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CODES BACKGROUND OF THE INVENTION 1. Field of the

I nvention The present invention relates generally to a

conmuni cati on system using -low Density Parity-Check

(LDPC) codes, and nore particularly, to a channel

encodi ng/ decodi ng appar atus and net hod for generating
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An LDPC code, which was first introduced by Gallager in the 1960s, has
been underutilized due to its complex implementation that could not be resolved

by past technology. However, turbo code, which was discovered by Berrou,
Glavieux, and Thitimajshima in 1993, shows the performance approximating
Shannon’s channel limit. Thus, research has been conducted on iterative
decoding and graph-based channel encoding along with analyses on performance
and characteristic of the turbo code. Due to this research, the LDPC code was
restudied in the late 1990s, which proved that LDPC code has performance
approximating Shannon’s channel limit if it undergoes decoding by applying
iterative decoding based on a sum-product algorithm on a Tanner graph (a
special case of a factor graph) corresponding to the LDPC code.



on graph theory, algebra, and probability theory.
Cenerally, a graph nodel of channel codes is useful
w0 mo9/deses | pti on of codes. By mappi ng i nf or matPOIKR2N09/000767
encoded bits to vertexes in the graph and mappi ng
rel ati ons between the bits to edges in the graph, it
IS possible to consider a cefmunication network in
whi ch the vertexes exchange predeterm ned nessages
t hrough the edges. This nakes it possible to derive a
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an exanple of a parity-check matrix H, of the LDPC

code conposed of 4 rows and 8 colums. Referring to
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bigarity-check matrix H, of the LDPC code are nmpped to
a WO 2009/ 104898 PCT/ KR2009/ 000767 -3 vari abl e node
Xx; and a j h check node, respectively. In addition, a
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mapped to 8 encoded bits.

FIG. 2 is a diagram illustrating a Tanner graph corresponding to H; of
FIG. 1.

Referring to FIG. 2, the Tanner graph of the LDPC code is composed of
8 variable nodes x; (202), x, (204), x5 (206), x4 (208), x5 (210), X (212), x7
(214) and x5 (216), and 4 check nodes 218, 220, 222 and 224. An "™ column and
a j‘h row in the parity-check matrix H, of the LDPC code are mapped to a



the check node is defined as the nunber of edges
connected to each respective node, and the degree is
weenozho4893 t he nunber of non-zero entries in a RI/KRIWOL000767
row corresponding to the associ ated node in the
parity-check ' matrix of the LDPC code. For exanple,
in.-FIG 2, degrees of the variable nodes x1 (202), x2
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angk dportional to the density of non-zero entr| es, the
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degree distribution is computed as Equation (1).

2LN+3fLN+4f N 525
N-Nj2 N

In Equation (1), as NV increases, the density of ‘1’s in the parity-check
matrix decreases. Generally, as for the LDPC code, since the code length N is



In FIG 3, N, denotes a length of an LDPC codeword, K,

provides a length of an information word, and (N, -K,)
werovieaess a parity |ength. Further, integers MT/ERZ0000767

are determned to satisfy g=(N,-K, )/ M. Preferably,

K,/M should also be an integer. Referring to FIG 3,

a structure of a parity partd-i.e., K th colum

through (N,-1) h colum, in the parity-check matrix,

has a dual diagonal shape. Therefore, as for degree
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shquld alsAdxemrdlmtﬁgeto t he above rul es, it is can be ’

appreci ated that degrees of colums belonging to an

ith colum group (where i=1, , KL/ ML) are al| equal
to [DRefeRong $o bEGt 3ra stmoletrgt afmi pagt)opann, is¢.; K¢t epbinmi through
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seque ces for t ormation on i ons
rows with 1 for Oth colunns in 3 colum groups can

be CXR RS V\g&hﬁﬁ l{le%k' r%fn ShOurd RES A, HHOHRAGGE. B fe., O°

calle dn Séquences" for conveni‘ence.
catumm thr@;ghF(,K lal):lqohlimnols:made uMg the f@jovRpgOukesl, R20
=13, R3,0 = 0, R3 0 =10, R3 0 =14. Regarding the
wei ght-1 position sequence for Oth colums in each
Rule 1: A total of K;/M, column groups are generated by grouping K,

columns corresponding to the information word in the parity-check matrix into
multiple groups each composed of M) columns. A method for forming columns
belonging to each column group follows Rule 2 below.

Rule 2: Positions of ‘1’s in each 0™ column in i column groups (where
i=1,...,K /M,) are first determined. When a degree of a 0" column in each i"
column group is denoted by D,, if positions of rows with 1 are assumed to be
R, RY....RY), positions R¥(k=12,.,D,)of rows with 1 are defined as

Equation (2), in a jth column (where j=1,2,....,M|-1) in an ™ column group.



col um group, only the correspondi ng position

sequences can be expressed as follows for each col um
w@rzooypo4ssor exanple: 012 0 11 13 01014. | n BXHER2009/000767

words, the ith weight-1 position sequence in the ith

line sequentially represents the information on the

positions of rows with 1 in-fhe ith colum group. It

i's possible to generate an LDPC code having the sane

concept as that of a DVB-S2 LDPC code of FIG 4, by

forn4’|E &(pamqryoﬂlﬁéd&bsat rix using the informatio
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an be efficient
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yang detals e(‘:‘%‘i’i\? A ES tion bits having a
length KI are represented as (i o, il , 1IK~-1) , and
?gg' } by t&etaﬁwd Fﬁ%a"f"ng&gnq{pp k(agﬁ %gpée eqs\‘gg ai& three
selqnemcealﬁozelse mfmmzytldm b8 ths pbghbnmf rows wiltl 1 foPN"-d6lurhins in
2. The LDPC encoder, ead nf or. t| on on a ro
3 Pl Brdtips TG b SprTES S RRE Rt e 3ot drd¥atea
“waighhit pbspomi seiqoences fencamvenienoé. t he st ored
sequences indicating the parity check matrix. 0 2084
1613 1548 1286 1460 §196 4%97 1 3369 3451 4620 2622
R o =0, RLO = 204 G BtRl(o:1548 R, o0

=1286, Rl ol 1460, (3)19 1= 4297, R 0) =
2481 R la = 336900 ‘6’31?1 =130, = 4620, RIL3

1 = 2622. The LDPC gtj&o@ek(”wpr{ﬁthg arti cuI ar parity
bits px in accordance with™ Equation (3) using the

read i nformation and the first infornmation bit io.

