DESCRIPTION
Title of Invention: DATA PROCESSING APPARATUS AND DATA
PROCESSING METHOD
Technical Field
[0001]

The present technology relates to data processing
apparatuses and data processing methods, and more
specifically to data processing apparatuses and data
processing methods which enable provision of, for example,
LDPC codes that achieve good error-rate performance.
Background Art
[0002]

In recent vyears, LDPC (Low Density Parity Check) codes,
which have a high error-correcting capability, have been
widely employed in transmission schemes including satellite
digital broadcasting technologies, such as DVB (Digital
Video Broadcasting) - 5.2, which is used in Europe (see, for
example, NPL 1). LDPC codes are also employed in next-
generation terrestrial digital broadcasting technologies,
such as DVB-T.Z.
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Recent studies have found that, like turbo codes, LDI
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codes have a performance closer to the Shannon limit for

J

larger code lengths. In addition, because of their
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characteristic of having minimum distan
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es proportional to



code lengths, LDPC codes have the feature of high block
error probability performance, and have a further advantage
in showing substantially no error floor phenomena, which is
observed in the decoding characteristics of turbo codes and
the like.

[0004]

LDPC codes will now be described in more detail. LDPC
codes are linear codes, and may or may not be binary. The
following description will be given in the context of binary
LDPC codes.

(00051

An LDPC code has the most striking feature that 1t 1is

O

defined by a sparse parity check matrix. Here, the term
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sparse matrix" refers to a matrix having a very small
number of elements of 1 (or a matrix whose elements are
almost zeros).

(0006}

Fig. 1 illustrates an example of a parity check matrix

H of an LDPC code.

In the parity check matrix H illustrated in Fig. 1, the
weight of each column (column weight) (i.e., the number of

ls) is 3 and the weight of each row {(row welght) 1is

471
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encoding), for example, a generator matrix G 1s generated on
the basis of a parity check matrix H. By multiplying the
generator matrix G by binary information bits, a code word
{(i.e., an LDPC code) is generated.

[0009]

Specifically, an encoding device that performs LDPC
encoding first calculates a generator matrix G, where the
equation GH® = 0 is established between the transpose H' of
the parity check matrix H and the generator matrix G. Here,
1f the generator matrix G is a K x N matrix, the encoding
device multiplies the generator matrix G by a bit sequence
{i.e., a vector u) of K information bits to generate a code
word ¢ (= uG) having N bits. The code word {(or LDPC code)
generated by the encoding device is received on the receiver
side via a certalin communication path.

[0010]

An LDPC code can be decoded using the message passing
algorithm, which 1s an algorithm called probabilistic
decoding proposed by Gallager and which is based on belief
propagation on a so-called Tanner graph with variable nodes
(also referred to as "message nodes”™) and check nodes. Here

le nodes and the check nodes will also be

hereinafrter referred to simply as "nodes" as appropriate.
[0011]

H

Fig. 2 iliustrates an LDPC code decoding procedure.



[0012]

Note that, in the following description, a real-number
value representing the likelihood of the value "0" of the i-
th bit of an LDPC code (i.e., a code word) received on the
receiver side, which 1is expressed in log likelihood ratio

¥

(1.e., a reception LLR}, 1is also referred to as a "reception

¥

value up:" as appropriate. Further, a message output from a
check node 1s represented by uy, and a message output from &
variable node is represented by vi.
[0013]

In an LDPC code decoding process, first, as illustrated
in Fig. 2, in step S11, an LDPC code is received, and a
message (check node message) us 1s initialized to "0". In
addition, a variable k of a counter for repetitive
processing, which takes an integer value, 1s initialized to
"0". Then, the process proceeds to step S12. In step 512, a
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message (variaple node message) v, 1s determined by

performing computation given by Expression (1) (variable

5

node computation) on the basis of a reception value ug;

ned through the reception of the LDPC code. A mess

8]

ge
us 1s further determined by performing computation given by

Expression (Z2) (check node computation) on the basis of the

me
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Here, d, and d. in Expressions (1) and (2) are

arbitrarily selectable parameters indicating the number of

‘1
i

ls in the vertical direction (columns) and the horizontal
direction (rows} of the parity check matrix H, respectix
For example, for an LDPC code in a parity check matrix H

with a column weight of 3 and a row weight of 6 (i.e., a

(3,6) LDPC code) illustrated in Fig. 1, dy = 3 and d. = 6

that, in each of the variable node computation of

ron (1} and the check node computation of Expres

Expres t pression

w

(2}, a message input from an edge (or a line connecting

petween a variable node and a check node) from which a

ct

1t 1s not the target of the computation.
Thus, the range of computation is 1 to dy - 1

Furthermore, the check node computation of Expression (2)

“ually performed by creating in advance a table of a



function R(vy, vy} given by Expression (3), which is defined
by one output for two inputs v, and vy, and seqguentially (or
recursively) using the table in the manner given by
Expression (4).

[0018]

[Math. 3]

x=2tanh~ 1 {tanh (v{/2) tanh (v,/2) } =R (v, vy)

e (3)

[0019]

[Math. 4]

Uj::R(Vg}R(Vz,R<V3 ~~R(vddm2,v@5,1>>>)

In step 3512, furthermore, the wvariable k is incremented

[#2]

by "1". Then, the process proceeds to step S13. In step S13,
it is determined whether the variable k is larger than a
certain number of times of repetitive decoding C. If it is
determined in step 513 that the variable k is not larger

than C, the process returns to step S1Z, and subsequently,
similar processing 1s repeatedly performed.

[00211

If 1t 1s determined in step S13 that the variable k 1is

C, the process proceeds to step S514. I




314, a message v; as a final output result of decoding is
determined by performing computation given by Expression (5},

and 1s output. Then, the LDPC code decoding process ends.

(00227
[Math. 5]
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[0023]

Here, the computation of Expression (5) 1is performed
using, unlike the wvariable node computation of Expression
(1), the messages u; from all the edges connected to a

variable node.

Fig. 3 illustrates an example of a parity check matrix

H of a (3,6) LDPC code (with a code rate of 1/2 and a code

[0025]

In the parity check matrix H illustrated in Fig. 3,
similarly to Fig. 1, the column weight 1s 3 and the row
welght is 6
[002¢]

Fig. 4 illustrates a Tanner graph of the parity check

matrix H illustrated in Fig. 3.

G027



Here, in Fig. 4, a check node 1is represented by a plus
"+" sign, and a variable node 1s represented by an equal "="
sign. A check node and a variable node correspond to each
row and column of the parity check matrix H, respectively.
A connection between a check node and a variable node is an
edge, and corresponds to an element of "1" in the parity
check matrix.

[0028]

More specifically, in a case where the element in the
j-th row and the i-th column of the parity check matrix 1is 1,
in Fig. 4, the i-th variable node ("=" node) from the top
and the j-~th check node ("+" node) from the top are
connected by an edge. An edge indicates that a code bit
corresponding to a variable node has a constraint
corresponding to a check node.

[0029]

In the sum product algorithm, which is an LDPC code
decoding method, variable node computation and check node
computation are repeatedly performed.

[0030]
Fig. 5 illustrates variable node computation to be

performed at a variable node.

A\t a varlable node, a message v; corresponding to an

edge for which calculation is to be performed is determined



through the variable node computation of Expression (1)
using messages u; and uy; from the remaining edges connected
to the variable node and alsoc using a reception value Ug;.
The messages corresponding to the other edges are also
determined in a similar way.
[0032]

Fig. 6 illustrates check node computation to be
performed at a check node.
(0033

Here, the check node computation of Expression (2] can

be rewritten as Expression (6) by using the relationship of

the equaticon a x b = exp{In({ial) + In(lbl)} x sign(a) x
signi{b), where sign(x;) is 1 for x 2 0 and -1 for x < 0.
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[f the function ¢(x) 1s defined as the equation dix) =



In(tanh(x/2}) for x 2 0, the eqgquation @”(X) = Z2tanh™ (&™) is
established. Thus, Expression (o) can be transformed into
Expression (7).

[0036]

(/dc—f dC"I
Uf-'cb"g\ 2 oUviDx TT signlvy)
\'Ii =1

At a check node, the check node computation of
Expression (Z) is performed in accordance with Expression
(7.

[0038]

More specifically, at a check node, as illustrated in
Fig. 6, a message uy corresponding to an edge for which
calculation is to be performed is determined through the
check node computation of Expression (7) using messages v,
ve, Vi, vi, and vs from the remaining edges connected to the
check node. The messages corresponding to the other edges
are also determined in a similar way.

