, Fie 

23, described be]ow i, a line connecting bits bo and y, 

indicates that the code bit bj as a] located to the symboi. 

bit yof the s ymbo.i (i.e.., the pcs.iis.oi, of the code bit to 

is replaced with that of tiie symbol bit yo . 

L 0 1 9 6 j 

la the first permutation method ; iiaserateo m oar!' R 

o: r'iq. 22, the use of one of three pe tint; te t i or: types is 

proposed. .[n the second permutation method illustrated in 

part if of Fig. 22, the ase of one of two oe crmn. a t i.on tyoes 

is proposed. 

[0197 ; 

In the third permutation method ,i. I mi s i r. a ted in part r;. 

id. Fig. 22, the sequential selection and use of six 

permo tat ion types are proposed. 

( a 1 9 2 ] 

f'i o . 23 illustrate? an example configuration of the 

riemu J i: j psoxer ra in a case:- where she modulation schema is 

ciQAM i. j; which earth symbol is mapped !o one of Of 



coos i;si in t ion points, or any other suitable rnociuial ion 

scheme (and therefore, the number cf. code bits si of an LDPC 

code to be maooed to once symbol .if; 6, similarly so the case 

in Fiq. 22) and in a case where the multipte b is ib and 

also i !. I a s t.r a tes a fourth permutation method. 

[ 0 i 9 9 j 

ir; a case where she multiple b is 2, the memory 31 has 

a sfom-qe capacity of N/(6 x 2) bits in rhe column direction 

a i; d (6 x 2) bits .in the row direction, end includes bl m~ 6 

x 2} columns. 

I 0 2 0 0] 

tart. A of Fiq. 23 j. !. 1 us 11: a tes the order in. ah ; oh code 

bits v.d: an LDPC code are written to the memory PI. 

(02 0 i j 

As described with reference to Fiq. 322, the 

demui r :.eiexer 25 writes code bits ot trie LDPC code to the 

memory 3i Mr; the column direo-msn) ?b: on the too io -are 

bottom of each column of the memory 31, whore the writ i.r:o 

sensation moves reward ihe riant, starting from the leftmost 

mi i smn . 

i 0202] 

mirther, when -.he w^ummmj of cods bit's up tc riie bottom 

o [ rao rightmost column is comolaled, co<ie b ; t s are read 

! mom the oomorv ri is; tiie rev/ otireci ion, starring : rem t ran 



•dl bits ii „ e. , mo bits) . The read code bi.cs are supplied Co 

the permucation unit 32. 

[ 0 2 0 3 I 

the permutation unit 32 performs permutacion process inc.; 

to permute the positions ot 1.2 cocie bits supplied from the 

memory 31, by using the fourth permutation method, and 

outputs the resulting 1.2 bits as 13 bits represent .mq two 

symbols or 64QAM (i.e., b syrnooisi, that i.s, 6 symbol bits 

y;u dm I'm yd, ;p; .< acci yy rep r esen c;. .nq ono 64 QAM symbol and 3 

m/mbo; is its yn, y j / y I, y.-u and y\ representing the 

subsequent: care symboi, 

I 02 (Pi ) 

bor'e, pare. 13 of." 13 q . 2(3 illustrates a tour m 

permutation method that is a method to.:; oe rrorminq 

pe rms t ati.oi i processing by the cermaCslion unit 32 

1. J.ns t ra i; ed in part A cot Fiq. (hi. 

i 02331 

Mote that, in the permutation processing, in a ease 

where Che multiple h i.s 2 (also in n case adore the muitmobe 

h 13 3 or more/, mb code bics are aiioosoed to rnb symho; 

cm v s ot consecutive o symbols. in one io 1 ( ovd.no , inolsoiinc; 

big. ob, era1 (i-Hp-th bis from tne rest s iqn i v 1 cant smu: of 

cd; symbol ores of consecutive b sveboi.s is represented, bv 

bit (or. symbol bora y;/ f'or convenience or illustration. 



The optimum pe;:.inu ta tieni type of code Ores, wh i.ch 

increases lhe error-rate per fo nnarsce i.n an 7WJGN 

eomniun ica 11 on path, depends on the code rate or code length 

of an .LDPC code, the modulation scheme, and so forth. 

[02071 

i ? a r j. t y I n t e r I e a v i nq j 

[ 0 2 0 8 1 

Next, parity interleaving performed by 7 he parity 

inter.;.eaver 23 illustrated jr Fig. a will be de-scribed with 

reference to F'igs. 2 4 co 26. 

r o > o 9 j 

Fig. 24 illustrates (part otd a Tanner graph of a 

parity check matrix of an LDPC ood.e. 

j. 02 1 0 ; 

As illustrated in Fig. 22, if errors such as erasures 

simultaneously occur in multiple, suet: as two, (cede bits 

corresponding to) variable nodes connected to a check node, 

the check, node re r: urns a message with ::hc probate, j rty of ~Cio 

value 0 being eoua ! i'o tne probability of rhe vai.ue 1 ro all 

the variable nodes connected re rhe; check, node. Hence,- i he 

dp cod i nq pe r r o r ma nee de te r .i. o; at e s 1 1' a o j ura 1. i t y o f va r" i.ab i e 

codes eonricctied to rne same check rode si:sa uiieous i.y oecome 

or fCiiues ox Lhe like. 

i 0 2 I J ] 

Meanwhile, the LDPC cod- out par. freer rhc LDPC encoder 



115 illustrated in Fiq. 8, which j. s defined in the DvB-S.2 

and similar srandards, is an IRA code, and a oarity ran trix 

HT of '.die parity check matrix H has a 5tepvai.se structure, as 

illustrated .i.n Fiq. LI. 

[0212] 

Fig. 25 iilustrat.es a parity matrix t-t- having a SiaDwi.se 

8tr.sjccu.ce, and a Tanner graph corresponding to "he parity 

matrix ii: -

[0210] 

More specr id ca 1 iy; part A of Fiq. 25 illustrates a 

parity mat: rax H- having a stepwise structure, and pare R cl 

Kino 25 illustrates a Tanner graph corrosponbing to the 

parity matrix H-? illustrated in paid. A of tig. 25. 

! 0212] 

Idi rhe parity matrix HT having a st.epvd.se structure, 

elements of :. arc adjacent in each n;w (exceot Lie first 

rove . Thus, in the Tanner graph of she oarity ma r r A< Hr, two 

as! ] a con r. vac lab ie nodes cor r e spend inq to two ad 7 a cent 

elements hav i.ng the value i. in the parh'y matrix K- are 

connected te rhe same check node. 

i ^ 1 hi 

Aoo.) idi ng 1 y, if errors s imu 1 taneous 1 y occur in oa rr t y 

LA fa correspend 1nq two adjacent variable nodes as described 

above due fo burs::, errors, erasures, and ihe like, a check 

sooo connected ma ihe two variable nodes 'i.e., varaablo 



nodes whose messages are he to rrai nod using the parity bit:?; 

co r respond inq to the two erroneous parity bits returns a 

message with the probability of: the value 0 being equal to 

trie probability of the value 1 to the variable nodes 

connected to the check node. The deoodinq oe r f o rrnanco tiros 

deteriorates. Then, if the burst length (which is trie 

nura.ber ot consecutive erroneous; parity bits) increases, the 

number of check nodes ".hat return the message with equal 

probebi.iiri.es increases, result inq in further de re ri era v. :i on 

or deoodinq per icr.nemoyu 

[02.16) 

Accordingly, the parity inreeleaver si •fFi.q. 9) 

oerlorms parley in her iea v i ng er'. the FDPC code snpohmsd from 

the; hDPC encoder 115 to interleave parley bits t.e different 

parity bit positions in order to prevent rhe deterioration 

0 f decod i ng oe r to rriiance ciescr i bed above . 

1 0 2 I 7 j 

fig. liv i Liusira tes a parity matrix H™ o 2 a per i r.v ohec 

matrix I; cor re spunc ing to en LDPC code which .has beer* 

subjected to parity in ter 1 ea v I. nq by the parity inter leaver 

12 i i .lus t ra t ed i n Fig . 9 . 

[02 i A 

here, trie in tormat. ion matrix th of:" the oarity check 

ma; ;• x F co.r r espond i nq fo tne FrPC cocie: do Pined ir: the FviA-

'•A 2 arsd s i.7>n iar standards, wltidh ia output item Uue LDPC 
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encoder 115, has a cyclic structure. 

[02! -Vj 

The Ler:n "cyclic structure" refers to a structure In 

which d certain column matches another column that is 

cyclically shifted. Examples or: the cyclic structure 

inc.! ude a structure in which the posit.;.on of "1" in each row 

of every P columns corresponds to the position to which the 

position of the first, column out of the P columns has been 

cyclically shifted in a column direction by a value 

propoitj.ona 1 to the value q obtained by dividtnq the parity 

1 erapd, t; the i: oi Lowi no, t he number el; columns P ic the 

cyclic structure will be referred ::o as the 'Piumber of unit 

columns of the cyclic structure5' as aDprooriate . 

As described with reference to Piqs. IP and 13, 

examples ot the LDPC codes deiiined i.n the PVB-b.i and 

similar standards inc.! ude two types of hDPC codes having 

0.0de lengths N ed: G d 8 0 0 bits and 1G200 b i. t s . Por either of 

the "wo t yoes oi hPPC codes, tne number of. un i." columns P of 

1. he dyclic structure i.s defined io be 360, which is one o 1 

the. divisors, excluding 1 and H, of the rarity ienqth PL 

[ 3 3 P L , 

L n audition, the parity length M bus a value other than 

the prime number representee by the ec?uat;on M ™ q x P ^ q x 

dtp, by using a value q which differs depending on vote coda 



2 0 0 

rat Therefore, sirnj lar ly Lo the number or: unit coiamns P 

of the cyclic srructuro, the vaine a: is also one- of the 

divisors, excJ.uclinq i arid M, of the parity lenqlh M, and is 

qiven by ciividinq the parity ienqth M by Lhe number of an it: 

columns s of ::ho cyclic structure (i.e., the parity Ienqth fi 

is the prodn.ee of the -divisors P arid q of the parity Ienqth 

MI- . 

[0222 j 

As described above, the oaricy inxerleaver 23 performs 

parity i n f e r I.eav i nq on an N-bi~: fDPC code lo inrerJeave Che 

(idox-i-v-i- : ; - t'f code bit amona rhe code bits cf -hvo N-b:-- bPPC 

cocie to rhe (K •!• Py :-x ! ! } -- th code bit position, where K denotes 

the .infemafion icnq l:h, >; is an inteqer qroaier t-han -o a 

eand i. fo 0 cine iess toon P, and y i. s an intaqor qroader tb.ar. 

ca' equal, to 0 and less than q. 

: 0 2 2 3 : 

The ( fC-qx v y t- 1 ) -• t:b code bit ond the (K^Py-ool) d;h code 

b:t are code bits; positioned after the (KC!)--ih code b.i i: , 

and a re therefore parity bits. Acco rd i nq i v , the ua.r if on of 

a pa ra r y bit of an LDPC code is shitted lay oav:rfy 

f:. t a i J ea v: no . 

in ifd.s parity in tor 1 ea v i nq operation, (parity b.i:.a 

do r res pond i. r;q to-; variabie nodes conn eo L ed to trie chock node 

••cv aoanoo away from each other: by che number cd nnia 



columns P of che cyclic structure, .I.e., in the iliusirateci 

example, 360 bits, thereby preventing s Irani taneous 

coca r renee oi' errors in a plurality of variable nodes 

connected to the same check node tor a burst length less 

than 300 bits. Trie resistance to burst errors can. therefor-? 

Mote that tne LDPC: code, which has underqone parity 

i iter 1 e a v j. no such that the ( Keqx ! y-Ci i-th code bid. is 

uO:er ' caved to the (K-< Py tx !• i ) - to code bit position, is 

identical to an LDPC code of a parity chock matrix 

( so r: e a nu *: ter. a) so referred to as a "rranslosred parity choci-

matddx"; Lias t is obtained tbrouqh column p'-crrnaOiin ;o 

rend..ace the ( K-i-qx y i j - Ln column of the oriqj.ua! parity 

check malrmx a with the ; K +• Py te-nJ-1;-th coluiiu 

; 0 0 a e • 

ir'a ex demote, ac '< 11 us t rated iae Ode:;. 30, C-r purity 

matrix of the t raras f oroned parity check matrix nas a pseado--

•••Ci a: eiiiueCxnev1 whose itumber ad: unit columns is 0 ;in ;riq . 

d, Odd . 

th--- term "pso-ado-cyc id c structure", as used he re in, 

reb'oas i.o a stiructure aaa which a- portion of a matrix ioas ai 

eye: a structure. A transformed parity check matrix 

e educed by oo t a o rmi ? mr column rae rmn t.a t leva, oo r r osoond ; no aa 



parity j n rei leaving, on a parity check matrix of; an LDPC 

co;:le defined in Lhe DVB-S.2 and similar standards has a 

portion ot 360 rows and 360 columns in a right, corner 

portion thereof: (which corresponds Lo a shift matrix 

described be low) in which': only one element of " Id1 is missing 

(i.e., an element of "0" appears). In this regard, this 

cyoi i c sLracLnre is not a complete eye .Lie: s t rno tu re, Called 

a p s e n d o •• c y c i i c s t r n c t u r e . 

i 0 2 2 B ] 

dote that the transformed parity chock matrix 

i ! nsr rated in hi g. 26 is a matrix obtained by performing 

oe innut a L.i. on of :o ws 'row perviiu La t i on) , in. addition to column 

pe r mi.it a t .i on cot respond i. ng to parity inter loavi ng , on the 

omiginai parity cheek matrix H such that tne transformed 

parity check matrix includes component matrices described 

he-; ow . 

iCeiamn Twist Interleaving: 

Next, column :eis: in t er ieav;i nq as reordering 

processing !)or f canneti by 'ihe column twist inLerdaavor 2i 

i. L : use; r aed m Fig. 9 will be descriPed with reference to 

Figs. 2F to 30. 

j 0 231 

'the c ntmrirtiLri] deviate : i ,i .lias L ra ted .in lax::. 3 
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transmits one or more code bits of on LDPC code as one 

symbol.. More specifically, for example, QPCK is used as a 

modulation scheme for the transmission of 2 code bits as one 

syr;; bo.;, ana I&AP5K or 16Q/1M is used as a modulation scheme 

lot: the transmission of 4 code bits as one symbol. 

L 0 2 3 2 ] 

in a case ohere 2 code bits are to be transmitted as 

one symbol, an error such as an erasure occurrinq in a 

certain symboi may cause all the code bits of the symbol to 

be erroneous (or erasures; . 

According.! y, in order to reduce tee probab i 1 i r y of a 

P'! era 1 "i • y o j' (code bits lorresoonoinq to; vari.io i.e nodes 

co'.nnec 1 ed t o t he same check node be corn inq s imu L t aneou s 1 v 

erasures to impi'ove decoding' performance, it is necosaaiy t.o 

pre'/erC. var.u.ab.i.e nodes corresponding 10 code bits oil one 

symbol C'Oi!! oeiag connected to ".he same chfck node. 

! 0 2.3 4) 

in contras::, in t;ha parity check matrix H ot the LPPC 

code related u; Mae DVB-e'; . 2 and similar standards, which is 

output from tiie LDPC encoder 115, as describee above, tne 

; n L o 1 ma c 1 or; matrix iq Las .a cycnic s t met u re ano the- oaritv 

ir-t.r iX 2T has a stepwise .s t ructa re . i.n addition, as 

aescribed im-t re f e r mice 1.0 Pig, 2b, in .a t ran s i o raied oaritv 

oneok me i : LX, enien is a oarity check mar?, ix or an LDPC code 



thai", has been subjected to parity ince;. leaving, the pari. t". y 

rnatri>: also has a cyclic structure (more spec 1 i 1 ca L J y, as 

described above, a pseudo-cyclic structure) . 

[0235 i 

Fig. 22 illustrates a transformed parity check matrix. 

(02361 

More specifically, part A of: Fig. 23 illustrates a 

transformed parity chock: matrix of a parity check matrix H 

of an hDPC" code navrng a code Length N ot 6*800 nits anei a 

cooe rate (r) of 3/3. 

in che t r a ns f or rued parity check matrix ; 1 ^iiua too in 

part A of bio. 23, the positions of cbemsnus having ihe 

value 1 are indicated by dots (" '"} -

[ 0 2 3 3 j 

part R of Fig. 27 illustrates orocessirq that, t fn; 

demu i. i ipiextv 33 (Fig. 9} perfonrs on an LLP A aodo of ; pe 

t ran:.; formed parity check matrix i. I. Lusuatecl in part A of Fig. 

23, thai is. an LDPC cocie rhat has oeen subjected '• o parity 

ina: erl eav i ng . 

in nan: B ot Fig. 23, using a modulation scheme tor 

manc.:.nc each symbol to one of .16 consre ; tot ion pooi.r;i. s, such 

as ; 3 A PL K or. i. 60AM, cooe bi.ts of the LDPC code that ass been 

ssbieoted ""c oari i y i r to rd. ea v ism; are writl.e?! to j.o;..:v no i suns 



of. the memory 31 in the demui tipiexe r 25 .i.n a o:el.umn 

di ce-c!:. i on . 

[0240! 

The code bits written to the four columns of the memory 

51 in toe oolumii direction are read i.n a row direction in 

units of d bits, and are mapped Lo one symbol. 

[ 0 2 '1 ij 

In ides ease, 4 code bits B0, Bi, Ev, and B-;, err; eh are 

t:o oe mapped ire one symbol, may be code bits correspond:! no 

to is i.n an arbitrary rev; of trie L rans formed parii:y check 

matrix illustrated in part A of Fiq. 27. Ida this cn-ise, the 

variable nodes cor i espond j. nq co she eerie bits Bnf B;., 3->, end 

FB are coeinocf ed to the same cneck node. 

! 0212 i 

dco:oroi rnq ly, in e case where y' code la its Bo, B-,, 3--, and 

B-< or cue symbol are code bits cor respond i nq fo Is In an 

arbitrary roe; of the transformed parity check ma a r i x, an 

erasure occurring in she symiael would make it difficult; tc 

dererafo.ne .or. osaprooriute messaqe for Lhe same eLeck node Lo 

vtacn t nr-: aa r i.ab;.e modes respectao/e iy co r respond r nq to rdoe 

code bits B-,, B t p,-: . are B-; are connected, resuikinoi in 

dein'rr io rarer on on: cieeori i.'O.M oe r to cm a nee . 

! 0 2 a M 

Alsc (err code races other than a code rate of 3/4, a 

plaraiiiy ot cod'-1 bits cor re spend;. nu co a Plurality of 



variable node.:-; connected to the same check node may be 

capped to ene 3 6APSK or 16QAM syrnbo.i . 

[02 44 ] 

/tecorcii nq 1 y, I: he col umn t w ia r: i a te t leaver 2 4 per f orrni 

column twist interieevinq on the LDPC code that naa beer: 

subjected to parity interleaving, which La supplied from t 

parity in te r Lea ver 22, to .i.riterleave -code bits of the LDP( 

code so that a piaraiity o(: code bits correspondinq t.e !. s 

an arbitrary row; of the transformed parity check nnr r :x aw 

not .: lit i uikri in one symbol , 

|024 a: 

Lio. 2B is a diagram dere!.ct;nq column twist 

i a Loi 1 e-ci v i nq . 

i 0 24 6; 

Mote spoci tica!. iy, Lie. 20 LJ Lustrates the jriornory 21 

o?r:s. 22 and 2 01 of the demultiplexer 20. 

c) 2 A 7 : 

As described w:i th r:ef erence to big. 22, the memory Lb: 

naa a storage capacity to store L/;mb; bits in its cat i umn 

''vertical; d i r car r. i or; and m.0 Pits in its row (horizontal; 

direci man, and include-:; mb columns. Then, the column twee 

inter ! eaver 24 per i OTITIS column Lw.ist i n te r J e av i nq by 

comoc ! Ling a write start position iron which tiie writing 

operation si.arts sLen a code bit ot an LDPC code is w r i 11 

L e • he memory r! in the column oi. tictt.en and is teas • v 
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the memory 31 L.n the row direction. 

[0248j 

More spec i fi call y, the col.umn twist in te r: 1 ea !/e r 24 

appropr.ia teiy changes a write stare position with which the 

writing of a code bit starts i.n each of a plurality ot 

columns so that a plurality of code bits read in the row 

direction, which are to be mapped io one symbol, does nor. 

march code bits corresporidinq to Is in an arbitrary row or 

tiie t r ans ii o rsned parity check matrix 'That is, che colire 

iwist i ra;.e r i. eave r 24 reorders code bits o 1 the hDPC code so 

~d":at a plurality ot code bits corresponding t.o Is in an 

ao;i Icuiy row or the parity check IT: a to:: 1 x are iter included in 

' he same symbo j. . 

[0241] 

Here, Fig. 2s iilcstrates an example con Ii .i gu r sti on -:f 

: ire sersiry 31 in a case where tiie modulation scheme is 

1 t/utlK hr i ICAPi and the m rd t i p- J e b described with r'e tsrence 

to tig . 2.3 i s i . Accordingly, the number oil bits m of. the 

rode b'• ts ;the dipt rod:: t.nat are to ire maoooo to one 

symbol is 4, and l no memory 31 isms hides 4 ( ••• mb • columns.. 

f'he ccd.omn twist j.n te r :. ea to r 24 (instead oi: l ho 

domu 1 r i o lexer 21. illustrated .: n Pimm 22; writes cooe bits of 

use hDPC code ro the mem or"/ 31 (in trie column direction; 

It ran rto top io r he bottom ot each of the 4 rh.ms.stns ot trie 



memory 31, where Lhe writing operation moves toward Lhe 

r r g h F , starting thorn ihe leftmost ootuii>h. 

Further, when che writing of code bits up Lo Lhe 

rightmost column is oornpleLed, the column twist in Ler 1 ea ve r 

24 reads code bits from the memory 31 in rhe row direction, 

shirr, i ru: from Lhe Firsc row of ml. 1. Lhe columns of the memory 

3i, in unics of 4 bits (i.e., mb bits), end cutouts the reed 

code ores as an LDPC code that has been subjected to column 

"'wist r n L e r i e a v I n g Lo Sure permutation unit 32 (Fiqs. 22 end 

2 2 ) o f Lhe dem L r rp 1 ;;KEI 2 2. 

( 0 2 2 2 • 

In thi.s r^qarJ, m Lhe cchlsmn Lwrst i. re e r 1 ea v-r r 21, I j 

she adeh'ess of "he first (or top) position of each Ch.disrin .1.3 

represented by L and the addresses of trie respective 

positrons in the column direction are represenLed by 

inrogers a r ran ;ged rm ascending order, the write stair 

00s id; .ion lor the LerLirtosL solemn is set Lo the position at. 

the ed'uess 0, rae wr:u:e start position ror the secorsd 

column (From the J e fh j rs set ire the position a L rhe address 

1 che- w.r Car start, positron For; the third column is set I: o 

Flo position a t; me address 4, anei Lhe write start position 

ror one rearma e;o tumn as set" to the POSI ti.cn or rne <.rddiess 

) 



hofe that, after writing code bits up to the bottom oi' 

the column for which the write start position LO set to a 

position other thai; the position at the address 0, the 

column twist inter.leaver 24 returns to the first position 

(i.e., the position at the address 0} , unci writes code hits 

up to the position immediately before the write start 

position, ihe column twist interleaver 24 then performs 

writing to the subsequent (right.} column. 

r0 214j 

The column twist interleaving operation oiesctibed hoove 

may prevent a plurality of o:ode bits cor r. espor-d ; nq io c-

Dhirai b'y of variable nodes connected to the same check node 

ihu' an hooC code defined in DVB--T./ and sim.i : a r: standards 

r om being mapped to one symboi of J. 8 /\ P S K or ibQAM h .a., 

t r om be i..-: if i.tc i toed in the same symbol) . Therefore, 

Seooo i nq per f.h> tma r: oe can be improved i.n a communication oath 

w i 'Oi an erasure . 

f 0 h 5 'h 

Iho . 2') i llustrafes hie number of columns oh: the memory 

'h. which is necessary for column twist interleaving, and trie 

addresses or write start positions, in association with eaohi 

inoculation scheme, for an hDPC code having o cede Length Ki 

•of hehOt and oacii of the i. 1 code rates, which is dotinod in 

tne DV'B-T./ s t.a nha r ci. 



Tne ma i. r. i. o J. e o is 1, and the number of bits m or oner 

symbo.i. is 2 when, for example, OPSK is emp i.o yed as a 

modulation scheme. In this case, as i. 1 iu s r r a t ed in Fie?. 29, 

the memory 2 1 lias 2 columns for storing 2 x 1 mb} bits in 

its row diieiuioii, and stores b 4 3 0 0 / (2 x i) bits in its 

column d i rec 11 on . 

[0 2 22 j 

Further, the write stare position for the first column 

our of. the 2 columns of rhe memory si is set to the position 

at the address 0, and the v/rfte start, pos.i~ni.or: for the 

second column is set fo the position at the address 2. 

10222j 

The mnltiol.e b j s .1 when, .(or example, one of tne first 

to rnlrd pe r mu ta t i on types illustrated in bin. 22 I. s 

emotoy-d as the oe r;nu t a 11 on tyoe oi: 'die pormus. a t .issn 

pi ccessmn of !rhe de-nuL~i.pJ.exer 22 'East. 9) . 

! 0 2 5 9 ! 

The nailr. ;pj.e b is 2, and the number of bits m of one 

symcol JS 2 when, for example, QPSK i.s enoj even as a 

modulation scheme. in train case, as illustrated in Fir;. 29, 

: no memory si has A columns tor ssorinq 2 x 2 bits in its 

- oo oi reoi ion, eno stores oduOO/ (2 x it b .1 r s iui i. u s col. urn:'1, 

d i recr j on . 

i 0 2 n 0 j 

Further, rh- v,n ive start position for she first cob.srn 
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out: of the 4 columns of the memory 31 is set to the position 

ot Lhe address 0, Lhe write suart position tor the second 

coinmn is set to the position at the address 4. the write 

start position for the third column is set to the positron 

at the address 4, arid the write start position tor the 

ionrrh column rs set to the position at she address 7. 

[0261] 

Note char, the multiple P is 2 when, for example, the 

iouren per mid. a t ion type illustrated in Fh. q . 23 Ls employed 

as the pe rmur.a r !.cr type or the permutation processing of the 

demultiplexer 23 (Fig. 9).. 

(0262! 

tiie multiple 0 is L, .ml the number: ot bits rn of one 

symooJ .is 4 when, tor example, lOQJth! is employed as a 

modulation scheme. In this case, as illustrated in Ida. 29, 

mo memory s : has 4 columns tor storinc 4 x 1 bits in its 

row d; motion, rani scores 64BOU/!'4 x i } oita i.n it s eotumn 

d J. r ec. i. or; . 

: 0 4 6 3 • 

dormer, rhe write start positron (or the first column 

out ot tne 4 eo.mmns oi che memory 31 is set to the positron 

• ii: the address u, the wiite sr.art position lor lane second 

column .m set to Lhe position at the address 2, tne write 

start pen i \ ion mr the times! column is set to the position 

st the ddmss -y and the write start position for the 



fourth coluinn is set t:o the position dt the address 7. 

f 0 2 b 4 j 

The inu.1 tiple b is 2f and the number of laics m of one 

syrnbo.1 is 4 when, for example, 160AM is employed as a 

modulation scheme. fa this case, as illustrated in Fiq. 29, 

the memory ai has 8 coJ urnns for storinq 1x2 bi is In its 

row direction, and stores 64800/(4 x 2) bits in its column 

d i reel, ion, 

[0265! 

Further,. lhe write start position for the first column 

our of rhe 8 columns or she memory 3; is set u; the position 

-i r. tire a lie! res s 7, Lhe write start posi. t.ion lor tiie secono 

column is set: to the position at: the address Q. rhe write 

stair, oos.i r ica fr;r the third column is see to the position 

a r: the address 2, the write start position for the fourth 

column is sac to the position at the address 1, the write 

start posJtaen for -die fifth column is set to the nos.it ion 

at the address 1, the write start position for the sixth 

column i. s set. to idle position at the address a, the wr: te 

start: uoa ;P i.on tar the seventh column is set ro ihe position 

.it the a'duress 7, and the write start', position for the. 

oiqhud) oo j smn is set to the position at t*ne address 7. 

| 0 2 6 h ] 

Ther na la: i pi e b is 1, and the number of bits m o t one 

symbol ia f when, for example, 04QAM is employed as e 
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modulation scheme. In this Cdse, as illustrated it Fiq. 29, 

the memory 31 has o columns for stocmq 6 x 1 b L ts in its 

row direction, and stores 64000/(6 x 1} bits ,i.n its column 

d i r ec t ion. 

f02 671 

Further, uhe write start position for the first column 

out of the 6 columns of the memory 31 is set to the position 

at the address 0, the write start position for the second 

column is set :: o the position as the address 2, the write 

start position tor 'die third co.ih.ttn is set fo the position 

a:, trie address 1, trie write start position for the fourth 

column is sot to rhe position at the address 3, the write 

start position for the la. f ih co i umn is set to the position 

a' the address .10, arid the wrote start position for' the 

sixth column, is set.; to the position at the address 13. 

0 2 6 3 ; 

The multiple b is 2, and the number of bids m of one 

symbol -j.;.; f when, for example, 6^QAM is employed as a 

modulation scheme , In this case, as illustrated i.n Fiq. 29, 

the memory II has 12 columns tor st.ori.nq 6x2 bits in its 

row d i feci i en, ana stores 6-1800/(6 x 2} bits in its coiumn 

d i i ec"" i an . 

' Of 6 9 j 

Farcher, the wrote start position for tne first oo-aruri 

out of the 12 coismns of the memory 3 1 is set fo rhe 
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position at che acid/ess 0, the write start position for the 

second column is set to the posicion at the address 0, the 

write start: position for the third column is sot to the 

position at the address 2, the write stare position for the 

tourtn column is set to the position at che address 2, the 

write start, position for the fifth column, is sot. to the 

position at the address 3, the write start position for: the 

sixth column is set to the position at. the address 1, the* 

write start position for the seventh column is sei; to the 

pesii ion at the address 4, the write start position tor the 

eiqhth coil umn is set to the position at me address 9, the 

write start position for the ninth column i.s set. fo the 

cossrion at the address to the write start oosition for the 

tenth column i.s see to the positron at the address 1, the 

write start position tor the eleventh column i.s set to the 

position at the address 1, and the write start position for 

the two'rth co-umn is set to the position at the address 9. 

i 0 2"d) | 

The multiple h is i., and tne number of bits m or one 

combo' is 9 when, for exampile, 296QAM is employed as a 

nr KJU ia t. i. on scheme. ITS this case, as illustrated in FT j. q . 29, 

vhe memory 9i has 2 columns for. storing B x ; bi.tr; i.n its 

row direction, and sices 64800/;B x j ) bits in i ~. s ooiurnn 

d : tOi: t a. Ot . 
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Further, rhe write start position for tire first column 

out of the 8 columns of the memory 31 .is set to the position 

at the address 0, the write start position for the second 

oo i umn is set i.o the position at the address 0, the v.? rite 

start position for the third column is set to the position 

si the address 2, the write start position for the fourth 

column i.s set to tiie position at the address 4, che write 

start position for the fifth column is set to the pes.inion 

at the address ihe wrire start position for. the sixth 

column i s set. to the position at the address a, 'he wrote 

star; position for the seventh column, .is set to the position, 

a- the acloress 7, arid the v;ru te sr.art oosit.ron tor the 

eighth column is sec to the position at the address 7. 

[ 02 7 2| 

The multiple b is 2, arid the number of bits m of one 

symbol is 8 when, tor example, 266QAM is employed as a 

modulation scheme . In this case, as i 1. ] us t ra t ed in Fiq. 29, 

the memory J1 has 16 columns for storing 8 x 2 bits in its 

row direction, anei stores 64800/-8 x 2} bits in its column 

d:i r eeu ;. on . 

[17701 

rerthep '..lie write start position tor the first column 

out o L che io columns of the memory 01. is set to the 

oos.ic.ion at the address 0, the write start position i or the 

second column is se~ to the position at. the address 2, the 
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write start, position for the third. co!.u(un is set to the 

position at the address 2, the write start posit; .i.on tor the 

fourth column is set to the position at the address 2, the 

write star!; position for the fifth column is set to the 

position at the address 2, the write start position for. the 

sixth column is set. lo the position at the address 3, the 

write start position for the seventh column is set to the 

position at the address 7, tiie write start position tor the 

eighth column is set to the posicion at the address 1.5, the 

write start position tor the ninth column i.s set to the 

position a I; the address 16, the write start position for th 

fondle column .i.s set to ihe position at trie address 20, the 

write start position rot the eievenrh column •; 3 not fo the 

position at the address 22, the write start position for th 

two; tnh 00-umn is set to tiie position at. the address 22, fit 

write start positron for trie thirteenth column is set Lo tn 

posj. i ion at the address 27, the write star1;; position for th 

fourteenth column is set' to the position at the address 27, 

trie write start position tor the fifteenth column is set. to 

the position at i to. address 28, and the write start oositro 

lio" the six"oen'"h column is set to the position at. the 

add!ess 32. 

The multiple o rs , and the number ot bits m of one 

symbol i.s 10 when, for examp.;e, Mil 2-1 QAM i.s employed as a 



modulation scheme. In this case, as illustrated in Fug. 29, 

ihe memory 3 1 has 10 column:-; for storing 10 x ] bits in its 

row direction, ami stores 61800/(10 x 1) b.i ts in its column 

<l:i. rect i.on . 

1.0275] 

Further, the write start position for the first column 

out of the JO columns of che memory 3.1 is set to trie 

position at the address 0, the write start position for trie 

second column 1..:; set to the position at the address uf che 

write start positron for the third column is set to the 

position ar rhe address 6, the write start position ior the 

foursh eoruifih is se: fo rhe position at the address H, the 

write start pres.).; ion ior the f i ten ceiumn is set to the 

position at rhe address ii, tiie write start position ior trie 

sixth column is see fo trie position at the address ii, she 

write start position for lhe seventh column i.s set to the 

nosinon ar rhe address if, trie wio;te start position ior the 

eighth column is sec to lure position at tire address F7 ( the 

write start, position fro: tiie ninth column is set to the 

position a !: cue address if, end the wri:? start positron for 

the tentr: column rs set to the position ar the address 20. 

i ;r 'O ' - / * 
; 'J / U ! 

The :nui t ipie b is 2, arid the hummer of sirs m o " one 

symbol is 10 when, for example, 102-iQAH is employed as a 



the memory 31 has 20 columns .tor s toi i ng 10 x 2 bits in ir.s 

row direction,- stores 64800/(10 x 2"; bits in its column 

direccion. 

[0270 ] 

Further, the write start position tor the first column 

out ot the 20 columns ot Lhe memory 31 is set: co the 

position as the address 0, the write start position for the 

second column Ls set to the position at the address 1, the 

write start position for. the third column is set to the 

oosition al the address id the write start position tor che 

fourth column i.s set to the position at the address , the 

wrcte start art dco for the fifth column is set fo the 

position ai: the address a, the write start position for the 

sixth column is set v.o the position at the address 6, the 

write start position for the seventh column .is set to trie 

position at the address b, the -write start position for the 

tdqhth toOiiri is ser to dm position at tiie address 9, the 

write start costa i.on for the ninth column is set to Lhe 

position at the address if, tune write start position for the 

Lord h column is ss-n to tOa position at the address ip the 

wo; ( fct starr position for trie eleventh coram;": i.s set to tiie 

position at the address \ A, the write start, position tor che 

fwe.l I'th column is set so the oosiLion at the address io, lhe 

write start pas i LA on for the thirteenth column .i.s sec fo tne 

o os! i on at tne address ii , the write start pos.i tion tor the 



fourteenth column is set ho the 'position ar: trie address 2.1, 

t:he write start position for trie fifteenth column is sot t:o 

the position at the address 23, the write start position for 

Lbe sixteenth column is set. to the position at the address 

25, the write start position for tiie seventeenth column is 

set to the posi.Cii.or; at: the address 25, the wr:ite start 

position nor the eighteenth column is set to the position at 

the address 2b, the write scart position for the nineteen;".!! 

column i.s set. to the position at the address 23, and the 

write start: position for rhe twentieth -solumn :.s ser to tiie 

position a!: the address 30. 

f ) p ' / ̂  1 

lhe n.ui L i. pj o i.s 1, and the number of bits m of one 

symbol is it? when, for example, 1C96(.)7\M is employed as a 

module: I i.on scheme. In this case, as illustrated i.n Pin. 29, 

the memory 31 has 12 columns for storing 12 x 1 bits i.n i to, 

row di.recti.on, and stores 31300/(12 x i) bits in its column 

d i r ec l i on . 