Her e b 3
po. < Bepebrg® NS GR/B B Bty g fr ot i cach
cmxmsgrpupmafy( the q@TesPORERSPPsition sequerREdGan-beeapessed as
foll®s for each column group. For example:

012
01113
010 14.

In other words, the ™ weight-1 position sequence in the i line
sequentially represents the information on the positions of rows with 1 in the i
column group.

It is possible to generate an LDPC code having the same concept as that
of a DVB-S2 LDPC code of FIG. 4, by forming a parity-check matrix using the
information corresponding to the detailed example, and Rule 1 and Rule 2.



P3196 P3196 10 P4297 = P4292 i 0, P2481 = P2481 O 10,

.« . . . . . . (3 P3369 = P3369 10, P3451 = P3451
WOlDoy/RU8H0 = P4620 O to, P2622 = P2622 0 i o WRCT/KR2009/000767

2009/ 104898 PCT/ KR2009/ 000767 -7 In Equation (3), px

= px O+t io can al so be expressed as px px e 10, and e

denotes binary addition. Step-3: The LDPC encoder

first finds out a value of Equation (4) for the next

359 information bits i,,, (where nmel, 2,..., 359)

af t erlItiie .knofwn+ (VD WB} SD ADP C -dédk, dd‘sﬁg‘rﬁ:ﬁ()in accordance with
RIS, 47 g JRAR 2,00 e jeligtently SSHed? By e syBORIA" shape.
Rnspee:i_ve Istdps B uapioeosy 4 pérderming IS%PE‘Z em@e@g uging the DVB-S2
| er ert or.ns an
bR RG &k R il B8 destroned S O% iy S eeplie

found in Equation (4). That is, the LDPC encoder
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S0 ot OBt b fept el ot Epiaped

(Qh1tix,R) 479 paiitys bifs) havisgp 1 lengtlp (Vi¢k@)| are papressed  as
(P4 11,2,1410 P2A96 = P2496 O 1, . . . (5)

B3384 2" ¥5384 0 1, , P3466 = p3466 1, , p4635 = p4635

11, P2637 = P2637 O 1, It should be noted that g=15 in

Equat ¢.Qn : LDP erf rrrs the above
p(rqoceéstg (?znngg fib%fnc.o. er uggglezeisré) fﬂﬁ%‘ﬁ%r as
shown?o aWoVe::Bt/.ep-nf.OAs in Step 2, the LDPC encoder
reads information of the 1st weight-1 position

sequence Rzko (k =1, 2,...,13) for a 361st

i nf orStapiZInTb'BtLﬂ)B’GO enamdbr tqadatiﬁformal&mt iOQUh a'(mp where 1 is

S ) h L coder. upda
(b dtn R wokBrAS 16 R 2PE ok REgh G, out of the
Stelremdequmceapmhyam thgymritpichédl niaprixt he next 359
information bits 1361, 1362, 1719 after 1360 Step 5:

The LDPC encoder repeats Steps 2, 3 and 4 for all
gr ouds2@3k h6 1 had4$d286046080P6ELDT RS tIB6NBS51 4620 2622
2009/ 104898 PCT/ KR2009/ 000767 -8 Step 6: The LDPC

encode f| na I det e nes ity bits using Equation
Coy R Lo R0 RIS, B0 S kD bl oatton

(6) R,<g>_1460, R =3196, R =4297, RS) =2481, R =3369,
RS =3451, R =4620, R(; =2622.

The LDPC encoder updates particular parity bits p, in accordance with

Equation (3) using the read information and the first information bit i,. Herein, x
denotes a value of R'Y fork=12,...,13.

Do =D Dy, Psa = Precs Plos Pigis = Dz @y

Prsas = Prsas Dlos Prags = Progs @los Prae = Prase Dl

Psiss = P3196 Plos Puror = Py @y Dragy = Poast ®Plos oo (3)
P3360 = Py3es Dlos Dygsi = Paasi @y Pagro = Pagao @ s

Prn = Pasn D



The parity bits p, of Equation (6) are parity bits

t hat underwent LDPC encodi ng. As described above, in
w@MBy/E289¢ he LDPC encoder perfornms LDPC encodr@KR2009/000767

through the process of Step 1 through Step 6. It is

wel | known that performance of the LDPC code is

closely related to cycle characteristics of the

Tanner graph. In particular, it is well known by

experinments that perfornmance degradati on may occur

when ohgquasiand3).ofp. shior®4, Icengdso bs expressesl ay aat<im ®i,, and

t e Tanner h. Thus, the cycle characteristics on

t émte?gﬂﬂw%éﬁtb?f‘ shoul d be considered in order to

desi gn LDPC codes having high performance. However,
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observed at a high Signal to Noise Ratio (SNR) as
timzation on cycle characteristics of the Tanner
g’abhnmdmé.t)xq}msd(d‘ér—dd,) Adr=36hese=12asds, there.is (4)
a need for a method capable of efficiently inproving

cycle characteristics in designing LDPC codes having
t he DwBEgnatian (Ak ur éenceewmml'uwﬁ%é fox/ENTZ.0n 3THE should be
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provi de at | east the advant ages descri bed bel ow

Accordi ngl of the present .invent
O oo N0 e 1 b RRE e T Fos st S P Riptian, Siilogdo Epation (3)
using thd Yaue Cfean@rmn%ﬁ e i(4).- Thecks, nther LOPE engoder updates

guasi -cyclic L hasied o0 C
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PCT/ KR2009/ 000767 -9 Anot her aspect of t he present
i nvention ér ovi des a channel encodi ng/ decodi ng
appafiatws Bhd ndtdvod Pher® tle shgnt BaxdP par i ty- check

rmt r}bléﬁ pr1563t®el9 Sﬁ{(;r;e %1301@200%475&5 lt47|'5]®l{:)vB 82 LDPC COde
having a go characte isticin a