[0039]

Note that the function ¢(x) in Expression (7)) can be
represented by the equation ¢(x) = In(f(e® + 1)/(e” - 1)),

where ¢(x) = ¢ (x) for x > 0. The functions ¢(x) and ¢  (x)



may be implemented in hardware by using an LUT (Look Up
Table), where the same LUT 1s used for both functions.
Citation List
Non Patent Literature
[0040]

NPL 1: DVB~-S.2 : ETSI EN 302 307 vl1.2.1 (2009-08)
Summary of Invention
Technical Problem
[(0041]

In the standards that employ LDPC codes, such as DVB-
5.2, DVB-T.2, and DVB-C.Z, an LDPC code is mapped to symbols

oy

{or 1s symbolized) of orthogonal modulation {(digital
modulation) such as QPSK (Quadrature Phase Shift Keying).
The symbols are mapped to constellation points and are
transmitted.

(0042]

Meanwhile, there has recently been a demand for
efficient transmission of a large amount of data such as a
three-dimensional (3D) image or a 4k image. A 4k image has
a resolution of 3840 pixels horizontally and 2160 pixels
vertically, providing approximately four times the pixel
resolution of full high definition.

[0043]
However, prioritizing the efficiency of data

Transmission would lncrease an error rate.



[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 1s 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 egual to, for example, the number of code
rates demanded for data transmission, be employed.

r0047]

=i

t 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 1s to be employed.

(0048

;

The present technoclogy has been made in view of the

having good error-rate performance.

Sclution to Problem




[(0049]

A first data processing apparatus or data processing
method of the present technclogy 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 wvalue 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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1656 12929
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314 12610 1294°
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12004 12261 12805 12844
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87 6767 12478
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22 73 8462

32 12439 12657

8483 9540 10430

7275 7377 7420
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28 3527 5857
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6627 12709 12933
3604 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.

A second data processing apparatus or data processing
method of the present technology 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 1s 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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method of the present
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A third data processing apparatus or data processing

£y 4+ +
t ¢

technology 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
25/30 on the basis of a parity check matrix of the LDPC code,
wherein the LDPC code includes information bits and parity
pbits, 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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[0052]

A fourth data processing apparatus or data processing
method of the present technology includes a decoding unit

configured to decode or a decoding step of decoding an LDPC

(Low Density Farity 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 porftion



corresponding to the parity bits, the information matrix
portion 1s 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 fifth data processing apparatus or data processing
method of the present technology 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

M
h

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 1s represented by a parity check
matrix initial value table, and the parity check matrix

of elements
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initial value table 1s a table showing position
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of 1 in the information matrix portion in units of 360

columns, including

T o N Cm 1 f Lo a9
142 2307 2598 2650 4028 016 6323 6681




6698

8539

8365

8456

8548

LA
o
O
N

8612

o0
foRY
o

I

8509

8580

8489

1

8l12°

e
8

2932 4928 5248 5256 5983 6773 6828 77839 8426 B494 8534

899 3295 3833 5399 6820 7400 7753 7890 8109 8451 8529
8602

21 3060 4720 5429 5636 5927 6966 8110 8170 8247 8355
8616

20 1745 2838 3799 4380 4418 4646 5059 7343 8lel 8302
8631

9 6274 6725 6792 7195 7333 8027 8186 8209 8273 8442
8632

494 1365 2405 3799 5188 5291 7644 7926 8139 8458 8504
8625

192 574 1179 4387 4695 5089 5831 7673 7789 8298 8301
8632

11 20 1406 6111 6176 6256 6708 6834 7828 8232 8457 8495

6 2654 3554 4483 4966 5866 6795 8069 8249 8301 8497

8623

2919 4331 4419 4735 6366 6393 06844 7193 8165 8205 8544



8391

8521

B525

8437

,‘
¥}

0
C
o
C

12 19 742 930 3009 4330 7430 7792 7922

(2]
N
o
(3
[0
[N.]
N
WL

~J
]
O
Mo

710 1439 1588 2434 3516 5239 6248 6827 8230 8448 8515
8619

200 1075 1868 5581 7349 7642 7698 8037 8201 8210 8320
8526

3 2501 4252 5256 5292 5567 6136 6321 6430 6486 7571
8636

3062 4599 5885 6529 66le 7314 7319 7567 8024 8153 8302
8598

105 381 1574 4351 5452 5603 5943 7467 7788 7933 8362
8587

787 1857 3386 3659 6550 7131 7965 8015 8040 8312 8484

15 1118 4226 5197 5575 5761 6762 7038 8260 8338 §444
8568
36 5216 5368 5616 6029 6591 8038 8067 8299 8351 8565
g585

123 4300 4530 5426 5532 5817 6967 7124 7979 B0z2 8270

629 2133 4828 5475 5875 5890 7194 8042 8345 8385 8518
8612

11 1065 3782 4237 4993 7104 78632 7904 8104 8228 8321

8565

2131 2274 31e8 3215 3220 5597 6347 7812 8238 8354 8H27



5600 6591 7491

1766 8281 8626

1725 2280 5120

1650 3445 7652

4312 6911 8626

15 1013 5892

2263 2540 2979

1545 5873 7406

67 726 3697

2860 6443 8542

17 911 2820

1561 4580 6052

79 5269 7134

22 2410 2424

3501 5642 8627

208 6950 8571

4099 6389 7482

4023 5000 7833

5476 5765 7917

1008 3194 7207

7696



1089 5126 5562
10 4193 7720
1967 2151 4608
22 7738 3513
3385 5066 8152
440 1118 8537
3429 6058 7716
5213 7519 8382
5564 8365 8620
43 3219 8603

4 5409 5815

5 6376 7654
4091 5724 5953
5348 6754 8o6l3
1634 6398 6632
72 2058 8605
3497 5811 7579
3846 6743 8559
15 5933 8629
2133 5859 7068

4151 4617 8566

2960 8270 8410
2059 3617 8210

544 1441 6895

47



294 2180

3058 8227

on

24

8373

364 5756 8617

5383 8555

1704 2480

7338 7929

2615 3905

4298 4548

8262 8319

86189

4181

7990

7981

8296

8630

892 1893 8028

5694 7237

1487 5012

4335 8593

3509 4531

10 22 830

4161 5208

8595

5810

8624

5273

6280

275 7063 8634

4 2725 3113

8174

22 7701 8630

4302 785

48



7477 7794 8592

% 6111 8591

5 8606 8628

347 3497 4033

1747 2613 8636

1827 5600 7042

580 1822 6842

232 7134 7783

4629 5000 7231

951 2806 4947

571 3474 8577

2437 2496 7945

23 5873 8le62

12 1168 7686

8315 8540 8596

1766 2506 4733

b29 1516 33238

782 1452 8617

8 6083 6087



1991 3954 6206

6835 7800 7980

189 5722 8573

2680 4928 4998

243 2579 7735

4281 8132 8566

7656 7671 B609

1116 2291 4166

21 388 8021

6 11

[N

3 8369

311 4918 8511

U 3248 6290

13 6762 7172

4209 5632 7563

49 127 8074

581 1735 4075
0 2235 5470

2178 5820 6179

L6 3575 6054

14 3874 4844

0 3269 3557

2114 7372 7926

-

3

0



1875 2388 4057

3232 4042 606

[
(O]

9 401 583

13 4100 6584

2299 4190 4410

21 3670 4979.

[0054]

A sixth data processing apparatus or data processing
method of the present technology 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

/ bits, the information matrix

ot

portion is represented by a parity check matrix initia

value table, and the parity check matrix initial wvalue table

is a table showing positions of elements of 1 in the
information matrix portion in units of 360 columns,
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[0055]

A seventh data processing apparatus or data processing
method of the present technoclogy 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 1 in the information matrix portion in units of 360

columns, including
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2400 3350 6351

7 5490 5716

4095 5231 6266

777 6292 6402

919 4851 6367

6 644 3893

5386 6190 06434

17 169 489¢6.