102791 

FUJI: her, the wr.;. re stt/ • positron for the first column 

out oi; the 1.2 columns of tote memory 31 i.s set: to the 

posirror at the address 0, the write shari: posil ion for the 

second column is set 'to the position a L the address 0, the 

wriLe s!.r;; position io.:. tne third column is set. to the 

position at. rhe address 2, the write atari oosition for the 



laurel"! column is set ;;.o che position at: the address 2, :ne 

write start position for trie frith column i.s set: r.c the 

position at the address 3, the write start position for the 

sixrh column is set to the position at the address 4, the 

write; starl: posit..ion for the seventh column is set to the 

position at the address 4, the write si.art position ior the 

eiqhth column is set fo the position at: che address 5, the 

write start, position for: the ninth eo-iamn is set: to the 

oosi.fi on ae :.ho address ii, (.he write stars position ror trie 

tenth column i.s set -co the position at the address 7, one 

write stn-rt pes id" ion for the eleventh column is set. to the 

pecu [ i.;m at rue address id and the writs start position ior 

the t" v.' e I f t h column is set *.. o the position at: the address 9. 

i 0 2 8 0 1 

The multiple b is 2, and the camber of bits m of one 

.symbol is 1.2 when, for example, 4 096Q.AM is employed as a 

moo elation scheme. 1. n this case, as i : lustra led i.n Fiq. 29, 

the memory ?d has 22 columns for storing 12 x 2 bits in its 

row direction, and stores 22200/112 .< 2} bits in i::s column 

di reel ion. 

i 0 2 H id 

Further, the write stat position for che first column 

out oil ;dio 2 2 columns or the memory 21. is set: t.o rhe 

positi. on ar the aduress 0, nine write start. pos)c:ror: for ihe 

second noiumn .is set io the oosirion at the address 0, the 



•write start position for the third column is set io the 

position at the address 8, the write start position for the 

fourth column is set to the position at the address 8, the 

write start position for the fifth column .is set to the 

position at the address 8, the write start position for trie 

sixth column is set to the position at the address 8, the 

write start positi.on for the seventh column is set to the 

position at the address IG, the write start position for the 

eiqhth column is set to the position at the address 1.0, the 

write start position Cor the ninth column is set to the 

position ai. the address 10, rhe write start: position for the 

tenth column is set Lo the positron at che address 12, the 

write sfarr position for the eleventh column is set to the 

position at. the address 13, the write start position for the 

twelfth column Is set to the position at the address 16, the 

write start position for the thirteenth column is set to rhe 

raositi.cn a'' the address 1 "i, the write start position for the 

fourteenth column is set te the position at the address 3 9, 

the write start position tor' the fifteenth column i.s set fo 

ihe position at. the address /hi, the write start position for 

the sixteenth column i.s set to the position at the address 

22f thie wr. i.te start position ior the seventeenth col.umn rs 

set to the position at the address 222, the write start 

position for the e i qh icon t h column is set to rhe posit .ion at' 

tne address 26, the write start position for the nineteenth 



column is set to tne position at the address 37, rhe write 

start pos.itj.on .Cot: the twentieth cod.umn is set to the 

position at the address 30, the write start position for the 

twenty-first column .is set to the position at the address 40, 

che write start position for the twenty-second column is set 

co the position at: the address 41, the write start position 

for the twenty~t.ii f rd col umn is set to the position at the 

address 41, and the write start position for the twenty-

fourth column is set to tne position at the address 41. 

[0082] 

bf.q. 30 L :..1 us r ra t es the number of columns of the memory 

3" which ; r necessary for column twist .in ter 1 ea v 1 no, and the 

addresses of write start positions, in association with each 

modu j.a t: on scheme, for an LDPC code having a code Length fi 

of 16200 and each of the 10 code races, which is defined in 

the DVB-T.2 siandard. 

I' 0 2 8 3 ; 

The mniudoie b is 1, ano the number of bits m of one 

symbol is 2 when, for example:, QPSK is employed as a 

modulation scheme. in this case, as illustrated in ?;0i q . 30, 

Ohe memory 31 has 2 columns for storing 2 x 1. b i" s in its 

row cmreccion, and scores 16200/(2 x 1; bits in ics column 

dc re ciion. 

( 0 2 8 4 ; 

lurcher, "he write stun position for the first column 



out of the 2 columns of the memory 31. is sec to the position 

at the address 0, and the write start position for the 

second column is set to the position at the address 0. 

[0285] 

The multiple b is 2, and the number of bits m of one 

symbol is 2 when, for example, 0P3K is employed as a 

modulation scheme. In this case, as illustrated in Fiq. 30, 

ice memory 31 has -1 columns for storing 2x2 bits in its 

row direction, and stores i6200/(2 x 2} bits in its column 

d: r ec t i or:. 

! 0 2 S 6 '| 

Further, trie A? rife start position for the rlLrst column 

out of the -1 columns OT': the memory 31 Is sea: to rhe position 

a i; the address 0, the write stars position for the second 

column is set to (.Tie position at the address 2, rhe write 

srarr position for the third column is set to the position 

at tare address 3. and the write start position for ihe 

[fourth column .i.s set to tire position at the address 3. 

! 0287 j 

The multiple b is j, and the number: of bits m of one 

symbol is a when, lor wxamrwe, ] 6QFH is employed as a 

modulation scheme. .In tzhis case, as illustrated in Ftp 30, 

she memory 31 aas 4 columns tor stormy A x [ bits in irs 

row direction, and siores ;6200/M x 1) bits irs Its column 

d : r'oc i. i on . 



[ 0 2 8 e ) 

Further, the write start positron for the first column 

out of the 4 columns of the memory 21. is set to the position 

at Lhe address 0, the write scarf positron for the second 

column is set to the position at the address 2, the write 

start position for the furrd column is set to the position 

at i. he address 3, and tin- write start position for the 

fourth column is set to the position at the address 3. 

: 02 ii 9 j 

the maiuLple h is 2, and the number, of bits m of one 

symbol .is 4 when, for: example, 16QAM .is employed as a 

moon la r i on scocmo .. In mis case, as IFF; us erased I.n Ih.y. 39, 

the memory 21 has 8 columns for storina 4x2 bits in irs 

row direction, and store;: 1 620')/(4 x 2; bits in .its coiuirin 

di rect i on. 

I 0299 i 

Further, ihe wruFe .s - e r r. position for the first column 

our. of the 8 columns of the memory 61 is set to the position 

a1., the nddf.ess 9, the wri. ra si art position for the second 

column is set Lo the- position a f the address 0, the wr:i.re 

atari: oosiiion for. the i in ra column I.s see to the position 

si run address 0. rhe write start posit:4 or: Lor the fourth 

column is set :o the position at the address ], 'die write 

star;: position for rhe rii:n column is. set to rhe position 

a i. rhe address the write start posi.rion for tne sixth 



225 -

column is sec t;o thoi position ar. the address 20, ohe wri.te 

start, position for the seventh column i.s set to the position 

at. the address 2.0, and the wrice start position for the 

eighth column is set to the position at the address 21.. 

1 02 91] 

The multiple b is 1, and the number of hits m of one 

symbol is 6 'when, for example, oiQAM is employed, as a 

modulation scheme. In this case, as .illustrated in Fiq. 30, 

trie memory 21 has 6 columns for storing 6x1 bits in its 

rov; direction, and stores I 620G/(6 x 1) bits in its column 

d i roc i". ion . 

! 0262 j 

Further, the write scan oos i t lor: for ihe first column 

out of the c columns of she memory 31. is set to rhe posit ior; 

at rhe address 0, ihe write start, position for the second 

column is sot to the posit, ion at the address 0, che write 

starr posit ion lor the third column is set to trie posit ior). 

at. the address 2, the wr.ite start, position for the fourth 

column Is set to the posit, ion at rhe address 3, tdie write 

start oosmion ior trie fifih column i.s set: to tiie position 

at h e address 2, end tne write start: position for the sixth, 

column is ser to the position at the address 'h 

i 0 / 9 F 

The multiple b is 2, and tiie number of bits m of one 

symbol is 6 whore tor example, osQAM i.s employed as a 



strateo i.n Fiq. 30, 

!: he memory 31 has 13 columns for storing 6x2 bits in its 

row direction, and stores 1 6200/(6 x 2) bits .i.n its column 

0irecti on. 

[0294] 

Further, the write start position lor the first column 

out. oi the 12 columns of rhe memory 3 1 i.s set to the 

position ah the address 0, tiie write start position for the 

second column is set. fo the position ac the address 0, the 

write start position for the crrd column is set to the 

position at', tne address 0, the write start position for trie 

fourth column is set to the oositior: at. the address 2, the 

write start position for the rifts column .is set to the 

pos.lr.lon at the address 2, the write start position for the 

sixth column is set. fo the position at. the- address 2, the 

write start position for the seventh column is set to the 

position at the address 3, 'he write stent position for the 

eiqhtii -col umn is set to the posit ion at. the address 3, the 

write start position tor the ninth column i.s set. fo the 

position er. tiie address 3, the w r i F"> start position for the 

tenth column is see fo the posi.fi.on at the address 6, the 

wr Lfe start position tor the eleventh column i.s set fo the 

position ••ia the address , -a no. tiie write: start oosition tor 

the "'.•//olftii column is set •'o file position at the address 7. 



The multiple b is 1, and. the number of: bits rn of one 

symboi is 8 v/hen, for example, 2560AM is employed as a 

modi; 1 a t1 on scheme. In "his case, as illustrated in Fiq. 30, 

the memory 31 has 8 columns tor storing 8x1 bits in its 

row direction, and stores 16230/(8 x 1) bits in its column 

d1rect ion -

[0296] 

Further, the write start position for the first column 

out of the 6 columns of che memory 3 is set to the oositio 

at the address 0, the write start position tor che second 

column i.s sec co che position ac trie address 0, the write 

stare position tor the chin; column is set to che position 

ai •"he address 0, the write start ocsicioc tor the fourth 

column is set to the pesition ai the address 1, the write 

start position for the firth column is set. fo the position 

ac the address , the write stare position tor the sixth 

column, is sec to the nos ; ' ton ct rhe address 20, the write 

start cos i t j. on tor che seventh column is set to trie positio 

at the address 20, and the "write start pen-hit ion tor the 

eighth coiumn is set. fo i ho position ar trie address 21 . 

; 0 2 971 

The multiple b is i, and the number of bits ra ot one 

symboi is 10 when, for example, 102-lgAM I.s employed as a 

modu ia u I.on scheme. in i h 1 s Ccse, as i .1 instrated in Fiq. 30 

t ho memo :: y 3 I h a s 10 c o ; turns /or s 1 o r i no ; 0 .< 1 bits in i t s 



228 -

row diroction, ana stores 16200/(10 x 1) bif:s .i.n its column 

ci :i. reel 1 on . 

f0298] 

lurcher, rhe write start posit.i.on. for the first column 

our OJ trie 10 columns or t ho memory 31 is set to the 

position at r.he address 0, the write start position for the 

second column is set to the position at r.he address 1, the 

wri.ee start pes i t: ion tor tiie tej rrj column is set fo the 

pos.il: ion ac 'ihe address 2, one write start position for the 

fourth column is set to I.he posit, ion at the address 2, the 

write s - art Position roc the firth column :1s set to che 

positron c: t the address 6/ rhe write star-: position for tne 

sixth co.i umn i.s sec to the position at rhe address 3, the 

wriio s t; a r. I position tour tne severed! column is set to the 

position at. me address 4, the -write start: position for the 

oi tj h t h oe 1 umn is set fo the position at the address 4, the 

w r. c e sror! position for the1 ninth column Is set :o the 

posicron at the addcess o, and the wrii.e start position for 

tne !: en in coiumr L s sec lie tap posit ion at. the address 7, 

\0 206i 

Ihe ma . ' iple b i.s 2, and the number of hies m rp ope 

uymool ir i. 0 when, for examp'e, lOOiOAM is employed as a 

iuodujafion scheme. In :hih case, as illustrated In Fiq. 30, 

tne memory F. nas 30 columns Lor store nq 10 x 2 hits in its 

•' ow h; ret:1 ;onr an o stores iUuFJO/ F' ii x /) f i hs in i i.s cejisnn 



oil J sex: io::. 

[ 0:3 00"! 

further, the write start pes i. c.i.on for tiie first: column, 

out o.t the 20 columns of the memory 31 is set 1:0 the 

position a:: the address 0. the write start position ior the 

second column is sot to the position at the address 0, the 

write start position roi: the third column is set. to the 

fjcsiticn at the address 0, the write start position for the 

fourth column is set to the position at. r.he address 3, tne 

write start position for: the fifth column is set to the 

position at the address 3, the write start position for the 

sixth end umn ds sci to the owst'jon at trie a. old res s 2, rhe 

write start position .tor ihe seventh column i.s set io the 

position at the address 2, the write start oosition for the 

e/iqhth co.iurnn .is ser to the posit ion at trie address 2, the 

write st.art position tor the ninth column is set: to the 

oosition at etc: uddress 3, the write start position foe" the 

tenth co..n:mn is sod: to the pes:!;: ion at' the address 5, the 

write start position lou: the eleventh col umn is set to the 

pes: 1.10)11 as the address ef the write start posie ion tor the 

twelfth colieen 'is sod:' to tire position ,-.it ehe aokitess 3, t.h<a 

wr it e start posit : on for: the thirteenth column is set to the 

posit ion at the aokhoss 3, die wri h-; start position"! for "he 

toaeteori th column is ser to " ho- position at the address 0, 

ihO: write start jhtuth or: for !: hu t i f * eenth 001 to: is set too 



- 2 3 0 -

the position at the address 7, Ohe write start position 

the sixteenth column is sec: ho the position at the address 

the write start position for che seventeenth column is set 

to the pos.it ion at the address 7, the write start: position 

for the eighteenth column ia set to the position at the 

address 8, the write start position for the nineteenth 

column is set: to the position at the address 8, and the 

write start position to: the twentieth column is set to the 

position at the address 10. 

[0307 ] 

Trie multiple b is !. and the number or; bits m of one 

symbol I.s 1 3 when, for example, 4 0 0 60 AM is employed as a 

modu 1 a t i.on scheme. he this case, as illustrated i.n Fiq,. 30, 

the memory 31 has 12 columns for storing 12 x j. bits in its 

row direction, and scores i6?00/F12 x '] ; cits in its column 

d i rect. ion -

10 30 3 1 

loirthei, the write star:, position for the first column 

out of the 12 -columns oi the memory 31 is set. to the 

position '..;t: the uJdress 0, Lhe wrm.ee start position tor che 

second column i.s set to;: t It:.' pes t c i on at the address 0, the 

wrih. e s i a - position fc;r che third column is sec to rhe 

pes it1 on at the aaoress 0, i hu ws;iq scart. position for the 

roar i. h column is sec co r ho position ac trie address 2, the 

wrhte start po-ccnon cor "Oce ticCh column is set. co the 



pes 1 t i. o r • at the address 2, the write start: position for che 

sixth co.li.imn Ls set. to the position air the address 2. rhe 

write start posit i or; for the seventh: column is set to the 

position at the address 3, the write start position for the 

eighth column .is set to the position at the address 3, the 

write start pes id" ion f 

pos id; ior: at tne addres 

r the ninth column i.s set to the 

3, c he write start position for the 

tenth column i.s set to the position at the address 6, the 

write start position for the eleventh column .i.s set to the 

position at ihe address 7, and the write start oosit i.on for 

;he twelfth column is set to the position at the address 7. 

"he multiple d i.s 3, and the number of bits m o" one 

symbol is 12 when, for examp.i.o, A096QAK is employed as a 

modulation scheme. In this case, as Illustrated in Fiq. 30, 

the memory 31 has 21 columns for sf.oti.nq 12 x 2 bits in its 

ow direction, and stores 16203 /Fis x 2' bits in l.t :o i am i i 

c i rec t ion. 

; 3 u ii 

Flirt her, the writo start, position for the first: column 

cut of the 21 columns el the memory 11 is set to the 

position at the address 0, t he write start, position for the 

seconu column is sec to the position at the address 0, the 

wjhi.ee start position for L:m- t n i. rd column i.s set to the 

pecm L :; or. at the address 0, i ho vn:c te start ucsitisn for the 



fourth column is set to the position at the address 0, the 

write start position 101 the fifth column is set to the 

position at the address 0, the write start posit ior; for the 

sixth column is set to the position at the address 0, rhe 

write start position for the seventh column is set to the 

position at the address 0, the write: start position tor the 

eighth column i.s set to the position at the address 1, the 

write start position for the ninth co S urnr; is set to the 

position at iuie address 1, the write starr position for the 

tenth column is set to the position at the address 1, the 

write start position tor the eleventh column is set to the 

position at the address 2, trie write start position for the 

tv/eirfh ooiumn is set to tne position an the address 2, the 

write stare position ior the thirteenth column is set te the 

position at che address 2, rhe write start position for the 

fourteonoh column is set to tiie position at the address 3, 

the write s i: ri r t position for' trie riiteenlh column is set to 

the position a s" trie address 7, tiie write start pes id'., ion for 

tne sixteenth column is set to the posi"..on at one address 9 

the wr i. te start, position ior r he seventeenth column is set 

to tne position nr. the address 9, tne wr i te start position 

tor "he eighteenth ccf; umn is set to ihe position at the 

address 9, the write staii position ror the nineteenth 

column is ser lo the position ar. lire address 10, the write 

star!, position tor the rweiu out cud umn i.s sot to the 



position at Lhe address 10, the wrh;e start: posh; i.on tor the 

f: werity-Z i r s t column is sot to the position ot the address 10, 

the? write start position tor the Lwen ty-second column i.s set 

to tiie position at the address 1.0, the write start position 

for the twen t y-thi rd co.l.urnn is set to tine position at the 

address 10, and the write stare position for the twenty-

fourth column is set Lo the position at the address 11. 

[ 0 3 0 5] 

die . 3.1 is a flowchart, depict inq a process performed in 

the nDPd encoder 115, the hit irh.tr 1 eav^r 116, and the 0AM 

encoder 1 17 i '! Justrated in Pi q. 7. 

[ 0 3 0 G | 

The LP70 encoder i is waits fo*- hDPO tarqet data to be 

suppi Led irom trie BOh encoder I. ; ii . In stop.) 3 101, Lhe LOIrO 

encoder lit encodes the LDi?0 La root date into an LDPC cocie, 

and soppid.es the hDPO code to the bit i.n te r lea ve r 116. Then, 

the process p r ceteris to step PP.07. 

roocn i 

Fn step 310a, the bit int e r i eave :: i. 1.6 peeriiorms bit 

i no e r i.ea v i nq on the LDLO cooe supplied from the bcDO encoder 

ill, and supplies a symboi obtained op/ s yvnbo J. i. z j. no; the hDPO 

code that has been sub'jee:ed to Led: rate? leavinq, to the 0AM 

encoder 11.7. Then, the process proceeds to scop s.103. 

(0300 j 

More-- speed: really, in step 3 PT:p no "dee bid' nrterl-avor 



1 3 (Fig. :F , -he parity in te r; j. ea ve r: 23 performs parity 

.interleaving on the LDPC code supplied from the LDPC encoder 

•FID,, anei supplies the LDPC code thai; has been subjected ho 

parity interleaving to the column twist i.nterleaver 21. 

[0309] 

The column twist inter.! eaver 24 per forms column twist 

interleaving on the LDPC code supplied from che parity 

interieavor 23, and supplies the resnlcing LDPC node to trie 

demurt ip1exe r 2i . 

i 0 31 0 j 

The derriuil Lp S exer 2:5 performs permutation processing to 

piriuc: ihe code hits or the LDPC code that has beer 

s a or e c ted to column cvnsi interleaving by the column vis isf 

interleave:: 24 and to map the permuted code bits to symbol 

bits o: a symbol, oh e. , bits repiesentinq the symbol; . 

[ 0 3 111 

He rc r t tie pe rmuca t i on o r'oeo s s i rug n 1 he derm 1 h i.o lene r 

25 may be performed in accordance with any of che first to 

fourth permutation types i i lusrrateo i.n Figs. 22 and 23, and 

mey al.so be per f en: mod m accordance v/;d"h a cortain 

o rede i. orm i ned allocation rnJe ::o ai iocate code bits of an 

LDPC cede to symbol oi ts representing a symbol. 

ihhl 12; 

Che symbols obtained by the permutation processing 

oerfhimed by the come Id o ; exer 23 ere supoi ied frcr trie 



demultiplexer 25 to the QAM encoder 117. 

(0313) 

In step SI 03, the QAM ereocier 117 maps che symbols 

.supplied from the demultiplexer 75 to consteIllation points 

defined by the modulation scheme for the orthoqonai 

modulation to he performed by the QAM encoder 117, and trier': 

performs orthoqonai nicciuiaiuern The resulting dura is 

supplied to the time Liiterieaver hl8. 

[ 0 3 1 A ; 

As described above, parley In ;ua r ! euv i. nq arid column 

twist interleaving may improve resistance to erasures or 

curst errors in a case where a plurality of code: bits of an 

LDPC code are transmitted as one symbol. 

; 03.1 5 ! 

Here, in ihi.q . 9, che parity inter leaser 23 serving as a 

block configured to perform parity int.erleavj.ng and the 

column i wist interleave;" 21 serving as a block oonfrrfured to 

pe r f o.r. m co i umn I ml. s t i n he r L ea v i ng are c err f ague ed a s sepa r a ee 

units, for convenience of i. 11 a s r; r a 11. on . however, the parity 

1 rrte r leaver 23 anei the roli'iu tvus: in i ae r Leave r 31 may be 

la Lear a red mm a single an i. t . 

!. 0 3 1 6 j 

More spec! f icu.i i! y , both purity i nan r ]. eav ing unci column 

inmsr ;; ri ae r 1 ea v inq nan be performers hay wrinnng and reading 

'h;ae t) i a ro and ''rem a memory, and can bo reoresrem.ee cv a 



matrix that converts an address at which a code bit is to be 

written i.e.. a write address) so as address at which a code 

bit is to be read {i.e., a read address I . 

[ 0 31 7 j 

Accordingly, once a matrix obtained by rnu 11ipiying a 

matrix represent i nq parity i n t er 1 ea v L no end a inatarix 

represent; Inq column twist inter leaving is dete ami neci, an 

hDPC code thai has been sub'iecced to parity interleaving and 

then column twist interleaving can oe obtained by converting 

'•"•ode bits using the dotermi nod matrix. 

! 0 3 i H 1 

Furthermore, the chsnu i Ir:> i exe r 2s L r x addrti.cn to the 

oar it y interleaves 23 and the coiurmn twist interloaver 24 

may also be isLograteh into a single onit. 

[03 I 9 j 

More soee i rlical !.y, the permatat i on processing per termed 

is the (Jems !. t ;.P i exe s 25 can also bo represented by a matrix 

that converts a write address in the memory 31 at which an 

hDPC code is stored to a read address. 

i" 0 I; 3 0 3 

As'iordinci iy, once a matrix obtained by multiplying a 

matrix repress' i I so parity interleaving, ri matrix 

it-pi es en t i ng -'to j smrt -wist in t o r i ea v i. nq f a sd a ma t r i. x 

r epr esen t inq pe r mar a t i or; processing ;s Oeterrrti ned, parity 

1 it.e r lea s I. ns , col urn it t w i s t i n t e r ! ea v i ng , an-si pe r mu t a I', i. on 



p rocess inq can be performed in a hatch way using ihe 

da te rm i.ned ma t r.i.x . 

[032 Id 

Note that either parity in te rieav i.ng or column twist 

interleaving may be performed, or neither of: them may be 

performed. For example, as in the DVB-S.2 system, id: tne 

idiinuriicalion pa th 13 (Fig. 7} is a non-AWFN channel that 

does not much take into account burst errors, flutters, and 

so forth, such as a satellite link, none of parrny 

I n t e r .1 ea v i nq and column rwi.st i nt e r 1 eav.i nq may be perforraed. 

[0 322j 

Next, s imid a L ions for measniing error rares (bit error 

rates) char were performed on rhe L r a e sird L t r eq device 11 

i J. iu s t i a t ed in Fig. 3 w id 1 be described wtLh reference Lo 

F i qs . 3 2 to 3 ••] . 

[0323 1 

The s i rra i a r i ens >;e re pe r f o rmed n s i nq a comma n i ca t For; 

path with a Harper having a D/U o: 0 dB. 

[0323 ! 

Fig, 32 I 1 i.usLrares a model of a communication oach 

emgley oh in che si mu 1 a t i ens . 

[ 0 3 2 a | 

Fore specs t ic.:a J f/, oar: h of Lhcp "2 i i lust ratec a 

mode i of a hhjcLer employed in rare simulations. 



- 2 3 8 -

Further, par r. B or. Fi.q. 32 i. i lus a ra Les a model of a 

cornrnun.! ca a i on par h ha v i nq the r in tr er repreaen ted by the 

rnodef illustrated in parr. A of Fi.qa 32. 

\ 0327] 

Note thai:., in part B o t Fig. 32, ii represents the model 

of the flutter illustrated in part A of Fiq. 32. In part B 

ot Fig. 32, furthermore, N represents t.he 1(21 (Inter Carrier 

Interference). Tin the simulations, ar; expected value E j. N;? ] 

ot the power of the fC;I was aoptoxiniated by AvJdN. 

; 0 3 2 8 1 

Figs. 32 and 31 : L lust rate re la t i on shi its oetween 

Doppler frequencies fi of drP.ers :>nd error rates obhuned 

in the sirnu la t ,i. ona . 

I) 0 3 2 2 j 

dote that Fig. 33 i. 1.1 us t. r <5 r es relationships between 

error rates and oopp:er '/requeue: as t„, m a case where the 

moderation scheme is 16t)AH, the cocie rate (rd is 323. and 

Ftc perrnuio t ion Oyp- late :d rst oernutat.i. or; type. Ffq . 34 

r J la s I to t es 'relationships between error' ta;es and Doop'ier 

frequencies t.:; in a case where the modulation scheme is 

64 0AM,. the code rate (ri is 3/6, aaa the pe rmu t a t i or: type is 

the rst permutation type. 

i Oil3 0 : 

id F i. qs- . 33 and 34, ru r t he rmor e , bold liner; indicate 

relationships between error rotes and dopplor frequencies f,. 
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in £ case where parity i nterJeavinq, column twist: 

inter i ea vi nu , arid per ma a i. .1 on pcucens .i. r:q were all carried 

out, and nh.in 1 irys Indicate re la L ions h ips between error 

rates and Doppier frequencies irtj iri a case where only 

permufation processing oat of parity interleaving, column 

twist interi eavinq, and perrnn?:ation fj.rocessi.ncj was carried 

It can be seen from any of fdqs. 33 arid 34 thnt rhe 

error-rate performanoe rs improved {i.e., error rates are 

reduced; i.n rhe case where [rarity interleaving/ column twist: 

intor" 1 eavinq, and pe rmu ta i. ior; proces s i nq wer e a1 J carr red 

out, compared co rhe case where only per rrurLa i. i on process rrr; 

was carried out.. 

L 0 3 i 2 : 

[Example Con fiqurat ion of foPC encoder ]. : fi 

[ 0 333 j 

F;q. 33 is a block d;.aqrara j hi.as f: ra t :i. ng an example 

con iqura t ion of she j .0 PC: encoder i if 1 i i u s i: rat ed in Fig. b. 

: 0 3 3 3 'i 

Moie Lnat Lhe hhPC envoder hh" 1 hi.ustratad in Fiq. 3 

also; has a simitar con 1. r gu ra t r on . 

Ac; descr-.bed with reference Lo F i cp; . i. ? and 13, LDPC 

caries nsvvnq i:wo i yres of code leraphs io of C- -1H 0 0 birr, and 
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1.6200 bills are defined in the DVB-3.2 and similar: standard;-; 

[0036] 

irs addition, il code rates, 1/4, 1/3, 2/5, 'i/2, 3/5, 

2/3, 3/4, 4/5, 5/6, 8/9, and 9/10, are defined for LDPC 

codes having a code ienqth M of 64 800 bits, and 10 code 

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

are defined h;r LDPC codes having a code .length N of 1 6200 

b.i. 1 s ( Figs • 1 2 and 13). 

The LDPC encoder .11.5 .is caoable of per f ormi nq encoding 

(i.e., error correcting encoding) using, for example, the 

LDPC codes having code lengths N ot. 64800 bins and 1 6200 

bits anei the respective code rates, LC accordance with the 

pariuy check matrix fi prepared for' each code iiengch M and 

each code rare. 

| 0 33 8 j 

The ODPh encode-;)" 1 .1 5 includes an encoding pro-cess i. rig' 

unit: 60 1. and a storage urr;c 602. 

[03391 

The "needing processing hhihi 60.1 .includes a code rate 

sef ting emit 6 i. I, en initial value table read unit 6j2, a 

parioy ciie'i; matrix gene i a i. i. on unih bi.3, an information bin 

read unit 614, an encoding pan j y computation unit 615, and 

a con Lihel unit 6 i. 6. The encoding orooessinq Uiii..r 601 

performs ilDPd encod i nq on ihe LDPC ranqef oinLa supplied to 



the LDPC encoder L1'5, and supplies lie- resulting LDFC code 

:o tne bit Inter i.eaver 116 (Fig. 8; . 

[ 0 j 4 0 j 

More specifically, the code rate setting unit: 611 sets 

a code length N and a code rate of the LDPC code in 

accordance with, Ior example, an operation of an operator or 

the 1i ke. 

(Old!) 

The init:ai value table read unit 612 reads a parity 

check matrix initial value table, described be Low, 

corresponding to the code length N and code rate ser. by the 

code rate setting unit 6 .id. iron: lhe storage unit" 601. 

f 0 3 4 0 j 

Tne; parity check matrix generation unit. 613 generates a 

oar:.try check matrix H on the basis or 1 he parity check 

matrix initial vaiue table read by the initial value cable 

read unit Ids, by a r J: anqi nq sdemenrs ot 1 in en in To una t i. on 

ma r r x lb having an I nf o rina t ion length K p- code .length N --

parity Length Mb con espend i ng to tire code length N and code 

rate set by the code rate so; ft ; nq unit: 61.1, in a column 

direction at intervals or 360 columns {i.e., the number oi 

unit columns P of the oyci.;.c of r'jetund . The parley cneck 

matrix I: rs etr:ea 1. n the stem-ago xrmt 603. 

f0343] 

the information bit read us rt Oil reacts [or oxti.acrs; 



i i'i t o rrna i. .i.on hi'en. corr:espondu;q i. o the jniomaiiion ienqth K 

from the hDPC rarqet data supplied i; o the LDPC encoder 115. 

i 0 3 4 4 1 

The encodinq parity ccinipii ta t ion unit 615 reads che 

parity check matrix FI generated by Lhe parity check, matrix 

generation unit 613 from the Horace unit 602, and Generates 

a code v;ord {i.e.., an hDPC code) by ca leu La t inq parity bits 

corresponding to the information bits read by the 

information bit read unit 614 in accordance wi..th a certain 

forma i a by using the parity check lastix H „ 

: 0 3 4 0 i 

The coni.roi 0rJ1. 6.1.6 controls eho Clocks included in 

she encobinq orocessine! unit 601 . 

[0346] 

Che storaq<-- ami I. 602 has stored there In a o'iaral :ty r.f 

parity check matrix initial value tables and the like 

respectively co r respond i nq to the p'i a w. s 1.11 y of code rates 

and tiie like illustrated In F'iqs. 12 ami 13 ior tiie 

respective code lengths N such as 64800 bits and iOOOO bits. 

In addition, the storage unit 602 tempo ra r i. .1. y stores data, 

necessary fci the processing of the snoodjnq orooessinq unit 

601 . 

i 0 3 4 3 ; 

Fie. 36 is a M.ewcnart Oepictine a orocess ot tne hDPO: 

•en It; r lie ! i hint ra led i. n if q . 33. 



; 0 3 <18 j 

In step 3201 , Lhe code rate setti.no i .ni.it fill dor ermines 

'or sees) a code ienqth !Si and a cocie rate r ior LDPC 

encodinq. 

[ 0 3 d 9 ] 

In step 3202, the initi.nl value table read unit 612 

reads a precis term i. ned oarity check matrix initial, value 

liable corresponding to the code ienqth M and code rate r 

determined by the code rate sht. inq unii: 6L1 iron the 

s L or acre urn t 602 . 

L0350 1 

in step 0203f the parity check matrix generation unit 

cd.3 determines for generates) a par] tv check matrix H or an 

LDPC code havino the code ienqth Li and code rate r 

determined by the cocie rate set 1.inq unit Gil by us inq the 

parity check matrix initial vaLuc table read by Lhe initial 

value table read, cut 612 from the storage unit 602, and 

supplies the parity check, matrix 3 to the saoraqc unit 602 

ior storape. 

[0 3 31j 

In stop 8203, the information hod read unit 613 reads 

in i o ma i 'i. on o.;rs or the i n norma L i on ienqth K p- N x ri 

corresponding te the cooe ieirph M and code rate i 

determined oy the code rate sotLinq unit 611 iroiri the LDPC 

canm t dab..; suooiied to tiie LDPC euooeer : Lie -end also reads 



the parity check matrix H determined by the pan iy check 

matrix 'generation an 1 013 from the storage unit 602- Then, 

the information b i t. reah unit 014 suppli.es the read 

information bits and parity check matrix H t.o the encodiriq 

parity computation unit 610. 

: 0 3 0 2 ! 

In s!;ep 3000, the encoding parity computation unit 01 '3 

sequentially computes parity hits of a code word c 

satisfying Expression (B; by using the i ri fo r ma t i. on bits and 

the parity check matrix 0 supplied from the uiiorniahioii bit 

read unit 0 J. 3 . 

1.0353) 

[0354] 

In Expression (3;, c denotes a row vector as a code 

word (i.e., LD'fC code), and c! denotes the transpose of the 

v ov; ve'd;or 

| 0 35 5 j 

Mere, as described above, if; an info rma a ion bit portion 

of th;- row vector c as the [half: code -i.e., one code word; 

is represented by a row vector A and a oarity bit. portion is 

i OD t e sen1'-••d by a rev; vector T, the row vector o can t)e 

r eoreS'tn t rail oy the eouation o i 0 i T j using trie LOW vaci.or A 

corresponding to i. n forma t ion bits and the row ve-'-tor T 

cdoo; esooncb ag ' c parii.y b.i. ts. 



[0356] 

If is necessary for the parity check matrix ri and :;he 

row vector e [AIT; cor r esoond i ng lo the hDPC code to 

satisfy the equation He1 -• 0. The values of the elements of 

the row vector T corresponding fo parity bits in the row 

vector e -•••• [AjT] satisfying the equation He -• 0 can be 

sequentially determined by setting the elements in the 

respective rows of the column vector HC! in the equa irion lie'1 

0 to zero in order, starting from the element in rhe first 

row, in a case where the parity matrix lb in the parity 

check matrix H ^ |HqH:] has the stepv/ise stf-eiire 

i 1 inst ra lea i n F ig . ! 1 . 

>035 "i ] 

Tiie encoding pari ry computation nnir. 611 chh' e rrn ine s 

parity bits 7 coi: i copending to rhe information bits A 

supplied from che i n f or ma t i on bib. read. anil. 611, arid outputs 

a coae word c - :Ad?jf which is represented by the 

intimation bits A and rhe parity bits T, as a resell of 

htPC encoding oi Lhe information bits A. 