Gﬁ Tanner (_]%
conmiimi Tdbino ’lsy%ﬂtlemﬂam ¢ LBRC dbdes. > According -t 0(®)

one @%Pe%zsﬁ@l { he, PEGRGI® i, N¥eRHE i, @6, method i's
prow ded % .generating a parity- check matrix of a

Low hsv’{’ﬁﬁ r|ty Check (LDPC) code. Paraneters for
desi gm ng the LDPC code are determ ned. A first

parit ch matr of a_guasi-cycl.ic 0

For el SREBA dingotes (he T80 oFrErba ar Bt BFS LIAPC encoder
paesandihRadidve- sloeeds fortyEx, 25..¢358t efl thdsamehmbhifer as shown

elimnation of a predeterm ned port| on of a parity

%’é’ inthe first parity-check matrix. Athird
parity-check matrix is created by rearranging the

seconglteBaz[:l }\g_in Step 2, the LDPC encoder reads information of the 1™
weight-1 position sequence R“‘) (k=1,2,..,13) for a 361* information bit i34, and

updates a particular p,, where x denotes R{\). The LDPC encoder updates

Ples(mmod M, yeqhmod(N, ks 1 =361,362,.....719 by similarly applying Equation (4) to

the next 359 information bits iz, 36, ..., 719 after izqp.

Step 5: The LDPC encoder repeats Steps 2, 3 and 4 for all groups each
having 360 information bits.



check matrix. According to another aspect of the

present invention, a nethod is provided for encodi ng
we2ohvansed in a communi cati on system using a LEOWKR2009/000767

Density Parity-Check (LDPC) code. A stored

parity-check matrix is read. A received signal is

LDPC- encoded using the store@ -parity-check matri x. The

parity-check matrix is divided into an infornmation

word and a parity. Wien a code rate is 3/5 and a

| engt $tepf6: A heoldDRG! endogled Ginally deteeniines paritysiakusing Bquation
(6is formed as defined in the following table; 71 1478

2901 2240 2649 2725 3592 3708 3965 4080 5733 6198 393

1384 1435 1878 2773 3182 3586 5465 6091 6110 6114 6327

160 1149 | 1526 51566 24292929 3095 3 4250 4276
4612 ;‘286’1%%%’ ?6322}'2’4]2'1 );{555 3796 5590 'g@o 5763 6168

6271 6340 947 1227 2008 2020 2266 3365 3588 3867 4172

4027 SioBaralins poot 3(atondh ase p3rity Bgs Bhamdavenyp0PC

ercbdhg2377 4030 6077 6108 6231 61 1053 1781 WO
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It is well known that performance of the LDPC code is closely related to
cycle characteristics of the Tanner graph. In particular, it is well known by
experiments that performance degradation may occur when the number of short-
length cycles is great in the Tanner graph. Thus, the cycle characteristics on the
Tanner graph should be considered in order to design LDPC codes having high

performance.

However, no method has been proposed that designs DVB-S2 LDPC
codes having good cycle characteristics. For the DVB-S2 LDPC code, an error
floor phenomenon is observed at a high Signal to Noise Ratio (SNR) as
optimization on cycle characteristics of the Tanner graph is not considered. For
these reasons, there is a need for a method capable of efficiently improving cycle
characteristics in designing LDPC codes having the DVB-S2 structure.

SUMMARY OF THE INVENTION

The present invention has been made to address at least the above
problems and/or disadvantages and to provide at least the advantages described
below. Accordingly, an aspect of the present invention provides a channel
encoding/decoding apparatus and method for designing a parity-check matrix of
a quasi-cyclic LDPC code designed based on a circulant permutation matrix to
design a DVB-S2 LDPC code in a communication system using LDPC codes.
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the present invention, a nethod is provided for
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Low Density Parity-Check (LDPC) code. A parity-check

matri x of the LDPC code is extracted. LDPC decodi ng

is performed using the extradted parity-check matrix.

The extracted parity-check matrix is divided into a

parity and an information word. Wen a code rate is
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elimination of a predetermined portion of a parity part in the first parity-check

matrix. A third parity-check matrix is created by rearranging the second parity-
check matrix.

According to -another aspect of the present invention, a method is
provided for encoding a channel in a communication system using a Low-
Density Parity-Check (LDPC) code. A stored parity-check matrix is read. A
received signal is LDPC-encoded using the stored parity-check matrix. The
parity-check matrix is divided into an information word and a parity. When a
code rate is 3/5 and a length of a codeword is 16200, the parity-check matrix is
formed as defined in the following table;

71 1478 1901 2240 2649 2725 3592 3708 3965 4080 5733 6198
393 1384 1435 1878 2773 3182 3586 5465 6091 6110 6114 6327
160 1149 1281 1526 1566 2129 2929 3095 3223 4250 4276 4612
289 1446 1602 2421 3559 3796 5590 5750 5763 6168 6271 6340
947 1227 2008 2020 2266 3365 3588 3867 4172 4250 4865 6290
3324 3704 4447

1206 2565 3089

529 4027 5891

141 1187 3206

1990 2972 5120

752 796 5976

1129 2377 4030

6077 6108 6231

61 1053 1781
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Low Density Parity-Check (LDPC) code. An LDPC code

parity-check matrix extractor reads a stored

parity-check matri x. An LDRCI@ncoder LDPC-encodes a

recei ved signal using the stored parity-check matri x.

2820 4 053X i on word. When a code rate is 3/5 and a
codeword is 16200, the parity-check matrix
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231 61 1053 1781 2820 4109 5307 2088

3EBBRDIBR 3725 3945 4010 1081 2780 3389 659 2221

6060 6160 756 1489 2350 3350 3624. 5470
5@%?8%@5%242 585 3372 6062 561 1417 2348
561 1417 2348
971 3719 5567
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According to a further embodiment of the present invention, a method is
provided for decoding a channel in a communication system using a Low-
Density Parity-Check (LDPC) code. A parity-check matrix of the LDPC code is
extracted. LDPC decoding is performed using the extracted parity-check matrix.
The extracted parity-check matrix is divided into a parity and an information
word. When a code rate is 3/5 and a length of a codeword is 16200, the parity-
check matrix is formed as defined in the following table;