[0056]

An eighth data processing apparatus or data processing
method of the present technology 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 ilncludes an information matrix portion corresponding
to the information bits and a parity matrix portion
corresponding to the parity bits, the information matrix
portion 1s represented by a parity check matrix initial

value table, and the pari initial value table
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7 5490 5716
4695 5231 6266
777 6292 6402
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5386 6190 6434
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[0057]

A ninth data processing apparatus or data processing
method of the present technology 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,

o3}

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 pari
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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433 1386 2416 2570 2950 3611 3869 3969 4248 4251 4316
384 1292 1534 2610 2617 3559 3638 3964 4131 4293 4313
271 564 1719 2288 2597 2674 3429 3455 3793 4074 4286
133 190 815 955 1485 2000 2860 3000 3734 4013 4287
559 771 1762 2537 2764 2816 3186 3806 3833 4224 4271
11 733 1198 1735 1856 2668 2754 3216 4070 4113 4311

4 806 1832 2047 2058 2724 3387 3793 3833 4005 4319
506 1456 2339 3069 3343 3442 3889 3939 4013 4212 4278
2038 3980 4313

64 2373 4080

800 1535 4lee

1030 3759 4002

1687 3269 4225

1219 2632 3878

719 2916 4277

1261 1930 3459

777 1568 1914

4 397 3290

106 3451 41165

135 3172 4319
1426 1970 3657

199 1268 2064



41 1067 3498

1588 2482 2750
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121 1812 2588

10 992 1082

1929 4225 4279

6 1967 3760

593 1812 4107

891 2140 4158

924 2282 3585

592 2971 4235

49

(o8]
I
w2
—
98]

260

(oV]

2423 3180 3449

2042 3118 3625

2877 3064 3882

72139 4316

1398 3947 4272

1032 11062 4268

78



2124 2762 4148

4 3455 4069

3 1279 3382

1277 1746 3969
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584 1108 3454
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1608 4103 4310

2673 3164 3713
1379 4072 4318
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3716 4089 4198

6 4272 4311
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688 3913 4281

3446 3840 4314

1073 3444 4146

1556 2761 3391

2 3543 4264

1378 3347 4305

847 18952 2745

1 1743 4042

2087 3048 4254

1010 4073 4132

2610 4129 4152

4106 4120 4313

7 4282 4304

3885 4227 4319

1235 4105 4195
1700 2332 4224

9 3750 4282

1539 4013 4310

3734 3834 4011

1397 2758 3645

7 1000 2984

11 3433 4068
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657 1913 4006
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A tenth data processing apparatus or data processing

method of

configured to decode or a

the present technology includes a decoding unit

decoding

step of

decoding

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 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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9 3750 4282

1539 4013 4310

3734 3834 4011
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[0059]

An eleventh data processing apparatus or data
processing method of the present technology 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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qelftrh data processing apparatus or data processing
method of the present technology 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 29/30 on the basis of a parity
check matrix cof 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 1is 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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1581 1673 2142
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1867 1991 2055

856 1640 1878

251 561 966

343 1816 2114

3 966 2045

1885 1922 2158

57 556 2058

732 1724 2147.

[0061]

In the present technology, 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 the present technology, 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

D
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an LDPC cod

O
th
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{

[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
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.
[0064]

A parity check matrix initial value table with a code
rate of 24/30 includes
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27 1903 3923 4513 7812 8098 8428 9789 10519 11345 12032

.
~J
[
e}
o
(a3
[N
-
(A
W
n
—
(A
o
~J
N
[N
o
~J
{63
o8]
Go
O
(&
w2

6lo 5769 6724 804l
10046 11552 12842

13 1366 4993 6468 7689 8563 9131 10012 10914 11574
11837 12203 12715 129%4¢

432 872 2603 3286 3306 3385 4137 5563 7540 9339 9948

1113 1394 4104 4186 7240 8827 11522 11833 12359 12363

14 441 1432 1e77 2432 8981 11478 11507 12599 12783

W

o
wn
~J
s
o
(&)
(@)
~J
S
~J
L

o

(N
oo
o)

o
<0
[E=N
[
o
[
[08]
o
~Jd
= .
-

(&2

(-]

(&

ot

]

o

2007 12020 12339



12817

20 546

12549 12555

1 3540

- 107 -

2830 12904

o)

3672 5538 6944 8052 8781 9743 12269 12393 12418
12718

4397 5011 6626 8617 9587 10360 10602 11402 11983
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A parity check matrix initial value table with a code
rate of 25/30 includes
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926 2090 3804

1038 2497 10701

22 6220 8405
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3039 8397 10665

7262 9644 10083
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A parity check matrix initial value table with a code
of 26/30 includes
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A parity check

of 27/30 include
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4202 5179 6412
3007 3542 4271
2400 3350 6351
7 5490 5716
4695 5231 6266
777 0292 6402
919 4851 6367
6 644 3893
5386 6180 6434
17 169 4896.
[0068]
A parity check matrix initial value table with a code

rate of 28/30 includes

Sal

85 314 1602 1728 1929 2295 2729 2924 3

~J
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[ixS
Jla
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[ox
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918 1378 1838 1903 2399 2524 2937 3015 3740 4140 4213

1361 1430 2639 2648 2910 23418 3511 3543 4177 4209 4248

472 1143 1318 1545 1830 2228 2249 2256 3626 3839 3991

226 1401 2154 2318 2851 3317 3468 3944 3983 4047 4093

522 1393 1473 2196 2707 3052 3398 3814 3827 4148 4301

417 1982 2176 2336 2459 2806 3005 3771 3870 4080 4243

112 1040 1596 1621 1685 2118 2571 3359 3945 4034 4171

046 1705 2181 2439 2808 2851 2987 3044 3494 4049 4312
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11 541 1020 1326 2259 2347 2750 2861 3328 3428 4126
515 941 1233 1804 2295 2528 3265 3826 4002 4022 4224

46 484 679 1949 2342 2929 3555 3860 3918 4068 4113
1832 2023 2279 2376 2965 3278 3318 3549 3640 3843 3910
241 943 1222 1583 1637 2745 3338 4080 4086 4203 4300
11 1419 1841 2398 2920 3409 3703 3768 3878 4052 4254
878 2049 2123 2431 2657 2704 3135 3342 3728 4141 4162
1o 837 1267 1410 2100 3026 3099 3107 4042 4129 4157
133 646 1367 1394 2118 2311 2676 2956 3195 3536 3657
698 1444 2129 2432 2494 2793 2947 3852 3985 4254 4319

11 1076 1618 1995 2332 2743 2934 30

(@]

9 3565 4169 4188

14 20 808 2629 2681 3090 3491 3835 4017 4068 4083

433 1386 2416 2570 2950 3611 3869 3969 4248 4251 4316

384 1292 1534 2610 2617 3559 3638 3964 4131 4293 4313

271 564 1719 2288 2597 2674 3429 3455 3793 4074 4286

133 190 815 955 1485 2000 2860 3000 3734 4013 4287



1261 1930 3459
777 1568 1914
4 397 3290

10 3451 4115
3629 3885 4155
2652 3668 4026
135 3172 4319
1426 1970 3657
199 1268 20064
570 845 2761
41 1067 3498
1588 2482 2750
1615 2013 2715

121 1812 2588

N

10 58%2 1082

1929 4225 4279
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2042 3118 3625
2877 3064 3882
7 2139 4316

4 7 2954

1398 3947 4272
3675 4253 4318
1561 1977 2432
2531 4192 4209
1032 1102 4268
75 1718 3438
925 1073 4171

2124 2762 4148

4 3455 4069

3 1279 3382
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2509 4255 4296
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940 1217 3607

114 2544 4310

4 2178 4213

2035 4246 4251

272 1236 2733

953 2762 4115

1853 3496 4309

1119 3740 4318

2051 4058 4317

0 3162 4207
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4 3395 4301

3716 4089 4198
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278 3224 3933

3 4196 4245

3409 4301 4315

2 2176 3214

462 3203 4008

478 2178 4202

3593 3825 4216

115 2796 4225

3827 4196 4251

1375 4301 4306

1378 3347 4305

847 19852 2745

1 1743 4042

2087 3048 4254

1010 4073 4132

2610 4129 4152
4106 4120 4313

74282 4304
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1235 4105 4195

1700 2332 4224

9 3750 4282

1539 4013 4310

3734 3834 4011

1397 2758 3645

7 1000 2984

11 3433 4068

1139 1800 3352

8 546 2561

1 4209 4239

2366 4063 4282

279 2524 2533

657 1913 4006

2322 2623 2960

758 803 2304

3887 4299 4318
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1300 1596 2155

3622 3671 4230
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62 2676 4255

2777 3131 4286

518 3352 3937

4225 4255 4317

3644 3822 4311

18

53 3754 4094

599 2608 3276.