! 0 .'3 6 6 ; 

Then, in seep 50(16, tne control unii 616 derermmes 

whether ra: nor ra remmnafe the; LDPC encoding operation. If 

it is determined in s~ep 5506 that the LDPC encoding 

ope ra r i. on is nor ro be terminated, for examoie, J f there is 

any 55PC ma roe-' aa! a i.c he sub"ecrod to hDPC er coo i. r e;, -am 



2 4 6 

process returns to soep 32 01 for step; S20'ij, and the 

process :.nq of steps 520 1 (or steps 0204} to 3206 is 

subseqsen M. y re pea ted], y oe r f o rrnee! . 

(0359] 

Furl/her, if it is cie terra i. nod i.n step 0206 that the LDPC 

encoding operation is to be terminate;'..!, for examoie, if 

there i.s no LDPC target data fo be subjected to hDPC 

encoding, the LDPC encoder 1 S. 5 re run i na t es t ho process. 

r0060 | 

As described above, parity check matrix initial value 

Labl.es co r re spending to tne respective code lengths N and 

the respective code rates r are prepared, and me LDPC 

encoder his oerforms LDPC enoorhmg with a certain eede 

.length] Li and a certain code rate r by using a parity check 

matrix Ii generated from the parley check matrix initial 

value tanl.e corresponding fo rite certain code length M anei 

ise ceiiem cooe rate i. 

j u J 6 1 ; 

ILxampm ot Parity Check Matrix La rrh Value Table! 

I 0 3 62 I 

a. o i; - . i L v :t 1 ] e c K me ?.: r \ x i. r i.] i. r .a .i v a .J u a e a 1) L. e i s a t a P .. e 

snowing Lhe positions of element's of ,. m an nicrtamn 

matrix Ih (Lhe. 1.0 ;> having an i.n format mat length K 

corn, espond i nq t o a eerie Length N arid code rule r oil an LDPC 

code M.o., an LDPC coda defmiOii ey ma- parity meal: matrix 



H} in the parity check macrdx li, in unii:s or 360 columns 

[i.e., the number o: unit ce'iumns P of the cyclic structure) . 

A parity check marrix inrtiai value table is created in 

ailvanrie ior each of parity check matrices :i having the 

respective code lengths N and the respective code ra:..es re 

10 3 6 3] 

FLU. 37 .i.s a diagram i. .1 j. usra t inc.; an example of a 

parity check matrix initial value sable. 

[ 6364 j 

More spec.i f ; ca i ! y . Fiq. ih? i ih.us t ra kes a parity check 

matrix initial value table ior a parity check ma t r i x H 

having a cocie .Length N of 16x00 hits and a code rare 

(noyvmnai code nd'e defined in tVh-dd x ; r ot 1 / d. vhm oh i.s 

defined in the D7B--T. .2 standard . 

!" 0 3 6 h ] 

The parity chock matrix generation unit. 6.16 (Fiq. 35; 

determines a parity check ma f r : x H in the fo i jewing v/av 

us i ng the parity chock matrix inir'ini value tabie. 

( 0 ho (i i 

More spot: i f j ca 1 i y, Fig. 36 i ii in s r. r a res a mother: for 

determining a oarity check matrix ii L"'om a parity check 

matrix initial value tab i.e. 

here thai she oariuiy check matrix initial value fable 

.i 1 .1 a s t rat ed in Fig. 38 is a parity che^k mar. ,'ix i n J t. i a ; 
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value table lor a oa r i ay check matrix Ii hy/inq a cade length 

N of 16200 bits and a code rate r ot 2. / 3, which is defined 

in the DVB-T.2 standard. 

j. 0 3 6 B | 

As described above, a partly check niacrlx initial value 

table is a tabie showing the positions ot elements of 1 in 

an iiifonnafion matrix nA (Fiq. 10) having an information 

length K cor responding to a code length N and code rate r of 

an LDPC code i.n units of 360 columns (i.e., the number of 

uu : columns P of the cyclic sriuefure; - In the I t ii LOW of 

the p^ariicy check matrix .initial value fable, row numbers of 

••Cements of L in ihe {1 iOOxCi--; } p--t b column of che parity 

shock mafiiix H ; i. . e. , row numbers in which ohe row namber of 

tne first row of rhe parity check matrix H is set fo 0; , the 

number of: which is equal to the number of col.umn weights 

assigned to the { 1 r 3 6 Ox (j.- 1; }-th coiiui'i, are arranged. 

[03691 

here, since the parity matrix IC (Fiq. 10} of :die parity 

check, ma f r "j x H, cor responoing to the oarity length M, -Cs 

determined in ihe manner- illustrated in Fig. 25, the 

information :org:ix In. (Fig. 10; of the parity chock matrix H 

cor r eooood i ng t o i he , n f o^mas ion *: eng t h i< , a dote rmhaied 

using iim- parity check matrix : n.i nai value table. 

! 0370j 

Che cumber -of rows x 1 of the oar it.'/ check iialiix 



mitral. ya] ue table differs depending on tiie i n f orina t i on 

I enash K. 

: 0 37 1j 

A re 1 a t: i on sh i.p given by Expression (9; is established 

beivvf-en the in: forma t; on length K and it he number of rows k 4 

j of tiie parity check matrix initial value tabic?. 

[0372] 

K (k !- 1 } x 3 b 0 . . . (3} 

[ 0 3 7 3 ! 

Mete, in depression (91, 360 is the number oi unit 

columns 13 of the- cyclic structure described with reference 

to Fig .. 2 6. 

i (AbM j 

In. the parity check matrix initial, value table 

ii i.ustrated in Fig. 38, 13 values are arranged in each of 

the ( !. rsf to third .rows, and three values are arranged in 

each of the fourth fo (k'-lp-th row (in Fig. 38, 'he 30th 

rev;; . 

i 037 3J 

A;. :co r: d i: ig 1 y, ihe column weights of t ho' parity check 

matrix H de to rrmi ned from the parity check ma m 1.x initial 

value table i. J las t rsssecl n Flu . 38 aie 13 lor the first to 

i 60x i 3-hp - 1 } - th columns, and 3 for Ice- i i -- 166 x : 3-- 1} } - • it 

m K~th ctdcjmns . 



I:i che parity check matrix initial value table 

i .1 .Lus t. ra tod i.n big. 38, tiie first sow snows 0, 2084, 1 613, 

i 5 6 8 , 1266, 14 60, 3196, 4297 , 2481, 33 69, 3461, 4620, and 

2622, indicating that the elements of the rows with the row 

numbers 0, 2 084, 1613, 164 8, 12 8 6, 1160, 3196, 4237, 2481, 

3369, 3661, 4620, and 2622 .In the truest column cf the par.;, te 

check matrix R are L (and that, the ether elements are Oi . 

[0377] 

In trie parity 'check matrix inif.iai value table 

i Lustrateci in Fig. 36, furthermore, the second raw shows 1, 

1.22, 1616, 3448, 2880, 1407, 1 847, 3799, 3629, 3 7 3, 971 , 

4 668, and 'hi 08, indicating that, tiie elements of one rows 

with f he row numbers i, 122, 3.616., 14 4 8, 2880, :407b 1 647, 

37 99, 3 629, 373 f 97], 4 368, and 3108 in the 3 6 1st d; j 4- 36( 

>< (2 -- 1); column of the parity check marreix H ate L. 

(01676 j 

Ibi the manner described above, a parity chock matrix 

iriiiaral value table shows trie Positions of elemenfs of ). in 

an irdormation matrix it of a parity check ta ua x 6 in arcs 

of 360 columns. 

ihe elements! :r. trie col amns otaer r.ucK1 / i ;3b0x(i-

.i ; }-th cc>! nrnn of rhe parity cheek matrix H, that is, the 

element:.'-;, :a • ne ( 2 3 6 Ox ; ;. - i , } -ah to (360xi)--tn cslumns, are 
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{ 1 -i-3 6 Ox { i - I) } - t h column,, which are defined us J nq ihe oarity 

check matrix initial value table,- downward {i.e., downward 

along the columns} in a periodic mariner in accordance with 

t he parity length M. 

: 0 J 8 0 j 

More specifically, for example, the elements in the 

<2-380x(i-]d }-th column are obtained by cyclically stifling 

the elements in the { 13 6 Ox { i-;i ; }-th column downward by 

M/360 (-- qj . ihe elements i n the subseguen i. hii 3 OQx (i - i • }-th 

coi aran are obtameri r>y cyclically shifting ihe elements in 

the { 11360x (i -d ) } - th column downward by 2 x M/360 {2 x q} 

(i.e., by cyclically shifting tne elements in the { 2 H- 3 6 0 x < i. -

Id } - t h umn rlownyard bv M/300 (••• a) . 

[ 0 38 1 | 

It is assumed now that the value i.n the t~th rev/ (i.e., 

r.he row from the top} and the j-lh column (i.e., the j 

th column r r om the lerib ot ri parity check ma'oux initial 

value tab.'! e .is represented by h;,;, anei the rev/ number of "he 

- th element ot I isi the w-th column of a parity check 

matrix 11 is represented by to..; . In rhis case, the row 

ni:nl)ei ih • of an element of .1. in the w-t.h column, which is a 

coi umn echo;; than the I .1" 3 60x ( 1 - i : } - r n column o: the purity 

check matrix lb nan be ueLerminod using Exer es s i on MO; . 

[ 0. u3 2 j 



Here, modfx, y) represents the remainder after division 

of x by y. 

[ 0 3 H i 1 

In addition, P denotes the number of unit columns of 

cyclic structure, described above, and is, ior example, 360 

.in tne DVB-S.2, DVB-T.2, and DVB-C. 2 standards, as described 

above. Burther, q denotes the value M/360 that is obtained 

by d ividina the parity length hi by the number of unit 

columns ? of the cyclic structure f~ 360). 

[033 5'] 

ihe pa r y snack ma i r i x generation unit 611 PK i g . 35} 

specifies a tow nunibor of an element of I in Lhe {lf360x(i--

1} column of the parity check matrix ri by using rhe 

parity check matri.x i rx i P r a ! value tab i.e. 

i 0 3 3 6 ] 

The parity check matrix generation emit 613 (Bio- 35} 

further delerrrn n^s rhe row number Hw... of >;n pLemenf of 1 in 

the w-r.h column, which is a column other than the i .>• 160x Pi-

i)i-th column of; the oarity check matrix H. in accordance 

with Expression (10?, and generates a parity chock matrix 3 

whose elements corresponding to trie rev; numbers obtained in 

tne way dasc>: i bed above are- i . 
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(New LDPC Codes] 

( 0 3 8 8 ] 

Incidentally, there has been a demand for proposing an 

improved version (her:eina fter also referred to as "DVB-Sx"} 

oi: trie DVB-S.2 standard. 

[ 3389 : 

X r; the CfT (Call for Techno 1 ogy ; , whii:h was submi i: f ed 

in the meeting for; DVB-Sx sr.andardi zatj.on, a certain nunibe :: 

oi: dodCods (which are combinations of: mock.: 1 a r. ion schemes 

(IModuiatd on) and hDPC codes (Code]) are demanded for each 

range of C/N (Carrier to dorse Ratio; (SDR (Signal to Noi.se 

Ratio; ; i.n accorcanc': with use case. 

I 0 3 9 0 ! 

Here specj id.oa.U y, in the CfT, Lhe fi.rsr request is to 

prepare 33 ModCccis for a C/N range of 7 dB f rom 3 dB fo 12 

dB for DTH (Direct To Home) use. 

; 0 3 3 J. j 

lin Lhe CrT, add i. t i cna Cf y, trie second request is to 

preoare 23 dedCods tor a C/N range of i.2 ciB from i2 dB to 24 

dB, the third request is fo prepare L2 MooCoas tor a C/N 

range of 8 CB from - 3 dB to 5 did and Lhe fourth roqueat i.s 

t"o prepare 3 dodCoos for a C/N! range of 3 PB from -10 dB to 

- 3 PB. 

i 0 3 9 2 ; 



FER ( Frame Error Race; Tor the dodCocis .in the first to 

fourth requests be approximately 10" : (or Jess) . 

[0393] 

Note that, in the CfT, the first request has a pri.ori.ty 

of "1.", which .i.s the highest, whereas che second to fourth 

requests have a pri.or.ity of "2", win.eh is lower than the 

priority or the first request. 

[0394 1 

Acs:: or P.: rig i. y, t. he pe: e see f techno! ogy orov ides ( a ea r i t v 

check marrix of) ai: LDPC code capable of sa t i s 1 y ,i ng at Least 

the first request having the highest priority in the CfT, as 

a new LDPC code. 

; 0 3 9 a j 

Fig. 39 illustrates BHIR/FER curves feu: LDPC codes 

having a code length R of 6dk bits arid 11 code rates, which 

are defined in fho DVB--S.2, in a case: where QP3K i.s employee!, 

as a mode i a t i •or: scheme. 

1' 0 3 9 6 ] 

En Fiq. 39, the rior i ronfaj. axes .represents E.ptR. (the 

"'at.ro .of rhe signal power per symbol re the nose power; 

co r: respond i. ng te the C/N, and the vertical axis r eo r ei sect s 

3FR/BhlR. Note '.hat, i.n Fig. 39, solid .lines indicate FFRs, 

and dotted I isees indicate RERs (Bid. Error Rates;. 

([0 397: 

In Ida. Cf ti9< (RFC) curves for LDPC '.order; hsvino a 



cocie iengih Ni ot 64k bits and II code rates, v;hioh arc 

dorfned in the D7B-3.3 s i. and a r d, a r: o pfotted for an Es/N/, 

range of JO dB in a case where OPSK ;s errip 1.oyed as a 

modu I at i.on scheme . 

I 0398j 

More spec: r f icai 1 y, in Eig. 39, li EER carves for 

ModCods for which the modulation scheme i.s fixed to t;P3K are 

drawn for an E:.;/N- ranqe of: app r -ox i ma re ly ]0 d5 i rem 

aporox ima r: e 1 y -3 c:l J3 to approx i rnate.J.y 7 d!3. 

i" 0 3 9 9] 

Accord ing 1 y, for L!)PC codes having a code 1 onql'h KI of 

64k tits and .1 j code rates, which are defined in the L)VB-™.y.3 

standard, the intorca i. between FER curves for ModCcsis ori 

a v e r a q e ' no recna t t e r atso r c I. •? i' r eu to as ar "averaoe 

i.n ter va.i " } i.s approximately 1 dB (e "i 0 o 13 / ( 10 •••• 1 ) ) . 

10400] 

fn co iif" r'a s l, since the I: i ro-C" recuses': i. ri the Cf":i 

requests that 30 ModCods be prepared for an Es/M:; (C/N) range 

oi 7 dB. Or1 average fnrervei between EEP curves for ModCods 

is approximately 0.3 dB it 7 dB/(3C -- i: ; . 

I. 0 4 0 1 ; 

In a case wnere the sodaiatio:'; scheme i.s fixed to one 

type sued ae; QP3K, 3EPC codes w i tn '.;:ode rates, rhe number of 

wn.icn ii s approximately > nr&e cures <e i ciB/0.3 obi in- ; I 

code r.-jr.es,. or aporox.: mo re i.y Cf cocie rates, woiCd be 
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sufficient ;;o ensure sufficient room to obtain ModCods 

having an average interval of 0.3 dB which meets the first 

request in the CfT, compared to the case of DVB-S.2 in which 

ModCods having an average interval of approximately 1 dB are 

obtained using LDPC codes with trie 11 code rates. 

[0402] 

In the present technology, accordingly, LDPC codes 

having a code length of 64k and code rates of i/30 (vinere i 

is a positive integer less than 30} are prepared as LDPC 

codes having code rates for which approximately 30 code 

rates are read.i iy settable, and are provided as new hDPC 

codes which meet at Least; the first request, having the 

highest priority in the C.CiC 

[04031 

It is to be noted that parity matrices H- of parity 

check matrices H of the new LDPC codes have a .stepwise 

structure (Fig. 11;, similarly to an LDPC code defined in 

the DVB-3.2 standard, in terms of keeping compatibility with 

(0404} 

in addition, similarly fo an LDPC code defined in she 

DVB™ a . 2 standard, information matrices th of parity check 

matrices H cf she new LDPC codes have a cyclic stricture, 

where Lite number, of unit columns P cf the cyclic structure 

i s a J. s o a 0 0 . 



[0405] 

Figs. 40 to 106 are diagrams illustrating an example of 

parley check matrix initial value tabl.es for new LDPC codes 

ha.vino a code length N of 64k bits and code rates of i/30, 

as described above. 

[ 0 4 0 6 j 

Here, the new LDPC codes are LDPC coci.es whose code 

rates are represented by i/30, and therefore include LDPC 

codes having up to 29 cocie rates, 1/30, 2/30, 3/30, 

23/30, and 2 9/30. 

[040"?] 

However, an LDPC code with a cocie rate of 1/30 may be 

used i.n a 1 a.m 1 c.ed fashion in terms of efficiency. In 

addition, an 'LDPC code w.i.rh a code rate of 29/30 may be used 

in a limited fashion in terms of error rate (BER/PER)• 

[0408] 

For the reason described above, among LDPC codes with 

29 code rates, namely, code rares of 1/30 to 20/30, one or 

both of an LDPC code with a code rare ot i/30 anei an LDPC 

code winh a code rate of 29/30 can be confloured noc no be 

used as new LDPC codes. 

[ 0 e 0 9 j 

Herein, LDPC codes with OR cooe rates, fey; examole, 

LDPC codes winh cooe rates of 2/30 co 29/30 among code rates 

ot i/30 fo 29/oO, are used as new LDPC codes, anei parley 
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check matrix initial value tabJ.es for parity check matrices 

I! of the new LDPC codes vn 11 be given, he re i aba i o\v. 

[0410] 

Fiq. 40 illustrates a parity check matrix initial value 

table for a parity check matrix H of an LDPC code having a 

cocie length N of 64k bits and a code rate r of 2/30. 

[04111 

Fiq. 41 illustrates a parity check matrix initial value 

table for a parity check matrix H of an LDPC code having a 

code length N of 64k bits and a code rate r of 3/30. 

r 0 412 1 

Fig. 42 illustrates a parity check matrix initial value 

table ior a parity check matrix H of an LDPC code having a 

code length N of 64k bits and a cooe rase r of 4/30. 

104 13 1 

Fig- 43 illustrates a parity check matrix initial value 

table for a parity check matrix H of an LDPC code having a 

code length N of 64k bits and a code rate r of 5/30. 

[ 0 414 i 

Fig- 44 ilJustrares a parity check matrix initial value 

table for a parity check matrix H of en LDPC code having a 

code length M of 64k n: v.s arid a code rare r of 6/30. 

! 0 4 1. .6 l 

Fig- 43 .11 las crates a parity check matrix inn. ial value 

table for a parity check matrix 14 of an LDPC code having a 



code length N of 64k bits and a code rate r of 7/30. 

[0416] 

Figs. 46 and 47 illustrate a parity check matrix 

initial value table for a parity check matrix H of an LDPC 

code having a code length N of 64k bits and a code rate r of 

8/30. 

[0417] 

Figs. 48 and 49 illustrate a oarity check, matrix 

initial value table for a parity check matrix H of an LDPC 

code having a code length N of 64k bits and a cocie rate r of 

9/30 -

f 0 4 13 j 

Figs. 30 and 31 illustrate a. pa rimy check matrix 

initial value table for a pariuy check matrix H of an LDPC 

code having a code length N of 64k bits anei a code rate r cf 

10/30. 

[0419] 

Figs. 52 and 53 illustrate a parity check matrix 

initial value table for a parity check matrix K of an LDPC 

code Laving a code length N of 64k h 1 s and a cooe rate r of 

11 / 3 0 . 

[0420] 

Figs. 54 and 35 illustrate a parity check matrix 

initial value table for a parity check matrix H of an fDPC 

code having a code length N of 64k bits arm; a code rare r of 



Figs. 56 and bl illustrate a parity check matrix 

initial value table for a parity check matrix H of an hDPC 

code having a code length N of 64k bits and a code rate r 

13/30. 

[ 04/2] 

Figs. 58 and 59 illustrate a parity check matrix 

initial value table for a parity check matrix H of: on hDPC 

code having a code length N of 64k bits and a code rate r 

14/30. 

i 0 4 2 3 j 

Figs. 60 and 61 illustrate a parity check matrix 

initial vaiue table for a parity check matrix H of an LDPC 

code having a code Ienqth N of 64k bits and a code rate r 

15/30, 

: 0 4 2 4 ] 

Figs. 62, 63, and 64 illustrate a parity check matrix 

initial vaiue table for a parity check matrix H of an LDPC 

code having a code length N of 64k bits and a code rate r 

i 6/30. 

Figs, hi, 66, and 6/ illustrate a parity check matrix 

initial vaiue table for a parity check matrix 1! of an LDPC 

code havinc; a code .Length M of 64k bits and a cocie rate r 



17 / 3 0 . 

[0426] 

FAqs. 62, 63, and 20 illustrate a parity check matrix 

.initial value tabic- for a parity check matrix H ot an LDPC 

code having a code ienqth N of 64k bits arid a code rata r of 

18/30. 

[0427j 

Fiqa. 71, 42, and 73 illustrate a parity chock matrix 

initial value table tor a parity check matrix H of an LDPC, 

code having a code length bi of 64k bits and a code .rate r of 

19/30. 

: 0 4 2 8 j 

Fiqa. 6-, 76, and 76 i liasorate a parity check matrix 

initial value table for a parity check matrix H of an. hDPC 

code having a code length h of 64k bita and a code rate r of 

2 0/30, 

r 0 4 2 2 : 

Figs. 77, 78, and 79 illustrate a parity check matrix 

initial vaiue cable for a parity check matrix H of an LDPC 

code having a code ienqth 0 of 64k bits and a code rate r oi 

21/3 0 . 

[04701 

Figs. 80, 81, ana 82 i i 1. us t ra r e a parity check matrix 

initial value table for a parity chock matrix H of an LDPC 



2 2/30. 

I:" .i. g s . 85, 84, unci 85 illustrate a parity check. macrix 

initial vaiiif' tarCo for a pari1;y check matrix ii of an hDPC 

cocie having a cocie length N of 64k bits and a cocie rate r of 

2 3/30. 

15 13 2! 

figs. 85, 83, and 88 illustrate a parity check matrix 

initial, vaiue table for a parity cheek, matrix Pi cf an LDPC 

code havma a code Ienqth N of 64k bits and a code rate r of 

Pigs , 89, (5j, and 9; illustrate a parity check matrix 

initio) value table for a parity check narrix H of an I uPC 

cooe having a code length N oil 6ck bits and a code rate r of 

[CM 5 4 : 

rigs. 92, 93, and 94 illustrate a parity check mannx 

1 ni to a i. va ;.ue taoie 101 a pari.try CH^CK. rnatr.ix u ot an fiii.-'C 

^ode having a code length N or 6-lc bits and a code rati1 r at 

2 6/30. 

j 0 4 3 ::C 

Pigs. 95, 96, 95, and 98 illasiiate n ri,.; r g y check, 

matrix i n i tu. a i value cab.! c for a parity check matrix 5 of an 

hDPC code naviig a code lenoth b cf 54k bits and a code race 
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r o f 2 "I / 3 0 . 

: o 13 6: 

Figs. 39, 100, 101, and 103 illustrate a pari, i: y check 

ma s-r i x initial value table for a parity check matrix H cf an 

LDPC cede havinq a cede ienqth N of 64k bit s and a cede rate 

r of a 8/30. 

(0AY7 } 

legs . i.03/ .104, i09, and 106 illustrate a parity check 

matrix mi rial vai.ee taoie ior a parity check matrix H cf en 

hDPC code having a node .Length N ot 64k bits and a code rate 

n of :>9/30. 

I 0 4 30; 

The hDPC encode*' 11a (fflqs. 3 and 33) is capable oi 

partormirij -aiaodinq on a (new; LDPC code having a code 

length N of 64k bits and any oi 28 code rates r. of 2/30 f'c 

20/ d; by using a parity check matrix ii doternnned iron- one 

oi tne parity chock matrix initial value fairies id las!. ra red 

i ri bigs. 4 0 t o d) 6 . 

; 0 4 3 0 s 

in trie i. 11 ua t ra t "vi example, ~ he storage unit 002 of the 

0DPC encoder 113 CFig. 0) stores the parity check matrix 

i a .;. r a 1 Va I uc i.aoles i. J i listaaitco ; r> id gs . 40 to 106. 

i04401 

it. is to be rot ed tna" not aii the LDPC codes with 30 

cooe rates r of 2/ h; te 29/3C ;vb"och are da t erno r-ec f;;,m thai 



parity check matrix initial value tables) illustrated in 

Pigs. dO to 106 may be used as new hDPC. That, is, an LDPC 

code or codes w.i th any one or more code rates among the LDPC 

codes with LB code rates r el 2/30 to 29/30 illustrated in 

Kiqs. 10 to 106 may be employed as a new LDPC code or codes 

[044]j 

LDPC codes obtained using parity check matrices H 

determined from the parity check matrix initial value tablet 

i flestrated in Fiqs. 4 0 fo 106 may be b I gh-joe r tor rnanee hDPC 

codes. 

i 0 4 4 2 1 

Lhe term ;Lm.gh-qetr forma nee LDPC code", as used re-rein, 

""ofemi tst sn LDPC ••.••ocie obtained from an aeprocriato pa r J. t y 

check matrix H. 

[ 0 4 4 31 

La r the rmo re, the term "approprtsite parity cheek matrix 

ii" refers to a parity check ma i mx satrsiyinq a ce) tain 

condition in which the BEL (and PER) i.s (or are) reduced 

when art LDPC code obtained Lor ̂  parity check matrix Ii is 

transi!!!. v i.ed width a Cow IL3 / PJ: or ::L/N0 (which .i.s fart: ratio of 

* he signal power' per' bit to the nei.se power) . 

(0444! 

Art appropriate parity check matrix ri may be determined 

1hrouoOr s ima t at ion s for mea sur inq BP0 s when, for examp1e, 



satisfying a certain condition are transmit ted wit hi a .low 

t,/hc< 

[0445] 

Exampios of the certain condition that an appropriate 

parity onecx. mat:n..x H is to satisfy include a condi.ti.on that' 

analysis results oDtameci using an analytical technique for 

the p:C r rormanoie e a a ins t A. on ca. codes, c ailed density 

evolution, are good, and a condition that a loop of elements 

or: I, called cycle 4, does ncv exist. 

[ 0 '\ 11 i 

Here, :t i.s wed 3 established thai a oonoon' ration oi 

elements ot 1, like cycle 1, in an information matrix ih, 

ec; I ; reduce one diiatiii'j per. ie>rmunce of' an hhhC code:. Thus, 

t.ne absence or cycle 4 is demanded as a certain condition, 

that s n appropriate parity check ia r r ic M is to satisfy. 

[0447J 

hose that the certain condition that an appropriate 

paricy cneek. matrix H is to satisfy nay be determined, as 

desired, in terms or various factors such as improved 

decoding performance of ar, hDPC code and easy {or 

s imp! i fieri; decoding processing of an LDPC erode. 

* 3 d d c; 

Figs. ih/ and IOR are diagrams depiotiac; density 

evclurnon through eh i oh analysis resu It? aie obtainecC ns a 

coi tain cord id: ion that ar •-ripe opi 1 a •: e oarity cheek matrix ^ 



V K-I A 

.i s to sae i s f y -

[04491 

Density evolution .i.s a code analysis technique for 

ca 1 :.:uJ a L Lnc; an cxpcctcd value; of error probability lor che 

set of .-ill LDPC codes (" ensemble"} whose erode J.enqth M, 

which is characterized by a decree sequence described below, 

i. s i n f .;. i; i t e \ «>) . 

[04 00j 

For: example, if a noise variance increases from zero in 

an AWGN channel, 'Or-: expedited value of error prehabilirv for 

a certain ensembie is ini L La! Iv sere, anei becomes norm-sere) 

'i f the noise vainbence is aceeeer {'.ban or equal to a certain 

thresho I a. 

f 0 4 0 1 | 

in the density evolution method, it can be decernbned 

whether the ensemble pe r ::o ranance (1 ,e . , the apor opr i a tc-ness 

or a pai.ity chock matrix; is good or not, by comparing rioi.se 

va r i onc;o th res hoi ds (he re i naf tor a 1 so re f e r red to a s 

"performance chroshoios" : over which the oxoecteel values of 

e r re r o r obab r 1 ; by i' o r on s each} -a s berxrme non- se r o . 

: 0 4 0 0 1 

bco:e that, t.he general performance of a specific: LDPC 

code can be predicted by derexmi ni nq an ensembie :i no] ae; Inq 

be ]h)0C code anei perfcrmrne eienailv o eo i u t i. enn on i he 



Accordingiy, once an ensemble wc. th good pc r formance .13 

found, an LDPC code with good perfomanco may be found from 

among ir.be LDPC codcs included in the ensemble. 

[0454] 

Here, the degree sequence, described above, represents 

Lie ratio of variable nock;.-"-; or check nodes wi. i;h a weight of 

each value to the code length N of an LDPC code. 

10433., 

For example, a regular (3,6; LDPC code with a. code rat.-: 

of i/3 be.Longs to an ensemble character:: seb hv a degree 

sequence .; mi i eating that the weigh! ;ro.i nmn weight; for ail 

the vari.aoie nodee is 3 arc! the weight, (rev: weighs) for all 

the check nodes is 6. 

big. 107 illustrates a Tanner g 1. aph of the above--

described ensemble . 

[04 37 1 

The Tanner graph illustrated in Fig. 107 includes N 

variable nodes indicated bv circles ; " O" ; in Fig. 107, the 

number of which is equal co the code .Length M, and M/s choc 

nodes indicated by squares C'LbC in Fig. 107, tin number oi 

which l.s equal to a vaiue obtained by multiplying the code 

length N by she cade rate 1/3. 



Throe edqes, che number of which is equal to the column 

weight, ore connected To each variable node. Therefore, 3N 

edges in total are connected to one N variable nodes, 

[ 0459] 

In addition, six edqes, the number of which is equal to 

tine row werght, are connecred i;o each eheuck. node. Therefore, 

3d edges in total are connected to rhe N/2 check, nodes. 

f 0 d 6 0 ] 

in the Tanner graph i 11 us i: ra 1 ed i.n Fiq. 10 7, one 

in te r I en v er i.s also included. 

[ 0 4 0 ij 

The mteileayer randomly reorders the Ob edqes 

connected to the N variable ironies, arid eonnects eacn of the 

reordered edqes to one or: the 3d edqes eonnecred to tne N/0 

check nodes. 

[04 62j 

There are (3d; : C:- (3 N1 x (3 N -1 j x ... x • ; reordering 

oatterns in which the interleave;: reorders the ON echoes:; 

connected no the N variable nodes. Accord i.ng.i y, an ensestae 

cherecter i zed by a degree sequence .indicating that cine: 

weighr Cor aii -rhe variable nodes :.s 3 arid the weight for 

aii ehe check nodes is 6 is rhe sen: oi (3b; : LDPC codes. 

[04 63i 

in a s muni, a t. A on for deterraimine an LDPC code vnliun good 

oe i: f o'onanee :l.e., an appropriate oar:', y check on" ox:, a 



mu L11 -- edge type ensemble wa s used in dens ;i. by evolution. 

HI <1 6 d J 

I r i I he me j. t i-eeice type, an i. nhe r leave r throucsh wh.ich 

edges oonnooted re variabi.e nodes end edges connected l:.o 

eheck nodes extend is ci.ivi.ded into a plurality of pieces 

(mu1ti-edge}, which nay allow more accurate characterization 

of an ensemble. 

[ 0 d 6j 

Fig. ']()•! illusrrates an example oi a Tanner graph of a 

mu J. ti - edge type en sernb le . 

i (j 4 'O 'o : 

Te the Tanner graph illustrated in Fig. ;08, two 

i n te r.! ea ve rs , namely, a first .i.ntetleaver and a second 

.i.n te r lea ve r, aj"e included. 

10 467; 

In addition, the Tanner graph illustrated in Fig. ltd; 

li.nciudes v I vat;;ab;e nodes each having] one edge connected to 

che first interleave! and zero edges connect.ee; to ihe second 

interIeaver, v2 variable nodes each having one eoce 

connec ved o ihe id ret interleave;" and iwo edge-'?, connected 

to one second inteiieaveiy and vi variable nodes each; having 

zero edges connected to the iirst interleave;: and iwo edges 

(connected to tne second cte;; ieever. 

The 'Jketnor graph ; i la s t r a tod in tig. iei initio:; 
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includes cl check nodes each ha vino two edqes connected to 

che first interleave?;' and zero edqes connected to tiie second 

inter Leaver, c3 check codes each having (.wo edqes conneoteci 

to the first ieterieaver and two edqes connocrod to the 

second interleave!, and c.i check nodes ea<oh havinq zero 

edqes connected to the hirst i riterleaver and three edqes 

oonnec tod to t lie second in te r 1. es ve r -

Here, density evolution and an imp lernenra iron thereoi 

are described in, for example, "On the Design of Low-Density 

Parity-Check Codes within 0.0043 dB of the 3hannon Lrm:L'b 

fk. v". Chanq, G.D. Forney, L. .J . P'lshardsoh, R. Urbanke, IPKL 

Common ica i i cos Lcqqers, VOL. 3, NO. 3, bob 3001. 

i 0 4 7 0 ] 

In a simulation tor determining La oarity check matrix 

mitral value table of) a nev; hDPC cocie, an ensemble tor 

which the periohtiaoco threshold, which is lb/No (which is the 

ratio oi fine signal power pe: bi c to n.he noise cower) at 

which a LLP ocqins to drop (i.e., decreases;, is less than 

or sens 1 'o a certain va Lie was found using ma La.-edq e i.y;ae 

density eooiocion, and an LDPC code that reduces a Bob in a 

plnraMty ot eodu 1 a t r on sche;ies used :n DVB-3.3 .and she 1. iace, 

sues as OPCK, was selected as an LDPC cede with qood 

P rdicacnanse item among the LDPC codes belonging fo the 

onsnmb " o . 
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[0471] 

The parity check matrix .initial, vaiue cables of the new 

LDPC codes described above ere pa city check matrix initial 

value tables of 1.DPC codes having a cede ienath N of 6ik 

bits, which are determined through the simulations described 

a b o v e . 

! 0 '1 72 j 

hiy::. 100 is a diagram ii Lustral.iny minimum cycle 

Lengths and per: romance tin r es to ids for parity check matrices 

H which arc- determined trow parity check matrix iniioial 

value fab has of new LDPC cedes havinq a code 3.enqth M of 63 k. 

oi. ts and 28 code rates ot 2/20 to 22/. p) j. lias era ted in Pros. 

-'I 0 t o 0 2 . 

[0-173; 

Here, a minimum eyeie length 'or girthj is a minimum 

vaiue of rhe ienqth {Loop length) oi a loop composed oi 

elements oi i.n a parity check matrix H. 

[0471: 

Cycle -I {a loop of. elements or 1, with a loop Length of 

1) does no'; exist in a parity check matrix h de1 erminod Lmi;' 

a paricy check matrix initiaJ vaiue taLCe or a new LDPC code 

[047 a > 

J.n addition, as the cede rate r decreases, the 

redunoaney or' an 1DPC code i ec r en ses . Thus, the oe t o finance 

threshold menus to be imoroeed ; i .e., decreaivu as ^ he corh-~ 



r a t e r d e c r e a s o s . 

[0475] 

Fig. 110 is a diagram depicting a parity check matrix li 

{liereiaafter also referred to as a "parity check matrix H cf 

a new LDPC cede") (determined t'itorn each ot tiie parity check, 

matrix initial value tables) illustrated in Figs. 40 ::o 106. 

[0477j 

The parity check matrix H of the new LDPC cede lias a 

column weight X for KX columns, starting with r. he first 

column, a column weight of Yi for the subsequent KYI columns, 

a on i umn woi.oht of Y.2 tor the subseouen!" KYi columns, a 

column v/eight of 2 for tne subsequent (M--1 ) columns, and 

column weight of J for trie last 00 i umr: . 