71 1478 1901 2240 2649 2725 3592 3708 3965 4080 5733 6198
393 1384 1435 1878 2773 3182 3586 5465 6091 6110 6114 6327
160 1149 1281 1526 1566 2129 2929 3095 3223 4250 4276 4612
289 1446 1602 2421 3559 3796 5590 5750 5763 6168 6271 6340
947 1227 2008 2020 2266 3365 3588 3867 4172 4250 4865 6290
3324 3704 4447

1206 2565 3089

529 4027 5891

141 1187 3206

1990 2972 5120

752796 5976

1129 2377 4030

6077 6108 6231
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An LDPC code parity-check matrix extractor reads a
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LDPC decodi ng using the read parity-check matrix. The
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20818 3837859801 2240 2649 2725 3592 3708 3965 4080 5733
384 1435 1878 2773 3182 3586 5465 6091 6110
322115?394@%31&160 1149 1281 1526 1566 2129 2929 3095 3223
1025D783PFBRAN612 289 1446 1602 2421 3559 3796 5590 5750
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According to an additional aspect of the present invention, an apparatus
is provided for encoding a channel in a communication system using a Low-
Density Parity-Check (LDPC) code. An LDPC code parity-check matrix
extractor reads a stored parity-check matrix. An LDPC encoder LDPC-encodes a
received signal using the stored parity-check matrix. The parity-check matrix is
divided into a parity and an information word. When a code rate is 3/5 and a
length of a codeword is 16200, the parity-check matrix is formed as defined in
the following table;

71 1478 1901 2240 2649 2725 3592 3708 3965 4080 5733 6198
393 1384 1435 1878 2773 3182 3586 5465 6091 6110 6114 6327
160 1149 1281 1526 1566 2129 2929 3095 3223 4250 4276 4612
289 1446 1602 2421 3559 3796 5590 5750 5763 6168 6271 6340
947 1227 2008 2020 2266 3365 3588 3867 4172 4250 4865 6290
3324 3704 4447

1206 2565 3089

529 4027 5891

141 1187 3206

1990 2972 5120

752796 5976
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DESCRI PTI ON OF THE DRAW NGS The above and ot her
woenpeoi4sys f eat ures and advant ages of the presauT/KR2009/000767

invention will beconme nore apparent fromthe foll ow ng

detail ed description when taken in conjunction with

t he acconpanying drawi ngs ifhl®dkich: FIG 1 is a

diagramillustrating a parity-check matrix of a

12912374030 aph of a parity-check matrix of a length-8

.1 FIG 3 is adiagramillustrating a
6§ﬁmggz3]structure of a DVB-S2 LDPC code; FIG4 is a
otlilags dmBil l ustrating a parity-check matrix of a DVB-S2

-FIG 5 is a diagramillustrating a
2@%@%@& matri x generated by rearrangi ng col umms
208815818988 t he parity-check matrix of the DVB-S2 LDPC

/ 898 PCT/ KR2009/ 000767 -14 code of FIG 4
32180%?%?%@&?0 predeterm ned rules, according to an
1e8b2d808389 of the present invention; FIG 6 is a

' bdlustrating a parity-check matrix of a
6%%2%?%% ic LDPC code necessary for designing a
30386@E 6B code, according to an enbodi nent of the

Lavention; FIG 7 is a diagramillustrating
7%1?%26# obtai ned by transform ng the parity-check
3330 8624.547Q he quasi-cyclic LDPC code necessary for
i a DVB-S2 LDPC code, according to an

3%&%%?%2%% of the present invention; FIG 8 is a
583 33Ehab62i 1 | ustrati ng a process of designing a DVB-S2

, according to an enbodi nent of the present
5‘??55%1 .52%§ FIG 9-is a diagramillustrating a conputer
981 BUlADP6h result on the DVB-S2 LDPC code, according

lééﬁ,%ﬁe%ﬁ?' ment of the present invention; FIG 10 is

T Ay A I 1
bleoek—diagram-iHustrating—a—structureof-—a

transceiver in a communication system using the

redesjgned. DVB- S2 LDPC gcode, accor di to__an . . .

embodt AL (PhanBPseciftRe, BHRbnof Bk Pige, igvention, an
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L{’{ﬁgg‘%ﬁﬁoggﬁ'l%ﬁﬁg‘gﬁ ﬁ‘ﬁ)?(g)r 8%‘2‘?“&“ LI%ECC 264 pari y-cﬁiecrf(g matrix
extractor reads a stored parity-check matrix. An LDPC decoder performs LDPC
decoding using the read parity-check matrix. The read parity-check matrix is
divided into a parity and an information word. When a code rate is 3/5 and a
length of a codeword is 16200, the read parity-check matrix is formed as defined
in the following table;

71 1478 1901 2240 2649 2725 3592 3708 3965 4080 5733 6198
393 1384 1435 1878 2773 3182 3586 5465 6091 6110 6114 6327
160 1149 1281 1526 1566 2129 2929 3095 3223 4250 4276 4612
289 1446 1602 2421 3559 3796 5590 5750 5763 6168 6271 6340
947 1227 2008 2020 2266 3365 3588 3867 4172 4250 4865 6290
3324 3704 4447

1206 2565 3089

5294027 5891

141 1187 3206




invention; FIG 12 is a block diagramillustrating a
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invention; and FIG 13 is a flowhart illustrating a
reception operation in a reception apparatus using an
LDPC code, according to an eh®edi nent of the present
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The above and other aspects, features and advantages of the present
invention will become more apparent from the following detailed description
when taken in conjunction with the accompanying drawings in which:

FIG. 1 is a diagram illustrating a parity-check matrix of a length-8 LDPC
code;

FIG. 2 is a diagram illustrating a Tanner graph of a parity-check matrix
of a length-8 LDPC code;

FIG 3 is a diagram illustrating a schematic structure of a DVB-S2
LDPC code; '

FIG 4 is a diagram illustrating a parity-check matrix of a DVB-S2
LDPC code; ‘

FIG. 5 is a diagram illustrating a parity-check matrix generated by
rearranging columns and rows in the parity-check matrix of the DVB-S2 LDPC
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indirectly related to the present invention, a
mggﬁgﬁ?ed description thereof will be omtted for

sinplicity. A description of a method for designing a
DVE) BATPED BTESCRIPYIGN OF PREFERRED EMBODIMENTS

Preferred embodiments of the present invention are described in detail
with reference to the annexed drawings. The same or similar components are
designated by the same or similar reference numerals although they are
illustrated in different drawings. Detailed descriptions of constructions or
processes known in the art may be omitted to avoid obscuring the subject matter
of the present invention.



quasi -cyclic LDPC code is provided bel ow. The DVB-S2
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) IML. WD 2009/ 104898 PCT/ KR2009/ 000767 -17 A
parity-check matrix of a quasi-cyclic LDPC code is
shown in FIG 6. FIG 6 issEdiagramillustrating a
parity-check matri x of a quasi-cyclic LDPC code
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The parity-check matrix of FIG. 4 is reconstructed in accordance with
the following rules. FIG. 4 is a diagram illustrating a parity-check matrix of a
DVB-S2 LDPC code.