[0069]
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A parity check matrix initial value table with

rate of 29/30 includes

212 499 911 940

1382

316 563 1527 2006 2077

2

1906 2043 2112 2123

537 501 1582 1812 1955

2

n
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fd
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8978 1280

2145

2035 2044 2108 2121

939 1874 1974

1069 1758

694 2096 2106

1129 1511 1659

1564 2089 2159
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1605 2004

474 1341 2003

103 2128 2150
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1881 2122 2138

1088 1968 2141

1 298 2073

1042 1724 2137

1253 1758 2145

1209 1566 2123

1466 2116 2155

43 2006 2049

592 1806 1865

3 143 2149

1158 1448 2002

1422 2152 2157

485 2119 2150

371 1831 2086

204 2042 2151

174 544 974

1469 1795 1995

13 708 1683

5 1144 2030

486 1309 1576

143



1346 1971 2128

5 804 1399

2139 2144 2155

4 2136 2159

1485 2059 2158

50 1091 1332

373 1730 2092

59 1086 1401

lilee 1781 2065

213 2080 2154

492 1905 2110

1 1517 2126

722 1427 2146

885 991 1842

3278 180

O

967 1354 1907

1697 2047 2
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684 1924 2151

2077 2122 2157

978 2054 Z135

1504 1850 21653

1404 1989 2119

169 1001 2152
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780 1473 2150
198 1723 2062
927 2087 2138
1 666 2018

1293 1960 2141
1648 2033 2144
681 1578 1899
1342 2022 2157
949 1907 1994

138 1261 2135

B

3 608 982

1211 1501 2150
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201 228 1186
1295 2089 2132
267 556 2142
g01 2052 2122
1382 2135 2155
572 1503 1704
346 1183 2129
1926 2050 2149

1337 2133 2140
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217 274 2021

3 816 2024

1380 2138 2157

607 1385 2110

184 1195 2063

0 1767 2108

0 2081 2097

1135 2036 2128
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797 1552 192

1046 1890 2128

291 1859 2131

1075 1214 1762

60 549 1943
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1009 2026 2136

884 2002 2117

1 576 1449

519 1968 2114

5 1489 1630

1926 2037 2158
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1840 2012 2037

1746 2111 2155

1098 1835 2157

2 1492 1831

353 1537 1830

375 1264 2036

2 1638 2035

1096 1971 2021

950 1809 1884

253 467 1600

5 379 1833

N

1698 1970

37 1637 2136

1174 1460 2157

6l2 1827 2134

17

o0
)

1802 1949

2029 2118 2151

4 1901 2100

1183 1674 2069
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5 1904 2097

1044 2029 2092

1441 1943 2150

G 3 1300

2 516 1735

503 1342 2019

1421 1914 2131

28 986 1467

1270 1851 1988

-

481 1265 2016

530 546 809

653 1909 2158

1805 2002 2149

2 1359 1518

O

1690 2081 2156
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1048 1142 2101

o

1867 1991 2055
856 1640 1878
251 56l 966
343 1816 2114
3 966 2045
1885 1922 2158

57 556 2059

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 the present technology, 1t is possible
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.

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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[Fig. 4] Fig. 4 1s a diagram Tanner
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graph of a parity check matrix.
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[Fig. 5] Fig. a diagram 1llustrating a variable
[Fig. 6] Fig. © is a diagram illustrating a check node.
[Fig. 7] Fig. 7 is a diagram illustrating an example

configuration of an embodiment of a transmission system to

which the present technology applies.
[Fig. 8] Fig. 8 is a block diagram illustrating an

example configuration of a transmitting device 11.

[Fig. 9] Fig. 9 is a block diagram illustrating an

n

example configuration of a bit interleaver 116.

[Fig. 10] Fig. 10 is a diagram illustrating a parity
check matrix.

[Fig. 11] Fig. 11 is a diagram illustrating a parity
matrix.

icting a parity chec]

A

[Fig. 12] Fig. 12 is a diagram de

o

matrix of an LDPC code defined in the DVB-S.2 standard.

[Fig. 13] Fig. 13 is a diagram deplicting a parity check

[#2]

matrix of an LDPC code defined in the DVB-5.2 st

includes diagrams illustrating an

[Fig. 14] Fig. 14 4




arrangements of constellation points of 64QAM.

{Fig. 17] Fig. 17 is a diagram illustrating
arrangements of constellation points of 640QAM.

[Fig. 18] Fig. 18 is a diagram illustrating an
arrangement of constellation points defined in the DVB-S3

standard.

[Fig. 19] Fig. 19 is a diagram illustrating an

arrangement of constellation points defined in the DVB-S5.

standard.

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

arrangement of constellation points defined in the DVB-5.

standard.

1

[Fig. 11 Fig. 21 includes diagrams 1llustratin Zhg)
[Fig. 21] Fic 21 includes diagr 1llustrating an

arrangement of constellation points defined in the DVB-5.

standard.
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[Fig. 22] Fig. 22 includes diagrams depicting
processing of a demultiplexer 25.
[Fig. 23] Fig. 23 includes diagrams depicting the

processing of the demultiplexer 25.

[Fig. 24] Fig. 24 is a diagram illustrating a Tanner

5

graph for LDPC code decoding.

o

[Fig. 251 Fig. 25 includes diagrams illustrating a

parity matrix Hy having a stepwise structure, and a Tanne

graph corresponding to the parity mabtrix Hy.

[Fig. 26] Fig. 2¢ 1s a diagram 1llustrating a parity

]

e

P



!
bt
(@21
[

!

matrix Hy of a parity check matrix H corresponding to an
LDPC code that has been subjected to parity interleaving.

[Fig. 27] Fig. 27 includes diagrams illustrating a
transformed parity check matrix.

[Fig. 28] Fig. 28 1is a diagram depicting the processing
of a column twist interleaver 24.

[Fig. 29] Fig. 29 is a diagram 1llustrating the numbers
of columns of a memory 31 which are necessary for column
twist interleaving, and the addresses of write start
positions.

[Fig. 30] Fig. 30 is a diagram illustrating the numbers
of columns of the memory 31 which are necessary for column
twist interleaving, and the addresses of write start
positions.

[Fig. 31} Fig. 31 is a flowchart depicting a process

P

performed by the bit interleaver 116 and a QAM encoder 117.
[Fig. 32} Fig. 32 includes diagrams illustrating a
[ J s J J 2

model of a communication path used in simulations.

[Fig. 33] Fig. 33 is a diagram illustrating

&
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[

relationships between Doppler frequencies f. of flutters
error rates obtalined in simulations.

[Fig. 34] Fig.
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relationships between Doppler frequencies f, of flutters and
error rates obtained in the simulations.

P

[Fig. 35] Fig. 35 i1s a block diagram illustrating an



example configuration of an LDPC encoder 115.

[Fig. 36] Fig. 36 is a flowchart depicting a process of
the LDPC encoder 115.

[Fig. 371 Fig. 37 1is a diagram illustrating an example
of a parity check matrix initial value table with the code
rate 1/4 and the code length 16200.

[Fig. 38] Fig. 38 1is a diagram depicting a method for
determining a parity check matrix H from a parity check
matrix initial value table.

[Fig. 39] Fig. 39 is a diagram illustrating the BER/FER
characteristics of an LDPC code having a code length of
64800 bits, which is defined in the DVB-5.2 standard.

[Fig. 40] Fig. 40 is a diagram illustrating an exanple
of a parity check matrix initial value table with the code
rate 2/30 and the code length 64800.

[Fig. 41] Fig. 41 is a diagram illustrating an example
of a parity check matrix initial value table with the code

rate 3/30 and the code length 64800.

[Fig. 42Z] Fig. 42 is a diagram 1illustrating an example

of a parity check matrix initial wvalue table with the code
rate 4/30 and the code length 64800,

[Fig. 43] Fi

43 13 a diagram illustrating an example

of a parity check matrix value table with the code
rate 5/30 and the code length 64800.

[Fig. 44] Fig. 44 1is a



of a parity check matrix initial value table with the code
rate ¢/30 and the code length 64800.

[Fig. 45] Fig. 45 is a diagram illustrating an example
of a parity check matrix initial value table with the code
rate 7/30 and the code length 64800.

[Fig. 46] Fig. 46 is a diagram illustrating an example
of a parity check matrix initial value table with the code
rate 8/30 and the code length 64800.

[Fig. 47) Fig. 47 is a diagram illustrating the example
of the parity check matrix initial value table with the code
rate 8/30 and the code length 64800.

[Fig. 48] Fig. 48 is a diagram illustrating an example
of a parity check matrix initial value table with the code
rate 9/30 and the code length 64800.

[Fig. 49] Fig. 49 is a diagram illustrating the example

of the parity check matrix initial value table with the code

(&)

rate 9/30 and the code length 64800.
[Fig. 50] Fig. 50 i1s a diagram illustrating an example
J J g P

of a parity check matrix initial value table with the code

64800.
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[Fig. 52] Fig. 52 is a diagram illustrating an example

+

of a initial value table with the code




rate 11/30 and the code length 64800.