Here, the sum of columns given by XX > KY J ••u<Y2 -i-M- I s 1 

equals tiie code ienqth N •- 64800 bits. 

[0479] 

ICi q . 1 CI is a diagram i 11 us t. rat L ng the numbers of 

columns KX, KYi, KYs, and M, and tie coi umn weigh.:.-.; X, Y i, 

are! Y2 i ; inot tared i r: Ciq. .110 fo>- 1. he respective code rates 

r of the new LDPC codes. 

; 0480] 

in a parity check matrix H of a new hDPC cooe having a 

code ienqth N: of 64k, similarly to tire parity cneek matrix 

described wivii reiicr-nco- m, F:'.;s. Is am 13, e Is Or column 



weight tends to increase as the- ordinal number ot trio 

column:-; of the PJLI ;y check matrix H iecrmases (i.e., as the 

ooiumn comes cioser to the left end oi the parity check 

matrix H) . Accord.) ug.l y, robustness co errors (or resistance 

to errors) tends to increase as the ordinal number of the 

code bio-os of a new LDPC cocie decreases (i.e., che first code 

bit tends to be tiie most robust fo errors) . 

(0-191] 

id: i.s noted thac the amount of shift q used in cyclic 

shirting which is performed to determine a parity check 

matrix from a parity check matrix in: e mf; value tab.i e of a. 

new hDPC code having a code length N of 64K in the way 

described worn reference to Fiq. 18 i.s represented by one 

egua t i en q -- ?}/p M/360. 

S04 or; 

Accordingly, ohe amounts of shift .for. new hDPC codes 

with ooGO rates of 2/30, 3 / 3 0, 4/30, 0/30, 6/nO, 7/30, 8/30, 

0/30, J 0 / 3 0, 13/30, 12/30. 1 3 / 3 0, hi / 3 0 , > 2 / 3 0, 1 6/30, i 7 / 3 0 

18/30, 19/30, 20/30, 2i/30, 22/30, 23/10, 24/30, 20/30, 

26 /30,. 2'''/ oh 20/30, end 20/jf; arc 1 60 , 162, 3)6, 130, 144, 

13 3, 132, 126, 120, 114, JOS, 103, 06, 90, 04, 73, 72, 66, 

60, 64, 4 0, 42, 36, 30, 2 4 , 10, 12, and. 6, r esoec o i ve i y, 

f 0 4 8 3 j 

fOqs. 132, 113, arid iii are diagrams i ilus t r a t.: ng: 

smmOal'ed Bbhs/FEOs for 6ho new 0000 eodos i 1 3 J S i r need in. 



Figs . '10 10 106. 

[04841 

The s j mu ] at ions were based on line assumption of: an AWGN 

common ica 6 i on path (or channel), n which BPCK war- employed 

as a modu 1 a t i or; scheme anei the number of times of reoet'iC i v° 

decoding C(it) was 60. 

[ 0 d 8 5 j 

In Figs. 112, 113, and 1 lei, the horizontal axis 

represents HC/tp, and rhe vertical axis represents BLR/FFR. 

Bote that solid Lines i.naieahe BFRs and din.ted lises 

indicate FTP s. 

[OA 86; 

in Figs. 112 co 6 4, FFR (BLR) corves for i ,he 

respective new LDPC codes wire 26 cocie rates of 2/36 to 

29/60 exnib.it PERs less than or equal to 10 " tor an F?/>L 

range oi (approxi ma te Ly } 16 OB from i subs t ante a 11 y ; j U dB 

fo 5 dB. 

i 0 A H 7 i 

In rhe simulations, 26 Mod.Ccds tav ij;q an FFP less tnan 

or equal to 10": for an F,LfC rar':ge ot 16 dB from -i!0 dB to 6 

dB can be set. Accord! ng ly, 26 o.r. more ModCods havinq <ir: 

FFR less than or equal co 10"' for a range of 7 dB crem 6 dB. 

i' v 12 dB o an be sufficiently predicted c o be set by caking 

inco .account various moduLatlon. schemes other Chan BP6K used 

i.n tne s i mu 1 a r i on s , sac hi as OP6K, 3PCK, 16AP6K, 32AP6K. 



16QAM, 3 2 QAM, and 640AM. 

i o 4 e e j 

Thus, O: is possible to piovd.de an hDPC code havinq 

good •srror-rafe performance, meeting the; first request in 

the CfT. 

i o d a o i 

fn addition, referring to Fiqs. LL2 to 1.14, most of PER 

iBER) carves for new LDPC codes ore drawn at almost equal 

i.n te v: v a !. s less than 1 dB Lor each of ! OVJ-, intermediate--, 

and h i qh - code - ra te groups. Acco r cli ngy, rhe new hDPC codes 

may provide broadcasters that broadcast programs us.inq ice 

~ ran smi t f i j'icr device Oi with an advantage .in facO.O:al j 

sei.ectpcn of cocie races to be used for hroadcas' i ng :.r 

acccrd'ince with the stare of channels (i.e., the 

commun i cacon pnrn 13) . 

[ 0 A 9 0 ] 

Mote that, in Oie simulations for de Oerrnin i. rr; 0 hi e? 

BLR/FCC curves illustrated in Fiqs. i l. 2 to ] 14, BCH encodina 

was performed ot: i nfornatior:, and the resulting BCD codes 

underwent hDPC encoding. 

r 0 d 9 i • 

Big. .BO) includes diagrams depicting iBCOl encoding which'! 

was used i.n the s irnu.'S a t i ens . 

03 iOi [ 

Core spec.i.1:ca i..l. y, part A eh Fig. Ms -s a diagram 



i i I. us i" r a r i ng paraine'Cers of BCH encodinq that is performed 

prior to the LDPC encoding into an LDPC code ot 64k, which 

is defined in the: DvB-S.2 sLanciard. 

[0493! 

in DVB--S. 2 192, 1 60, or 128 redundancy bits are added 

.in accordance wi th the code rate ot ar; LDPC code, thereby 

providing RCII encoding capable of 'SOL-, J.0-, or 8-bit error 

correc rion. 

10494j 

Pari B or Fig. 1 ih is a diagram i ii us t ra t inq parameters 

oi: BCH encoding v/hi oh were used in ino s i nn 1 at i on s . 

[0409] 

'in ihe liruii; Lore;, sinilarlv to tire case of DY3-S.2, 

BCH encoding capaoio oi 12 , I0-, or 8-bir error correction 

was performed by addition of 192, 160, or 12 8 redundancy 

bits in accordance wish the cooe rale of an LDPC code. 

I 0 A 9 6 1 

[Example Configuration of Receiving Device .12] 

1 0 4 9 /' j 

Fig. lie is a block diagram Li In s r r a ".. i ng an example 

COT'C igarar ; or. or one receiving device 12 ii 1 as t r a t eci in Ft:, c. 

:' 0 '19 3 1 

An OFDM processing anil :CFDM operation) lid. receives 

an OF'Ld signal from the rranamiic ing devuca i ; (Fig, 1C , .rue; 



performs signal processinq on rhe OFDM signal. The data 

(i.e., sumbo !. s } obi:.a i nod through si gnad. pi:ocess i nq oer formed 

by the OFDM processing unit 151 j.s supplied to a frame 

managemen t unit (Frame Management) 152. 

; 0499] 

The frame management unit: 152 performs proce.ssi.no 

(frame " nte tore tat. .Ion) cf a frame including t.he symbols 

supplied from trie OFDM processing arm L 151 to obtain symbol.s 

of target data and symbols ot control, data, arm! supplies the 

symbols cf the target data and the symbols of the control 

data to frequency de'i n te r 1 ea ve rs 161 and 153, re spec t y<a ) y . 

[ 050 0] 

The frequency de in": te r: 1 ea ve r i 52 performs f sequence 

de i nte r i ea v j.nq on the symbols supp.fi.ed from the- frame 

management unit 52 in units of symbols:;, and suppil.es the 

resulting symbols to a QAM decoder :54. 

; 0 5 0 1 } 

The QAM decoder 154 demaps the symbols (i.e., symbols 

mapped to constellation points; supplied from the Crequency 

de ,i n te r I e-m/ei [55 ("i.e., decodes the const e 11 a t 'i on oointsC 

for or tnogoitii dumodu l.a t ionand supp] ies the resultino data 

(i.e., an LDPC code) to an LDPC decoder 155. 

; 0 5 0 2 ; 

The PPPP decoder 155 performs Tppq decodj.ng on the 'LDPC 

code soo?u ; e0 1 ; oir the QAM dscoo-r (54, and Si,pp; ion the 



y 

resulting LDPC target data (in che rllus Lrated example, a 

.00 H code) to a BCH decoder 15 6. 

[0 50 5] 

The BCD decoder 156 perform:; BCH decoding on the LDPC 

target daLa supplied from lhe LDPC' decoder 155, and cutouts 

Lhe resulting control. data (signalling) . 

| 0 5 0 4 ] 

On the other hand, the frequency deinterieaver 16 I. 

performs frequency de i nte r ! ea v inq on rhe symbols supplied 

1: rem the frame management unit 151 in units o ii symbols, and 

supp i ios the resulting symbols to sn M1SO/MILO decoder .165. 

!05051 

Lhe LLLSC/MIMC; decoder 1 62 performs space-time decoding 

on the data (i.e., symbols) supplied from trie frequency 

de.i rher leaver .16.1, and supplies the resulting data r o a time 

de in te r ] eave1 6 3 . 

1 05 0 6] 

The t i.me de i nte r lea ve r 165 oe r f o rms t lire de 1 n re r 1 eavi ng 

on the data (i.e., symbol*; supplied from the M150/M1C0 

decoder 165 i.n units of symbols, and supplies the resulting 

da toi to s QAL decoder 16-1. 

I 0 507 | 

Lhe OA?'i decoder ;64 denaps ihe symbols <i .e., symbols 

mapped t. o constel lation points; supplied from the time 

oe n tor .:. v.-a ve r Lb*! : I . e . , OecoCes !' so romr: o 1 1 a t j on po ;. i; I. s 1 
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for orthogonal demodulation, and supplies the resulting data 

(oe., symbols) Lo a Lit do oi L o r Leave? r 165. 

[0508] 

Lne b i. h demtorieaver 16 5 performs bit riei n oo-L eaving 

on the da La (i.e., symbols) supplied from che QAM decoder 

1. o a , arid s nepi ies the .r esu J. ii mu LDPC cocie t o an LDPC decode r; 

.! 6 6 . 

[0509; 

Tne abac decoder L 66 performs LDPC decoding ea\ the LDPC 

cocie supplied r r om the bit: dei nte r Leaver 160, and. suppli.es 

Lire reselling LDPC target data on Lhe i i 1 us r ra Led example, 

a BCH code) tc» a BCH decoder ! 67. 

[ 0 5 1 ii ] 

The BCH decoder 167 performs BCH decoding on LLo LDPC 

Larget oara suppLieo trom hue ILOPC decoder 1.55, and suopi ies 

Lne resulting da La Lo a BB descramhior ! 68 . 

[ 0 51 i ] 

Tne BB descr arnD.,or 168 performs BB deserambling on rhe 

dara supplied from tune BCH decoder 16 7, and supplies Lhe 

resuioiog oaLa no a nolo do lot; i on unit PLC ! DeleLiorC ILL. 

LLo 2 j 

null deioLior unit J69 do!eres the null added by 

One padder .: 12 r 1 ,n.: sra i ed in Fig- 8, from the data, supplied 

loom tine BB oe su r am:.; ie r !68, and supplies (die resulting date: 

t ii a demu o io : oxer ; 70 . 
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[0513] 

The demultiplexer T70 separates one or more screams 

(target data) mu J. t: ip i exed in the data supplied from the null, 

deletion unit 109. p^rO-in.'? necessary processing, and 

outputs the resulting data as output streams. 

i 05idij 

dote that LI J '***• receiving device 12 may be configured 

without including some of the b.locks illustrated in F'ig. 110. 

More spec 1 f : ca 3. iy, for example, If the Lransm;i t r. i ng device 

]. 1 (Fiq. B) is ceningired without including the time 

in Lo r Leaver 1 j B ; he M1S0/M1M0 encoder i!9, Lhe frequency 

inter"! eaver 120, and the frequency interiesver !.>0, the 

reoeivreq dev:ce J2 may be; configured wu snout including cm 

1: Line de .in re rlea so r 163, the: MiOO/MfMO decoder .102, the 

frequency tssiLs leaver la! r and the frequency de into i: leave r 

103, which are Lne blocks cor responding to the time 

interleave!. Li.8,, the OmOO/MAMO; encoder -19, the frequency 

inter leaver. 120, and rhe frequency inter lea ve r 120 of the 

transmitting device 11, respectively. 

! 0 a 1 5 "1 

FO g . .; 12 is e block diagram .: 1 Lustrai: nt an example 

cqr; t run ra 11 en of !'be bit de in r e r 1 oavor 1 6: j j iiuaLratod in 

Fi q. 110. 

i 0 0 1 6 "j 

The o i t d(d'l' e rltavtr 100 includes a mu O r.m.ese r (MUX; 
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54 and a column r.wisr. aemtet Leaver 57, and oe r. forms (Dir.) 

de in te rd eav I ng on one symbol bits of tine symbols supplied 

from che QAM decoder '164 (Fig. 116). 

[0517] 

More specifically, the multiplexer 54 per rooms inverse 

pe rmu ta j. on processing (which is the inverse of pe rmu tat r on 

process i. nq ) , co r r e spend ; ng to the permutation processing 

performed by ohe demultiplexer 25 illustrated in Fig. 9, on 

the symbol bits of the symboi.s supplied from the QAM decoder 

16 4. That is, the multiplexer 54 performs inverse 

pe rmu ta t i on P r: oces s Ing to resrore the positions of the code 

bits (i.e., synorm bits) of the LDPC code permuted through 

the pe maCci :-.i or; pr ocess i ng to t. he or r g r nu I cos i. C ens , and 

supplies tne resulting LDPC code to rhe column twist 

de i.nte r lea v er 55 . 

[ 0 5 1 8 1 

The c:ciumn twist, de i nte r 1 ea ver 55 performs column Lwrst 

oiei nter ierr.n ng (which is Lire inverse oof column twist 

r n te r I en v j. nq ; , era r. cspond 1 nq to co lumn tw i. s t i n t.e r lea v i nq a s 

the reordering processing performed by the coiume twist 

rntecleaver 24 iCi. 1 us f r a tod in Fig. op on the LDPC code 

supplied rr'om the mui i: ip i exer 54. Tha t is, tie- column twist, 

de! (iter leave; 5h pericrms inverse reordering processing, for 

example, column twist: de i r,r e r i. eav i ng, to restore the code 



column twi.se i.ntorieavinq as reo rde e 1 n q processing to tne 

or igina1 order. 

[0519] 

Specif real ly , rhe coi.urnn twist de • i i t leave r: 55 

performs column twist do i n te r 1. ea v ing by writing and reading 

rhe code bits oi the hDPC code to and. rreni a memory Cor 

de i n t e r lea v i ng which has a con r J. gu ra t r or; similar tc thot or 

rhe memory 51 .1 i 1 us t r a!: ed in, typically, Fig. 28. 

[ 0520] 

aoweveg the column twist daintier leaver 5.5 wr.iC.es co-do 

bits to tine memory for de in t e r ieav i ng in its row direction 

by esiriq . as a write .ridfeem, che read address ar which a 

code bit has been read id. om i he memory 51 . In addii.rc.in, elm? 

column twrst de :i n t e r lea ve r 55 reads cocie birs irom the 

memory ior de i nforieav i ng .in its column direct'! on by using, 

as a read address, the write address at which a eerie bit has 

bf-eii written lo rhe memory 3] . 

' ;"i xi ") \ 1 
I \}.}/.) j 

Che FDPC rode obtained as a result cf column twist 

oe i nee r lea v r no r s si;op i. led i rem the co umn r w or. 

de in te r 1 ear; o r 55 i'o tire LDPC decoder 105. 

j; 0 5 2 2 ; 

Fere, i f the FDPC code supplied i rem lhe CAM decoder 

1. C g to -he bie deinterleaver 1.65 ha..-, been sub nrcd ed to 

oar i c/ :n! cm ioavrrg, rommTr twi-mi mrfo r bra e i :rq , anc 
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permutation processing, the bit. de J n c e r 1 ea ve: 165 'Tidy 

pec form ail or one inverse operations, namely, parity 

cieinterleav ing cor respond! nq to parity interleaving •whic 

is the inverse of parity i n i er lea v i nq operation, i . e . . 

parity de:i n cer leav ing tor restoring the code bits oi the 

LDPC code whose order has been changed through parity 

interleaving to the original order;, inverse permutation 

processing corresponding to permutation processing, and 

column twist de i nt e r .1 eav i ng co r responding no column twist 

inter!eaving . 

10523 j 

In tne lr i. r. do r n t.e r i ea v e r ito r L ,L us t r a t ac! in Fi q . \ \. / 

howevera parity de i n te r .Lea v Log .is not', perlermeo because t 

bit deinterieaver 155 does not include a block configured 

periorm pa.r..; t y de in te r ; eav i ng cor respoaici 1 no re pari Ly 

interieaving although it includes the multiplexer 5-1 that 

per terms inverse permutation processing ere r r; e spend, r ng t o 

peiduraiaon processing and the column iwist cie inte r 1 eaver 

that per io cms coi umn rwi s t deuce r lea v ing cor r a spend ; ng t 

column Lw i s r in Lor i ea v i ng -

; 0 5241 

Accordingly, rhe LDPL code on which inverse permutat 

fsi'Oess.i ej and column twi.s: de inl er leavi vig have been 

per farmed but. par: y de i o te r 1 ea v i ng has not been per rorme 

is suop: : ed trom (the oelumn twist ci CM -V e ,;"le a v re" 51 of; i 
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hi. i;. delate cleaver 1.65 to the LDPC decoder 6 66. 

The LDPC decoder lo6 peed o r ins F.DPC oeood i nq on the I6DPC 

code supplied from the bit deinter.Lee.ver 165 by usmq a 

transformed parity check matrix obtained by performing at 

least column pe icna La t ion cor respond! nq to parity 

innerieav.i.ng on the parity check matrix H that the LFPC 

encoder 1.15 dl 1 us t ra ted in Pin. 8 has e.sed for LDPC encoding, 

and outputs the resnicing dara as a res;.d.t ot deoodino the 

LDPC cargec data. 

[ 0 5 5 6 j 

id-i-Q - :d. c is a i. iowctia rd. cier.d. c t; no- a pr.oce.ss oeriormeci 

by t Lie QAM decoder 1.65, the bit de in r„ e r Leave r 155; and the 

LDPC decoder 1.66 t i i. us t rated m Fiq. 117. 

[ 0557 j 

.i.n crop: S the CAM decoder 1 65 demaos idle symbols 

U .o./ symbols mappeo ro cons to d;. a t i on puo n r s i suppbied from 

the c'-inie r;o i n tor leave r 163 tor orthogonal democin .[.at i on, and 

suppii.es the resulting data to rhe bit de i n i: or Lea ve r i65. 

Then, ihe process proceeds to step 51.15. 

[ c 5 5 S j 

a ~ b J. j .5, i. rii) Lilt eeied-m Leaver d::5 pordloims 

dearer : eavirq (i .a., bj deird: eH. ca vinq ) on r lie symbol bid.:? 

oi the symboi.s supplied f r om the QAH decoder Ids. Then, Lhe 

process procoeas ro s;er F i 1. 5 . 
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More spec.if'cdl i.y, in step 3.F12, the mu i hip Lexer 24 i r t 

the b i L de in te r: leave r lit performs .inverse permutation 

processinq on the symbol bits of the symbols snpnl fed from 

the QAM decoder 164, and suppli.es the code bits of the 

resulting LDPC cocie to tiie column twist dernier lea ver 25. 

1 0530] 

The column twist de 1st re r 1 eave r 55 performs coisinin twi.st 

de mte r L ea vinq on the? Li) PC' code supplied from the 

fiiul t j olexer 54, anei supplies rhe resulting LDPC code r.o the 

LDPC 0ecoder 166. 

1 0 5 3 i ] 

In steo 3113, the so PC decoder Ion per • oirois FDPC 

decoding on the hDPC code supplied from the column cuist 

tie in t er lea ve r 5b by using the parity check matrix F that the 

LDPC encoder 115 i i lus r ,t a t ed in Fiq. 8 has used, for FDPC 

encoding, fin a1: is, by using a transformed parity check 

matrix obtained by performing at .least column pe r mut. a t i. on 

corresponding ro parity inter leavi no on "ho parity cneek 

matrix F, ano culpucs the resulting da ta to; the BCF decorier 

162 aa a result of decoding the LDPC target irh'd . 

i0532; 

Note that, also in Fig. 113, similarly to the ease 

1llustrated in Fig. 2, rhe muIt!oiexer 33 that performs 

.1 nve r so pe r. mu t a t i on o r. cces sins; arid i he col urn; i to; s t 



deinterleaver 1)5 that perforins column bud st cle i n te r leaving 

are configured as separate units, for convenience of 

illustration. However, the .TU 11 i.p J.exe r 54 and the column 

twist de i.n t: e r Lea v e r 55 mav be integrated -into a single unit. 

[ 0533j 

In addition, if the bit interleave;; 116 illustrated in 

Fig. 9 does not perform column twist .1 n 1 e r i eav ing , i:he bit 

deinterleaver 165 illustrated in Fig. ill need not. be 

provided with trie column twist deinterleaver 55. 

L 0 5 J 4 1 

Next, FDPC decoding performed bv the FDPC decoder 1.66 

i ll.usrrated in Pig. 1.16 will be described in runt.her detail 

[ 05 3 5] 

As described above, the FDPC decoder 166 illustrated i 

Fig. 1.16 performs FDPC decoding on the FFFC code supplied 

from the column twist deinterleaver 55, on which inverse 

pe i mu ta fieri processing and column twist, demrer: leaving have 

been performed but parity do ;.n L e r 1 eav trig Lias not been 

perforated, by using a t r ct n s tor meci par.ity check matrix 

obFoired by performing at least column oermutatic>n 

co r respond ing to parity inforienvlnq vn 'dee parity cneck 

ii! a •-1 i x 11 u11 a *. :..! r e ;. v r, o n \; oei o r ;. J. a i r i u s r. r a; t o cl ; n j; .i es . ~o 1i<r 

used for FDPC encoding. 

[0536] 

Fere, FDPC rioood i ng may be performer! urtii a 



trans formed parity check matrix so as LO keep the operating 

frequency within a sufficiently feasible range while 

reducing the size of circuitry. Such LDPC decoding has been 

preciously proposed (see, for example, Jaoanese Pa tenr No. 

4 2 2 4 7 77} 

[0537] 

Accord inq ly, 11 rs thDPC decoding as ing a t r ansf ormed 

parity check matrix, which has been previously proposed, 

will be described with reference to Figs, 'lis r.o '122. 

[0538j 

Id. g. hi 9 illustrates an exaicole of a parity cheox 

na i r i x ii o I: an nPPC cooe having a code length N of 90 ar,d a 

code rate of 2/5. 

[05391 

Note that, in Fiq. 5 li 9 (also in Figs. 120 and 12 i., 

described below;, "0" is represented oy a period 

[0 5 4 0] 

In the parity check matrix H ihlostiared in Fig. 119, a 

parity maarix has a stepwise structure. 

; 0 5 4 I •: 

Fig. 12 (J ; i j.ust rsr es a parity check irerix li ' obtained 

oy pe r r o riming row pe rmu r s c i on of expression pi j } and col umn 

permutation of Expression (12! on the gaiety cneck ia Pa x h 

i 1 lus t: ra ted in Fir;. 119. 
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ROVJ pernvuta t i on : ( 6s -t e1) - th rovi --> ( 51-;- sa-1 ; - t. h row 

. . . {11.) 

10 2 4 3] 

Column permutation: ( 6x i y + 61) - th column --> 5y + x i- 6 1. j - th 

column 

[0544] 

Noire that, in Expressions (li) and [12), s, t, x, and y 

ace integers in the ranges of 0 .1 s < 5, 0 i t < 6, 0 < x < 

5, and 0 < t < 6, respectively. 

;0515| 

The row permuta r i.on of Expression (11) allows 

permutation such that the 1st, 7th, 13 tup, lain, and 23t.b 

rows, whose numbers are divided by 6 yiei.ci.inq a .remainder ol 

1, a i e replaced with the 1st, 2nd, 3rd, itn, and 5t.h rows, 

respectively, and the 2nd, 5tb, 14th, 20th, and 20th rows, 

whose numbers are divided by 8 yielding a remainder oi:' 2, 

are replaced vmth the 6th, 7 th, Brh, 9ch, and 10th rows, 

r e s P e <.i. _i v e 1 y • 

[0546] 

Eur thez , > lie cod umn pe rmu r: a f~ ion c f Exo r ess .• on < 1 2 '; 

allows permutation such that the 6ist, 67th, 73rd, 79th, and 

85th columns, whose numbers are divided by 6 yielding a 

remainder of 1, amono the columns subsequent to the Oi.st 

column {eerily ma r t i x i , are s; op] a ceo wild rhe 6 ;ut, 6 2nd, 
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6 3rd, 64th, arid 69th columns, i: G spec t i vc 1 y, -.md the 62nd, 

68th,. 74thr 80th, and 86th columns, whose numbers are 

divided by 6 yielding a rennmder of 2, are replaced with 

the 66th, 67th, 68th, 69th, and 70th columns, rpqnpctioely. 

;0547] 

A matrix obtained by pe r f orrru.nq row and column 

permutations on the parity check matrix I! illustrated in Fi.q. 

119 in the way described above is the parity check matrix th 

illustrated i.n Fiq. 120. 

[054 8 j 

Here, the row permutation of rhe parity check matrix H 

would not affect the order: of the code bits of the LDPC code. 

[09491 

furthennore, sine column permuta ti oa of Expression (12; 

corresponds to par id: y interleaving that is performed to 

inter],eave the ( K)• qx t-y i 1; -- th code bit to rhe ;K iPy-i xe 1 ) -1h 

code bit position as described above, when the information 

length K is 60, the number of unit col urnns ? of the cyclic 

structure is 5, ar id the divisor q (•--• M/P) of tne psrity 

ienqth M (in tne illustrated exuinpl n, 30; is 6. 

I 0950 I 

Accordingly, the parity check matrix ii ! 1 lustrated in 

Fig. 120 is a transformed parity check matrix obtained by 

performing a r. least column pe rrnuta f i on to replace the 

O^-iqx lyep •• v h column of ihe parity chech; :tu.:ux die i o na f i o r. 
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referred to as an "original parity check matrix" as 

appropriate) H illustrated in Fig. 119 with the (K + ?y i-xi 1 ) -• 

th column. 

[ 0 h 511 

Multiplying the transformed parity check matrix Hs 

ill lus t ra ted in Fig. 120 by an LDPC code obtained by 

perform!ng the same permutation as that of Expression ( 1 x ) 

on the LDPC code of the original parity check matrix H 

illustrated ins Fig. 11.9 yields a zero vector. More 

specifically, it a row vector obtained by performing column 

pe rmu t a t i on of Fxpressi.cn M. 2 } on a row vector c as an 'hDPC 

code (i.e., a code word; of. the original parity check matrix 

H is represented ov c', Ho is a tare vector due to the 

nature of rhe parity check matrix, and therefore L1c'r is 

also a zero vector. 

I Ohti j 

Thus, the transformed oarity check matrix H! 

illustrated in Fig. 120 is a parity check matrix of an LDPC 

code c! obtained by performing column permutation of 

Expression (12) on the LDPC code c of the original parity 

check matrix H. 

! Ob 5 3} 

Aceo ruing!-y, a similar result of decoding to that 

obtained by decoding the LDPC code ot the original oarity 

chock man rix P ii mg the oar id y crack matrix H may be 
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obtained by decoding (LDPC deoodinq) the LDPC cocie c1 , which 

.is obtained by per corral ng column pe rmu ia t i.on of Expression 

(12) on ihe LDPC code c of che original, parity check, mairix 

H, using the trans formed parity check matrix H' illustrated 

in Fig. 120 arid then performing the inverse of the column 

permutation of Expression (.12) on the decoded LDPC code c' . 

[0550 j 

Fig. 121 illustrates the transformed parity check 

matrix H! illustrated in Fi.g. 120 whose elements arc spaced 

apart from erne another m urn;.ts of i x 5 matrices. 

[0 05 0] 

En Fig, 121, the c tans formed parity cheek matrix H' is 

represented by a eornbrnaticn or 0x0 b- b x P) unit, 

matrices, matrices each having one or more elements of I in 

a unit matrix which are replaced by elements of 0 

(hereinafter referred to as "quasi-unrt ma trices" as 

appr opr ia t e ) , matrices proouced by cyclically smiting a 

unit manrix or a qua si - im i t matrix • he r a na f ter referred to 

a s fs n r it: matrices*' a.s acproptistei , narr J tes eacn or wruion 

is the sum o ii r.wo or more of a unit matrix, a qua s i-a.;n :d" 

matrix, and a shi.lt matrix -hereinafter referred to as "sum 

matrices'' as appropriate}, and 0 x 0 zero matrices. 

[ 0 00 oj 

Tiit; transformed parity chock matrix Hi id. i us trr ed ;n 

Fig. mil nan be said '• o be imposed cf 0 0 mu I mat r ices, 
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qu3si--un.it matrices, shift matrices, sum matrices, and zero 

matrices . These 5 x i matrices ('unit' mat.rices, quae L-uni t 

matrices, shiit natrrrc, sum matrices, arid zei o mat rices) 

consticuting the trans termed prei ty check matrix HT are 

hereinafter referred to as "componenr; matrices" as 

appropriate. 

[0557] 

.An LDPC code oi a parity check matrix represented by P 

x p component matrices may be decoded -..is inq an a rem t ecf e re 

that simultaneously performs cheek node computation and 

variable node computation each tor' P nodes. 

( 0 5 5 8 1 

Fiq. 122 is a block diagram i 1. i u s r: et.i rep an example 

con f i.gur a t ion of a decoding device that performs Tne 

decoding operation described above. 

10559] 

Here specifically, Fig. 122 id. 1 ustra res an example 

configuration of a decoding device configured to decode an 

LDPC code by using the transformed parity check matrix H' 

j 1 J.u s t ra ted in Fd.g. 121, which is noPrned by performing -r. 

least column permutation of Expression (12; on trie original 

parity check matrix H illustrated in Pig. 119. 

[ 0 5 6 0 ] 

The decoding device illustrated in F i q. ";22 includes ar' 

edge da: a storage memory .did raving srx FIFOs Uhb to 300,, a 
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selector 3 C i tor selecting one of the FIFOs 300: to 300?;, a 

check code ca 1 cui.a t ion unit 302, two cyclic sniff circuits 

303 and 3GB, an edge data storage memory 303 having 38 FIFOs 

304: to 304;o. a selector 303 for selecting one of: the FIFOs 

304; to 30 4 I&! a received data m.emory 300 for .storing 

received data, a variable node eai! cai a t.i on unit 307, a 

decoded word calculation unit 303, a received data 

reordering unit 310, and a decoded data reordering unit 3 i. i . 

10 5 61] 

First, a denseript ion en ! j. be made oi a method tor 

storing data i.n tne edge data storage memories OK) and 304 . 

i. 0 a 62 : 

The edge da Oa storage memory 300 .iucdados the six Pddvls 

300•; to 3 00,'., the number of which is equal, to a vaiue 

obtained by dividing the number of rows of the transformed 

oarity check matij.x H! J. i 1 as 11 u ted in Fig. ..21, i.e., 30, by 

idte number of rows of each component matrix M.e., the 

number of tin.it columns P of the cyclic s t r ac t a r e ) , i .e., i. 

Faeh of tne FIFOs 300., g ], 2, . .., hi includes storage 

areas on multiple stages, anei is configured such that 

messaoes cor r esoond i ng fo fiv-° edges, the number of win oh is 

eouai to the number cf rows and trie numter ot cojaimns oi 

each component matrix i . e . , the member tc" unit coi umns F oi 

the cvohic struccittd , can be simultaneously road from and 

written to the storage area o: each stage. fu addition, i'v-



number of staqes of the storage areas of each of the FIFOs 

300y is 9, v/h.i ch is the maximum of the numbers of is 

(Hamming weights) in the row direction of the transformed 

peri i" y check matrix lllnstrateo In Fiq. 121. 

[0563] 

Data (i.e., messaqes v, from variable nodes; 

co ex. espondi ng to ohe positions ot Is in t!te first to i: i f it in 

rows of the transformed parity check matrix H! i i Lustra ted 

i.n Fiq. 321 i. s stored in the FIFO 300, in such a manner tha 

every row is filled with the data elements irs the lateral 

direction (i.e., 0s are ighorod'i . Here spec i. f Lea L1 y, Li in 

element i.n the i-th row and the i. -Ih column i.s represented 

by (mi), data cor respond inq t o "he positions ot Is in tie 

x 5 unit, matrix of (1,1} to (2,3} of tiie transformed parity 

check matrix Hf i.s stored in the storaqe area of the fust 

staqe of the F F FO 300: . Data ore. respond ima io the position, 

cf Ls in the shift matrix (which is a shift matrix obtain.ee 

oy cyclically shift, inq 'the 3 x 3 unit matrix to the riant t 

three elements) of (1,/i) to On23) cf One trans f ormed 

parity check matrix H! is stored in the storaqe area of tip 

second staqe. Similarly, data is .stored in the-: storage 

areas or tne third to eighth stages in association with the 

transformed parity cheek matrix H'. Furthermore, dara 

corresponding to the pes it.ions of Ls in che shift; matrix 

(which is shift matrix obtained by repiacinc i s in Oct 



firs': row with Qs in the 5x5 un i !. ma: r: i ,x and cyclically 

shifting she 5x5 unit: matrix r:o the loth by one elenern:; 

of ( 1, 8 6; to (5,90) of she transformed parity chock matrix 

H1 is sroiPii in rhe ^inr^qe area of the ninth staqe. 

[ 05 64 1 

Data cor respondi.nq to the positions of is in the sixth 

to tenth rows cf the transformed parity check matrix !!' 

illustrated in Fiq. 121 is stored In the FIFO .3 0 C 2 - bore 

speci. f i. ea 1 Lydata cor r. esponci i nq to the positi ons of I.s in a 

first shift matrix included in a suit matrix 'which rs a sum 

matrix representinq the sum of a first shmt matrix obtained 

by eye; Lcaliy sh.i fti nq the 5 x 5 uei t ma mix f.o trie nuhr by 

one element and a second snirt matrix on La ined by cycj icaiiy 

shifting the 5 x 5 uTi.it matrix fo the riant by two elements; 

ci (9, f) to ' ,J U, 5; of trie mans formed parity chock matrix H! 

.is stored i.n the storaqe area of the first sfaqe of the FIFO 

3QG-;.. Furthermore, data correspoiKiniq to the positions of Is 

lit the second shift matrix included in the suit matrix of 

(9, O to (10,5) of trie transformed paricy cheer matrix H' is 

stored in trie s ton: ace area of the second staqe. 

i5565j 

More soec i f i ca i. .1. y, in the 'case of a comoonent matrix 

hdVinq a weiqht of 9 or more, when the component matrix is 

represented by the sum of two or more or: a P x p unit matrix 

havinq a v;eiqhf o.t 1, a quasi --unit mamix produced by 



repl. ao; i.n.g one or more e Leaser] ts of 1 in the un i i. matrix with 

elements of 0, and a shi.Lt matrix produced by cyc.l i ca 1. J y 

shitting the unit matrix or the quasi - an i t matrix, data 

co r respond i nq rn thp positions of i.s i.n the unit matrix 

havinq a weight of I, trie qaasi-unir. matrix, or the shift 

matrix (i.e., messages co r; respond! ng to edges belonging to 

the unit matrix, the quasi-unit matrix, or the shift matrix.) 

is stored i.n the same address (i.e., the same FIFO among the 

hiFOs 300; to 300g) . 

; 0 5 6 6 j 

Data is also snored in the saorace areas cf the 

subsequent third ta; ninth stages in association with the 

transformed ouiity check man mix tu . 