Rule 3: 0" row through (V;-K,-1)" row are rearranged so that a (g-i+)"
row is located in an (M, -j+i)th row, where 0<i<M, and 0<j<gq.

Rule 4: With 0" column through (K;-1)™ column being kept intact, K;"
column through (N;-1)" column are rearranged so that a (K, +¢-i+j)" column is
located in a (K;+M,j+i)™ column.

A parity-check matrix with a shape shown in FIG. 5 is obtained by
reconstructing the parity-check matrix of FIG. 4 in accordance with Rule 3 and
Rule 4. FIG. 5 illustrates a parity-check matrix generated by rearranging
columns and rows in the parity-check matrix of the DVB-S2 LDPC code of FIG.
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An embodiment of the present invention proposes a method for
designing a DVB-S2 LDPC code using the well-known method for improving
cycle characteristics on the Tanner graph of the quasi-cyclic LDPC code.
However, since the method for improving cycle characteristics of the quasi-
cyclic LDPC code is only indirectly related to the present invention, a detailed
description thereof will be omitted for simplicity.

A description of a method for designing a DVB-S2 LDPC code using a
quasi-cyclic LDPC code is provided below. The DVB-S2 LDPC code has a
codeword length N,, an information length K, and a parity length (N,-K,), and
g=(N,-K\)/M,.
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where 0<_i<ML and 0< j<g. Rule 6: Oth row through

(N1-K1-1)th row are rearranged so that an (ML j+i)th
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The parity-check matrix of FIG. 6 is characterized in that column blocks

corresponding to the parity have identity matrixes / and a circulant permutation

-1

matrix P"'"' as shown in the drawing. In other words, the column blocks

corresponding to the parity are fixed to the structure shown in FIG. 6. The

-1

circulant permutation matrix P*'~' is defined as:

0 0 - 0 1]

0 - 00
P"'=lo0 1t -« 0 0
L

0 0 1 0
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rows in the parity-check matrix of FIG 7 are

rearranged by applying Rule 5 and Rule 6 to the

parity-check matrix of FIG-¥8- The finally obtained

parity-check matri x can be the DVB-S2 LDPC code shown

in FIG 3, for exanple. A codeword can be generated by
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in the last column at the first row in the circulant permutation matrix P
corresponding to the last (V,/M;)"™ or (tJrq)th column block at the first row block
in the parity-check matrix of FIG. 6. FIG. 7 is a diagram illustrating the result
obtained by transforming the parity-check matrix of the quasi-cyclic LDPC code
necessary for design of a DVB-S2 LDPC code, according to an embodiment of
the present invention.

It should be noted that the circulant permutation matrix PY7' is
changed to the following matrix Q in FIG. 7.
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oBR8IE RARBRulL4052 21118 22883 1277 4555 15976 2131

14871 19508 26 16749 20090 6509 11083 18303 1828

2969 25240 1563 12973 17966 11905 13176 18515 10569

1170Rul&655With 0™ column through (K;-1)™ column being kept intact, K™
column through (N;-1)" column are rearranged, so that a (K;+M,-+i)" column is
located in a (K;+q-i+)™ column, where 0<i<M, and 0</<q.

Rule 6: 0" row through (V,-K;-1)™ row are rearranged so that an
(M j+i)" row is located in a (g-i+))" row.

The parity-check matrix of the LDPC code generated from the quasi-
cyclic LDPC code of FIG. 6 through the above-described process by applying
Rule 5 and Rule 6 becomes the parity-check matrix having the form of the DVB-
S2 LDPC code shown in FIG. 3, for example. The above-described method for
designing a DVB-S2 parity-check matrix, in which its codeword, information
and parity lengths are Ny, K, and (V,-K)), respectively, and g=(N,-K,)/M,, can be
summarized into the following process.

DVB-82 LDPC Code Design Process
FIG. 8 is a flowchart illustrating a process of designing a DVB-S2 LDPC
code according to an embodiment of the present invention.

Referring to FIG. 8, parameters necessary for designing a desired DVB-
S2 LDPC code are determined in step 801. It is assumed herein that the
parameters such as a codeword length and an information length as well as the
good degree distribution are previously determined to design the DVB-S2 LDPC
code.
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2487 Next 589 step0dQ@3,29 parity-thedd ni@6X 23 2pdsi-6pdE LPPL2 code

1 1, 7459 13355 15520 17438 12184 22327 2435
conyitipe O 34 SHybit PRmgRtds o4ty s el AxS0H Shown
in3BIh 4 B0fiokni2darsording 47 tHparanibe8 detdGatihed &Y 3tepSH . In FIG.
6, column blocks corresponding to a parity part are always fixed to a particular
form.

In step 805, circulant permutation matrixes of column blocks
corresponding to an information part in FIG. 6 are determined by applying an
algorithm for improving cycle characteristics of a Tanner graph of the quasi-
cyclic LDPC code. Any known algorithm for improving cycle characteristics can
be used herein.

In step 807, a parity-check matrix shown in FIG. 7, for example, is
obtained by eliminating ‘1’ in the last column at the first row in the parity-check
matrix of FIG. 6, which has been settled in step 805.

In step 809, columns and rows in the parity-check matrix of FIG. 7 are
rearranged by applying Rule 5 and Rule 6 to the parity-check matrix of FIG. 7.
The finally obtained parity-check matrix can be the DVB-S2 LDPC code shown
in FIG. 3, for example.