[Fig. 53] Fig. 53 1is a diagram illustrating the example
of the parity check matrix initial value table with the code
rate 11/30 and the code length 64800.

[Fig. 54] Fig. 54 is a diagram illustrating an example
of a parity check matrix initial value table with the code
rate 12/30 and the code length 64800.

[Fig. 551 Fig. 55 is a diagram illustrating the example
of the parity check matrix initial value table with the code
rate 12/30 and the code length 64800.

[Fig. 56] Fig. 56 1s a diagram illustrating an example
of a parity check matrix initial value table with the code
rate 13/30 and the code length 64800.

[Fig. 57] Fig. 57 i1s a diagram illustrating the example
of the parity check matrix initial value table with the code
rate 13/30 and the code length 64800.

v

[Fig. 58] Fig. 58 is a diagram illustrating an example

¥

of a parity check matrix initial value table with the code

rate 14/30 and the code length 64800.
[Fig. 59] Fig. 59 is a diagram 1llustrating the example
of the parity check matrix initial value table with the code

rate 14/30 and the code length 64800.

P

[Fig. 60] Fig. 60 is & diagram illustrating an example

1

of & parity check matrix initial value table with the code

o8}

rate 15/30 and the code length 64800.
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{Fig. 61] Fig. 61 is a diagram illustrating the example
of the parity check matrix initial value table with the code
rate 15/30 and the code length 64800.

[Fig. 62] Fig. 62 1s a diagram illustrating an example
of a parity check matrix initial value table with the code
rate 16/30 and the code length 64800.

[Fig. 63] Fig. 63 is a diagram illustrating the example
of the parity check matrix initial value table with the code
rate 16/30 and the code length 64800.

[Fig. 64] Fig. 64 1s a diagram illustrating the example
of the parity check matrix initial wvalue table with the code
rate 16/30 and the code length 64800.

[Fig. 65] Fig. 65 is a diagram illustrating an example
of a parity check matrix initial value table with the code
rate 17/30 and the code length 64800.

[Fig. 65] Fig. 66 is a diagram illustrating the example

Fr

of the parity check matrix initial value table with the code

=
)

ite 17/30 and the code length 64800.

agram 1llustrating the example

[N

[Fig. 67] Fig. 67 is a d
of the parity check matrix initial value table with the code
rate 17/30 and the code length 64800.

{Fig. 68] Fig. 68 is a diagram 1l
of a parity check matrix initial value table with the code
rate 18/30 and the code length £4800.

: ol T - N a Ly~ e I T T TN T VU S s e
[Fig. 691 Fig. 09 is a diagram illustrating the example

Pt
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of the parity check matrix initial value table with the code
rate 18/30 and the code length 64800.

[Fig. 70] Fig. 70 i1s a diagram illustrating the example
of the parity check matrix initial value table with the code
rate 18/30 and the code length 64800.

[Fig. 71] Fig. 71 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 1s a diagram 1illustrating the example
of the parity check matrix initial value table with the code
rate 19/30 and the code length 64800.

[Fig. 73] Fig. 73 is a diagram illustrating the example
of the parity check matrix initial value table with the code
rate 19/30 and the code length 64800.

Fig. 74] Fig. 74 is a diagram i1llustrating an exanmple

,—ﬂ
R

of a parity check matrix initial value table with the code

rate 20/30 and the code length 64800.

[Fig. 75] Fig. 75 is a diagram illustrating the example

=

of the parity check matrix initial value table with tThe code

ixN

rate 20/30 and the code length 64800.

[Fig. 76] Fig. 76 1s a diagram 1llustrating the example

v

of the parity check matrix initial value table with the code

®

(

[Fig. 77] Fig. 77 is a diagram 1llustrating an example

of a parity check matrix initial value table with the code
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rate 21/30 and the code length 64800.

[Fig. 78] Fig. 78 1is a diagram illustrating the example
of the parity check matrix initial value table with the code
rate 21/30 and the code length 64800.

[Fig. 79] Fig. 79 is a diagram illustrating the example
of the parity check matrix initial value table with the code
rate 21/30 and the code length 64800.

[Fig. 80] Fig. 80 is a diagram illustrating an example
of a parlty check matrix initial value table with the code
rate 22/30 and the code length 64800.

[Fig. 81] Fig. 81 is a diagram illustrating the example
of the parity check matrix initial value table with the code
rate 22/30 and the code length 64800.

[Fig. 82] Fig. 82 is a diagram illustrating the example
of the parity check matrix initial value table with the code
rate 22/30 and the code length 64800.

[FFig. 83] Fig. 83 is a diagram illustrating an example
of a parity check matrix initial value table with the code
rate 23/30 and the code length 64800.

[Fig. 84] Fig. 84 is a diagram i1llustrating the example
of the parity check matrix initial value table with the code
rate 23/30 and the code length £4800.

[Fig. 85] Fig. 85 is a diagram illustrating the example

of the parity check matrix initial value table with the code

. [l T e S et L ADON
rate Z2/30 and the code length 64800.
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[Fig. 86} Fig. 86 is a diagram illustrating an example

o

of a parity check matrix initial value table with the code
rate 24/30 and the code length 64800.

[Fig. 87} Fig. 87 1is a diagram illustrating the example
of the parity check matrix initial value table with the code
rate 24/30 and the code length 64800.

[Fig. 88] Fig. 88 is a diagram illustrating the example
of the parity check matrix initial value table with the code
rate 24/30 and the code length 64800.

[Fig. 89] Fig. 89 is a diagram illustrating an example
of a parity check matrix initial value table with the code
rate 25/30 and the code length 64800.

[Fig. 90] Fig. 90 is a diagram illustrating the example
of the parity check matrix initial value table with the code
rate 25/30 and the code length 64800.

[Fig. 911 Fig. 91 1is a diagram i1llustrating the example

of the parity check matrix initial value table with the cod:

@

(i

rate 25/30 and the code length 64800.
[Fig. 92] Fig. 92 is a diagram illustrating an example

A

of a parity check matrix initial value table with the code

rate 26/30 and the code length 64800
[Fig. 93] Fig. 93 1s a diagram illustrating the example

of the parity check matrix initial value table with the code

rate 26/30 and the code length 64800.
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of the parity check matrix initial value table with the code
rate 26/30 and the code length 64800.

[Fig. ©95] Fig. 95 is a diagram illustrating an example
of a parity check matrix initial wvalue table with the code
rate 27/30 and the code length 64800,

[Fig. 96] Fig. 96 is a diagram illustrating the example
of the parity check matrix initial value table with the code
rate 27/30 and the code length 64800.

[Fig. 97] Fig. 97 is a diagram illustrating the example
of the parity check matrix initial value table with the code
rate 27/30 and the code length 64800,

[Fig. 98] Fig. 98 is a diagram illustrating the example

of the parity check matrix initial value table with the code

+

ra

~e 27/30 and the code length 64800.

Fig. 99] Fig. 99 is a diagram illustrating an example

ey

of a parity check matrix initial wvalue table with the code

-

28/30 and the code length 64800.
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[Fig. 100] Fig. 100 is a diagram illustrating the
example of the parity check matrix initial value table with
the code rate 28/30 and the code length 64800.

[Fig. 101] Fig. 101l is a diagram illustrating the

e oy = c R ~ -~ Ny e < T 7 v - [ S B T T 2
example of the parity check matrix initial value table with
i Iy
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the code rate 28/30 and the code length 64800.

[Fig. 103] Fig. 103 is a diagram illustrating an
exammple of a parity check matrix initial value table with
the code rate 29/30 and the code length 64800.

[Fig. 104] Fig. 104 is a diagram illustrating the
example of the parity check matrix initial value table with
the code rate 29/30 and the code length 64800.

[Fig. 105] Fig. 105 is a diagram illustrating the
example of the parity check matrix initial value table with
the code rate 29/30 and the code length 6©64800.

[Fig. 106] Fig. 106 is a diagram illustrating the

example of the parity check matrix initial value table with

\

the code rate 29/30 and the code lenath 64800.

L

[Fig. 107] Fig. 107 is a diagram illustrating an
example of a Tanner graph of an ensemble defined by a degree
sequence indicating a column welight of 3 and a row weight of
6.

[Fig. 108] Fig. 108 is a diagram illustrating an
example of a Tanner graph of a multi-edge type ensemble.

[Fig. 108] Fig. 109 is a diagram illustrating minimum

cycle lengths and performance thresholds for parity check

matrices of LDPC codes with the code length ©4800
[Fig. 110] Fig. 110 1s a diagram deplcting a parity

check matrix of an LDPC code with the code length 64800.