[0567] 

Similarly, data is stored in the FIFOs 300 ; lo 300,/ in 

association with the transformed oarity check matrix K7. 

[0368; 

The edge data siorage memory 304 includes ; 0 FIFOs 304' 

ro 304^, the number of which is equal to a value obtained by 

dividing the number: of columns of: the t ans i3:u: med oariry 

check matrix H', : so, 90, by tne number of cdumns of each 

component matrix (i.e., the number of unci t columns P of the 

cyclic structure) , i.e., 3. Fach of the FfFOs 104:, (x ••= L, 

3, . . LB) includes storaqe areas of mulr.iple siaqes, and 

i. s configured such rear messages sorrosoonoins ro live edges 



2 9 "1 

the number of which is equal to the number cf rows and the 

number of columns of each component matrix (i.e., the number 

cf unit columns R of the cyclic structure), can be 

simultaneously read from and w>; i tten to I:he storaqe area of 

each staqe. 

I 0569J 

Data (i.e., messaqes u, from check, nodes) corresoonding 

to the positions of I.s in the first; to fifth columns of the 

transformed parity chock matrix H! hl.lusfrnted ; n Fiq. 12.1 

is stored in the FIFO 30d : in such a manner that everv 

column is filled with trie data elements in the 1 onq L t ud.iaia .1 

direction (1 . e , , Os are iqnored; . Spec.) fi.calfy, data 

corresponding to the positions of i.s in the 5 x a unit. 

matrix of I) t:.o (5,5; of tdie transformed parity chock 

matrix H' is stored in the storage area of the first stage 

of tne FIFO 30>11 . Data corresponding to rhe positions of is 

in a first; shift matrix included in a sum matrix (which is a 

suit matrix representing the sum of a first shift matrix 

obtained by cyclically shifting the 5 x 3 unit matrix co she 

right by one element end a second shift matrix obtained by 

eye i icaliy shifting trie 5x5 unit, mair ix fo the; rig fit by 

two elements) of (6,1) to MO, 5; o the t. r ans f ormed parity 

check matrix H' is stored irs the storage area of the second 

staqe. Fur the rrtore, data cor respond : nq to the positions of 

is in the second shift matrix .included in trie sum matrix ot 



(6,1) to (10,5} of che trans formed parity check. matrix H' is 

stored in the storage area of the third staqe. 

[0570] 

More soeci f i cally, i.n the-; case of a r-omnonent matrix 

having a weight of 2 or more, when the component matrix is 

represented by the sum of" two or more; of a V x p unit matrix 

having a weight of 1, a quasi--un i t matrix produced by 

replacing ore or more elements o.t 1 in rhe unit matrix with 

elements of 0, and a shift matrix rroduced by cyclical:./ 

shifting the iin.it matrix or the guas.i-un.it matrix, data 

correspond.! ng to the positions cf is in tiie unit rmstrix 

having a weight e: r 1. the cruas i-anj. r matrix, or' the shift. 

rna t r :.x • i. . o . , me a s aqes co r resiioneii ng t o edges be i. ona:u:q t o 

the unit matrix, rhe quasi-unit matrix, or the shift matrix} 

'i.s stored in tiie same address (i .. e. , the same FIFO among she 

Fi FOs 3 04 .: so 50 4;..-} . 

I 057 Id 

Fata i.s also stored in the storage areas or (die 

subsequent fourth and fifth stages in association with the 

t rnns termed parity check matrix Id . The number of staeses ec' 

storage areas of the FIFO 304; is 5, which r- the maximum of 

the numbers of is (Hamming weights} in trie raw direction in 

the first to fifth columns of the transformed parity check 

ma t r i x ii' -
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S i m :i ia r ly, da "a is also stored in the FIFOs 304.= and 

304 ? i.n association with the L rans formed parity check matrix 

H1 , with the respective lengths (the numoers of stages] 

being 5. Date: is also scored if. the FIFOs 3044 to 304;; in 

association with the trans formed parity check matrix Ib , 

with the respective lengths being 3. Data is ai.so stored in 

che FIFOs 304 fo 304^ in association wi th she t rans f ormed 

parity check matrix K', with the respective lengths be;no 2. 

• 0 5 7 3 j 

A description v;i.1 j. now be mace ot the operation or: tee 

decoding device illustrated In Fig. .12:2. 

f 0 3 7 4 ; 

The edge data stonaae memory tuO, wn.ien inc.: buries the 

six FIFOs 300: fo 300fi, selects a FIFO to store data from 

among the FIFOs 300: to 300;: in accordance vatn :.nroiii;t i or; 

(matrix data) D3A2 indicating which row in r.ne transformed 

parity check matrix H' illustrated in Fiq. id r j ve messages 

D3 1 1 supplied from the cyclic arm It circuit sOH located 

upstream or tiie edge data storage memory 300 belong ton- and 

collectively stores the five messages 331 i in tie selected 

FIFO in on:ier. Further, when reading data, the edge data 

storage memory 1500 reads '.d.vo messages DJG0- n aider lion; 

the i'dFO 300;, and supplies the read messages D300; to tiie 

selector 10!. located downstream of the edge data storage 

iroor<>'"y iOO. a iter tiie r oad i ng oi messages from tne t r Fo sta.; 



is compileted, the edge data storage meiaory 300 ai.so reads 

messages in order from the F'lFGs 300? to 300*,, and supplies 

the read messages to the selector: 301. 

[057a] 

The selector 301 selects five messages received from a 

I7' 130 from which data is curreafj.y be i.nq read among the FTFOs 

300; co 300,-. in accordance with a selection signal 1)201, and. 

supplies the selected messages as messages D302 to the check 

node calculation unit 305. 

{ 0 376] 

The check node calculation unit 302 includes five cheek 

node calculators 302; to 302^, and performs check node 

computation in accordance with Expression (7) using the 

messages D302 (D302; to 1)3023 (co r r espondi ng to messages vy 

in Expression ("/)) supplied through the selector 301 . The 

check node calculation unit:. 302 supplies five messages D303 

(D303, to f) 3 0 3 r) (cor respond: ng to messages ry in Expression 

(7); obi..ained as a result of the check node computation to 

i:he cyclic shift circuit 303. 

f037 7 ] 

The cyclic shirt circuit o05 cyclically shifts che five 

messages D303-, to D305p de term i.necl by Lhe check, node 

calculation unit 302 on tiie basis of IU f ormat i on (matrix 

data) D105 i no: ca t. i nq rhn number of oiiginal unit matrices 

Tc gaes3-unif matrices) wh].ch have been cyclical 1 v shifted 



i.n the transformed parity check macr.ix H' to obtain the 

cor respond],nq edge, and snpp.li.es results to trie edge data 

storage memory 301 as messages D304. 

I 05781 

The edge data storaqe memory 301, which includes the 1.8 

FIFOs 304: to 301]n/ selects an FIFO !..o store data from among 

tne FIFOs 304, to 304i,; in accordance with information D300 

indicating which row in the transformed parity check matrix 

H' the five messages D304 scop;. Led from the cyclic: shift, 

circuit 303 located upstream of the edge data storaqe memory 

304 beiong to, and coiioctively stores the five messages 

D304 i.ri the selected FIFO in order. Further, when reading 

data, the edge data storage memory 304 reads five messages 

D306i 'd'i order from the FIFO 304?, and supplies the read 

messages D306; fo tiie selector 305 located downstream of the 

edge data storage memory 304. After ttio reading of data 

from the FIFO 304-. Ls completed, the edge data storage 

memory 304 also reads messages in order from the FIFOs 304-> 

to 304 :j;, and supplies the read messages to tiie selector 303. 

i 0 0 7 9 j 

The selector 305 selects five messages from a FIFO from 

which data ts currently being read among t. he FLFOs 304; fo 

3 0 4: g in accordance with a selection signal D3Q7, and 

supplies the selected messages as messages 13308 fo the 

variable node oa J. en 1 r t i or. unit 307 and tho decoded wots 



ca Leu Lat ion unit 309. 

[0580 J 

On the other hand, the received daca reordering unit 

310 reorders an TDPO oode H313 corresponding to the parity 

check matrix H il Joust ra ted in Eig. LL9, which has been 

received through the communication path 13, by performing 

column permutation of Expression (1.3), and supplies the 

resulting data as received data 1)313 to the received data 

memory 30b. The received data memory 309 calculates 

reception LLRs (log-iike1i hood ratios; from the received 

data D3I9 supplied from rhe received data reorder inq unit 

310, and scores.the reception LLRs. The received data 

reorder lne un ia 3 ii 0 further co 1 leer ive 'i y suDoii.es tare 

reception LLRs in units of five reception LLRs as resection 

values D309 to the variable node calculation unit: 307 and 

the decoded word calculation unit: 309. 

[ 0 9 8 1| 

The variable node calculation unit 30 7 Occludes five; 

variable node calculators 307; Co 307:,,. und pecrforms variable 

node comoij ta c ion in accordance vi ch Txoresslon (!) using idee 

messages D30B (D338; Co D303-} (i.e., messages o. i.n 

Expression (1); supp.lied through the selector 303 and che 

five .reception values D.309 (reoeci'ien values it., in 

Expresscon (1); supplied from the received daca memory 303. 

Tne va r i ab i e code ce i. ca 1 ar i. on anil. 3 0 7 s ape 1 i c s mo s sages 



D310 (D31.0] to D3100 (i.e., messages v, in Expression [1) } 

obtained as a resu.lt. of the computation to the cyclic shift; 

circuit 308. 

[0582] 

The cyclic shift circuit 308 cyclically shirrs the 

messages D3i0i. to 031.0;= calculated by the variable node 

calculation unit 307 on the basis of; in forma t i. on ind.i ca t inq 

the number of original unit matrices (or; quasi-un.it 

matrices} which have been cyclically shifted in the 

tcansformed parity check matrix H' to obtain the 

ccirespondina edge, and supplies results to the edge data 

storaqe memory 30 0 as messages D315: . 

[ 0 3 0 3 ] 

The series of; operations described above can be 

performed once to perform single decoding ot an LDPC code 

(variable node computation and check node computation}. 

T'Orer decoding an LDPC cocie a certain number oi: limes, the 

eiecodmq device i 1 lus t r a red in Eig. 122 cie te rmi nes and 

oncosts linal decoded data through ihe decoded word 

calculation uraie 305 and she decoded data ^oorciarhiq unit 

31 S. . 

f 0 5 B -1 ; 

Tore spec if i.ca 1 iy, the decoded worei c sicu J.a t. i en unit 

5 0 3 includes five decoded word calculators 309; to 303., anc 

serves as s final stage o t oluraiitv oi decoding 
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operations ro calculate decoded, data (I.e., a decoded v.;or;d) 

;i 11 accordance with Expression (3j casino the five messages 

'030 8 (D308; to D308s) (i.e., messaqes a. :.n Expression (5) ) 

out. put", from the ,:c i ector 3 0 3 and the five reception values 

D303 (i.e., reception values uo: in Expression (5); supplied 

from the received data memory 306. The decoded word 

calculation unit 309 suppJd.es decoded data 03 ;d3 obtained as 

a result of the calculation to the decoded da fa reordering 

un i t 311. 

(0385] 

The decoded data reor.de r .i r,q urm.r 311. changes the order: 

cf the decoded data D31 3 s app J. i ed from the decoded word 

calculation unit 309 by performing ime inverse of the column 

permutation of Expression (12;, and cutouts the resulting 

data as Tina] decoded data D3!6. 

I 0 5 8 6 j 

As described above, one or boc.h of tire row pe rmu i.a f ion 

and the coiumn permutation are performed on the parity check 

rnac.rix (i.e., tne original, parley check naeatixj to convert 

che parity check matrix into a parity check ma! rix : . o. , a 

transformed parity check matrix; that car', be represented by 

a combination of component ma'rices, namely, a P x P unit 

matrix, a qnasf-nnit. matrix produce;:; by replacing one or 

more elements of I with elements o I. 0, a shift matrix 

P^odtced oy cyclically/ shifting the unit matrix or the 
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quasx-anir. matrix, a sum matrix represent ing Lhe sum ot two 

or more of the unit: matrix, the quasi.-un i. t matrix, and f;ho 

shift matrix, and a P x p zero matrix. This allows decoding 

of an hDPC code by us "inn a-- architecture that s imu i. ta neous J y 

performs check node coraputation and '/anabie node 

cosnputa iii.on each for P nodes, where P is i.ess than the 

number of rows or rhe number of columns of the parity chock 

matrix. The use of an architecture that simultaneously 

performs node computation (compu ta t.i on of check nodes and 

computation of variable nodes) for P nodes, where P is Less 

than the number of rows or the number o i: coi umns of a uao to/ 

check matrix, makes it possible fo perform multiple 

repetitive decoding while keeping rhe operating frequency 

within a feasible range, compared ro the case where node 

compu ta 11. on is s i. mu i t a neous.i.y periormeci tor nodes, rrre 

number cm' which is equal to- the number of rows or the number 

of columns of a parity check matrix. 

10 5 8 7] 

Similarly to the decoding device i. i lus L ra ted in Fiq. 

122, the LDPC decoder 166 included in rhe receiving device 

IP : liustrated in Tig. 116 is configured to perform PDPC 

decoding by, ior example, s .i.mu ,i. t aneoi ;sl y per for/ting check 

node computation and variable node computation each for P 

nodes . 



More soecificalLy, i t .i.s assumed now that, for ease of 

description, the parity check matrix o ~ the LDPC cocie outpu 

rerorn she LDPC encoder 11 L included in tiie t. ransmi I c i. nq 

device 11 i i lustrated in Pic. 8 is, ior example, the parity 

check matrix ii illustrated in Fig. 119 An which a parity 

matrix has a stepwj.se structure. In this esse, "he parity 

incerleaver 21 of the transmitting device 11 performs pari I. 

i n t.e r i. eav inq to interleave the ; K+cxiyi1 ) t.h code bit to th 

;K i-py-r-x-i-l! -e".h code bit posit i.on with the informal..; on ienqth 

K beinq 60, the number of unit columns P of the cyclic 

structure being 9, arid the divisor u (-- M/P; of Lhe parity 

length M being 6. 

f 0 .) 8 9 j 

As described above, this parley iiiie iheavi :iq opera!:.ion 

corresponds to the column permutation oi: expression {)?.} . 

Thus, it is not necessary for the LDPC decoder 166 to 

perform the: column pe rmu L a L i on ot Expression ( is) . 

( 0 a 9 0 j 

In rise receiving device ' x i 1 P.:S rea ted in Fiq. lie, 

therefore, as described above, an LDPC code on which parity 

dcci.nteri.eav.irrq has rait been performed, that is, an LDPC cod 

on which the column pe rmu La r. ion of expression [",'<) has beer: 

per formed , is sappl i ed from the column twist de i n i e ri ea vers 

at' to the LDPC oecooer lot. The hDPC Cecodeu: 1 La performs 

Process inq sirrri Cor to eras": of Lhe aecojing aev i op 



illustrated in Fiq. '122, except thai, the column pe rmu i; a t tor 

of Expression (12) ts not performed. 

!0591j 

More speo j f i ca H yhi. q , J23 Ulustral.es on example 

con f igu ra t ion of the LDPC decoder 166 i 11 us r: ra t ed in Fig. 

116. 

! 0592] 

In Fiq. 123, the LDPC 'decoder ;66 nas a con f i qu ra 11 on 

similar Lo the decoding iievite J 1 i us i; ra ted in Fiq. 122, 

except that: the received data reordering unit 310 

j li us "rated in F;.q. 1.22 is not included, and performs 

processing similar to that of' the decoding device 

illustrated in Fig. 122, except lhar the column permutatior 

ot Expression (12; is not performed, which is not desoribet 

no rein. 

f0593] 

As described above, lne LDPC decoder 166 may be 

configured v/ithout including the received data reorcier.lnq 

unit 31.0, arrd can be smali.er in size than the decoding 

device i 1 last rated in Fiq. 122. 

(21 554 j 

dote that, in Figs. 119 to 12 'b ho r: ease of 

illustration, the code length N oi an LPLC code is 90, tne 

information length K ts 00, rhe number of uniu: columns P o' 

ta? '"yoiic struciare 'i.e., tne number of reus and the 



number of columns of a component matrix; i.s 5, and the 

divisor q b-: M/P; of the parity length >1 is 6. However, rite 

code Length N, the information length K, the number of unit 

columns P of the cyclic st rue t are ,• and the divisor q b': M/P; 

are not limited to the values described above. 

L 0 595! 

Mere specifically, the LDPC encoder 115 in the 

transmitting device 11 i1jus 5 raped i.n Fiq. B outputs an LDPC 

code with, for example, the code length N noire 64500, iheDC 

or the Like, the information length K being given by N - Pq 

(d - ¥\) , che number of unit columns P of the cyclic 

structure being 560, and the divisor q being given bv M/P. 

Lite LDPC decoder 1 b 6 illustrated in Liq. 15.3 may oe used t:o 

perform LDPC decoding on the LDPC code describee above bv 

si.rnu itaneously performing check node computet i on und 

variable node computation each for P nodes. 

1 5 5 9 6 1 

big. 154 includes diagrams depicting the processing of 

the multiplexer 54 i.neb.idee i.n the bit de 1 nte r i ea ver J 65 

1 1 ]. us t rated in big . 11 5 . 

bore speci.fieai.iy, part A of Fiq. 124 illustrates .-.m 

example functional con fig u r a 11 on oi the mu j t ipl exe :: 54. 
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1001 arid ci memory 1002. 

[0599] 

The mul tip Lexer 51 perforins inverse oennuta: i.on 

process i nq (which i.s rhe inverse of permutation pr occ s s i nq } , 

corresponding to the perrnu ta t r on processing performed by che 

demultiplexer 25 cf the transmitting device 11, on Che 

symbol bits or the symbols supplied from the QAM decoder' .1.64 

.Located upstream of trie multiplexer 54. Than is, the 

multiplexer 54 performs inverse permute c i. on processing to 

restore the positions or the code bits (symbol hiisi oi the 

LDPC code that have been permuted through the permutation 

processing to the original positions, and supplies one 

resulting LDPC code to the co.lumn twist de.int e r.i cave r 55 

located downstream of the mul t i. olexer 54. 

f 0 60 0; 

More spec if iced 1 y, mb symbol, bits yr,, yq, - - • , y;!i,.v i of b 

symbols are suppj Led Co the inverse oe rmu ta c ion unit L001 in 

the multiplexer 54 in uni.Cs of (consecutive) b symbols. 

(0601] 

The inverse; permutation unit iOOl. performs inverse 

permutation to reus Core tne mb symbol bits y: to yrs-o fo the 

render of the mb original code bits tv, Lq , . i%b~; (i.e., 

the order of the code bits bo to fy,;... before Lhe permutation 

unit 32 included i.n the demultiplexer 55 on tne transmitting 

device li. side performs oermu io.Pti on) , and outputs the 



resulting mb code bics be Lo b^h-a • 

[0602] 

Similarly to the memory 31 included in the 

I biriI Rxor 2 0 on the transrriift ing device 11 side, tiie 

memory 1.002 has a storaqe capacity Lo store mb bits in its 

row (horizontal) direction and N/(mb) bits in its column 

(vertical) direction. In other words, the memory 1002 

.includes mb columns for storing li/(mb) bits. 

i 0 60 3 j 

Note that code bits of the bDFC oxie output from 'die 

inverse pe r mi it. a t i. on unit 1001 are written to idle memory i.00 

in the- direction in which a cod?; bit .is road from the merrier 

31 in the demo .1. c ipl exe r 25 of che t ra nsni.i Lo: i ng device 11, 

and the code bits written m the memorv 1002 are read from 

t.he memory 1002 .in the direction in wro ch ri code bit is 

w r i 11 e r; to t h e :n e rri o r y 31 . 

• OOOd) 

Accordingly, as illustrated in part A ot big. iff, the 

mul t .i.f) 'Lexer 3-1 of the receiving devi.oe i2 wnitcr cocie bits 

of ohe !A)PC code output from trie inverse permutation unit 

L001 in Lhe row direction in units of mb bits, where the 

writing operation moves from tne top co the bottom of tho­

rn ern or. y 1002, starting from the L i rs? row. 

;00 0 0; 

iuiriher, when tire writing of eerie Dims co r responding L 



one code length is completed, the multitboxei 54 reads the 

code bits from the memory 1002 in tiie co.i umn d i. rocion, and 

suppli.es Lhe read code bite to the column twist 

deinterleaver 55 located downstream of rte rmjldphxer 54. 

f0606] 

Here, part E of Fig. 124 is a diagram illustrating the 

reading of code bits from the memory 1005. 

[ 0 6 0' i \ 

The multiplexer 54 reads cocie bits oi ihe 5055 code (in 

the coi.umn direction} from the top to rOe hot corn of. each of. 

trie columns of ihe memory 1 002, where the reading operation 

moves toward the right, starting from trie lertmosr column. 

[ 0 6 0 R ] 

Fig. 12 5 is a diagram depicting the processing ot the 

column tvm.st de in te r lea ver 55 included in f ne bit 

de i.n ho ri eaver 165 illustrated in Fig. 1 '5/ . 

• 0 600] 

More specifically. Fig. 125 Illustrates an example 

eon 5 i. guru t i. on of the memory 1002 oi ilv- null: o i.exe r 54. 

: 0 61 0 1 

'Phe iemorv 1.002 has a storage capacity to -si.are rnn bits 

i r; its column (vertical! direct, ion a no M/hnib} bmts in its 

row i hi o r i. mm i.a i ) d rec 11 ot), and > nc t udes n'ib co 1 uni us . 

f 0 h 1 ; I 

The column twist deinterleaver '15 pi; foam co I.umn "wist 
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cieinter leavi no by controlling a read start position when 

code bits of "ihe LDPC code are written to the memory 1 002 .io 

the row direction and are read from the memory 1002 in the 

column direction. 

[06123 

More specif ical ly, the col.umn twist de in te r 1 ea ver 55 

performs inverse reordering processing to restore the code 

bits whose order has been changed through column twist 

interleaving to the original order, by changing the read 

start; position with which the reading erf a code bit is 

started, as desired, for each of a plural ity of columns, 

f 0 6 J 3) 

here, FL g . 125 illustrates an example -ion f i a u r a t ion of 

tne memory i002 in a case where, as described with reference 

to Fiq. 28, the modulation scheme is 16A2SK, 160AM, or the 

2 i ke and the multiple b is .1 . In rid.s case, the number of 

bits m of. one symbol is 4, and rhe memory 1.002 .includes 4 {••• 

mb ; co 1 limns . 

10 614 1 

Instead of the multiplexer oi, rhe column twist 

de i nte ri. eave r 55 vnrit.es code bits ot one LDPC code output 

from the inverse permutation unit 100 1 in por row direction, 

where tne writ inq operation moves aownwaro soouenfi.al :. y from 

the first row of trie memory 1002. 



Farther, when the writ: inq of cede bits corresponding to 

one code length is compieteci, Lhe column twist de Int e r Lei; v e r. 

5:3 reads the code bits from the memory 1 002 (in the column 

direction'! from the top to the bottom, where the reaching 

operation, moves toward the right, starting from the leftmost 

cc.fi umn . 

! 0 6 3. 6 s 

More thoc the column twist cieinteid eaver 55 reads cocie 

bits from the memory i.002, using, as a read start position 

of ihe code bit, "the wri te start position from which the 

column twist interleaver 2-1 on rhe transmitting device ii 

side wric.es a code bit. 

i 0 5 \"i ; 

More speed., f ica i fy, if. trie address of the position of 

the first (or top; of each column is represented by 0 and 

the addresses of the respective positions in the column 

direciion are lepresente-.i by integers ar ranged in ascending 

order, the -codamn twist deinterleaver: 55 sets the read start 

position for the leftmost column to the position at. the 

address C, the read si.art position for the second column 

(from the left; fo the position at the address 5, the read 

s i ar t position tor the third column to the posicion ar the 

address 4, anei the read start oos.iti.on for ite fourth column 

i o t. hi e p o s i c .i. o n a t t n e a o.d r e a s / i n a c a s e w! i e r e i\ e 

moOn :.i •' ! on scheme is IhAFaK o r I hQAM and the mud' Ipio b is 



( 0 6.[. B j 

Note thai:, after reading code bits up r.o the bottom of 

the coiijinn for which the read start position is set to a 

DOS it ion other than the position ar the address 0 ,• the 

column twist deinterleaver 55 returns to the first position 

(i.e., the position at the address 0), and reads code hits 

up to the pos.it).on immediate.1 y before the read start 

position. The column twist deinterleaver 55 then performs 

reading trom the subsequent (right} coi.umn. 

[ 0 619 j 

The column twist demterLeaving operation described 

above aliov/n the order of node bits that have been reordered 

throuqh column twist interleaving to tvtarn to the original 

order . 

i 0 (•} 5 0 ] 

Fb.q. 126 is a block diagram i 11 u s t ra t i ng another 

example configuration of the b.Lt deinterleaver .1.65 

i i I ustrated in Fig. 116. 

[062 J j 

Note thai:, in Fig.. 126, portions co r res pond i nq to those 

illustrated in Fig. 117 are assigned t.he same reference 

numerals, anei a description thereof v/ id j. be omitted 

hereinafter, as appropriate. 

[062 2 | 

Mor.v e p o o • f ; ].}.'•/, the bit delm: er leavei 165 



i. i i us ura Led i.n Fig. 126 has a con 'figuration similar to rhai: 

i L !. us '".ra Led in riq. 1 '1 7 , except that a parity do interjeaver 

101.1. is further included. 

!0f22j 

In Fig. 126,. the bit: deinterleaver 166 includes a 

mu I tip.: exe r (MUX) 54, a column twist de in te r lea ve r 55, and a 

parity deinterleaver ilO'L.l, and performs bit. deinterleaving 

on code bits of the LDPC code supplied from the QAM decoder. 

164. 

[0624 j 

M o r e specifically, the inn i t i.p I exe r 5'1 perforins inverse: 

pormu ta t i oil processi nq (whi oh 1 s the i n ve r: se o f perrnu ta I: 1. on 

p r: oca s s i no ) , co r i <••• spend i. nq i' o trie pe rmu ta T i or: pi cress i r :q 

perfiormeo by che oemu i t ip J.exe r 25 of trie t ransm i tti. nq cievio:e 

il, on the LDPC code supplied from the QAM decoder 164. 

That, is, the muli iplexer 54 per [orms inverse permutation 

processinq ro restore the positions of the code bits 

permuted through pe rmu tar i on processing ;:c tire origins! 

positions, and supplies the resulting LDPC code t. o Lfe 

co lumn tw i s t.. de i n t er leaver 5 5 . 

; 0 62 5 i 

The column twist dei r: Lei lea ve r 55 performs column rwist 

oei n t.e r i. ea v i. nq, corresponding co column twist in ier leaving 

as rue r GO rde r i nq ruocessinc oeriormed by the coi umn twist 

: ru: e r i ea so r i— of Lhe rnmuissu inq device i. h nn Am- LDPC 



cocie supplied from the rnu i tiolexor h-1. 

: 0 6 ? 6 ] 

The LDPC cocie obtained as a result: of column twist 

cle in te r ! ea v inq is supplied from the c.oParn?* twist 

deinterleaver 5 5 to the parity deinterleaver 1013. 

i0 6271 

The parity deinterleaver 1011 performs uarity 

de in t erlea v i nq (which is tiie inverse of parity i n ter ieav i. ru 

operation}, eotrespondinq to parity in f e r leaving perforrneo 

by the parity inlorieaver 25 of the t ransrnittihq device if, 

on -die code hits on which column twist de in t e r 1 eav .1 nq has 

Dees, performed by I ho column rwist do. interleave.;: 55. That 

is, the parity do i n t e r leave r 1011. p;a: forms parity 

dointorJeaving to restore the erode bits of the fDPC code 

whose order has teen changed through parity inter ienvinq tc 

the original orcier. 

[ 5 6 2 5 j 

The LDPC code obtained as a result of pari try 

do inter leaving is supplied from the parity de i n nor: j. eaver 

101 ! to the LDPC decoder 166. 

i[u529l 

Loco : d.i ng Ly, the bit deinterleaver 165 Illustrated in 

Diem 155 supplies an LDPC code on which .inverse oe r mu r a t io; 

or oce s s i ; ;q , column, twist deinter1eavinq, and oarity 

be D-g-e r L oa v : no have been performed, i.e., an LDPC cocie 



obtained through LDPC encoding .in accordance wieh the parity 

check matrix H, to the LDPC decoder .166. 

[ 0 6 3 0 j 

The LDPC decoder 166 performs LDPC deooci j no on i-'ns LDPC 

code supplied from the bit dei n t er lea ver 16L by using the 

parity check matrix K that the LDPC encoder lit of the 

t causim 11 irsq device j..!. has used for LDPC enoodc.nq. More 

specifically, the LDPC decoder 166 performs LDPC riecodinq on 

the LDPC code supplied from the fc.it deinterleaver j 65 by 

using the parley check matrix H that the LDPC encoder lit of 

the transmitting device 11 has used for rDPC encoding, or bv 

as : nq a t ran s f o rmed parity check matrix obf.ai.ned by 

performmag at least column, permutation, co: resoond i nq to 

parley interleaving, on the parity check matrix H. 

[06311 

here, an big. 126, an LDPC code obtained through LDPC 

encoding .i.n accordance with the parity check matrix fi ia 

supplied from, (the parity deinterleaver: 1.011 ebb; the bit 

de 1 n r e r lea ve r .165 to ehe LDPC decoder 166. Accordingly, in 

•a case where idee LDPC deoodinq of the LDPC cooe is performed 

using the oarity cheek ma arix H that rhe LDPC encoder 115 of 

the r masmi t f inq device 11 has usee for LDPC encoding, the 

IT) PC decode:: 1.66 may oe i mr; iomonted as, fen" example, a 

deoodinq device configured to perform LDPC decoding us;no a 

ma i i serial deoodi. ng method for sequential A/ perlenminq 



; » 

computation ol: messages (i.e., check node messages and 

varoib'e node messages} on a node-by-node basis, or a 

decoding device configured to perform LDPC cIec.odi.nq using a 

full parallel decoding method for s imul. tar-ecus 1 y (or in 

paraiieij performing compu ca 11 on of messages for all. che 

n odes. 

f0 632] 

furthermore, in a case where che LDPC decoder 1.66 

performs LDPC decoding on an LDPC :'"ode using a transformed 

parity check matrix obtained by performing at: least column 

pe rum LU.IL; f on , cor respond i rig Co pari t v i n t e r ;. eav i no, on the 

parity cheek matrix H that the LDPC encoder lit of l. he 

t r ansm; t i. ng device 11 has used ro- LDPC encoding, rhe iL')LC 

decoder .166 may be imp! emeritoci as a decoding device havina 

an a rchi tectu re cha t s rmu 1 Laneonsiy per forms check node 

computation and variable node computation each for P (or a 

orusor of ? other than ii nodes, wrnch is t.he decoding' 

aevj.ee (Fig. 1.22} including the received data reordering 

arm. L 'AO configured to perform column permucation si.mi. lar to 

oo.i.umn peuau/mi oe for obtaining a transformed partiy check 

;nar;mx on a:': LDPC code to reorder: the code bins of the LDPC 

code . 

! 0 r 3 -; ] 

Note that, i.n tig, 126, Che ma 1 r i.piexe r fd that. 

pc?dorM;s iovaisc' permutation p r ocess ing, the tei.uri'; iwjsr 
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deinterleaver 35 ahat pe r fo rms column ew is': cieinterled-v.nq, 

and the parlay deinterleaver 1011. that perforins par: ty 

doin torteaving are con f i quired as separate unidnq ior: 

cor: ve n ,i ence of fjestraiaoe. However,, two or more of ahe 

multiplexer fi, Lhe column twist oe i. n te r lea vsr 55, and the 

pari.ay demierieaver 10.1 L may be integrated into a single 

emit, similarly no the parity ineer!caver 13, the column 

twist interleaver 24, and tiie demultiplexer 25 oi: the 

t rvinsm 1 a t j nq device 11. 

[ 0 G 3 4 j 

Tn addi 11 on, i. f che bit inter baver hid (Fie. 8) of the 

aransmicl iny device ii is coa'a.cired wuchour. ineiadinq she 

parid'v int'or leaver 2 1 or trie col.amri awist inaaaeaver 24, 

tine bin deinterleaver 16a :i i. lus t r a e ed in Fiq. 126 may be 

configured without iaacludinq t:.he column twrst de i .at ev .1 eave r 

ai) or' the parity de i. n ter Leaver 1011, 

! 0 6 3 a | 

Also .1. n tills case, the LDPC decoder 1.6 6 may be 

implemented as a decoding device ot rhe lull serial decodlriq 

nypo thai performs LilPC decoding using trie Ay check 

matrix L i r.s?l 1, a decoding device o I a fie full caim.AA.ei. 

deood ; nq typo that performs fbPC decmi i nq using r te canity 

cneci-' imacx H itself, or the dccodmc device :Fiq. J A A'; 

mm.: I ad i ng Cue received data recede r i nq unit 310 conlieurod 

1 m perform LDPC decoding by a i rnal taneoa e 1 y per tornamq cnoci 
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node computation and variable node computation each for P 

nodes using a transformed parity check, matrix H'. 

[063 hi 

[Example; Configuration of Receiving System] 

10 6 3 7} 

big. 127 is a block diagram illustrating a first 

example con f i.gura t ion of a receiving system to vbti ch th?: 

receiving device 12 is applicable. 

[ 0 G 3 8 j 

En 3d g. .127, the receiving: system includes an 

a cgu i s i s j on unit 11.01, a t ransnu. ss i on cats deccdiug 

processing unit 1.102, cu:d ar: information source decoding 

p ;• or.?; s s i. ng un i t. 1 10 3. 

! 06391 

T no acqu i.s i t ion unit 110 1. acquires a signal including 

an LDPC code obtained by performing at least LDPC encoding 

on LDPC target data such as image data and audio data of a 

program via a transmission path (or communication oath) (not. 

i 1.1 us t ra ted; such as terrestrial digital broadcasting, 

sarol ; i. i. e d.i.g.id si br oadca s 11 ng , a CATV network, 'the Internet, 

or any out her sudd able nervc'irk, and supplies the signal ro 

the ! i ansmi s s i on oath decoding processing unit 1.102. 

10 6 4 0; 

Here, in a case whore the acquis: non unit. 1101 

a c-r u d. r cue a s 1 qna 1 b r oad-d 3 red from, ior' "xaiiiig a broadcast 



station via Lerrestri al , satellite, CATV (Cable Television), 

or any other network, the acqai s 11i on unit 11.01 may be 

implemented as a tuner, an STB (Set Top Box), or the like, 

further, in a case where che a rqn i si f; i on unit: 110! acquires 

a si.qna: transmitted using, tor example, mul rleast. 

t: echno 1 oqy IJ.ke IPTV (Internet Protocol ToJ.ev.ls ion ) from a 

web server, the acquis!! i.on unit 110.1. may be implemented as 

a network I'/C (Interface) such as a NIC (Network Interface 

Ca rd) . 

i (i fni j j 

The transmission path decoding process!nq unit j102 

corresponds to the recerrvinq device 12. Tne transmission 

park decoding process inq unit i. 1.02 performs a t. ransm is s i on 

oath decod inq poeess, including at. least, c recess i nq '"or 

correcting errors caused in a trarism.issi.cn path, on the 

signal acquired by the acquisition unit 1. ! 01 via a 

transmission oath, and supplies the resulting signal to the 

information source decoding processing unit: 1103. 

[0642] 

More: speolfjcai ;.y, the siqnai acquired by ten 

acquisition unit btOl via a transmission paid! is a signal 

obtained by performing at least error com: ec L: nq encoding in. 

correct errors ca usees in a transmission path. The 

transmission path decodinq processing unit. ] !,02 perafans a 

t rai ismi. a s i e;n path decoding process such as an error 



correction process on the aoove-descr i.fceci signal. 

: 064 3] 

Mere, examples oi: the; error correct i ng encoding include 

ODPt" encoding and BCH encoding. Here, at least hfPC 

encoding is performed as error correcting encoding. 