A codeword can be generated by applying the above-described DVB-S2
LDPC encoding process to the LDPC code designed through the above steps.

To analyze performance of the DVB-S2 LDPC code, a DVB-S2 LDPC
code having the following parameters was designed. For example,

N=648000, K,=38880, M,=360, g=72

To design rate-3/5 DVB-S2 LDPC codes having the above parameters,
parity-check matrixes shown in Table 1 and Table 2, for example, can be
obtained from a quasi-cyclic LDPC code having a total of N,/M,=180 column
blocks and g=(N,-K,)/M,=72 row blocks by applying the DVB-S2 LDPC code
design process. An /" weight-1 position sequence in an ™ column sequentially

represents the information on the positions of rows with 1 in an i column group.
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In addition, a DVB-S2 LDPC code having the following parameters was
designed. For example,

N=16200, K,=9720, M,=360, g=18

To design rate-3/5 DVB-S2 LDPC codes having the above parameters,
parity-cheéck matrixes shown in Table 3 through and Table 6, for example, can
be obtained from a quasi-cyclic LDPC code having a total of N;/M;=45 column
blocks and g=(N;-K,)/M,=18 row blocks by applying the DVB-S2 LDPC code
design process. It is noted that an i weight-1 position sequence in an i column
sequentially represents the information on the positions of rows with 1 in an i

column group.
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be obtai ned froma quasi-cyclic LDPC code having a

total of N, /M =180 colum bl ocks and gq=60 row bl ocks
wooppisyd ng t he DVB-S2 LDPC code design pr ocEsSBKRE009/000767
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process of FIG. 8.
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FIG. 10 1s a block diagram illustrating a structure of a transceiver in a
communication system using the redesigned DVB-S2 LDPC code, according to
an embodiment of the present invention.
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1303, the parity-check matrix decider 1230 nmakes a
walBo)/304898 Oon a parity-check matri x of the LDP®CTEHE®09/000767

used in the system based on the denodul ated si gnal .

The decision result from' the parity-check matrix

deci der 1230 is provided to36 he LDPC code

parity-check matrix extractor 1270 in step 1305. The

LDPC code parity-check matrix extractor 1270 extracts
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can be generated in the transmission apparatus.

The controller 1130 is adapted to determine a necessary parity-check
matrix according to a code rate, a codeword length, or an information length to

meet the requirements of the system.

The LDPC encoder 1150 performs encoding based on the LDPC code
parity-check matrix information read by the controller 1130 and the LDPC code
parity-check matrix extractor 1110.

FIG. 12 is a block diagram illustrating a structure of a reception

apparatus according to an embodiment of the present invention.



check matrix. 2. The nethod of claim1, wherein

creating a second parity-check matrix conprises:
wocroegio4eeg t he second parity-check matrix. thr @inkRIv69/000767

elimnation of '"1'" in a last colum and a first row

in the first parity-check matrix. 3. The nmethod of

claim1l1l, wherein creating a3hird parity-check matrix

conprises: rearranging the second parity-check nmatrix

in accordance with: with Oth colum through (K1- | )1h

col uiRGi n12 hidlwsaatesd ap asddpyionhapiaratms rfox teeeivingetiie signal
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LDPCacddg, arml recoverimphsemdesisbe detanfrém thd eaadiesd sighaingt h

of an information word of the second parity-check

matrix, N, denotes a length of a codeword, O<_ i <ML.i

0<_j dthe receptipa( dppakdtpd Micluddsea eodiroller 1250 alphtiy-cheek matrix
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ARG E D R L PR G Y g i ool 22fof A defpputator
17 Mlafdran LDROdedcwler d290ed in a (qi +j)th row, wherein

K, denotes a length of an information word of the

second parity-check matrix, N, denotes a length of a

c odevitheddenfoduilatht |12 06 dermpdubaies axéddivddl). DYC cade] alld,provides

wher e nd Ki/ e integers, 4. .The meth f_clai
i fodtufed Sgtalhio 2hE paPySREdk e el 23 ind W Eopc
daoddei29®d in the foll owing table: WO 2009/104898
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3206 1990 2972 5120 752 796 5976 1129 2377 4030
6077 Te08omBagdler 1250 provides the decision result from the parity-check

matrix decider 1230 to the LDPC code parity-check matrix extractor 1270 and
the LDPC decoder 1290.

The LDPC code parity-check matrix extractor 1270, under the control of
the controller 1250, extracts the parity-check matrix of the LDPC code required
by the system, and provides the extracted parity-check matrix to the LDPC
decoder 1290. As stated above, the parity-check matrix of the LDPC code can be
extracted from the sequence information shown in Table 1 through Table 10, can
be extracted using a memory in which the parity-check matrix is stored, can be
given in the transmission apparatus, or can be generated in the transmission

apparatus.

The LDPC decoder 1290, under the control of the controller 1250,
performs decoding based on the received signal provided from the demodulator
1210 and the information on the LDPC code’s parity-check matrix provided
from the LDPC code parity-check matrix extractor 1270.
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2062 5. The nethod of claim4, wherein the third

parity-check matrix is cred®d as defined in the

follow ng table: 1096 5305 7922 9029 9900 11901 13025

13052 13129 13325 13655 14723 1394 1860 6369 7264
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As mentioned above, the parity-check matrix of the LDPC code can be
extracted from the sequence information shown in Table 1 through Table 10, can
be extracted using a memory in which the parity-check matrix is stored, can be
given in the transmission apparatus, or can be generated in the transmission
apparatus.

Thereafter, in step 1309, the LDPC decoder 1290 performs decoding
based on the information about the LDPC code’s parity-check matrix provided
from the LDPC code parity-check matrix extractor 1270.

As 1s apparent from the foregoing description, the present invention
optimizes characteristics of the Tanner graph in designing the DVB-S2 LDPC
code, thereby optimizing performance of the communication system using the
LDPC code.

While the invention has been shown and described with reference to a
certain preferred embodiment thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without
departing from the spirit and scope of the invention as defined by the appended
claims.
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p2déter#ivdpordda 4f alfoiRy phRA36he it Parity-check matrix; and

creating a third parity-check matrix by rearranging the second parity-

check matrix.