[Fig. 111] Fig. 111 is a diagram depicting parity check



matrices of LDPC codes with the code length 64800.
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ig. 112] Fig. 112 1is a diagram illustrating simulated
BERs/FERs of LDPC codes with the code length 64800.

[Fig. 113] Fig. 113 is a diagram illustrating simulated
BERs/FERs of LDPC codes with the code length 64800.

[Fig. 114] Fig. 114 is a diagram illustrating simulated
BERs/FERs of LDPC codes with the code length 64800.

[Fig. 115] Fig. 115 includes diagrams illustrating BCH
codes used in simulations of BERs/FERs of LDPC codes with
the code length 64800.

[Fig. 116] Fig. 116 is a block diagram illustrating an
example configuration of a receiving device 12.

[Fig. 117] Fig. 117 is a block diagram illustratin

\
te]
il
bt
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example configuration of a bit deinterieaver 165.

[Fig. 118] Fig. 118 is a flowchart depicting a process
performed by a QAM deccder 164, the bit deinterleaver 165,
and an LDPC decoder 166.

[Fig. 119] Fig. 119 is a diagram illustrating an

example of a parity check matrix of an LDPC code.

[Fig. 120] Fig. 120 is a diagram illustrating a matrix

(transformed parity check matrix) obtained by performing row
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[Fig. 121] Fig. 121 is a diagram illustrating a

)
i

transformed parity check matrix that i1s divided into 5 x 5

2

units.
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[Fig. 122} Fig. 122 1s a block diagram illustrating an
example configuration of a decoding device that collectively
performs node computation for P nodes.

[Fig. 123] Fig. 123 is a block diagram illustrating an
example configuration of the LDPC decoder 166.

[Fig. 124] Fig. 124 includes diagrams depicting a
process of a multiplexer 54 included in the bit
deinterleaver 165.

[Flg. 1257 Fig. 125 is a diagram depicting the
processing of a column twist deinterleaver 55.

[Fig. 126] Fig. 126 is a block diagram illustrating
another example configuration of the bit deinterleaver 165.

[Fig. 1271 Fig. 127 1is a block diagram illustrating a
first example configuration of a receiving system in which
the recelving device 12 can be used.

[Fig. 128] Fig. 128 1s a block diagram illustrating a
second example configuration of the receiving system in
which the recelving device 12 can be used.

[Fig. 129] Fig. 129 1s a block diagram illustrating a
third example configuration of the receiving system in which

the receiving device 12 can be used.

el 20T [ILI TI0 - P Y ~ o 3 Ty b oy oy d
[Fig. 130] Fig. 130 is a block diagram illustrating an

example configuration of an embodiment of a computer to
which the present technology applies.

Description of Embodiments
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[Example Configuration of Transmission System to which
Present Technology Applies]

[0074]

Fig. 7 illustrates an example configuration of an
embodiment of a transmission system (the term "system”
refers to a logical set of devices or apparatuses, and the
devices or apparatuses may or may not be accommodated in the
same housing) to which the present technology applies.

[0075]

Referring to Fig. 7, the transmission system includes a
transmitting device 11 and a receiving device 12.

(00761

The transmitting device 11 is configured to transmit
(or broadcast) data such as a television broadcast program.
More specifically, the transmitting device 11 encodes the

Fa and audio

target data to be transmitted, such as image d:

o

data of a program, 1into an LDPC code, and transmits the LDPC
code via a communication path 13 such as a satellite link, a
> (wired line).

terrestrial link, or a cable
[0077]

The receiving device 12 receives an LDPC code

@

transmitted from the transmitting device 11 via the
communication path 13, decodes the LDPC code into target

data, and outputs the target data.



[0078]

Here, 1t is well established that an LDPC code used in
the transmission system illustrated in Fig. 7 exhibits very
high performance on an AWGN (Additive White Gaussian Noise)
communication path.

[0079]

However, burst errors or erasures may occur in the
communication path 13. For example, notably in a case where
the communication path 13 is a terrestrial link, in an OFDM
{(Orthogonal Freguency Division Multiplexing) system, a
specific symbol may drop to zeroc in power {or be erased) in
accordance with the delay of an echo (which is a path other
than the main path) in a multi-path environment where a D/U
{Desired to Undesired Ratlioc) is 0 dB (i.e., the power of the
echo as the undesired power is eqgual to the power of the
main path as the desired power).

(00807

Further, 1if the D/U is 0 dB, all OFDM symbols at a
specific point in time may also drop to zero in power {(or
erased)] due to a Doppler (dopper) frequency in a flutter
(which 1s a communication path to which an echo with a
Doppler freguency applied and having a delay of 0 l1s added).

In addition, burst errors may occur due to unstable

12 or undesired wiring

power of the rec



¥

|
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conditions from a recelver {(not 1llustrated) that recelves a
signal from the transmitting device 11, such as an antenna,
on the receiving device 12 side to the receiving device 12.
(0082}

In the LDPC code decoding process, on the other hand,
as describéd above with reference to Fig. 5, the variable
node computation of Expression (1), which involves addition
of (the reception values ug, of) the code bits of the LDPC
code, 1s performed at the respective columns of the parity
check matrix H, that is, the variable nodes corresponding to
the code bits of the LDPC code. Thus, an error oCcCcurring in
a code bit used for variable node computation would reduce
the accuracy of a determined message.

[0083]

In the LDPC code decoding process, furthermore, the
check node computation of Expression (7) 1s performed at a
check node, by using messages determined at the variable
nodes connected to the check node. Thus, an increase in the

numper of check nodes for which errors (including erasures)

%

I

yits of an LDPC code

o

n

imultanecusly occur in (code

Q.
]
i

corresponding to) a plurality of connected variable no
would reduce decoding performance.

[0084]

o

More specifically, for example, 1if two or more of

1

nected to a check node

variable nodes




become erasures, the check node returns a message with the
probability of the value 0 being equal to the probability of
the value 1 to all the wvariable nodes. In this case, the
check node that returns the message with equal probabilities
does not contribute to single decoding processing (one set
of variable node computation and check node computation),
resulting in a larger number of repetitions of decoding
processing. Thus, decoding performance may deteriorate, and,
additionally, the power consumption of the receiving device
12 that decodes the LDPC code may increase,.

[0085]

To address the inconveniences described above, the

transmission system illustrated in

T
[
~

L
~J
‘_«x
U

15 capable of
increasing the resistance to burst errors or erasures while
maintaining performance in an AWGN communication path.
(0086}

[Example Configuration of Transmitting Device 11]
[0087]

Fig. 8 is a block diagram illustrating an example

iguration of the transmitting device 11 illustrated in

In the rtransmitting device 171, Or more

streams as target data are suppliled to a mode

adaptation/multiplexer 111.



[0089]

The mode adaptation/multiplexer 111 performs processing
such as mode selection and multiplexing the supplied one or
more input streams, if necessary, and supplies the resulting
data to a padder 112.

[00920]

The padder 112 pads zeros {(or adds null) to the data
supplied from the mode adaptation/multiplexer 111, as
necessary, and supplies the resulting data to a BB scrambler
113.

(0091}

The BB scrambler 113 applies BB scrambling (Base-Band
Scrambling) to the data supplied from the padder 112, and
supplies the resulting data to a BCH encoder 114.

[0092]
The BCH encoder 114 performs BCH encoding on the data

supplied from the BB scrambler 113, and supplies the

d

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

be subjected to LDPC encoding.
(00931

15 performs LDPC encoding on the LDPC

[

The LDPC encoder

114 in accordance

(i

. . [ N : £ - -1 . T, P
target data supplied from the BCH encode

[

with a parity check matrix of an LDPC code, in which a
parity matrix that is a portion of parity bits of the LDPC

code has a stepwlise structure, to obtain an LDPC code having
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information bits corresponding to the LDPC target data. The
LDPC encoder 115 outputs the LDPC code.
[0094]

More specifically, the LDPC encoder 115 performs LDPC
encoding to encode the LDPC target data into, for example,
an LDPC code defined in a certain standard such as DVB-S.2,
DVB-T.2, or DVB-C.2 (corresponding to a parity check matrix)
or a predetermined LDPC code (corresponding to a parity
check matrix), and outputs the resulting LDPC code.