[ 0 6 4 4 ] 

Fur the rmore, the tranornisoion path decoding process may 

include, tor example, demode La tiers of modu 1 a t i on signal.'?. 

: 0 6 -I 5 i 

The .information source decoding processing unit id. 03 

performs an i.n fo rrrei t: i.on source decoding process, including 

a t 1 east processing for expanding compressed i nf or: ma t ion 

into original in terms to. on, on the signal on which the 

t r an smc; ss ion path decoding process has been nor termed . 

i 0 6 4 6 j 

More speoi i ion 1. ly, the si.gnai acquired by the 

acquisition un; t 1101 via a t ransmissi.cn pamay have been 

subjected to compression encoding for compressing 

i. n forma i'i on in order to nriuco the airiouni of data such as 

image daoii and audio dat.a as i nf or.ma t ion . in this cease, the 

i n f orma i. i or sou r oe decod ing process my urn t 1 I 00 pe r forms an 

m f o rma 11on sou r: ce Peooo Ing p roccss , s uch a.s p'. oc es s mo i:o.r. 

expanding compressed in r orma oi on into original L n i o r ma 11 o sa 

(i.e.., expansion process.: eg} , on tne s.igna) on which see 

id' a n sm i s s i or; pa r n neocoi ng p recess ha s boon pe r ;. o ? mee . 



[Ob <17 j 

Note that, if the signal acquired by the acquisition 

unit j 1 (!)i via a transmission patn has not been subjected co 

compression encoding, che in forma t ion sourcc deoodinq 

processing unci; 1.103 does not. perform processing for 

expand ing compressed in forma t ion int o original i. nf o cma t ion , 

[0648] 

Here, examples of the expansion processing include MPEG 

decoding. Fu r the r. rnor e , the transmission patn decoding 

process scy i.no.iude descrambi i.ng and so forth in addition to 

cxccns i on pr ocoss i ng . 

[ 0 040] 

In Lhe reeo i v i. nq sy s tern ha v i. no the con i c guru t ion 

described above, the acquisition unit 1101 acquires a signal, 

obtained by per to riming compression encodma such as MPEOi 

encoding and error correcting encoding such as hPPC encoding 

on data such; as image dun a arid audio data, via a 

t ransm i ss J on path, and supplies the acquired signal, to the 

c ra s srn i s s i on path decoding processing unit 1102. 

• 0 0t 0 | 

The transmission path decoding processing unit 1.102 

portorms a transmission path decoding process. Per example, 

processing si ltd iar to char, oerformed by the ieceiviuc; device 

12, on h e signal supplied fit: om the acquisition unit 110 i, 

c-ni'O supplies Lhe rosud. ing signal, co the ]:iO,c:fsinon source 



decoding processinq unit 1103. 

I 0 h b 1 ; 

The information source decociinq processinq unit .1103 

performs an i.n.1ormation source decoding process such as MPEG 

decod Ing on the signal supplied from the rransinission patn 

decoding processing unit 1102, and outputs the resulting 

images or audio. 

I 0 6 b 2 ; 

The rece.ivi.ng system illustrated in Tig. 127 as 

described above may be applied to, fo.t example, a television 

tuner' oi the i ike chat receives television broadcasting as 

d i. g i La i b rojdca s t ing. 

! 0 0 5 3 i 

Note chat the acqu is i i. i on unit 1 1 0 ii , the transmission 

path decoding processing unit i.L02, and the informs I i on 

source decoding processing unit 1103 may be constructed as 

single i ndependeni devices 'hardware (such as FCs 

( 1 r; c eg r a i.eci Ci r;cn i ts; } or sort.ware modules} . 

[0654i 

In addition, rhe acquisition unit: bl 0 1 , trie 

transmission path decoding processing un:: t 1102, and the 

.in format i.on source decoding processing urnt [.103 may be 

configured such that the combination ot the acquisition unii 

1101 and the transmission path decoding processing unit IblOi 

the oor:to i ? mi " i. on o L the transmission path decoding processing 



unit j. 102 and Lhe inf orma t ion source decoding process inq 

unit 1103, or the combination of the acquisition unit:: 1.10 1, 

Lhe transmission path decoding proc.essi.nq unit 11.02, and th 

i nfonna r i on source d^codlnq processing unit 1103 is 

constructed as a single independent device. 

10655] 

Fiq, 128 is a block diagram illustrating a second 

•example configuration of the receiving system to v/hich the 

receiving device 12 is applicable. 

!' 0 6 5 6 j 

Mote that, in Fig. 128, portions corresponding to thos 

illustrated in Fig. 1.27 are assigned the same reierenoe 

numerals, arid a desc rip r. i. on thereof will oe omitted 

ho re i na i> o r , as aipprcp r Late . 

f 0 657 j 

The receiving system i. 1 i u s t ra ted in Fig. 1 2 B i.s common 

to that illustrated in Fig. 127 j.n that rhe acquis!'' ion uni 

i J 0 1, the transmission path decoding processing unit 1102, 

arid the information source decoding processing unit ii.03 cm 

includ-d, and is different from chat illustrated i n Fig. 12 

in that an output, unit 1. .1 ; ii i.s further included. 

i 065 8 j 

Ti.e output unit 1 i. i 1 may be, for example, a display 

device conttgurod ro display an image or. a speaker 

configured :o ouipui audio, and outputs images, audio, or 



3 ') f. ... 

tiie like as signals output from the information source 

decoding processing unit 1103. En other words, Lhe output 

un.it: 11 i 1 d.ispJays imaqes cr outputs audio. 

! 0 659] 

The receiving system illustrated in Fig. 128 as 

described above may be applied to, for example, a TV set 

(television receiver} that receives television broadcastinq 

as digital broadcasting or a radio receiver that receives 

r a d i o b r o a d c a s T: i n g . 

[0660] 

Note that, i t the signal acquired by the acquisition 

unit 1101 has not been subjected to compress;:.on onoodmia, a 

sqna .1 ou t put i rem. the 1 ran smi s s i. on pa th dec odd. ng orocess i nq 

unit i. 102 is suppi led to trie output Limit 1.1.1.1. 

I. 0 6 6 1 j 

big. 129 is a block diagram i 1.1 us tra t i nq a third 

exumrdo cord 1 gu t a i ion of the receiving system to which the 

receiving device 12 is applicable. 

! 0 6 6 2 1 

Nbu.e tnat, in big. 129, portions correspond.), nq io those 

i ;. iusirdhal in Fiq. 127 are assigned the same reference 

numerals, and a doserlot I on thereof will be omitted 

hereina 1 ter, as appropriate. 

! 06616 



no that :1iuseraLed in Fig, 127 in •chat: Lhe acquis 11: i.on unit: 

1 i 0 ii. and the transmission path decoding processing unit 1102 

are included. 

: 0 fi 6 4 i 

However, the receiving system illustrated in Fiq. 729 

is different from that i 1 Irus tra ted i.n Fiq. 127 in that the 

:mtor?na Lion source decoding processing unit 1103 is not 

included and a recording unit 1121 is further included. 

i 0 6 6 3 j 

The recording unit id. 2 L records (or stores} the signal 

(e.g., TS packets of an MPFG TS stream) output from Lhe 

Lransmission path decoding processing unit 1102 on (or in; a 

recording (oi storage, medium such as an opr. i ca I disk, 

hard disk (magnetic disk}, or a flash memory. 

[0666! 

The receiving system illustrate'"! in Fig. i29 as 

described above may be applied to, for example, a recorder 

Lhat records television oroadcasting. 

i 9 6 6 "< j 

Note that, in Fig. 129, the receiving system may 

•i no! .ude tne information source decoding processing unin 1193, 

and trie recording unit L121 is capable of nicorcu no a signal 

ihar has been subpicned to an information source decoding 

process ivy due information source decoding processing unit 

(199, that is, an image or audio obtained oy decoding. 
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[06681 

[ Embed i me n t of Computer; 

| 0 6 6 9 ] 

i'bxp the series of processes described above may be 

pertormed by hardware or software. If the series of 

processes is performed by software, a program cons t itu l in or 

tne software .is installed into a general-purpose computer or 

the !ike. 

t0670; 

Thus, Fig. 130 sblushrahes an example configurati.on of 

ar; embodiment ot: a computer ini.o which a program tor 

exccnn: no the series co if processes described above i.s 

1 i : s ' s !. i. ec i. 

[0 67 I : 

The program may be recorded in advance on a hard disk 

70s or a HOP 703 serving as a recording medium incorporates! 

i.n rhe computer. 

!" 0 67 3 1 

A11: e r na t i ve J. y, the program may be temporar id y or 

persistently steed in >o'-" recorded on) a removable 

recording medium 3]; such as a flexible disc, a CD-ROM 

(Compact Disc. Read Only Memory), as MO (Magneto Otutical; 

discs a DVD (Digital Versatile Disc), a magnet.is:: di.sk, o i: a 

semi condec t or memory. The removable recording medium "01 L 

rciy DO provision as packaged software. 



i 0 67 3 ] 

The program may be i ri:-.; ta .1 led into the completer from the 

removable raco r d i nq medium 711 described above, or may be 

wl rp ipsn'y r '-sn s to r red to the computer from a download site 

via an artificial satellite for digital satellite 

broadcasu.ng or transferred to the computer via a network 

such as a OAN (Local Area Network) or trie Internet by wired 

connection. in the computer, the program transferred in the 

way described above may be received bv a common i ca c i or; unit 

708, and Inst 3] led into the hard disk. 705 incorporated in 

i he computer. 

10 67 4 ; 

The computer' has a GPu (Genera) Processing Unit) 702 

( ncorporated therein. ami i. nput/oa tpu t. .Interface 710 is 

connected too the CPU 702 via a bus 70] . VThen an instruction 

ia input by a user by, for example, operating an input unit 

/C V including u keyboard, a mouse, a microphone, and so 

forth via the L npu/ouLpu t interface 710, the GPO 702 

executes a program scored in the ROM (Read Only Memory s 703 

in acc;ordarve with the instruction. Alternatively, the GPU 

•0i I oaos a program stored in th;-} hard disk 705, a program 

transferred from a sane 11.,i 1 e or a neuwork, received by the 

e: om.mun.br a re on unit 70S, and installed into the hard disk 7 0L' 

or a program read ih: om ihe removable recording medium 7 pi. 

se! in a o;- 1 70 'bit and .insuai 1 e>d into tiie hard disk 7u5 ire o 
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a RAM (Random Access Memory) 704, end executes tne loaded 

program . Accord ing ly, i;he CPU 7 02 pe r forms process ing 

according Lo the flowcharts described above or processing 

pprOornii-d with the conf igura~ i.ons i.n che block diagrams 

described above. Then, the CPU 702 cetpu;:s a result of the 

processing, it necessary, for example, from an output, unit 

706 including an LCD (Liquid Crystal Display;, a speaker, 

arid so lortli via the input/oucput .interface 710, transmits 

Lhe resiic fr.om she communication un id; 703, or records the 

result on rise hard disk 703. 

I 0 (3/ 0 ; 

It should oe net.ed herein rhat processing steps 

describing a program tor causing a comparer r o per form 

various kinds of processing mav not. necessarily oe processed 

i.n a t isie-so r i o s manner in accordanr:e with che onier 

described herein in the fM-Owcha r 1 s , and may also include 

processes executes in parallel or .i.ndividuaiiy ; for example, 

para; ' ei or ocoss Lug or ob'i ec t-based processing) . 

; 0 'o'J 3 I 

in addi.tiorg a program may be pracessrd by a single 

computer, oi may be oiooessod by a plurality of computers ; u. 

o distributed mariner. Fur rhermoro, a program may also be 

t r. an s t e r reel to ana executed by a remote computer . 

hot..: that omoadi.ments oi she p;reseni~ teehncboqv are not. 



limited to the embodimen ts described above, and a. variety o': 

changes can be made without departing from tne scope of the 

present technology. 

f '' 6 '' 8 : 

More specificaily, for example, the (parity check 

matrix initial valve tables ot) new LDPC codes described 

above may be used regardless of whether the communication, 

path 13 (Fig. 7} is a satellite link, a. terrestrial Jink, a 

cable (wired line), or any other unit. In addition, the new 

LDPC codes may a],so be used for data, transmission other than 

d : g11 ai b r: oadca s 1.1 no . 

Reference Signs List 

j0 677; 

11. transmitting device, 12 receiving device, 23 parity 

interleave.!;, 2^ column twist interieaver, 25 demultiplexer, 

31 memory, .3 2 permutation unit, 54 multiplexer, 55 column 

twist, interieaver, i L J. mode aeap ta t i. on/mul t .i.piexe r, 112 

padder, 113 BE scrambler, ib BCH encoder'/ 115 LDPC" encoder, 

110 bit i nte r leave r. , 117 o>AM encoder, 11.3 time interleave.;:, 

119 !•/; j 80/MI MO encoder , 120 frequency interieaver,. 12 1 BCH 

encoder, 12 2 i.DPC encoder, 12 3 QAM encoder, 12i frequency 

interieaver, 131 iramc builder f< resource ailocacion unit, 

132 OFDM generation unit, 151 C.M)M processing unit, 152 

frame manageirenr unit, 153 frequency de in ter leave r, 154 QAM 

decoder, 155 i.DPC decoder, 1.5 b BCH riecoder, .16). frequency 



de 'i r~i te r; lea ve r, 162 MISO/MliMO decoder, 163 time de int. or ; eaver 

164 QAM decoder., 166 bit dc:.r;terJ.caver, 166 LDPC decode!;, 

16"'' BCH decoder, 168 BB descrambler, 169 null. deletion unit, 

17 0 dn 1 c i p 1 e x e r , 300 edge date storage memory, 301. 

selector, 302 check node calculation unit, 303 cyclic shift 

circuit, 3 04 edge data, storage memory, 305 selector, 306 

received data memory, 307 variable node calcu ia t ion unit:, 

308 cyclic shift circuit, 300 decoded word ca leu 'ration unit, 

310 received das. a reordering unit, 3.11 decoded data 

reordering unic, 601 encoding oiocessing unit, 602 storage 

unit, 611 code rate setting unit, 6L2 initial value table 

road ani.r, 613 parity check matrix generation unit, 614 

i n fo'i:rruon b ! t co.-u i unit, 616 encod i rug pa r .11 y oornpu i: a 11 on 

unit, 616 control unit, 701 bus, 702 CPU, 703 ROM, 704 RAM, 

703 hard disk, 706 output unit, 707 input unit, 703 

oornmun i ca t i. on null , 709 drive, 710 inou t/outpu t interface, 

7 J removable recording medium, 100.1 inverse permutation 

unit, 1 002 memory, iOll parity del. nte r 1 eave r , 1101 

acquisition unit, 1101 Lransru ssion path decoding processing 

unit, ! i 0 3 informal ior; source decoding processing ani':, 1111 

outpiu' unit , 112 1 recording unit-
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[Claim 11 

A data processing apparatus compr .1 s 1 nq : 

an encoding un:1: configured to encode information bits 

into an LDPC (Low Density Parity Check) cocie having a code 

length of 64800 bits and a code rate of 24/30 on the basis 

of a parity check matrix of the LDPC code, wherein 

the LDPC code Includes information bits and parity bits, 

trie parity check matrix includes an information matrix 

portion correspondinq to the information bits and a parley 

matrix port i.on cor respond i ng to rhe oarity bits, 

tne information matrix portion is represented by a 

pariiy check ma i r i. x I n i t i.a !. value table,, .and 

tiie painty check matrix initial va.l ue table is a table 

showing positions of elements ot 1 in the information matrix 

portion in units of 300 co'iumns, including 

JoO-'j 1 i. 0 4 5o2S. 2 8 4 0 38 69 4 09 4! 22 4 6 0114 A'2 2 7.it 4 1.04 2 b 

1 1 0 2 4 .1. 2 8 9 8 12 9 5 4 

2 2 190 2 3 92 2 3 5:3 72 j 2 8 098 8 428 97 8 9 1051 9 1 1 24!; 12 032 

12! 57 12373 12 930 

17 ! 9 ; 030 2 d (5 1 2 415 2 97 3 3 3 98 3 615 37 6 9 67 2 9 3 64.1 

!. 0 0 4 6 i. ,L 3 c2 j. 2 B 'i 2 

). 1 I 3 6 h 3 99 3 6 4 6 3 6 8 9 2 3 6 3 9 :. 3 1 L 5 0 12 10 9 14 J A 2 / 4 

I 1 8 3 7 1 2203 12 '7 i b 12945 

4 12 82 3 1 60 3 32 0 1 2 Aj 6 333 " 41 33 356 3 7 54 0 53 19 5-MO 



3 3 4 

S 2 3 1 5 J. 3 63 6 12 920 

1113 1394 4304 41.36 7240 0327 .1 132/ 1 1.833 12339 1.2363 

.12 62 9 12 8 2 1 12 90 4 1. 2 9 4 3 

.14 4 4; 1.432 1 677 2432 8981 11473 1 1507 1 2599 12783 

12793 12912 12922 12943 

1379 1806 797 1 8386 9345 10357 11600 12007 3 2 02 0 12339 

1.2 37 6 12317 12 830 12904 

2 0 64 6 3 67 2 3 5 38 6944 3 0 32 8781 97 4 3 122 69 123 93 12 4 1.8 

1 2 571 9 12353 12718 

3340 4397 3011 6626 861 7 9337 1.0360 10602 .1 1402 1 L983 

1 2 4 9 3 .i 2 8 3 8 

38 1572 4 ̂ 08 7421 804 1 891 0 8963 j j 005 1 1930 12240 

L 2 .; 4 0 i b ! 12 8 6 2 124 3 3 

3 3 2 0 60 3 907 4 215 n34 5 8 30 6 8 633 87 4 3 8806 931 5 93 64 

! 0 68 3 1 1 9 3 4 "29 3 9 

13 38 2 3 9 6 4 87 6 3 2 07 935 9 10421 1.0929 I16« 8 11739 1 237 3 

12416 1.364 8 1 274 2 !2">54 

94 69 10 344 10932 112 50 11426 115 32 11846 12139 12202 

12210 1233 6 12 378 12833 12929 

2 61< : j 3 6 / 3 6 1 6 6 i. : 8 / 0 /' 8 8 ! 6 7 8 6 2 4 9 6 9 / 1 0 9 0 8 1178 L 

1L 8 3 5 1 2 8 9 3 1 2 4 7 5 3 2 6 3 9 

18 4 u;; 6 3 4 8 2 3 3 3; 3 6 8 4 b / 3 6 8 8 / 9 4 114 8 3 1 1 37 2 1. .< 4 .14 

1 1 816 12894 : 2 9 3 6 1 293)4 

3 5844 3572 9023 9:92 9589 0949 10803 10835 10991 117i5 

!2314 ;26iO -2 3-13 







"•< "I 

1 0 9 0 7 I i 2 7 8 3.2 7 3 J 

3392 4020 L 2 8 3 8 

2 814 i ) 3 H R 12 3 0 3 

60 6 3 92 M 11319 

3034 382 i 12383 



13 4 7 3 8 5 7 6 7 0 5 

0384 9576 J. L 971 

; 1 0 / 



O *"5 q _ 

12 L 2 4 2 9 12 6 5 7 

84 8 3 95 4 0 1C4 30 

i 4 8 9 / 2 6 i. 2 3 5 6 



3 4 0 -

6627 12709 12933 

3 6 4 ]97 6 12 8 8 8 

8 213 912 8 12 7 9 2 

98 8R 19 088 L1108 

299 890 11624 

/b 8 /5 9 8 i J 6 0 2 

2 8 4 fa 6 9 12 58 9 

-| 5 2 7 12 4 7 4 

J 4 2 6 861 4 4 2 95 

3 0 2 0 8 7 l I. L 4 7 

,>226 62 4 9 12 0A j. .. 

2 lain 2 i 

The ciat<-: p i ocea a icq apparatus accordmq 10 Claim I, 

I' o -i- r i 

where a ra.;v at the parity check matrix initial valoe 

tdbi.v} is iepresen':e4 by i arid a parity lonqth of the LDPC 

ccda is represented by M, 

a pi1- 2 5 u x Pi - j ) j th coiurnn of the c<ari Ly check matrix i 

a column obtained by cyclically ahirtinq a { i+3 60x ( i - ] ; b~ 11 

cciPicr; of the parity check marrix, Ir which positions of 

elements of 1 arc repr ysenrcd In i he parity check matrix 

initial value table, downward by q, where q 13 equal to 

;v] / 4 t 0 

: C .1 a nri 2 j 

The 3a' d pc:cc/i;j.rp aiaar.isua acco/dino ho Claim 2, 



. U X 



— .3 d 2 " 

only paritv lots in code bits of the LDPC code, 

! C I a .1 m 6 ] 

Trie data processing apparatus according to Claim 1, 

tu r the r r.un:nr i s i ng ; 

a column twist int.er leaving unit cor-f igu r ed to per form 

co i urnr- twist ; nl:o r i. ea v i nq or; the LDPC code by shifting code 

bits of the LDP'0 code in s column direction and storing the 

shi feed code bits. 

[Clam 7} 

The data orocessing apparatus according no Claim 1, 

fur the r comp r i a i eg : 

a oermu ta t i on unit oonfigured to permute erode bias of 

tne TDPC code to replace aire code bins of the LDPC code with 

symbol bits of a symbol correspondimq to one of a certain 

number of cons to'id: a t r on points defined by a certain digital!, 

mode la t ion scheme. 

; C j. a i in o ] 

The data processing apparatus according to Claim 7, 

wher e:n 

tiae permutation unit permutes the code bits that aire 

stored in a column direction and that are read in a row 

d1rec t r on. 

; C ) .a i m 9 ; 

The oata prooesaruo appa rabis accortamq to Claim I, 

W SO . n 
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the parity check matrix is a pa r i. t y check matrix that 

docs not have eye i c 4 . 

(C 1 a i ra 10] 

The data processing apparatus according to Claim I, 

Vihe r e in 

the parity check matrix is a parity check matrix of an 

LOPC code belonging to an ensemble of LDPC codes having a 

performance thresho Lei less than or equal to a certain vales, 

che performance threshold being an Lb/ho at which a BER 

begins to drop a net being cietectea using mui 11. - edge type 

den s i c y e vo \i t i on . 

i CI aim fi ; 

A da !u-.? o e oeessJ ng inethcci compris ing : 

an encoding seep of eneocinng info rraah on bides .into an 

LDPC { Lew Density Parity Check; code having a code length of 

6-1800 bides and a code rate of 04/30 on the basis of a parity 

check maerix of tOee LDPC code, where in 

the LDPC code includes in £o rrnat ion bits and can tv bits, 

rhe parley check macrix includes an information matrix 

oortion corresponding r.o she irriouret ion bi.es and a parity 

malm fx porfj.cn -cor r osponci i. ng ao the parity bits, 

the ml oraea t i cue mato.x pc;Cuon is c ope e sen ted by a 

parity check ma e r 1 x initial value cable, and. 

!:ne parity check me\!: r :i x initial value table is a fable 

snowire; cos i!- i. enne o ^ e 1 omen c. a of i ;e the i n f o mat i. en matrix 



pori: ion in m:3:.s of: 360 cof nmns, inclodinq 

.150 4 2 L 0 3 2 62] 284 0 3869 4 594 52 4 6 6314 7 327 7 3 64 104 25 

•1 1 934 1.289*3 12954 

27 1 903 3973 151.5 7812 8093 8428 9789 1051 9 11345 12032 

.12157 1 2573 1 2930 

17 191 660 2451 2473 2976 3398 3616 5769 6724 8641 

10 0 4 6 11552 12 8 4 2 

1 3 1 366 1993 64 68 7689 0 5 63 91.31 1001.2 1091.4 1 1574 

j. ) 8 17 ] 22 0 3 127] 5 j 2 94 6 

432 872 2 603 3286 3 306 1.385 4 137 5563 7540 9339 9948 

12 3 15 .12 6 5 6 J. 2 9 2 9 

1115 !3 9 4 4 J 0 4 41 8 6 /240 8827 1 1 522 1 1 833 1 2 339 123 63 

1 2629 1285 1 12904 "12 9 4 6 

1 4 44 1 14 32 167 7 2432 8 98.1 1 1 478 1 1 507 12599 1.2783 

12793 1.291 2 1 2922 12943 

1579 1806 7971 858 6 984 5 1.0557 11600 12007 12020 12339 

12 576 128! 7 178 30 12904 

20 546 3672 5538 6944 8052 8781 9743 12269 12393 124 18 

12 54 9 j.2 5 5 5 1 27 31 

1 3,4 0 4 3 97 5011 6 65 7 8 !3 7 9 587 [0360 1 0 602 1.14 02 1 1 98 3 

1 2 068 124 9fl : 28 18 

30 15 /2 4 908 7^31 804 1 8 9 1 0 8963 1.1 005 1 1 930 12240 

12310 12 4 67 12892 1293 5 

33 3310 390'/ 42 1 5 554 5 8 506 8655 884 8 8806 9 3 3") 9364 

1315 4 12 959 



1338 253 6 4 R 7 6 5 2 0? 3555 1.042 1 10 929 151646 1 1739 12375 

2 \ I 3 5 A •; "i 2 2 ' 2'I3 A 

3-1 69 10544 10932 11250 1.1426 J.L532 118 4 6 12133 12202 

52 10 12]56 5 2 378 12 873 12329 

2651 5337 3616 6113 7078 8167 8 624 9697 10908 1 15781 

28 4086 54 3 2 65 55 68 4 8 7 3 68 87 94 11483 11572 12^1^ 

2 2 3 3 12 2 6 

4 c! i 2 c 

'o o a o 2 /] ,3 4 1 O 

V O 

'^2o 

/] 2 -1 



o L J. i. ? P. (i '7 

2 2 A 2 1. 3 6 2 3 9 6 2 990 3 7 7 4 8 2 3 9 8 7 9 4 8 0 1 

381 7 309 9334 

-i 6 / ^ o. 2 0 

o B 4 9 8 j 



1.0 64 2 5 98 BOO 9 

613 6 6 92 9 12 95ft 

12 96 1.2 7 8 9 12 932 

<1 2 7 4 8 0 4 9 8 7 9 3 

18 2 4 3 2 9 9 6 92 6 

11 8099 19669 

624 9 6 3 3 9 8790 

641 9 67 9 12 831 

3 4 99 98 7 6 li .1 8 9 

3 2 2 6 6 J4 8 81 7 3 

10997 11270 12731 

3 6 92 4 980 138 38 

2814 11988 12909 

60 6 3 9214 119 19 

6 0 6 4 6 8 2 7 1 2 0 8 3 

j 9 1 0 2 4 53 98 1 

99 3 62 8 9 8(9/4 

4 9 2 8 ; 3 8 1 2 9 9 2 

2 98/ 6 2 'V1 994 3 

2 7 8 3 .! 1 8 4 ^ "1 I 8 9 3 

58 1 4691 18826 

14 5 3 97 o9 4v 

94 8 9982 5c95i 

5 2 6 3 6 9 2' i.' 8 •/; 6 
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1394 2457 5251 

10 ]. 4 3 12892 12956 

8 4 4 8 1 1 917 12 3 3 0 

4 2 0 9 116 9 3 12 3 5 6 

J. 2 2 10 



21 251'-; 7 82 3 

6 315 9 2> 9 J 9 H 3 3 

2229 3629 10855 

3818 5309 12783 

2730 11. 52 5 12914 

6 2 97 Boll 12 9 3 3 

3 6 0 6 1. 1 L04 .1292 0 

5097 10312 L 2 7 5 9 

6: j U 2 ' / 2 0 6 1.2 () •' 7 

5 3 2 5 5 4 90 10 7 2 8 

22 78 3462 

3 2 12 4 3 9 1 2 6 5 / 

8 4 8 5 9 5 4;; • 8 4 ; !J 

7 9 3 5 7 37 7 7 4 20 

57 4 8 97 2 6 12 358 

5 67 2 6 L 5 0 91 5 8 

28 5525 5857 

520 7099 ]. I 33 5 

4 85 617 3 128 65 

5 8 4 7 1. 2 8 4 3 1. 2 9 3 4 

4/ 89 / 6 3 9 i 0 3 88 

2 8 5 0 3 0 8 1 12 9 3 8 

8 8 4 4 L 1 2 1 4 12 9 3 5 

2:20 107 69 18 665 

7 14 1 7 4 9 1 3 98 



8 67 0 80 3 7 1 2 9 31 

13 8902 8929 

8 3 8 0 112 11 7 4 0 

2 64 8 99 5 9 ]. 0 93 4 

2 9 9 8 9 0 1. i 6 3 4 

2 8 4 6 6 9 12 5 8 3 

62 2 6 0/3 9 12 'Mi 

ma T; 



table is represented by i and a pari.ty lenqth of: the km 

code is repi esen Led. by M, 

a ( 2 r.3 60x ( i 1) j-tn column of the parity check matrix is 

a column, obtained by cycl ioaldy sbi.ft.Lnq a { 1 3 60x { L- 1) }—th 

column of the parity check matrix, in which positions of 

e.; emenv.s of I are represented in the parity check matrix 

initial, value table, downward by q, where a is equal to 

M / 3 6 0 . 

[Ola .i m i 3 j 

The data process inq method according to Claim .12, 

who E: e i n 

fur the { br36Cx(i--] ) } th co b:mn of:" rhe parity check 

ma t rix, 

an i-th row of the par icy check matrslx initial 

value table represents a row number of an element of 1 in 

she { i i- 3 6Qx ( i - i j b-th column of the parity check matrix, and 

tor each of rhe { 2 ; 3 6 Ox ( i - i. ; >-v:h to ; 3 6 Ox i. ) - th columns, 

which are columns other rhan the [ "m300x ' i-1; b- tn column of 

the pan ry check matrix, 

a row number H,; ; el an olomoru" or 1 : n a w-nh 

column of she parity check matrix, which rs a column other 

tnar: rhe h;i330x(l -i; }-rh eoiumn ct the parity check matrix, 

is roprosenceo by eouahion if.,. •" mod(h:<- mod { i'w-d ) , 360 } >< 

M / 3 6 0 , M ) , 

wnoro P., denot e a a vaiue in tno .• • t.n i ow are. a vtn column 
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of the parity check matrix initial vilue table, and Hwg 

denotes a row number of a b-th element of 1 in rhe v;-d:h 

column of; the parity check marro.x H. 

[Claim 14] 

The data processing method according to CI.aim 12, 

wherein q is 36. 

[ CI a im t 5 1 

The data processing mebhod according to Claim 11.,. 

fu r ther comor i s i ng : 

interleaving orb y par.iky bits in code bits of the LDPC 

code . 

j Cb a im 16 j 

The data processing method according to C La Ian 'j 1. , 

f ur the r como c i s i.ng : 

pe rformi ng column tv.;isL interleaving on the LDPC roods 

by shitting code bits oft the LDPC code in a column direcrion 

and storing the shifted code bits. 

; C i a i. rn 1 7 ) 

The obits processing merbod according to Ciairr fi, 

1 c r t ne r comori s '. rn.;: 

permuting code bits of rhe LDPC raj tic tea rep Lace the 

erode bids ol the LDPC node mi L n symbol. Cots of a symbol 

no r respond i.ng to care or eor: to is": rajmoer of cons t.e 1 ) a t i.on 

ooirprs defined fry a certain digital modu ia r ion ochoae. 
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The data processing method according ho Claim 17, 

wherein 

~he permcting of code bits includes permuting trie code 

bi us that are stored in A rod inn direction arid Chat are read 

in a row direction. 

(C1 a i m 1 9 ] 

The data processing method according to Claim ii, 

wherein 

the parity check. matrix is a parity check matrix that 

does not. 'nave cvc.i e 4 . 

iClaim 20 1 

The data proessinq method acco tel. L nq to Claim it, 

vdie re i. n 

trie parity ciieck mau;i >; i;, ii parity check matrix of an 

LDPC code beiongirq to an ensemble of LDPC codes having a 

performance threshold less than or: equal to a ceidoin value, 

tne pe r: f o r. ma-i ce c h r ?-aihc d d being an dx/th at whicn a BICR 

begins to drop and being detected us i.ng mc.111-edge t.ype 

d e n s i u y e v o1 u t ,i o n . 

A data processing apparatus comp r 1. s J. rap 

a decoding on.id. configured to decode an LDPC (Low 

Dens id. v Parity Check) code having a code length of; L'1800 

bits arid a '-ode rate of 3^/30 on the basis of; a parity check 

ma i r ; x or the LDPC ceac, ahe.i..e:n 



the LDPC code includes i n 1 orma t i on bits and parity bits, 

the parity check matrix includes an information matrix 

portion correspond i. ng to the information bits and a parity 

matrix portion oo r respom i •; no f-o rhe naritv bits, 

the information matrix portion i.s represented by a 

parity check matrix initial value table, arid 

the parity check matrix initial value table is a table 

show .i.ng positions of elements of 1 .in the information matrix 

portion in units of 160 columns, including 

150-1 2 1 0 3 2621 2840 3869 4 994 5246 t> 3 i 4 732'/ 7364 10425 

L j. 9 3 4 12 8 98 i. 2 9 5 4 

2 7 1 90 3 3 92 3 4 3 is 7812 8 9 98 3 4 3 8 97 8 9 105; 7 11343 120 32 

1 2157 12 57 3 i. 2 9 3 0 

J. / :. 91. 6 60 2 4 :.:3. 2:47 9 29 /6 5 3 98 .3 6: 6 9 7 69 6 /24 8 6 4.1. 

10 0 4 6 1 1 5 9 2 12 8 4 2 

13 1.366 4 99 3 6468 7 08 9 8 56 8 913.1 1001 2 j.0914 1 1 574 
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4 32 872 2 60 3 528 6 3306 8 88 5 4 137 5 5 63 7 54 0 93 39 994 8 
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110 015 13 2 4 0 1.572 4 908 7421 804 1 8910 896. 
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12680 12730 12734 

3 2 .10 2 6 .50 /8 '10'20 0000 / '80 9042 9928' 1007 / 100 /7 106 7 9 

I 1 1 91 11 7 0 0 12 61 1 

.1 669 3331 3 9 B 0 038 1 541 2 6552 845 1 9435 10243 1 1546 

i. i 8 2 .1 1 i 9 8 / i 2 8 0 7 

2 0 2 4 o 3 9 '] 9 i 2 3 2 2 15 6 2 3 9 6 2 9 9 0 3 / 7 4 8 0 3 9 8 7 0 4 8 819 

.1 081 0 11.8 68 12 604 

2 .3 8 1. / 10 9 9 j 0 4 

348 6494 1262 1 

487 2 62 57 j. 10 90 

7 11975 11985 
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1173 5269 12647 

1944 7738 0116 
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18 100 3 0 0 9 

">, 3 5Op 0 1 1 A A 

J 2 B 0 A 0 5 0 0 2 0 0 

2283 8809 12588 

3 1. 9 9 8 2 4 2 9 (J 8 i. 

i.0 64 2 0 92 8 059 

2 2 5 6 J203 0 12 922 

8 2 0 4 8 04!) 80 8 8 

J L o 8 9 9 J. 2 i b 9 

62 4 9 02 3 8 8/30 

64 j. 9 6' / 9 12831 
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2 5 87 6271 9945 

2 7 3 3 118 4 4 1.18 93 
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02 0 7009 1123 0 

4209 7679 1 038 6 

2050 802 1 12933 

8 8 41 1J 214 !2 9 0 5 

213 0 I (17 0 0 12 6 6 5 

7 (3 4 4 7 9 0 12 0 4 0 

8 6 9 91 !2 77 2 

.1. 0 9 9 0 I 8 92 9 

8 3 8 10 1.•• 12! 7 4 0 



15 2 7 12171 

1226 3614 4205 

3 0 2 0 8 7 1L117 

6226 6259 129': 1. 