2. The method of claim 1, wherein creating a second parity-check
matrix comprises:
creating the second parity-check matrix through the elimination of ‘1’ in

a last column and a first row in the first parity-check matrix.

3. The method of claim 1, wherein creating a third parity-check
matrix comprises:

rearranging the second parity-check matrix in accordance with:

with 0™ column through (K;-D™ column in the second parity-check
matrix being kept intact, K;"™ column through (N;-1)™ column are rearranged so
that a (K+M;j+i)™ column is located in a (K,+q-i+j)th column, wherein K,
denotes a length of an information word of the second parity-check matrix, N,
denotes a length of a codeword, 0<i<M,, 0<j<q, and ¢=(N,-K,)/M,, where M, q
and K,/M, are integers; and

0™ row through (V,-K;-1)™ row in the second parity-check matrix are
rearranged so that an (M,-j+i)th row is located in a (q~i+j)lh row, wherein K
denotes a length of an information word of the second parity-check matrix, N,
denotes a length of a codeword, 0<i<M,, 0<j<g, and g=(N,-K,)/M,, and M,,
where q and K,/M, are integers.

4. The method of claim 1, wherein the third parity-check matrix is
created as defined in the following table:
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5. The method of claim 4, wherein the third parity-check matrix
is created as defined in the following table:
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7.

The method of claim 4, wherein the third parity-check matrix

has a plurality of column groups provided by grouping columns corresponding
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8. A method for encoding a channel in a communication system
using a Low-Density Parity-Check (LDPC) code, comprising the steps of:

reading a stored parity-check matrix; and

LDPC-encoding a signal using the stored parity-check matrix;

wherein a code rate is 3/5 and a length.of a codeword is 16200, the
parity-check matrix is formed as defined in the following table:

71 1478 1901 2240 2649 2725 3592 3708 3965 4080 5733 6198
393 1384 1435 1878 2773 3182 3586 5465 6091 6110 6114 6327
160 1149 1281 1526 1566 2129 2929 3095 3223 4250 4276 4612
289 1446 1602 2421 3559 3796 5590 5750 5763 6168 6271 6340
947 1227 2008 2020 2266 3365 3588 3867 4172 4250 4865 6290
3324 3704 4447

1206 2565 3089

529 4027 5891

141 1187 3206

1990 2972 5120

752 796 5976

1129 2377 4030

6077 6108 6231

61 1053 1781

2820 4109 5307

2088 5834 5988

3725 3945 4010

1081 2780 3389

659 2221 4822

3033 6060 6160

756 1489 2350

3350 3624 5470




18809 22677 23161 6430 15890 19898 10721 15342 19263

637 12008 19972 3327 14142 17132 6626 8278 17470
WOEA0920B%/ 25099 3141 13081 14315 -9504 1735CLERROM9/000767

16253 20890 24073 1876 16146 21682 5310 5571 22570

17297 19348 19472 7100 13243 18153 8567 16070 17399

4279 13069 20035 14532 22928 25387 3579 4166 12336

108 2130 71 19 12189 13790 16122 12757 16705 25768

2792 Q249 199NQ 2107 10254 10422 2920 22085 22459
OT1T £ O0ZL40 1TO00U0 O

T OO LT IO ACATAS A NN Sy Sy v A A pay au e by g A |

3FARZBIBA2A0707 5271 11433 21752 798 1056 17532 471
Y/ 1425 11664 23858 20057 20639 21091 13907

5%2%?%@%%7 16080 20032 24955 1398 14507 19154 WO

560DV 710398 PCT/ KR2009/ 000767 -49- 6916 17780 24110

971 3719 5567

1005 1675 2062

0. A method for encoding a channel in a communication system
using a Low-Density Parity-Check (LDPC) code, comprising the steps of:

reading a stored parity-check matrix; and

LDPC-encoding a signal using the stored parity-check matrix;

wherein a code rate is 3/5 and a length of a codeword is 64800, the
parity-check matrix is formed as defined in the following table:
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wherein each row in the table includes sequence
information indicating positions of rows where 'I' is

WO mosti@dos n a correspondi ng col utm group of t hECT/KR2009/000767
parity-check matrix. 12. A nethod for decoding a
channel in a communication system using a Low Density
Parity-Check (LDPC) code, cotgprising the steps of:
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cted
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10. A method for encoding a channel in a communication system
using a Low-Density Parity-Check (LDPC) code, comprising the steps of:

reading a stored parity-check matrix; and

LDPC-encoding a signal using the stored parity-check matrix;

wherein a code rate is 2/3 and a length of a codeword is 64800, the
parity-check matrix is formed as defined in the following table:



971 3719 5567 1005 1675 2062 13. The nethod of claim

12, wherein the parity-check matrix has a plurality
w®ioog/md4898n gr oups provi ded by groupi ng col uMmsPCT/KR2009/000767
corresponding the information word, each col um group
havi ng a predeterm ned nunber of colums; and wherein
each row in the table includ#s-sequence information
indicating positions of rows where 'I' is located in
a corresponding colum qgroup of the parity-check
pERD 29983291 B793N5RRS 610 T4 76 G450 268 1 abmnesiszi n a
“CIOIBEREN6 SEL 426 F573 Y a3 mos3U 53308y 5a7 2L 16w Dasesizt sz Refti t y- Check
(14DPGY scavcbe 7 @ongnab $4508)1 tsber 0sep 360212 18MENABRI Ng a
BERIP 7899+ edaeclosmratond x70e7 178k sLd0RGs 1 adEsy 26034 2¢58P OB Ng
-_@B@@aw@sngoomsmg? t2her wxtran e e opavdos yorchecks mat ri x;
Bé3Q0 € 730460 EIES Fess@3919687 Baamdsw 3bmngsds 105402 codewor d
ey 56eyE1365 69BN 8062 PRSI0 QBT K2 28|130E X1 6083 f7620MBEDsaS
eafisseadon 1591 26 cl2bovs 50 st abl7 £33 140965253 0&ps7 9284 9029
90960145 190 1465530 2511280621 413429 74633258 186551384723 1394
1860796368 7E26oRMB059656 11081861 5B471 88308523208 23745
208304 673401 &b 80639678 19424 3 4535 26736 92600 V20831 9462/ 09512819
3533493606483 25720 By 65981 80044882231 1@Q6sb4 8173 14481
165354074 78 24347 24595 25066 5823 6733 8535 11633
32246 138266 14804 16227 18147 21946 22918 25486 3435
330381 4434448055 5256 8584 12007 13417 14215 17230 19400
2098%508A44341833 66612 0651145677028 194944 714034607 160Rd3 L8866 453
224260138451 2472758380 1481 2318438630 wéi® 53089 4862Mso
155809548838 1399266198852026341  2@3koB656s 472313786070 18705
123133923390 16365306l51923330086 23928023824 239047 +6ad hras7
36300e1 32582 1425Q51 6264186007 18400:2888030 2051333224943l 6025
280930023464 4449:663816k31L33 16253 1203140321157 5212483 19208
252850433287 239435 24070024811 3365740601524 165738661 13333
414 341864dk4 12645 9k@P02121:38768 214481923881 ¢14256458907410800
2639900439362846 4283 1808765211528 6124316k5516 1286741 21140
23249082278 380308943 84D 10512511k480s161605 hdD®7F4 20868
18348731857 21973433366 208252 3452997876040 837834 19189
1b338; be461 1308@,216003149436 2Q0/3:222968 2346 287 %zs7
100418/ B:8227 8oPes8BPsP29]1 18456 d 5686 16981y &34H9730
W99 20084 %4898 RGddKEREQD(7000762415-198583434 7904740564 7472
336107652064902 8290,414663 133275 4468495k6468 200327338 19527
33843038 6508864 7 43938 14834452096 90545001403 16924203281 4357
2869790148332 890 24095484 14966 1343387 s VB920137: 32052800 20409
2601825133860 25156725480:125759 7858 1099813344 319910422 11726

859312546 13042 16627 18444 19813 4775 10872 19350 889 7870 17425

6795175 14436
8754055110785

2905 13651 20802

“1414 414314967
3440 9659 13315
3811 844116858
13702 6622 16595
5825 §937°17080

3629 10662 13143

1475 15605 15767
4699 550018891
4912 8900 19663
2206 4451 19926
6867 9153 13395
1392 8008 21198
637 4951 12585

5581 7407 21485
2318 5722 19708
884012796 21166
4248 14884 21559
9362 13645 17616
703 4291 11777
219 13646 18614
3537 14257 17073

1995 3599 14195
15764 18173 19022
3958 15311 20379
2069 3014 20265
3366 7956 95681

11. The method of claim8, wherein the parity-check matrix has a
plurality of column groups provided by grouping columns corresponding to the
information word, each column group having a predetermined number of

columns; and
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24669wherein a code rate is 3/5 and a length of a codeword is 16200, the
parity-check matrix is formed as defined in the following table:
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13. The method of claim 12, wherein the parity-check matrix has a
plurality of column groups provided by grouping columns corresponding the
information word, each column group having a predetermined number of
columns; and

wherein each row in the table includes sequence information indicating
positions of rows where ‘1’ is located in a corresponding column group of the
parity-check matrix.

14. A method for decoding a channel in a communication system
using a Low-Density Parity-Check (LDPC) code, comprising the steps of:

extracting a parity-check matrix of the LDPC code; and

performing LDPC decoding using the extracted parity-check matrix;

wherein a code rate is 3/5 and a length of a codeword is 64800, the
parity-check matrix is formed as defined in the following table:
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15. A method for decoding a channel in a communication system
using a Low-Density Parity-Check (LDPC) code, comprising the steps of:

extracting a parity-check matrix of the LDPC code; and

performing LDPC decoding using the extracted parity-check matrix;

wherein a code rate is 2/3 and a length of a codeword is 64800, the
parity-check matrix is formed as defined in the following table:
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16.

check matrix; and

An apparatus for encoding a channel in a communication system
using a Low-Density Parity-Check (LDPC) code, comprising;:
an LDPC code parity-check matrix extractor for reading a stored parity-
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17. The apparatus of claim 16, wherein the parity-check matrix has
a plurality of column groups provided by grouping columns corresponding the
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positions of rows where ‘1’ is located in a corresponding column group of the
parity-check matrix.

18. An apparatus for encoding a channel in a communication
system using a Low-Density Parity-Check (LDPC) code, comprising:

an LDPC code parity-check matrix extractor for reading a stored parity-
check matrix; and

an LDPC encoder for LDPC-encoding a received signal using the stored
parity-check matrix;

wherein a code rate is 3/5 and a length of a codeword is 64800, the
parity-check matrix is formed as defined in the following table:
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apparatus for decoding a channel in a conmunication
system wusing a LowDensity Parity-Check (LDPC) code,
conprising: an LDPC code par6lty-check matrix extractor

for reading a stored parity- check matrix; and WO
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19. An apparatus for encoding a channel in a communication
system using a Low-Density Parity-Check (LDPC) code, comprising:

an LDPC code parity-check matrix extractor for reading a stored parity-
check matrix; and

an LDPC encoder for LDPC-encoding a received signal using the stored
parity-check matrix;

wherein a code rate is 2/3 and a length of a codeword is 64800, the
parity-check matrix is formed as defined in the following table:
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20. An apparatus for decoding a channel in a communication system
using a Low-Density Parity-Check (LDPC) code, comprising;:
an LDPC code parity-check matrix extractor for reading a stored parity-

check matrix; and
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21. The apparatus of claim 20, wherein the parity-check matrix has
a plurality of column groups provided by grouping columns corresponding the
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parity-check matrix.

22. An apparatus for decoding a channel in a communication system
using a Low-Density Parity-Check (LDPC) code, comprising:

an LDPC code parity-check matrix extractor for reading a stored parity-
check matrix; and

an LDPC decoder for performing LDPC decoding using the read parity-
check matrix;

wherein a code rate is 3/5 and a length of a codeword is 64800, the read
parity-check matrix is formed as defined in the following table:
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23. An apparatus for decoding a channel in a communication system
using a Low-Density Parity-Check (LDPC) code, comprising:

an LDPC code parity-check matrix extractor for reading a stored parity-
check matrix; and

an LDPC decoder for performing LDPC decoding using the read parity-
check matrix;

wherein a code rate is 2/3 and a length of a codeword is 64800, the read
parity-check matrix is formed as defined in the following table:
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