[0095]

Here, an LDPC code defined in the DVB-5.2, DVB-T.2, or
DVB-C.Z standard is an IRA (Irregular Repeat Accumulate)
code, and a parity matrix in a parity check matrix of the
LDPC code has a stepwise structure. The parity matrix and
the stepwise structure will be described below. BAn example
of the IRA code 1is described in, for example, "Irregular
Repeat—~Accumulate Codes," H. Jin, A. Khandekar, and R. J.
McEliece, 1in Proceedings of 2nd International Symposium on

Turbo Codes and Related Topics, pp. 1-8, Sept. 2000.

[0096]
The LDPC code output from the LDPC encoder 115 is
supplied to a bit interleaver 116

[0097]
The bit interleaver 116 performs bit interleaving,

described below, on the LDPC code supplied
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encoder 115, and supplies the LDPC code that has been
subjected to bit interleaving to a QAM encoder 117.
[0098]

The QAM encoder 117 maps the LDPC code supplied from
the bit interleaver 116 to constellation points each
representing one symbol of orthogonal modulation in units of
one or more code bits of the LDPC code (or in units of
symbols), and performs orthogonal modulation (multi-level
modulation) .

[0099]

More specifically, the QAM encoder 117 maps the LDPC
code supplied from the bit interleaver 116 to constellation
points defined by the modulation scheme on which orthogonal
modulation of the LDPC code is based, in an IQ plane (IQ
constellation) defined by an I axis representing an I
component that is in the same phase as that of the carrier

and a ©Q axis representing

a QO component orthogonal to the

L

carrier, and performs orthogonal modulation.
[0100]
Here, examples of the modulation scheme on which the

orthogonal modulation performed by the QAM encoder 117 is

based include modulation schemes defined in the DVRB-35.2

14
DVB-T.2, DVBR-C.Z, and simililar standards, and other
modulation schemes, examples of which include BPSK (Binary

o e E e W 3 | Do iyl by v e e 3 £ N
Phase Shift Keving;, OPSK (Quadrature Phase Shift Keving),
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16APSK (Amplitude Phase-Shift Keying), 3ZAPSK, 16QAM
(Quadrature Amplitude Modulation), 640QAM, 256QAM, 1024QAM,
40960QAM, and 4PAM (Pulse Amplitude Modulation). Which of

the modulation schemes the QAM encoder 117 uses to perform
orthogonal modulation 1is set in advance through, for example,
operation or the like by an operator of the transmitting
device 11.

[0101]

The data obtained by the processing of the QAM encoder
117 (i.e., the symbols mapped to the constellation points)
is supplied to a time interleaver 118.

[0102]

The time interleaver 118 performs time interleaving
{which 1s interleaving in the time domain) on the data (i.e.,
symbols) supplied from the QAM encoder 117 in units of
symbols, and supplies the resulting data to a MISO/MIMO
encoder 119.

[0103]

The MISO/MIMO encoder 119 performs space-time encoding
on the data (1.e., symbols) supplied from the time
interleaver 118, and supplies the resulting data to a
frequency interleaver 120.

[0104]
The frequency interleaver 120 performs freqguency

interleaving (which is interleaving in the freguency domain)
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on the data (i.e., symbols) supplied from the MISO/MIMO
encoder 119 in units of symbols, and supplies the resulting
data to a frame builder & resource allocation unit 131.
[0105]

On the other hand, control data (signalling) for
transmission control, such as BB signalling {(Base Band
Signalling) (BB Header), is supplied to a BCH encoder 121.
[0106]

The BCH encoder 121 performs BCH encoding on the
control data supplied thereto in a manner similar to that
for the BCH encoder 114, and supplies the resulting data to
an LDPC encoder 122.

[0107]

The LDPC encoder 122 performs LDPC encoding on the data
supplied from the BCH encoder 121, as LDPC target data, in a
manner similar to that for the LDPC encoder 115, and

supplies the resulting LDPC code to a QAM encoder 123,
f g

N

h
I
O
=

The QAM encoder 123 maps the LDPC code supplied

{

I
,,

the LDPC encoder 122 to constellation points each
representing one symbol of orthogonal modulation, in units

of one or more code bits of the LDPC code (1.e. in units of

[a—

symbols) in a manner similar to that for the QAM encoder 117

and performs orthogonal modulation. The QAM encoder 1

92}

. ey L PR g . —~ R PR S VN
upplies the resulting data (i.e., symbols) to a freguency
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interleaver
[0109]

The frequency interleaver 124 performs freguency
interleaving on the data (i.e., symbols) supplied from the
QAM encoder 123 in units of symbols in a manner similar to
that for the frequency interleaver 120, and supplies the
resulting data to the frame builder & resource allocation
unit 131.

(0110

fiom—

The frame bullder & resource allocation unit 131 adds
pilot symbols at desired positions of the data (i.e.,
symbols) supplied from the frequency interleavers 120 and
124, and configures a frame including a certain number of
symbols (for example, a PL (Physical Layer) frame, a TZ
frame, a C2 frame, etc.) from the resulting data (i.e.,

symbols). The frame bullder & resource allocation unit 131

98]

supplies the frame to an OFDM generation unit 132.

[0111]

J

The OFDM generation unit 132 generates an OFDM signal

h
ot

rom the frame supplied from the frame bullder & resource

allocation unit 131, corresponding to the frame, and

transmits the OFDM signal wvia the communication path 13

(U]
,r\j

)._1 -
Q

Note that the transmitting device 11 may be configured
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without including some of the blocks illustrated in Fig. 8,
such as the time interleaver 118, the MISO/MIMO encoder 119,
the frequency interleaver 120, and the frequency interleaver
124.

[0113]

Fig. 9 illustrates an example configuration of the bit
interleaver 116 illustrated in Fig. 8.

[0114]

The bit interleaver 1lleo is a data processing device for
interleaving data, and includes a parity interleaver 23, a
column twist interleaver 24, and a demultiplexer (DEMUX) 25.
Note that the bilt interleaver 116 may be configured without
including one or both of the parity interleaver 23 and the
column twist interleaver 24.

[0115]

The parity interleaver 23 performs parity interleaving

on the LDPC code supplied from the LDPC encoder 115 to

interleave parity bits of the LDPC code to different parity

3}
)
o
Q.
0]

bit position upplies the LDPC code that has been
subjected to parity interleaving to the column twist

interleaver 24.

<
o
fot
(o)

The column twist Interle

W
<

ver 24 performs column twist
nterleaving on the LDPC code supplied from the parity

interleaver 23, and supplies the LDPC code that has been



subjected to column twist interleaving to the demultiplexer
25.
[0117]

More specifically, the LDPC code is transmitted after
one or more code bits of the LDPC code are mapped to a
constellation point representing one symbol of orthogonal
modulation using the QAM encoder 117 illustrated in Fig. 8.
[0118]

The column twist interleaver 24 performs reordering
processing, for example, column twist interleaving,
described below, to reorder the code bits of the LDPC code
supplied from the parity interleaver 23 so that a plurality
of code bits of the LDPC code corresponding to ls in an
arbitrary row of the parity check matrix used in the LDPC
encoder 115 are not included in one symbol.

[0119]

The demultiplexer 25 performs permutation processing on

the LDPC code supplied from the column twist interleaver 24

Fh

.
the

to permute the positions of two or more code bits o

LDPC code to be mapped to symbols, thereby obtaining an LDPC

code with increased resistance to AWGN. The demultipl

,_
o
b
0]
4

~

25 then suppllies the two or more code bits of the LDPC code,
which are obtained

the QAM encoder 117

[0120]
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Next, Fig. 10 illustrates the parity check matrix H
that the LDPC encoder 115 illustrated in Fig. 8 uses for
LDPC encoding.

[0121]

The parity check matrix H has an LDGM (Low-Density
Generation Matrix) structure, and can be expressed by the
equation H = [HplHs] (which is a matrix whose left elements
are the elements of an information matrix Hx and right
elements are the elements of a parity matrix H;), where the
information matrix Hy 1s a portion corresponding to
information bits and the parity matrix He is a portion
corresponding to parity bits among the code bits of the LDPC
code.

[01z2]

Here, the number of information bits and the number of
parity bits among the code bits of one LDPC code (i.e., one
code word) are represented by an information length K and a
parity length M, respectively. In addition, the number of
code bits of one LDPC code is represented by a code length N
(= K + Mj.

[0123]

The information length K and the parity length M of an

LDPC code having a certain code length N are determined 1n

accordance with the code rate. In addition, the parity

check matrix H is a matrix having M rows and N <
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Thus, the information matrix Hp 1is an M x K matrix, and the
parity matrix Hye is an M x M matrix.
[0124]

Fig. 11 illustrates a parity matrix Hy of a parity check
matrix H of an LDPC code defined in the DVB-35.2, DVR-T.2,
and DVB-C.Z standards.