[Claim 2 2 j 

The data prccessinc; apparatus acco r d i nq U; Claim 21, 

whorei r 

where a row or the parity chock matrix initial value 

table is represented by i and a parity Jenqhh oh the 5DPC 

code is represented by M, 

a | 2 c3 60 x (- 1 ; } ~-\~h column o! the parity check matrix in 

a column obtained by cyclically shift icq a { i 2'2i0x2"22 j-tin 

eo;ui!ii of the parity check matrix, in who ch roaI r i ens or 

elements oi 1 ere roorese!': red in the oariry check matrix 

mitral value cable. downward by op where q :i a equal to 

hi / 3 6 0 . 

ml lain; 2 3 j 

Tiie daca procesainq apparatus ficcordnq to Claim 22, 

WHO r o i n 

I: or the 22- 1 6 cv ( i-j ; }-~h co.t.irpp el rhe oca t y cacck 

ma t rex, 

an i - th row or the parity check ma t r i x i.n ? rial 

value i. able v'epre:>en;:.s a row iiumber of ,m el erne at of 1 in 

the { 1. !• 5 6 Ox (i-1 ; f-"h coJ.urnn or the oaricy chcedr marrix, arid 



which are columns other than the (1 * 3 6 C x ; i - I) } -1; h column of 

t:he parity check matrix, 

a row number: It;..., of an element of 1 in a w-th 

column of the parity check matrix, which in a yiiiinn other 

than the { i i- 3 6 Ox ( i - j.)} -1 h column oi the parity check matrix 

.ins represented by equation H,.,.., ™ modify,., f mod ; (w-1 } , 3 6 0 } x 

M / 3 6 0 , M} , 

where in,-, denotes a ya i ue in the .i.-trs row and a i-d:.h column 

of the parity check matrix initial. yaiue table, and 

denotes a row number oil a p-ih element of 1 is the w-th 

column of t.Ino par.ity chock matrix K. 

[Claim 24; 

Trie data p ?: ocess i.r:q cppimtuc aeoordirq t.o claim 22, 

wherein q is 36. 

[Claim 23; 

The data processing apparatus accordinq lo Claim 21, 

fun her compr i s i nq : 

a column twist deinter1eavinq unit configured to 

P'.-ri. orm column twist do i n tc r .1 eay i nq on the i.DPC code to 

restore code nits oi the iu'-C code to ar. on.qiti! order in 

case whev'e column twist i nte r i.eay.i nq das tceri performed on 

the CD PC code by shiitinq t. he code b is tne L3PC -node i.n a 

column direction unci storrnq the shlftyd code bits. 



f u rl:her c ornp rising: 

an inverse permutation unit con f :.i gur od l:o perform 

inverse pe rrnu ta t Lor: processing on the LDPC cock?, in a case 

where Dercutancn processing has been performed or; h~e LDPC 

code to replace code bits of the LDPC code with symbol bits 

o t a symco.1 cor respondi ng !:.o one of a certain number of 

cons te I i a t i on points defined by a cerfam digital module t io 

scheme, to resl.cre the code bits whose positions have been 

replucod with the symbol bits to original positrons. 

[ (31 a i.m 2 7 j 

Che data processing apparaous according to C ha i m 26, 

whare in 

• die inverse nermutat i on nr. i t performs inverse 

permutation orocessing to restore the code bits that are 

stored in a row direction and r.laar are read in a roiiiin 

direction to origins^ positions. 

[Claim 28] 

The data processing apparatus according to Claim 21, 

who r e i r: 

the pa rC : y check matrix is a parity cr.-oek matrix than 

does mil have cycle 4. 

(Claim 29] 

The data processing apparatus accord Inq to Claim 2!, 

where in 

the jii ru i y check ma L r i a is a parity check iratnx or an 
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LDPC code belonging to an ensemble of LDPC codes having a 

por fo rrnanoe threshold less than or equal to a certain value, 

the performance threshold being an E,:./No ••'C:. which a. BLR 

begins to drop and being detected using mo 1 M~edgn type 

d e n s i t y e v o ].. u t i o n . 

[ C i a i m 3 0 j 

A data preoessing method, compei.s inci : 

a decoding step of decoding an LDPC (Low Density Parity 

Chock.) code having a code length 'if 64800 bits and a code 

rate of 24/10 on trie basis of a parity check matrix of the 

LDPC eode, valorem 

the LDPC code includes tnlorna toon bits and pari1."/ bins, 

the pari.r.y chock matrix inc. Lodes an i n ;. ou-'ma t Loo matrix 

portion co r respond! ng to the i. n Lo rma t ion bits and. a parity 

matrix portion corresponding to the parity bits, 

trie i n 1 o rma 11 on matrix portion is reoresenrod by a 

parity check matrix initial vaiao table, -mo 

the parity check matrix initial value table is a table 

showing pos i t j..ons of: elements oi i. .in the Information matrix 

portion 'in units of 36u commas, including 

It0 4 2 103 2 62: 28 4 0 3 BP9 4 194 3 2 m 6 3J4 '321 136 A iC425 

1 i '•? 3 4 1 C H 9 3 j 2 9 it 4 

23 190 3 3923 4 :C1 3 7 8 J. 3 8099 8433 9789 10519 i m4 a '2032 

J 2 PC/ 12373 129 40 



: j 52 .1 2 8 A 2 



- .J 6 b 

2 8 <3 08 6 5 4 32 65 5 5 68 3 8 7 0 68 3 734 114 8 3 11572 12414 

128 16 12893 1 2936 i.2957 

5 5091 5572 9023 9192 95B9 9999 3.0009 10855 1099 1 1 1.715 

12314 12 610 12 94 5 

"J 7 272 002 568 1 6530 9572 9886 1 1061 1 19 95 12238 1.2265 

12 48 1 1.2885 12955 

22 22 4 5 42 82 4 4 69 5007 6 650 67 3 3 101 51 1 0 4 01 1315*7 1 

12004 12261 12805 12844 

23 3270 3468 B621I. 9662 11240 11934 120(-U 124 4 4 1 269!. 

12717 12858 12888 12917 

540 .15 1 9 4 923 61 9 1 7878 83 l0 929 3 1 0779 1 ]020 1 1287 

11630 12792 12862 12920 

•i 3 >s :j 8 4 0 0 ' 2 / 0 7 9 8 0 / 0- 1 0 4 7 7 j. i 1. 3 0 .1:388 11780 1284 1 

12667 19818 12927 

1 4 1.118 92 8 3 5382 8 301 90 97 94 18 9 8 64 10 4.37 10701 11.1.24 

12 6 8 5 1.27 30 12754 

25 1 426 3 0 7 R 4325 5855 7780 9042 9928 1 0077 10877 .1 067 9 

1 1 1 91 1 1.7 80 i 261 ! 

1 6 6 9 >8 8 1 3 98 0 8 38 1 5 4 i. 2 ho 5 2 84 5 3 9 4 95 102*5 11546 

1.1821 1198 7 12807 

2 52 4 83 91.9 1.2 39 2 1 56 2 9 96 2 9 90 8 7 / 4 8 5 39 8 7 04 8 81.9 

108] 9 11868 .12 65 4 

2 3 8 1 7 s 0 0 9 8 34 

48 6494 12025 

4 8 72 b7 07 ;10:K1 



— 3 6 7 — 

7 i. 1 9 7 (j 1198 5 

6 b j ,3 13 / 3 8 i. 3 3 5 3; 

117 3 52 69 12 64/ 

2 9 9 3 17 ] 1216 3 

1 2 3 6 3 b 3 0 9 3 3 9 



62'1 9 6338 87 30 

0 4 1. 2 h / ]. y O J 1 

34 5 9 9376 11185 

3 2 2 6 61 4 8 8 i 7 3 

9078 12 126 12771 

10907 11278 1.2733 

3392 4020 12838 

2 8 j. 4 1 1 5 8 8 12 9 0 9 

6 0 6 3 9214 1 J. ;D 1 9 

6 0 64 68 2 7 i 2 6 8 3 

1.610 2 4 52 658 2 

90 8 62 8 9 8 07 4 

4 592 81 18 ]2 9 5 2 

2587 627 1 9945 

2 7 3 3 H 8 4 4 191. 8 9 3 

581 4 60 1 1002 0 

14 5:> 3 7 60 4 9 

3 4 3 3 5 8 2 5 9 31 

52 63 G 5 2 1 1 28 4 6 

1.3 94 2 4 57 52 5 ! 

11 4627 12747 

2 65 0 I 0 3 6 6 1 2 3 90 

02 8 5 118 9 3 12 0 62 

1 0 i 4 3 1 23 92 i. 2 9 7;6 

8 4 4 8 j. 1 9 .! 9 12 3 8 0 



4 2 0 9 I i 6 9 J 12 3 3 6 

12 2 9 2 3 60 90 8 6 

5 3 8 9 814 8 1.0 2 2 4 

6 4 4 8 / 6 1 2 8 62 

9483 12659 12887 

3587 6787 12478 

31 2 2 52-1 5 904 4 

3267 10 1] 8 1.1466 

1347 3857 6705 

9384 9576 1 1 9*7.1 

1366 8708 10758 

412 4249 12803 

167 6 ! 0 •'] 8 8 1 18 50 

17 1 60 5 2 4 5 5 

14 111 6045 

11368 12919 12 993 

1 0 D8 8 11 5 3 8 12 9 3 7 

4549 3 i. 4 3 12218 

3 08 8 818 3 11674 

2 s 2 "OS 4 7833 

6 6 i. 5 92 9; 9863 

2239 3629 30835 

38 1.8 3309 ! 27 6.-1 

87 4 0 1 "i 5i2 5 12914 

8 2 8'; 861; "2 94 3 
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838 I011 4 i 174 0 

7648 7'4 5 9 L0934 

32 3 7 4 39 12877 

5503 5050 11395 

0 62 7 j. 2709 12 933 

5 0 4 1 97 0 1 2 8 8 8 

8 2 L 3 9 12 4 j. 2 7 9 3 

9538 1.0088 11108 

2 09 0 90 1 1634 

7 3 68 7 5 98 LI 00 2 

2 8 4 0 6 9 j 2 5 8 5 

! P 7 / y / 4 

; 4 2 0 "5 0 i. 4 4 a (j 5 

3 0 2087 1114 7 

6226 6259 12941. 

i COla.i rn 3 i. ] 

The OaOa pr.ocesr;;nq method accord] n;; O; Claim 30, 

wh e r a in 

where; a rev; of the pari i;cy check matro.x initial value 

table is r epre sen imai bv i ana a easily lenqth of the 1.0PC 

cache :i a repr&senreci oy M, 

a { 2 5 6Ox : i - 1 ) 1 i.n coaiia; of the oa c i " y chock, ma r i x J. a 

a column obtained by cyclically cruf'. aa.: a { i M 90x ( i th 

colnnn oi she pa r. ,i. cy olietK aata :x, in which positions oi 

eiemonis or ! a r- rconaaaa cd in the pnriry ;4aaa< :ua: c ,i x 



initial value table, downward by q, where q 'is equal to 

H/360-

[Claim 3 x "• 

The data pzocessmq method according to Claim 31, 

wherein 

tor hue i 1 •: 3 f>0x ( i. -1) }-th column of the parity check 

ma. r; r i x , 

an .i. h r ow of; the parity check matrix initial 

value tabic represents a lew number of a n cm emeru: oil 1 in 

the { i. bi 6G>< (1 -l; ) - th column oil the parity check mat nix, and 

for nach of the { 2 i-3 6ux ( I-1 j } - r ,h to >360xi}-rb coiummp 

which are colrnic; other; than the { 113 60x pi--1; }th column of 

the oaru; y check nauc.x, 

a row number if,;..} o!l an element, of 1 in a e-rh 

column of the parity check matrix, which Is a ooi.umn olhtn 

than the ( 1 3 GOx ( i. --1) }-th column of: the parity check matrix, 

is represented by oquat;on ••• rnod{n;>: *• mod (; w •--!}, 3 bO ; x 

M/5fc0, M) , 

where !"n,- denotes a value in the i-u;.h row and a i-rh column 

of the parity check matrix initial value table, arc; lb... 

der'iores a row number: of a p-th element of J in the w--th 

co i una J of the pes r i tv cheer matrix 11. 

I Cia:m 3 3: 

The data process i.nq method aeoorciinq to C; a .i m 3J, 

who re- i n q i s 3 3 . 
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; Claim 3-1 ] 

The Tata processing method according' fc Claim 30, 

f u r cher oornp r i s i nq : 

performing column twist: de i n te r ] ea v ing on the LDPC code 

to restore code bits of the LDPC code r.o an original order-

in a case where column twist i. niter lea v i no; has been "per formed 

on the LDPC code oy shifting the code bits the LDPC code in 

a column direction arid storinq the shifted code bits. 

[ C1 a i m 3 3 j 

The datn processing method according 'to Claim. 30, 

fur the r comp r is inq: 

performing i. inverse permutation processinq on the LDPC 

code, in a case where oe rmuat i on. processing has been 

performed on. the LDPC code to moi.rice code bit. a; of site Ld")PC 

code v/ri.n syinco i. oi. ts cat a s ymboi cor resoonomg to one o.i <a 

certain number of const; el la t ion points defined by a contain 

d J.O .i ta i. moon i a tri on scheme, to restore line code bios whose 

posit.ions have been replaced w:d:n the symbol bits to 

or.igi.na:. pos.i Lions. 

[ C i a im 3 6 j 

The data orocesoirg me'"hod OCCOLO: nq :to Ci.a rm b), 

wine rei n 

trie inverse permutation processing includes resiroring 

fite code bits that air snored i. n a rov; direcCion and Linn:, 

are read i a a •-utcuron a.:, -"era i on. to original oos : " io:nn 
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fClaim 37! 

Che data processing method according to CJaim 30, 

where.: n 

the parity check matrix is a parity check matrix thai 

does not. have cycle A. 

;C)aim 3 3] 

The data processing method according to Claim 30, 

wherei a 

the parity check matrix ia a re • i r.y chock matrix of; an 

LDPC code; belonging to an ensemble oi LDPC codes having o 

per lormance tameshold less than or equal to a cartam; value, 

iho pe r: 'iormanee threshold Dei rig an bh/dii et which a RFK 

begins to dme ami be i.ng derected usinq run 1. r i-edqe tys-

dons id: y a vo 1 at i on . 

jClaim 39 1 

.A da " a pr. ooess i ng apparatus comp r i s .i. ng : 

an en cod i. nq an i v. con f i qi; red to encode i n f o rma t i. tin hi r s 

into an LDPC (Low Density parity Check; code having a. code 

length oi 64800 bits and a code rate of 33/30 on rhe oasis 

oi; a parity chock matrix of the LDPC code, wherein 

"ha LDPC code includes info orerion birs and parity bits, 

the patiry check mairix includes --"in in io tma t ion >na;:r ix 

per trior; co r rescoi id r nq 'to the r iillo rma t i on hits and a pari;; y 

mntiLX coition o;e r r. a spend i. ng re lire parity bits, 

r ho o'liiiiiiC era ma crix nor;' ror Is reo^oaorecai bv a 
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snowinq oos itions of e 1 ornoutn oi } m the 

port i on in units of. 360 coiunms, ) nc Luci mq 

1 O <2 , 

table 

2 3 5 4 3 9 67 4 2 9 2 4 4 8 8 5 2 4 3 o 3 / ^ 3 7 6 6 B ) 7 B 9 i. 

0 5 0 5 1. (17 / 4 

2 4 22 66 2 38 0 .32 82 425 5 477 9 872 9 914 0 95 6 6 1.0102 100 oi 

0 7 1.1 ] 07 97 

5 0 5 6 n 0 I. 1.0 8 L 6 6 9 2 2 5.: 5 133 084/ 6 ! b I 0902 / 5 n o i U' < 2 1 

r-> \ .'O '•/ "i u o o u L I; / / 

1016 142B Jo12 23 3 5 3 i 02 3810 4 92 6 5 95 3 9964 10246 



37 6 

• i '.j : .1. v -J J 1. :J i .> 0 

1044 3711 4/171 5140 5207 8 1 18 8749 8884 9205 1.0359 

372 10746 10784 

32 4 1 5 b 9 b -54 4 0 /2 40 /4 19 8 613 8 8 / 8 9';; 9 3 9 99; 9 9993' 10401 

0 4 0 4 10 7 

4 647 5 9 12 60 6 5 669^ 7208 734 6 8227 94 6 5 97 3 9 104 52 

0 0 7 0 



304 7 3153 5160 3 37 8 

9955 10735 

2 018 2 3 5 5 3 8 2 8 3 8 5 4 

L 0 2 0 2 10223 

1402 1908 4286 4660 

10505 10644 

34 42 358 5 38 68 3051 

10 61 3 10 681 1.0 68 9 

3' / i 5 / 8.8 6 .1. 0 5 2 2 

3557 4753 7086 

13 9 4 7 2 57 102 64 

2 8 4 8 7502 10304 

1 64 9 2 4 03 "107 8 3 

64'/ 2911 9065 

2 3 7 2 4 (i 0 6 9 5 0 8 

±36 1 8 88 8 1010 3 

3 681 4 02 3 9090 

1 4 9 6 4 9 62 6 12 5 

2 01b 51 2 0 97 4 7 

3954 5260 85b8 

38 64 87 15 10:133 

4208 18 06 9 57 3 

29 8 3 61 14 5 0 

183 3 2 317 10 4 3 6 

73 12 8 177 904 1 

3 '4 7' 

3 4 61 8 71 1 8 8 0 9 9 04 0 917 3 9 2 52 9 55 7 

620 1. 6696 831 8 84 59 8 550 88 33 9586 

6029 61 1 5 6737 7538 9495 9517 10055 

5322 5580 8725 9046 9170 10041 



7 7 2 6 8 0 97 

2109 7902 

5424 8 9 43 

4 3 69 7 64 3 

2 2 4 0 1 0 J. 4 0 

34 3 6 6124 

8 9 62 9 3 67 

2 6 1931 8 6 

8 27 6 19 4 6 6 

8 2 4 4 9 D 4 

3 9 9 5 9 4 6 6 

2 8 .10 3 0 9 : 

4 894 92 8 6 

5687 67 21 

J 8 5 9 9198 

6374 6453 

1 3 19 4 5 3 0 

156 7 107 ; 1 

2116 34 4 5 

6 6 6 8 9 J 3 3 

4 9 3 8 8 I..! 2 

j. 4 7 9 3 4 0 8 

2522 2984 

16)26 5076 

2 13 6 9 8 2 0 
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107 61 

9 68 5 

6- 4 j 6 

9 1.52 

i 0528 

1 0604 

1 0040 

29 

1 0 6 4 3 

1 0 6 3 3 

0 3 8 7 

°4 29 

9 120 

97 62 

7 01; 

6442 

] 07 98 

3 6 4 1 

10 ] 6 3 

: 0 2 9 5 

9 6 62 

:. 9 63 6 



4214 84 64 9891 

8 018 10 3 3 0 10 610 

8989 L 02 0 9 10697 

3414 7/73 0699 

4883 9077 9636 

3 2 817 3 8 4 2 6 

3 9 4 1 6 6 3 6 191 2 6 

3 9 6 64 0 7 3 6 1 

6 3787 10468 

4 9 6 4 4 8 18 6 9 0 6 

3903 /04 1 10412 

6' J ! 8 7 6 6-1 L 0 ir; i. 9 

6 92 2 97 2 3 98 90 

6 J. 12 6 4 1 6 62 6 3 

5 92 6 9761 104 47 

9 10 311 10 698 

R7 90 88 1 4 18793 

4/68 ::;4 6 b 1 0 6 b> 4 

7J L 0 6 7 6 107b 6 

68] 4 87 0 6 13)7 3 

J. 7 7 69 6 6 92 

] 6 03 J 06 9 6 107 4 2 

128 6 .'7-72 8976 

427 9 4 97 6 7 90 7 

4 6 6 9 4 "/ 7 6 i 0 7 6 6 





2444 5378 6130 

618 3 8 316 10726 

6 3 4 8 71 8 34 7 

2827 1021 9 "1072 8 

10 21 6 8 4 8 

1067 8312 8420 

47 93 952 2 10105 

4 688 1 0536 .10724 

3825 7 4 96 3 0703 

682 8544 10449 

2 7 94 7J10 1074.1 

32 7 9 10761 i07 67 

2 8 9 7 5 4 4/ 9 77] 

33 7957 04 60 

5 10395 10792 

62 2 5 1 022 4 J 07 98 

23 9014 10786 

/ 8 3 o 8 I. i 9 8 6 4 2 

347 6 64 5 5 97 8 8 

1 9 3 9 1 0 2 51 L0 8 3 4 

4 008 7 3 90 104 50 

92 6 2 0 9 0 8 8 0 4 

•0 38 3 4 97 1070] 

2 2 62 2 6 84 06 

6 1 5 1 5 9 4 =1 .; 0 8 6 7 



7260 7726 9529 

30 3 9 8 3 97 10 660 

7262 96-14 10083 

5331 62 4 8 !0790 

7026 8248 8 4 13 

4 64 9 8 97\ 10 L82 . 

( C La im 4 0 ] 

A data processing method comprisi ng: 

an encoding step of encoding informal: ion bits into an 

LDPC ( Lov; Density Parity Check) code having a code ienqth of 

64800 bits and a code rate of 25/30 on the basis of a parity 

check matrix o S: the LDPC; code, wherein 

the LDPC code i. nci udes :i nf o rrnat i or- bits and pariry birs. 

the pariry oheck matrix includes an in f o r ma f; i.on matrix 

portion cor responding no the information bias and a parity 

maurix portion correiporidirnj i:o the parity bits, 

tne information matrix portion is representee by a 

parity check matrix initial value cable, and 

the parity check matrix initial value facie ;.s a table 

stowing posit ions of eLomeri'is oi i in rhe i. n forma t :i oti matrix 

portion .in units of 360 columns, including 

1 860 2 3 04 3067 4292 44 83 n243 a V/ 3 S?66 8 378 9 L1 1 1.04 69 

! 0 J 0 0 i 0 7 '7 4 

2 4 2266 2 380 3282 123'; 4739 8729 9140 0066 101 02 1 0661 



605 650 1108 1 669 225 1 31 33 5847 61 97 6902 75-15 10521 

1.0 60 0 10773 

1016 1423 1612 2335 3102 3810 4926 5953 9964 10246 

j 0 5 6 9 10 7 31 10 7 8 4 

3 J 9 5 6308 8029 9030 9397 9461 9833 10239 104 99 10&75 

10736 10757 If) 7 7 3 

2 2 7 3 641 4 5 66 7 332 93 13 932 3 9916 103 65 104 38 10561 

10531 10750 

2 4 05 1 

107 4 7 107 04 

31.64 47.9> 64 /4 7 ! 92 74 20 75 1 7 78 35 82 38 84 1 2 8489 9006 

7 013 1 10 4 4 0 

2 0 2 37 2 50 61 5 64 9 6907 8 3 93 8 505 918 1 95 61' 95 95 1038ft 

10483 J0714 

1 07 1 2 8 99 19.3 5 57 80 6616 7 m 77 7 3 8562 9(715 9912 10139 
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a decoding unit configured to decode an LDPC (Low 

Density Parley Cheek) code having a cede length of; 64800 

hides and a cede r.ate of 25/30 on the basis of a parity cheek 

matrix of the LDPC code, wherein 

the LDPC cod includes i n f ormati on bits and parity bits, 

the parity check matrix includes an information matrix 

porta.en cc r: responding to the i nf orma t ion bits and a parity 

matrix pert.].on cor:responding to the parity bits, 

the in f ca.-na t ion matrix portion is represented by a 

parity check matrix initial value table, ano 

the parity check matrix initial value table 'is a table 

showing positions of elements of i. in r.he information matrix 

portion in units of 360 ooLemns, inciedi.ng 

1050 23o4 5067 4200 4-188 521 3 537 3 57 66 85 70 'jf.lL 1.04 60 

10 505 "1 03 70 

2s 2266 2300 3202 5255 4779 B720 3140 0566 1 01 02 1 066.1 
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605 650 1 i 0 8 i. 6 6 9 22 51 3 1 j 3 564 7 6 ILL/ 6002 7 545 10.5 2: 

10600 10070 
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1.0 5 6 0 30734 10704 

0 i. 9 5 9303 00 2 9 OOOa 9 3 00 04 9' 08 0 3 10230 i.0400 LOOP-, 

10 / 3 6 107 67 16)"/ 7 3 

0 2 7 16 41 4 566 7 0 32 031 0 90 2 3 9 9 j. 6 1 036 5 104 38 1056 1 

1 0 0 8! 10 7 5 0 
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;Claim 12 1 

A data orocearon'ig mothoo cornp r.: s J nq : 

a docodxnq alec of decoding an 5D80: (how honsily Par/i 5 

Check) code havmq a code lonqOh of: 64 800 bits and a codn-

rate or 85/30 on 5he basis of a parity chock maeri.x of nhe 

hope codo , who r;c in 

the LDPC code .i.ncluden ; n 5nn: ma i: i. on b ; : y ar:o parity bit: 

t.ho parley check marrpx minoj^s n a i. n tormn t :i on niacin.x 

portuno corrcocood .mc: i<; Oho i n c orma t.?. on coca ano a par:f.y 

ma'c ix portion nor r osnond.: no a; rho nrcp !"v hi tn, 
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the information rnaurix portion is represented by a 

parity check matrix i n 11 i. a I value cable, and 

the parity check matrix initial value t.ab.ie i.s a table 

showing positions of elements of J in the information matrix 

portion i.n units of 360 columns, incladinq 
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[ C i a i in 4 3] 

A data processing apparatus comprising: 

an encoding unit: configureo to encode in f o rma t i on f.d. t: s 

into an LPPC chow Density Parniy Check; code having a code 

length ol 54BOO bias and a cacao rate o 1. 2 6/50 or; inn basin 

of a parity check matrix of the Li;"v5C code, wherein 

the T95PC code includes information bits and parity bits, 

the parity cheek matt, ix includes an i.n f o tma t icn matrix 

portion corresponding to the information bits and a parity 

matrix portion cor respond i no to the parity bits, 

the i nr. o rina t j. on matrix oortion is represented by c 

pa.ri.ra/ check matrix initia..: va cue tao i. e. tind 

the parity check matrix initial value ''able .is a table 

showing positions of elements of 1 in the informalion matrix 

port i on in units ol 365 coh.imns, including 

142 2507 5 5 9 H 2550 <-028 44 34 578 1 5881 6015 n328 6651 

6 6 98 512 5 
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9644 1008 5 
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82 48 3413 

8971 10182. 
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9 401 58 3 

5 3 4100 6584 

2299 4190 4410 

21 3670 4979. 

[Claim 4 4} 

A d a t a pro c es s i n q m e h o d c cm p r i s i n q : 

an encodinq step of encoding in format Lon bits Into .an 

LDPC (Low Density Parity Check; code having a code ieoqch of 

64>j00 bits and a code rate of 26/30 or; the basis of a parity 

check matrix of the LDPC code, wherein 

the LDPC code includes inforiiia'; ; or; bits and oarity bits, 

the parley check matrix Includes <-;n i niorma t i. on matrix 

portion corresponding to the information bits and a parity 

matrix portion co r respond in.q to t:he parity bits, 

the information matrix portion is represented by a 

parity check matrix initial vain?:: table, and 

the parity chock matrix initial vaine table is a tabic 

showrnq positions of elements of 1 in the information matrix 

portion in units of 360 columns, including 
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2299 4190 4410 

21 3 62 0 4 979. 

fClaim 40] 

A data processing apparatus contpr i s iriq : 

a decoding unit configured to decode an LDPC (Low-

Density Parity Check) code having a code length of 64800 

bits and a code rate of 26/30 on the basis of a parity check 

matrix of the LDPC code, wherein 

the LDPC code includes in f orma t i.on hits and parity bits, 

the parity check matrix includes an i n forma L ion matrix 

oorriion cor responding to the 3. n f orma c i or: bits and a parity 

mat.; ix portion co r respond i.nq to the pari. t. y hi.ts, 

the information matrix portion is reoresenned by a 

parity check matrix initial, value table, and 

the parity check miatrix in.itiai value table is a table 

showing positions of elements of 1 in the iniormac;on matrix 

portion in units of 360 columns, including 

142 2307 2 0 98 2550 4028 4434 078[ 080! 60 16 6323 6681 
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A da i:a processing method comprising: 

a decoding step cl decoding an LDPC (Lev; Density Parity 

Check) code having a code length of 64800 bits and a code 

rate of 26/30 on trie basis of a parity check matrix of the 

LDPC code, wherein 

the LDPC code includes information bits and parity bits, 

the parity check matrix includes an in forma l.i on matrix 

portion corresponding to the information bits arid a canity 

matrix portion corresponding to the parity bins, 

the i.n forma tiers matrix porrion is represented by a 

parity check matrix initial value tabic, and 

the parity check matrix initial value tnole is a vable 

showing positions of elements of: 1 i.n i:he information ma t; r1 x 

portion in units of 360 columns, including 
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A data process i.nq apparatus cornpri sine; : 

an encoding unit configured r,o encode 1 nforma i: ior b .i 6 a 

to an 3036 ' Lov? Density Par.! r y Check; code havi.nq a code 
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length of (hi 800 bits and a code rate of: 27/30 on the basis 

of a pari.ty check matrix of the LDPC code, wherein 

the LDPC cocie includes inforrrsat:ion bits and parity bits, 

che parity check matrix includes an information matrix 

port i.on corresponding to the information bits arid a parity 

matrix portion corresponding to the parity bins, 

the information matrix portion is represented by a 

parity check matrix initial value table, and 

the parity check, matrix initial value table is a table 

showing positions of elements of 1 in the information matrix 

portion in: units of 360 columns, including 
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A data processing method comprising: 

an encoding step of encoding information bits into an 

LDPC (Lev,' Density Parity Check) code having a code length of 

64800 bits and a code rate of 27/30 on ::.he basis of a parity 

check matrix of the LDPC code, wherein 

the LDPC code includes information bits and parity bits, 

the parity check matrix includes an inionndtion matrix 

portion corresponding to the informal:ion bits and a parley 

matrix porrLon corresponding to the parity bits, 

the information matrix portion, is represented by a 

parity check matrix initial value table, and 

M'ie parity check matrix initial value table is a table 

showing posit .ions of €!lemonts of j in the intormavion matrix 

coition in units of 360 columns, inciLicij.no 
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A clata processing apparatus cornpr i.s:i ng: 

a decoding unit conf ; gurecl i;o decode an LDPC ('Lev-,' 

Density Parity Check) code having a code lengeh of 64 800 

bits and a code rare of 27/30 on the basis of a canity check 

matrix of the LDPC code, where in 

the LDPC code .occludes information bits and parity bits, 

the parity cheek matrix includes an information matrix 

portion oo r r esoonci inq to the mf o niar. i on bits and a [rarity 

matrix portion cor resporciinq ro the parley bits, 

the informarrcn rr- an x portion is represented by a 

parity check matrix i n:i r ia I. value table, am:! 

the par ivy check matrix initial value table .is a table 

showing positions oh' elements of J. in the i n forma t lor; matrix 

pc.rti.on in unirs of 360 <'-olnmns, including 

bo8 /0 6 b9B .! ] 49 2t / / 2622 2 / /2 22 66 3.329 524 3 6079 

62 7 1 

269 784 1 60 2 353 4 399 5 4 82 1 4 85 6 5063 5 9 7'4 6i68 64 2 7 

64 5 3 

653 1 42 6 2 04 3 2 0 66 2 996 4 I 19 4 26 7 5194 54 4 4 54 7'/ 57 2 7 

6 0 i 8 

6 '1 1 9 2 3 i 2 2 6 2331 3 052 4840 4 992 5263 5533 62-1 9 64 61 

4 7 5 



4S/1 

917 

9 1 215'; 398 1 4817 5181 5748 5788 6012 6266 

4 6 97 517)0 527 9 O / i 919 5 9 6 9 

O'J z L J J. ' U / 4 4 600 8 6 316 

3 4 0 9 





,{i 

61b 3 6 3 8 0 64 4 6 

2 0 / 1 O 9 / /] 0 9 J. 

II j_ 4 2 8 3 7 7 6 

.1 J. i. i 3 8 7 4 50 4 8 

1 4 1 0 7 i 4 -4 4 4 3 

2 3 9.1. 6 4 i. 

4 Q>'> 

3 i7 2 4190 037 ) 

A Q 

•--jcyi 

3 97 3 338 

'.j ; 

! 3 4 4 3 7 2 3 



2 <] 6 2 7 4 6 3 2 

26 1565 4000 

1012 494 6 64 7 2 

• i J 0 C O 1 O -."3 / O 

2 317 3115 4 83? 

2 0 9 9 52 6 3 62 3 5 

/] V 4 5 C: 2 3 

y!j o'^ 

6 9 2 4 0 5 6 

. '-1 



3184 4 988 59 9 5 

1060 4803 6400 

5 021 5826 6289 

160 8 4 7 5 4 5 64 8 

4702 6391. 64 2 L 

927 2286 5313 

17 3 518 6358 

15 !316 6 4 6 2 

/ n o 

? 1 5 64 



- 4 5 9 

17 3:56 3638 

209.1 3129 6458 

J. 4 J 2 3 5 ' 3 3 9 3 2 

3 333 63 07 64 63 

2 0 92 2 7 3 3 4 "i 3 3 

37 3 2 3318 64 2 6 

17 30 3 R 37 90 

4 4 8 



10 505 2867 

1183 5956 6466 

839 471 6 64 7 i. 

934 3254 6432 

.15 01 V? 90 6465 

8 1.457 1 707 

16 60 1969 64 38 

4 3 4 9 618 2 6 3 0 5 

142 3 38 4 8 5 4 90 

1 65 1. 2969 6 3 4 .5 

j&d 416-'] 6298 

2 J 9 61) 2 / 6 2 / 4 

2 2 5 3 2 ! 7 8 6 161 

13 1778 2 97 7 

0 1916 337 7 

0 3 6199 

395 4093 6 3 94 

35 12 4098 6-100 

34 90 628;. 647 3 

12 L 3 5 9 6 4 6 5 

4 2 0 2 5 17 9 6 1 1 2 

3 0 97 3 5 4 2 4 27: 

2 4 0 0 8 5 5 0 6 3 5 1 

7 54 90 57;6 

4 6 9 5 5 2 91 6 2 6 6 



'11 "i 62 92 64 0 2 

919 48 51 6 3 67 

6 6-14 3895 

538 6 6190 6'134 

1 7 ]. 6 9 4 3 9 6. 

[Claim 50] 

A data processing method comprising: 

a decoding step of: decoding an LDPC (Low Density Parity 

Check) code having a code length of 64800 bits and a code 

v,ate of 97/30 on the basic of a parity check matrix of the 

LDPC code, wherein 

the L!'K-c code includes i n f or: ma t i. on b:ts and pariry bias, 

'die pav"iv.y check ma;, ri. x includes an Ln forma t ;. on matrix 

portion cor respond ? ng t.o the information bits and a parity 

matrix portion corresponding to the parity bits, 

the in forrnai on matrix portion is reoresented by a 

parity check matrix inir:a] value table, and 

the parity check matrix initial value table is a table 

showing positions of eiemoncs of 1 in the inrorrnacion matrix 

portion in limits of 360 column3/ fnofuding 
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A data processing apparatus comp r i. s i. nq : 

an encodinq unit ccinlicured to oncode L nf o rrna l: ion bits 

into an LnPC •; Ooo Density P..;r i iy Ouieck; code having a code-

ianqth of 64800 Pais and a cod;-: rare oi 28/30 on the basis 

oi: a oanty check mnsn.x ;d" the LDP <2 cody, wherein 

r.he hOPC node .includes n6 o c ma t ion bits and parity bits, 

the parity check mat nix includes an in fo rma t ion matrix 

port..! on cor respond! nq to rho i n Oorna v: ion bits and a parity 

?na i r : x portion no " respond i nq to "no parity bits, 

the i n orma t ion matrix portion i. s copresv-nted by a 

oar id"y ct;eck matrix in.iiiai va.iue table, and 

t ho pa ro. t y check ma1/r i.x niln6. value rub i. e is a table 

snooinq positions ot elemenrs oi; 1 in rne in f orma r : on ma t r : x 

portion in linn:?; o 8 360 columns, inc-iKiinq 

8 6 si 4 1 602 172 8 ;92 0 t2 96 272 9 292^ 4/7 9 4064 427 6 

0 j 8 ; v/8 J. 3 3 8 PJ03 2 i:V9 2624 2 9.57 6 8:3; 3740 4i40 42 l3 
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136] 1430 6639 2648 2910 3418 3611 3543 4177 4209 4246 

472 1 1 4 3 i313 [546 1836 2228 2249 2256 3626 3839 3991 

22 6 1.40 1 21 54 2318 2851 3317 34 68 3944 398 3 4047 4093 

490 1145 1247 1851 2671 2776 3152 3229 3345 3758 3786 

5 22 i. 39 3 1473 2 1 96 2 7 07 3 0 52 3 398 3814 38 2 7 4 1 4 8 4 301 

417 1982 2176 2336 2459 2806 3005 3771 3870 4080 4243 

11 2 1040 1596 1621 1685 21 18 257 1 33'5 9 394 5 4034 4 17 1 

64 6 .17 0 5 2 181 24 39 2 8 08 28 61 2 98 7 5 04 4 34 94 404 9 4312 

6 11 115 245 663 17 7 3 2 62 4 54 4 4 3 60 5 3 95 2 424 6 

11 5 4 5 -02 0 132 6 225^ 3 347 2 7 50 2861 3 32 8 34 2 8 4 1 2 6 

51 5 94 1 1233 1 804 22 95 2 5; 2 8 32 6 3 3 82 6 4 0 02 4 02 2 4 22 4 

4 6 4 84 67 9 134 9 2 34 2 2 92 9 3 555 3 8 66 39 18 4 068 4 153 

1832 2025 2279 2376 2965 5278 3818 3549 3640 3843 3910 

241 94 3 1222 158 3 1637 27 4 3 3 138 4080 408 6 4 203 4 3 00 

11 1419 L 8 42398 2920 34 09 370 4 87 68 3878 4 052 4254 

878 2 04 9 2 1 2 3 2431 2 65'/ 27 04 U3 6 3 34 2 372 8 4 14 1 4 1 62 

1 6 827 12 67 1 11 0 2100 4026 3099 3 107 4(212 4129 4157 

L35 646 1367 1394 2118 2 311 2676 2966 3195 3536 3667 

698 1444 2129 2432 2494 2795 2947 3852 8985 4254 4319 

! 1 10/6 | (•; i 6 ! 9 9 5 28 8/ 2 /4 3 2 3 5 4 3009 3565 4 169 4 1. 8 8 

14 2 0 8 08 2 62 9 2 681 3 0 60 54 91 38 35 4 0 17 4 0 68 4083 

4 33 1 38 6 2'116 2 57 0 2 950 5 6 i i. 58 69 i960 1 248 42 6 1 4 31 6 

384 ;.2 92 j. 5' •« 4 06:0 / 6.! 7 8 3 5 0 36 38 3 9 64 4 1 3 1 4 9 93 4 3 1.3 

23i 364 17 17 3288 21,97 2 67 4 34.1 9 3455 3"?93 4074 428 6 

1 ;; :> 1.65 8... ; 75.v M 8 5 3003 2860 5000 3 •'34 4 01 3 42 87 



- 4 7']. -

1 1 7 33 11 98 1733 1 8 56 2 668 2 7 34 3 2 16 4070 4 32 3 4 311. 

.4 zna ifl-io • / 7 4 33B7 3793 3833 4005 4319 

3442 3 S 8 9 393 9 4013 4212 42 7 8 

2 0 3 8 3 9 8 0 4 313 

64 2373 4080 

8 00 1535 4166 

1687 3269 4225 

1 2 1 9 2 6 3 2 2 8 7 B 

1 0 3 4 5 .1 i 1 1 5 

3 62 9 3 8 8 3 4 15 5 

2 6 52 3 6 6 8 4 0 2 6 

1 3 5 1. / 2 4 3 1 9 

1426 1 970 365 / 

7 0 8 5 '' 7 6 ] 

50 6 1456 233 9 306 

2 



192 9 4 2 2 5 4 2"/ 9 

6 1 9 67 2 7 6 0 

5 9 2 1 S 7 2 '1 j. 0 7 

R 9 i 2 1 4 6 4 1 5 P, 

2 6 9 3 9 9 2 4 2 1 3 

2 87 7 90 64 3 8 82 

1 '•! v.; /• ,-.j y '/ ? 

d i '<: 



5 8 4 1 1 0 8 3 4 5 4 

9 2 05 7 3 0 61 

"'508 4 1 03 4 310 

533 3164 33 13 

137 9 4 07 2 4 310 

9 5 0 3 4 4 7 4 3 4 6 

-j u A "I '.J 

H i.9 1 3 52 337 ] 

'*1 > f '1 r /i n i • 3:) o/. > r -i •'i 

114 2 5 4 4 4 51 0 

5 1 4 0 5 8 4 31.7 

C; C /) o 





137 8 334 7 -13 05 

8 47 i 053 274 5 

1 17 4 3 4 04 2 

2037 304 8 42 54 

1 01 0 4073 4 J 3 2 



9 13 42 41. 

38 8 7 4 2 58 4318 

2 6 L2 38 3 0 4 2 3 0 

J 3 0 0 15 5 6 215 5 

3622 3671 3230 

2491 2732 3977 

7 3 9 3 8;2 4 2 01 

3203 3796 4317 

2727 4292 4305 

j 06 7 2 6 / b 4 2 5 5 

2777 31 31 4 2 8 6 

2519 3352 3937 

4 2 2 5 4 2 5 5 '1 3 I 7 

3 94 4 5522 4 311 

18 5 3 37 5 4 4 9 9 4 

599 2 60 8 337 9. 

' CI a i in 52 J 

A data prccessing method coop - 1 a mp; 

an encoding o4ep of; encoding i n i. o nna t ion dels .into an 

143PC 'Low Dor::";.:.!."/ Parity c'nock; code ha vino; ^ erode lenqati of 

64 8Q0 nits and a codo race of 28/50 on oho dasia of a parity 

check matrix of the LDFC code, wfier:e:n 

the 55P5: code Inc didoa in f or'Hot- i on hit..1- and nan i'.v hir.s, 

che oar: !:.y check matrix 'uodioicjo an ,1c i f o rna id or: matrix 

o.c doi i' ? •' n-'> oo?: d i. n o to the infancon ; on do and a oa r ; v 



rnaUix oortion cor respond ing no the parxLy bits, 

the iritormacion matrix portion is rep-resented by a 

parity check matrix :n.it.i.aL value table, and 

che parity check matrix initial value cable is a ta 

showing positions of e lernerits of 1 in the information macrix 

portion in units of 360 columns, including 

86 314 1602 1 729 1 920 2293 2 "7 2 9 2924 3079 4054 427 6 

918 1 3 7 8 18 3 8 1903 2399 2524 2:9 V/ 3615 3740 4 14 0 4 2 1 3 

1 361 1.4 30 2639 2648 2 91 0 34 18 39 1 4 3343 41 77 42 99 4/4 8 

472 H.43 13 1 3 1545 1.8 30 2 2x8 22 4 0 2256 3626 3839 3991. 

228 1401 31x4 2313 2851 3417 3468 3944 3983 404/ 4093 

490 1 i. 4 5 1247 1851 2671 2776 3 152 322 9 3348 3758 3786 

52 2 L 5 9 3 1.473 2 146 2 7 0'? 8 0 52 3398 3 8 1.4 3827 4 1 4 8 4 x01 

417 1982 2176 2 136 3439 2306 3003 370 1 3870 4080 4243 

112 1 0 4 0 1 596 1 6 2 L 1 685 2 11 8 2 5 /1 8359 3945 4 0.34 4 17 1 

64 6 1 7 05 2 18 1 2 4 39 28 08 88 5;: 2 98 7 30 4 4 34 94 .'HIM 9 4 3 12 

6]| '.15 245 66 3 1 77 3 2 634 3 1 4 4 8 60 1 39 52 4 24 6 

1 1 54 1 1.920 I 32 6 2259 2 347 2 /30 286i 5 328 8423 4.1.26 

515 94 1 3 2 3 3 L8(;4 2295 2528 3265 3826 4002 4022 4224 

4 6 484 61- 9 134 9 2 34 8 2929 8x55 38 60 8918 4 068 4 113 

1.8 88 2 02 8 2259 2 37 6 6 965 324 8 33 1 8 3 54 9 3640 38 4 3 39 i.O 

2 4 1 3 4 8 1522 3 383 3 x34 2'M5 3 355 4080 408 6 420 3 4 300 

i j 141.9 ! 8 4i 1 2 398 2920 3409 8303 3568 58'Vi 48 32 42 54 

8t8 204 9 21.23 2. 4 3 1. 2657 2704 323:2 3 342 3 "'2 8 4 14 1 4 1 62 

16 8 37 136 3 1.4 !. 0 8 10 0 >08 0 3 0 99 31.0'' 4 0-i 8 1129 413"' 



133 646 1367 1394 2118 23 

(198 14 4 4 2129 24 32 2494 2 

11 1076 i.618 1993 2332 27 

1 4 2 0 3 0 8 2 62 9 2 68]. 3 G 9 0 

4 33 j 38 6 24 16 2570 2950 3 

384 1292 1534 2610 2617 3 

271 564 1719 2288 2597 26 

1.33 190 B1 5 955 1485 2000 

559 77 1 .17 62 2537 27 64 23 

1 1 3 33 1i 98 1735 1856 266 

4 806 1832 2047 2058 2724 

506 14 5 6 233 9 3 0 69 3343 1 

2 0 3 8 3 9 8 0 4 3 1 3 

64 2378 4080 

8 00 153 5 4166 

10 30 37 5 9 4 00 2 

.16 8 / 32 69 4225 

] 2 1 9 2632 3878 

719 2 9 1 6 4 2 77 

12 6] 1980 34 59 

/ / 7 1 568 L. 91.4 

4 397 32 90 

1 0 3 4 5 i 4 1 ! 5 

3629 388 5 41'">!.> 

2 9':/ 5 h 0 8 4 02 6 

76 2956 3 195 3536 3657 

94 7 3 8 52 3 98 5 4 2 54 4319 

54 3009 3565 4169 418 8 

3 8 8 5 4 0157 4 0 6 8 4 0 8 3 

869 3 969 424 8 4251 4316 

6 3 8 3 9 64 4131 4 2 93 4 313 

29 3455 3793 4074 4286 

3000 3784 4013 4287 

8 6 380 6 3 93 8 12 24 42 7 1 

4 32 1 6 4 070 4 1 1 3 4 31'!. 

8 79 1 38 33 4 00 5 4 319 

889 8933 40 13 4 212 4 27 8 

7 8 --

11 2 6 

7 93 2 

4 3 2 9 

34 91 

611 3 

55 9 3 

7 4 3 4 

2 8 60 

1. 6 3 1 

f-i 27 5 

188 7 

4 42 3 



13 -0 3 j. 7 2 4 31 9 

J. 9 9 !. 2 b8 2Ob4 

97 0 8 4 5 2 7 6 1 

41 1067 3 4 3 8 

312 2 38 8 



- 4 8 (.) -

7 5 1718 34 38 

92 5 1 G 7 3 4 17 i. 

4 3455 4069 

3 J 27 9 3382 

1.277 1.746 3969 



2 f) 5 1 4 0 5 S 4 3 1. 7 

4 3 3 93 4 301 

3 7 .1 6 4 0 8 9 4 19 8 

6 4 2 7 2 4 3 11 

L 



382'7 4 196 4251 

1 3 5 5 4 30 1. 4 3 0 6 

2 9 6 4 0 7 2 0 3 5 

6 8 8 3 913 4 2 8 ], 

3 4 4 6 3 8 4 0 4 3 1. 4 

2 07 3 34 4 4 414 6 

37 3 4 2 8 3-' 



1 4 2 0 9 4 2 3 9 

2 3 66 4 0 63 4282 

2 '7 9 2 -6 2 4. 2 5 3 3 

657 1913 4006 

9 13 4 2 4 1. 
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A data processing apparatus comp? .i.saiq: 

a decoding unit configured to decode an LDPC (Low 

Density Parity Check) code having a code length of: 64800 

bits and a code rate of 28/30 on the basis of a parity check 

matrix or the:: LDPC code, wherein 

the LDPC erode includes information bits and parity bits, 

the parity check ma tar Ax j. no iudes an in i: o ita t ion matrix 

port, ion corrospondi nq 'to the information bits and a parity 

matrix portion cor responding to the parity bi.ts, 

:"be I. n f orma 1.1 on matrix portion is represented by a 

parity chock ran t r .1 x i. ni ti a.i value table, and 

i'he parit/ check matrix Unocal value tumble is a tab.le 

showing posit],ons of elements of i Is the : nfouunac 1 oe matrix 

portion 1 n units of 360 c.:oinmns, I. no lud i hp 

8 0 3.14 1.602 1 723 .1929 2295 2729 2924 3770 4054 427 1 

918 ] 3 7 8 18 38 1903 2399 2524 29/27 361 3 37oo 4 L 4 0 421 3 

1 361. 14 39 2689 2 64 8 2 910 34 18 55 1 i 854 8 4 1 / 2 4209 4 24 8 

4'/2 .1:4 3 1 318 1.54 5 18 30 22 2 8 2 2 22 56 3 62 6 28 3 9 8991 

2 2 6 !. 4 0 ;. 2 1 5 4 2 8 1 8 2 8 1; L 3 3 17 3 4 b 8 3 94 4 3 98 3 4 0 4 8 4 0 9 3 

4 9 0 1 14 5 1.2 4 7 18 6 1 2 62 1 2 77 6 <b2 12 8 9 8 8 4 5 37 8 8 3/86 

522 129 3 1.47 3 2 : 96 27 07 3052 8398 38 1 4 8888 41 48 ^301. 

4 ' / 1. 9 8 s z 1 / 6 2 x8 6 2 4 a 9 9 8 0> 2 .: 8 0 a r> / /1 a 8 i 0 4 0 8 0 4 2 a 

1 1 2 1 0 4 0 i 5 9 6 16 2; i. 6 8 5 2 i i H 8 521 8 P3 9 8 9 4 3 40 /4 4 > / L 

64 6 1700 2 1.8 j 2 4 3 9 2608 28 61 2 98 7 3044 34 94 40^8 4 01 2 

c I ; 15 24 0 6 6 < .17/3 2 624 ^ 4 4 8Mb oyao a a ̂  r 
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il 541 1 02J 1.32 6 2259 2 347 27 50 2 8 61. 3 328 3428 412 6 

515 941 123 3 1804 2 2 95 2 52 8 32 65 382 6 1062 4 62 2 422-

4 6 4 84 67 9 .194 9 2 342 2 92 9 355 5 3 8 60 3 918 4 0 68 4 1 1.3 

1852 2 02 3 2 27 9 2 37 6 2 9 65 327 8 3318 364 9 364 0 38 4 3 3 910 

241 943 1222 1583 1637 2745 3336 4080 4086 4205 4300 

11 1.4 19 1 84 1 2 3 98 2 92 0 34 0 9 3 7 05 3 7 68 387 8 4 0 52 4 2 64 

878 2049 2123 5451 2657 2704 5!35 3342 3728 4 14 1 4 162 

16 8 37 12 67 14 1 0 2100 3 02 6 3 0 99 3.1.07 4 042 4 129 4 157 

138 64 6 1 367 1 394 2 1 18 2 31.1 2 676 2056 3 1 95 3 556 3657 

6 98 1.44 4 5 ] 29 2432 24 94 27 93 2947 38 32 8985 4254 4 3 19 

11 1 07 6 1 6.18 1.995 2332 24 4 3 2954 3009 3566 4; 69 4 188 

16 2 0 808 2c29 2 68i 3090 3 4 91 3 5 35 4 917 40 68 4 085 

4 33 .1 38 6 24 16 2 5 7 0 2 9 50 5 6j.I 28 69 3 9 69 424 8 4 2 5.1. 46 16 

38 4 12 92 L5 34 2 610 2 617 3 5 69 56 38 3 9 64 4 13] 4 2 93 4M 3 

271 c64 !. 71 9 2288 2597 2674 342 9 34 45 3793 4 074 4 20 6 

138 190 8;5 955 14 85 2 000 2 8 60 3 0 00 3 7 34 1013 4 587 

569 57 1 1762 25 37 2764 28 16 3186 8806 3033 4224 4274 

i '• / 3 5 L .1 7 8 ;. ' 3 c .1 8 5 6 2 c c 8 2 •' 0 4 3 2 16 0 7 0 4 i j 3 4 8.1 1 

4 806 i8 32 2G4 7 2 0 58 2 72 4 3 3 87 35 4 3 38 33 4 00 3 4 3 19 

5 0 6 14 6 6 2 3 3 9 3 069 384 3 844 2 888 5 3 95 0 4 0 13 1.2'2 4-!78 

2058 3 88 0 45;3 

6 ̂ 2 5 7 3 4 0 8 0 

600 ;53 5 4i66 

1030 5736 4002 

168 2 12 6 c 4 226 



'-t b 

12 61 i.930 34 59 

4 39 7 32 90 

10 3 4 5 7 4115 

5 62 9 58 85 41.55 



- 4 87 -

• 2 :> 

7 87 7 3064 3 38 2 

'i 661 107 7 2 4 32 

7 0.3 2 .1 10 2 4 2 66 

7 5 1716 3 438 

4 (J 7 2 4 3 7 6 

3 4 4 1 4 i 4 6 



A P 3 

1 L 4 2 54 4 4 5 1. 0 

4 2 j 7 8 4 2 1 3 
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4 9 :i -

10 62 2 67 6 4 2 5b 

27 7 7 3 1 3 J 4 2 8 6 

231 8 3 3 32 3 9 37 

3 2 2 3 4233 4317 

3 64 4 3822 4 3 131. 

18 33 37 3 4 4 094 

3 99 2 60 8 327 6. 

iClaim 54 1 

A data processing me i: hod compris i.r;q: 

a decoding step of deo:odinq an LDEH.; (Low Density Parity 

Check) code having a code Length of 64800 b.ib:s and a code 

rafte of: 28/330 on tno basis of: a parity check matrix or :he 

233PC code, wherein 

the 3DPC code includes i.nf orrnation hire ami parity D.i La, 

the purity oLieca matrix includes an inlooahicn matrix 

portion correspondinc; to the i nfociusa on bits and a oarity 

matrix portion co r respond i nq tar the parity b i 3 , 

idie in L'orrna t i on matrix porc.i on ;i..s represented by a 

parity check mad', r. i x initial value table, arid 

the parity check maLrix nd eel value table is a taL.de 

showing pes i scions of elements of 1 i. n t.he information matrix 

pcrlj.on m unit.a of 360 columns. rsci aoh no 

83 3 .L 4 1.602 1728 1029 229o 2722 2 324 277 9 4 034 4 2 7 6 

9'b:; 1 3/8 1.838 1 90 3 2 3 89 2 32 4 2 93 7 8 93 3 37 4 0 o 1 4 0 4 21 3 

3 i 6 ) !-'{?0 2 93 8 2 64 8 29 10 3 a : a 8 3 ! i. 8913 4 i. / -'1209 424 8 



4 92 -

472 1143 1318 15413 1030 2228 2249 2236 3626 3839 3991 

226 I 4 0 "J_ 2154 231 8 28 5 1 33 1 7 34 68 394^ 3983 4047 4093 

490 1 1 45 1247 .18 51. 2 67 1. 277 6 3152 3229 3345 3758 3786 

522 1393 1.4 73 2196 2707 3052 3398 38 1 4 3827 41 4 8 4301 

417 1982 2176 2336 2459 2806 3005 3771 3870 4080 4243 

112 1040 1596 1621 1685 2118 25/1 3359 3945 4034 4171 

64 6 L705 2 1 8: 2439 2808 28 51 2987 3044 34 94 4 04 9 4 312 

6 11. 1 1 5 2 4 5 6 6 3 17 7 3 2 62 4 3 4 4 -1 3 601 3 952 4 2 4 6 

i1 541 j 0 2 0 J 3 2 6 2 2 5 9 2 3 4 7 2 7 50 2 8 61 3 32 8 3 4 2 8 4 12 6 

51 5 9 41 12 3 3 1 8 0 3 2 2 95 2 52 8 3 2 65 3 8 2 6 4 00 2 4 02 2 4 2 2 4 

4 6 -'18 4 67 9 194 9 23 4 2 2 92 9 3555 3 8 60 39 18 4 068 4 1 1 3 

1 8 32 202 3 227 9 2 37 0 2 9 65 3278 8.6 8 3 54 9 3 54 0 38 4 3 891 0 

24: 94 8 1222 1588 1 6 37 2 74 5 3388 4 08 0 4 08 6 -12 03 4 30'i 

1) 1419 1841 2398 2920 3409 3703 3768 3878 4052 4254 

878 2049 2 i. 2 3 2431 2 657 2704 3! 3 5 3342 372 8 4 1 41 4 162 

16 887 1267 1410 2100 3026 3099 3107 4042 4129 4157 

I 33 61 6 1 367 1394 2 1 1 8 2 311 2676 2956 3 1 95 VI 16 3657 

69 8 14 4 4 211:9 2 4 32 24 94 27 93 2 94'7 38 5 2 3 98 5 4 2 54 4 31 9 

II 1076 1618 1995 2382 2748 2984 3009 3565 4168 4i88 

14 2 0 8 08 2 62 9 2 681 7Q90 34 91 <8 8 5 4 0 17 4 0b8 4 088 

3 3 3 1 38b 2416 2 5"?0 2 950 36 : 1 38b9 3969 4 2 ^8 4 22 1 4 31 6 

38 4 12 92 1534 2 6 10 2 617 ;5 59 3 63 8 3 964 4 13: 4293 4 8 J. 

27 1 3 64 17 1 9 82 88 8 6 9":' 2 67 4 342 4 3 4 55 37 9 3 4 07 4 4 28 6 

133 190 8 1 3 93 5 I4 86 2000 2860 3 300 8734 4 0 li 8 4 288 

550 771 1.862 2 4 3 7 27 M 98 1 6 3 186 3yOh 3933 A22A- 4 2 1 



4 9 3 -



4 9'1 

6 1 5 b 1 3 / 6 0 

8 91 214 6 4 I 58 

9.5 !*i 2 2 8 2 .3 5 8 5 

-1J 33 2 4 2 0 33 

I AO 2 '12 5 8 



0 y {)<-.•} 

1.60 8 4 

1 37 9 4 0/ 2 4 31. 8 

9 50 34 4 7 4 1 4 6 

2 bOS 4 2 !5':> 42 96 



1 1 3 7 6 4 4 2 9 6 

297 1 91.2 41.1.7 

1087 1796 405b 

2153 3 8 8 2 4 03 0 

9 62 4 043 4 2 05 

24 3 3841 4 308 

2 5 8 3 3 B 8 6 4 2 L6 

943 !1 97 4 2897 

278 3224 3933 

3 41 9 6 42 4 5 

5 4 0 9 4 3 01 4 3 'I 5 

2 2 176 321 1 

4 62 32 0 5 4 00d 

478 2178 4202 

3 5 9 3 3 8 2 5 4 216 

115 27 9 6 4 22 3 

3827 4196 425i 

1 3 7 5 4 3 01 4 3 0 6 

2 96 4 07 3 055 

6 8 8 5 913 A 2 8] 

3 446 3 840 4 3 14 

L07 3 3 4 4 4 4 • 4 6 



- 4 97 

1 17 4 3 4042 

2 087 304G 4 25 4 

4106 4120 4 312 

j. -J 

< 

'<3 A() 



- 4 98 

3 8 87 A 299 4318 

2 6 12 3830 4230 

1300 1396 2133 

3622 3671 4230 

2 4 91 37 2 2 397 7 

7 33 3812 ^2 01 

32 04 37 9 6 43L7 

2727 4292 4303 

1 0 6 2 2 6/6 42 3 0 

2 7 7 7 .91 3 1 4 2 8 6 

2318 3 3 32 3937 

42 2 3 4 233 4 2 7 

3 64 4 3322 4311 

J 3 53 3734 4094 

5 9 9 2 60 8 32 7 6. 

[Oiaim 551 

A aaca orocesa ma aopara L us coar:aai.a:i aa : 

an encoding ura: coai rabojured to enaoae iiaormatLon a i. 

into an OaPC ( Low density Pari.!", y dhec k} coda navana a cad 

length o t 64800 bits and a code rare or 29/30 or: the nasi, 

al a paa: ry check rnarrxx o: the LDPC code- v;hereln 

the LDPC code .irabucea ; n n';rna t a.;n bits aval oar;, ty b 

tna oarity chock eatrix Includes aa 7ntaraak;.on mat;: 

poo..; or; corresponding 2o 2m i a toma t eon b :a. s and a pa *2 i 

re-; t r 7 x port aa; coaa:;por:cnsQ "a t.9e p--riry aits, 



the i ni. oiraa tier, matrix porf ion is rep resen t ed. by a 

parity check matrix initial value table, arid 

the parity chock matrix initial value cable is a table 

showing positiona o 1. elements of: ! in the information matrix 

portion in units of 360 columns, including 

212 499 911 940 1392 

2 J 6 263 1327 2006 2077 

2 1.906 2043 21 12 2123 

037 901 J 302 1812 1.9 b 5 

5 976 1280 ;9 13 2143 

9 2 0 3 3 2 0 7 4 2 j 0 8 212 J. 

3 939 j 8 7 3 1974 

•1 1069 17 58 

694 2090 2106 

J. ! 2 9 1 51 I ] 6 0 9 

1 b6 4 2 0 3 9 2:59 

2 160 5 2 004 

4 7 4 13 4 1 2 0 0 3 

107 2 120 2 130 

1 0 3 6 1 9 9 3 2 1 3 3 

j.8 L 7 12 2 2 : 3 3 

]083 1968 214; 

: 2 97 2 07 3 

1 0 4 2 j. / 2 4 .4 L 1 / 

12 5 3 17 58 2 14 5 





50 1091 1 332 

373 1730 2092 

5 9 108 6 J. •! 01 

i J b o J. / 6 i 2 3 6 3 

/ 3 0 J. •'] I .J 2 3 0 

1 6 c b 2 3 1 8 



] 6 '1 8 2 013 2 14 4 



C lie"! 2108 

'• L 3 0 2 0 3 8 2 12 8 

17 4 8 2 0 0 1. 2 12 5 

0 4 6 1 8 90 2 L 2 8 

07 0 121 A 17 62 

0 8 .11 2 L i A 



- 5 0 4 

375 1264 2 0 3 6 

2 163 3 2 03 3 

10 96 197 1 2 021 

2 5 3 4 67 160 5 

5 37 9 3 85 3 

4 1693 1970 

.17 I 6 37 2 ! 36 

6!2 IB 27 2)34 

198 4 2 03 0 214 1 

y d "/ A C-\ ? 



2 8 98 6 14 67 

530 546 909 

b 5 3 1 90 9 2 5 8 

j. 8 0 5 2 0 0 2 2 i. 4 9 

1 6 73 21 4 2 

J. 9 9 j. 



5 0 6 -

3 966 2045 

1 8 8 5 1 9 2 2 2 "1 5 8 

5 7 5 5 6 2 0 5 9 

7 22 1724 2U7. 

[Claim 56] 

A data processing method corapri s inq : 

an encodinq srep ci: encodinq intormaLi on bit:.®: irPo an 

LDPC ; t.ov; Den^i i:y Parity Check; code ha.vi.ng a code .lenqth of 

64800 bi s and a code race oc 29/30 c .>n the basis of a pari ty 

check matrix or the LDPC code, wherein 

"he LDPC code includes inrofinution bits anci parity b i. u s, 

the parity check, matrix i.neiudos an. in;:orina-a.on matrix 

DO r 11 on corresponcinq r.o tho i n t e ma r. iee bivs ana a parity 

matrix port"; on. co r eseond i nq c.o the par in; y bi Ls, 

the i n forma L i on ma Lex portion is repres'Cn.ed by a 

parity check macrix iia i v; ra.i 2 value table, and 

the parity check matrix in i. rial value Labile is a table 

shov-n.nq positions or elements oil 1 in tine in to ana Lion matrix 

portion in units of 260 columns, including 

21 2 4 99 91 1 94 0 12 92 

lit 56.3 i 5;2 •' 2000 20 ' / 

.3 5 6 2 U 4 i 21;. 2 2 1. 2 r 

b07 901 1582 ! 8 1. 2 195 5 

5 97 8 12 o 0 19 3 5 21 45 

5 2 0 > 5 2 0 /,: 4 2 i 0 B 2 ! 2 i 





o 



1697 2 0-17 2156 

684 1.974 7171 

2077 212? 2157 

97 0 2 054 21.35 

435 2034 2 150 

'136 1.997 2 125 

1 5 0 7 ] 8 5 0 2 i. 5 3 

J. 4 0 4 1 9 3 9 2 1 1 9 

1 09 100 1 2.152 

7 BO 1.473 2 J 50 

198 J72 3 2062 

9 2 7 2 0 7 7 7 ). ;; 8 

• 6 0 3 2 0l0 

12 9 3 19 6 0 2 1 4 

J 6 4 8 2 0 <3 2 1. 4 4 

681 1 578 1.099 

1.342 2022 2157 

9 4 9 19 9/ 19 9 4 

L 3 8 12 6 ; 2 1 3 5 
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2 8 9 3 140 i 

4 1901 2 100 

11S3 3 674 2069 

10 4 4 2029 2 0 92 

3 13 0 0 

14 21 i. 9 1. 4 2 1 3 1 



130? 17 62 2 114 

5 6 5 1 6 4 7 2 i. 1. 8 

1 6 9 0 2 0 8 J. 2 1 0 6 

1 200 J995 

5 16 81. 2 1 51 

.160 2 2 0 50 2 1 56 

1 19 60 2:5 3 

2 0 6 1 2 0 7 0 2138 

1501. 1 07 2 2 5 42 

1. 0 4 8 1 1 4 2 2 1 0 1 

1 8 67 10 9 1 2 0 5 5 

3 56 1610 187B 

2 6; 561 066 

3 4 3 181 6 2114 

3 7 6 6 2 0 4 5 

188 5 1922 2158 

57 566 2059 

7 12 1724 2147. 

! 0Id i.m 57 j 

A da a o r oce sa 5nq anpa ra 6 as ijonfp r 1 s i r.q : 

a aecedmq unit configured co decadc an I.DPC (how 

Density Parily Check) code navi.nq a code lenqtn el 64 800 

5ir.y and a code rale of: 29/10 on the bases of a pari.ty check 

matrix or the ODPC code, wherein 

i he l.DPC eodo includes adoniet ion b:ts and parity ol. Lv, 



the parity check matrix includes an Information mat.:ix 

portion cor respond i. ng oo the j n f oriria t: i on bits and a pari, ty 

matrix ponton cor r espondi ng to the parity bits, 

the information matrix portion is represented by a 

parity check matrix initial value table, and 

the parity check rn.arr.ix .initial vaine table- is a table 

showing positions of elements ot .1 in the informa t r on matrix 

portion in uni"s of 360 columns, incl.adrnq 

22 2 4 99 9 i 1 9 d 0 i. 3 9 2 

3 J. o 0t3 ,J 337 3036 30 /7 

3 J 90 b 304 1 3 113 3 J.3 3 

0 37 901 1 0 8 3 13:2 1995 

5 93 3 138 0 19 33 3]43 

9 3 0 3; 9 3 0 <•} 4 2 J 0 8 2 i. 3 1 

3 939 <87 4 j. 9 ? 4 

4 1.0 6 9 13 5 8 

694 20 9 4 2106 

112 9 15)1 169 9 

1 904 2089 3 1.09 

2 160 9 2 904 

4 7/i 1 od i 2 003 

J 0 3 2 i2 3 2 19 0 

160 0 J 993 3 13 1 

1 881 2 122 2 1.5 8 

1038 1903 2 14! 



1 2 0 ':i 1 5 b 

4 4 8 2 0 i; 
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- 5 i 8 

(j L 7 67 2 ] 0 8 

0 20R1 2 0 97 

L1 3 5 2 Q 3 6 2 12 2 

.1. 7 /] 8 2 0 0 ] 2 .! 2 

2 91 "1.8 9 9 2 i 3 1 



1098 I8 3 0 2107 

2 14 92 1831 

3 03 1.537 18 30 

375 1.264 2036 

2 163 8 20J 0 

1 096 1 97 1 202 1 

950 1809 1804 

6 1 /. / /. .L J 4 

]. 7 8 3 1 8 0 2 1 0 4 0 

] (j 4 ,-i ;> 



94 3 2 

0 3 .1.3DC 

2 31.6 173 5 

5 33- 13 4 2: 2019 

28 986 1467 

3 63 164 7 21 i 3 



b 5 6 i. 6 A 0 1 8 / 8 

2 5 J. 5 6 :i 9 6 6 

3 4 3 1816 21iA 

3 966 2 04 6 

180 5 192 2 215 0 

57 556 2059 

732 1724 2147. 

[Claim 58! 

A da;: a processmg merhod comprisinq: 

a decoding step of decoding an Lb PC (Low Censi ty Par; r.y 

Check; code having a code ienqth of 64800 b.i !;.s and a code 

rare or 2n/30 on the baser of a partly chock matrix of. rhe 

l.DL-C a ode , who re i n 

the LDPC code toelodes in Lorii^dio.on OILS and canity bios, 

'die parity cheek o-Lr ix j.nc Ludos an ;oi 0or-nai: i on mariox 

portion correspond brig to the i n f o rma r i on bio..3 area a parity 

:na. tr 1 x per t ion ton; respond Ing no Che on r ; t y o i r s , 

rhe 11'ii orrna r i.on matrix porriun is represented by a 

parity check matrix l:ri rial value cabbo and 

• o; e oa r \ 0 y ci' ie o K ma r r i. x r it r ]. a .]. •./ a i. a.e ;• a o i e ; s -a r. a j;o- i e 

snovrinq positions ut elements of 1 rn trie iabb) r:mat r o! "• matrix 

portion in urn rs of 360 columns, including 

2 1 2 459 911 2r 0 13 92 

315 56 1 1527 2006 2077 

2 190-6 2 0 -12 j ] 2 212 3 



5 939 "I 37 A L 97 4 

4 10 69 17 98 

7 /.'JUO 



174 244 974 

1469 1799 1992 

1 3 I 0 o i b 8 5 

5 J 14 4 2 0 3 0 

48 6 1309 157 6 

165 2030 2 

9 0 4 1' 0 : A /.. 



- 52 4 -

o o o 9 9 J. 1. 6 "t 2 

3 2 7 9 18 0 6 

9 69 J. 3 5'i 190 7 

68 4 '192 4 2151 

2 09 9 212 2 2 159 

99 8 2954 213 5 

109 100; 2152 

138 17 2 3 2 0 62 

1. 666 2 0 18 



267 556 2142 

3 0 !. 2 0 52 212/ 

572 1503 1704 

34 6 1183 212 9 

1 926 2090 2 !. 4 9 

1 3 37 213 3 2 1 4 0 



6 0 3 4 9 19 4 3 

5 81 1J9 7 i. 2 52 

1009 2026 2136 

8 8 4 2002 2117 

1 57 8 14 4 9 

5 1 9 i 9 6 8 2 1.1 4 

5 1 4 8 9 J. 63 0 

0 81J 2 i. 1, 4 

8 <J 2 !. 9 i. j. 2 i 2 0 

2 0 4 i 0 3 3 2 0 3 '? 

1 8 4 0 2 0 .1.2 2 0 j 7 

2 163 8 20 35 

2 53 4 67 1hOO 



-- 5 2 

17 8 3 1.8 02 194 9 

2 0 2 9 2 1 1 8 2 L o 1 

2 3 A ? 4 fo 2 

3 62 1693 2121 

2 8 9 5 J A 01 

4 i 9 0] 2)00 

116 3 16 71 2 0 6 9 



164 0 2104 212 9 

1656 2109 2155 

1307 17 62 2114 

565 1647 21 IB 

1 690 2081 2 i. 5 6 

1 300 1995 

1 1 9 6 0 2 .1 5 3 

206i 2 02 0 2 130 

850 164 0 3878 

3 4 3 1016 2114 

3 9 6 6 2 04 5 

•885 1 9 2 2 21 58 