[0125]

As 1llustrated in Fig. 11, the parity matrix He of the
parity check matrix H of the LDPC code defined in DVB-T.2Z2
and similar standards is a matrix having a stepwise
structure (i.e., a lower bidiagonal matrix) in which
elements of 1 are arranged in a stepwise manner. The parity
matrix He has a row weight of 1 for the first row and a row
welght of 2 for all the remaining rows. The parity matrix Hp

further has a column weight of 1 for the last column and a

w

column weight of 2 for all the remaining columns.
[0126]

In the manner described above, an LDPC code of a parity
check matrix H including a parity matrix Hy having a

stepwise structure can be easily generated using the parity

check matrix H.

[

0127}
More specifically, an LDPC code (i.e., a code word) is

represented by a row vector ¢, and a column vector obtained

by transposing the row vector 1is




row vector ¢, which is the LDPC code, furthermore, an
information bit portion is represented by a row vector A,
and a parity bit portion is represented by a row vector T.
[0128]

In this case, the row vector ¢ can be expressed by the
egquation ¢ = [A|T] (which is a row vector whose left
elements are the elements of a row vector A and right
elements are the elements of a row vector T), where the row
vector A corresponds to information bits and the row vector
T corresponds to parity bits.

[0129]

It 1s necessary for the parity check matrix H and the
row vector ¢ = [A|T], which serves as the LDPC code, to
satisfy the equation Hc” = 0. Thus, the values of the
elements of the row vector T corresponding to parity bits in
the row vector ¢ = [A|T] satisfying the equation Hc' = 0 can

be sequentially (or successively) determined by setting the
elements in the respective rows of the column vector Hco in

the equation Hc' = 0 to zero in order, starting from the

element in the first row, in a case where the parity matrix

He in the parity check matrix H = [HplH¢] has the stepwise
structure illustrated in Fig. 11.

H
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(0131}

The parity check matrix H of the LDPC code defined in
DVB-T.2 and similar standards has a column weight X for KX
columns, starting with the first column, a column weight of
3 for the subsequent K3 columns, a column weight of 2 for
the subsequent (M-1) columns, and a column weight of 1 for
the last column.

[0132]

Here, the sum of columns given by KX+K3+M-1+1 equals
the code length N.

[0133]

Fig. 13 is a diagram illustrating the numbers of
columns KX, K3, and M and the column weight X for the
respective code rates r of LDPC codes defined in DVB-T.2 and
similar standards.

[0134]

In DVB-T.2 and similar standards, LDPC codes having
code lengths N of 64800 bits and 16200 bits are defined.
[0135]

In addition, 11 code rates {(nominal rates), 1/4, 1/3,

2/5, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6, 8/9, and 9/10, are

jsh}

defined for an LDPC code with a code length N of 64800 bits,
and 10 code rates, 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/b,
5/6, and 8/9, are defined for an LDPC code with a code

length N of 16200 bits.
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Hereinafter, the code length N of 64800 bits will also
be referred to as "64k bits", and the code length N of 16200
bits will also be referred to as "lo6k bits".

[0137]

It is well established that a code bit of an LDPC code
corresponding to a column with a higher column weight in a
parity check matrix H has a lower error rate.

(0138]

In a parity check matrix H defined in DVB-T.Z and
similar standards illustrated in Figs. 12 and 13, the column
welght tends to increase as the ordinal number of the
columns of the parity check matrix H decreases (i.e., as the
column comes closer to the left end of the parity check
matrix H). Accordingly, robustness to errors (or resistance
to errors) tends to increase as the ordinal number of the
code bits of an LDPC code corresponding to the parity check
matrix H decreases (i.e., the first code bit tends to be the

most robust to errors), and tends to decrease as the ordinal

)

[

number of the code bits increases (1.e., the last code bit
tends to be the least robust to errors).

[0139]

[ o]

I

example arrangements of

w
n

Next, Fig. 14 illustrate

{constellation points corresponding to) 16 symbols in an IQ

plane in a case where
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8 performs 16QAM operation.
[0140]

More specifically, part A of Fig. 14 illustrates
symbols of DVB-T.2 16QAM.
[0141]

In 16QAM, one symbol 1s represented as 4 bits, and 16
(= 2% symbols are provided. Further, the 16 symbols are
arranged in a square of 4 symbols in the I direction and 4
symbols 1in the @ direction, centered on the origin of the IQ
plane.
[0142]

Assuming now that the (i+l)-th bit from the most
significant bit of a bit sequence represented by one symbol
is represented by bit y;, then 4 bits represented by one

ymbol of 16QAM can be represented by bits vyg, v, y-, and ys

u

in order, starting from the most significant bit. In a case

where the modulation scheme is 160AM, 4 code bits of an

s

code are (symbolized) to a symbol (symbol values) of 4 bits

Part B of Fig. 14 illustrates bit boundaries of 4 bits

{(hereinafter also referred to as "symbol bits") vy, to ys

Here, a bit boundary of symbol bits v, (in Fig. 14, 1 =
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6, 1, 2, 3) 1is a boundary between a symbol having a symbol
bit y; of 0 and a symbol having a symbol bit y; of 1.
[0145]

As 1llustrated in part B of Fig. 14, for the most
significant symbol bit yy among the 4 symbol bits yy Lo ys
represented by the 160AM symbol, the only one bit boundary
extends along the Q axis in the IQ plane. For the second
symbol bit y: (the second most significant bit), the only
one bilt boundary extends along the I axis in the IQ plane.
[0146]

In addition, two bit boundaries are provided for the
third symbol bit vy,, one between the first and second
columns of the 4 x 4 sguare of symbols, counting from the
left, and the other between the third and fourth columns.
[0147]

In addition, two bit boundaries are provided for the
fourth symbol bit vys, one between the first and second rows
of the 4 x 4 square of symbols, counting from the top, and
the other between the third and fourth rows.

[0148]

Symbol bits vy, represented by symbols are less erronecus

(i.e., lower error probability) as the number of symbols

bit boundary increases, and are more

'Y

spaced away from

O
H\

erroneous (i.e., higher error probability) as the number

sympbols close to a bit boundary increases.



It is assumed now that a less erroneocus bit (robust to
errors) 1s referred to as a "strong bit" and a more
erroneous bilit (sensitive to errors) 1s referred to as a
"weak bit". In the 4 symbol bits yg to ys of the 16QAM
symbol, the most significant symbol bit vy and the second
symbol bit y; are strong bits, and the third symbol bit vy,
and the fourth symbol bit y: are weak bits.

0]

n

(01
Figs. 15 to 17 illustrate example arrangements of
(constellation points corresponding to} 64 symbols in an IQ
plane in a case where the (QAM encoder 117 illustrated in Fig.
8 perfcrms 64Q0AM operation, that 1is, symbols of DVB-T.2
16QAM.
(0151}
In 64QAM, one symbol represents 6 bits, and 64 (= 2%
symbols are provided. Further, the 64 symbols are arra
in a sguare of 8 symbols in the I direction and 8 symbols in

the Q direction, centered on the origin of the IQ plane.

Symbol bits of one 640AM symbol can be represented by

p1Ts Yo, Vie V2, Y3, Ya, and ys 1n order, rtart

L

ng rom tne

|
LoL

n
{

most significant bit. In a case where the modulation scheme
is 640AM, © code pbits of an LDPC code are mapped to a symbol
¢

of 6-pbit symbol bits vs Lo vy..
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Here, Fig. 15 illustrates bit boundaries of the most
significant symbol bit ygs and the second symbol bit y; among
the symbol bits vyvp to ys of the 640AM symbol, Fig. 16
illustrates bit boundaries of the third symbol bit vy, and
the fourth symbol bit yi, and Fig. 17 illustrates bit
boundaries of the fifth symbol bit ys; and the sixth symbol
bit vys.

As illustrated in Fig. 15, one bit boundary is provided
for each of the most significant symbol bit vy and the
second symbol bit y;. Further, as illustrated in Fig. 16,
two bit boundaries are provided for each of the third symbol
bit y; and the fourth symbol bit ys. As illustrated in Fig.
17, four bit boundaries are provided for each of the fifth
symbol bit vy and the sixth symbol bit ys.

[0155]

Accordingly, among the symbol bits ys to ye of the 64QAM
sympol, the most significant symbol bit yy and the second
symbol bilt y: are the strongest bits, and the third symbol
bit y» and the fourth symbol bit y: are the second strongest
bits. Then, the fifth symbol bit vy and the sixth symbol bit

Vs are weak bits.
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to 17 that symbol bits of an orthogonal modulation symbol
have a tendency that more significant bits are stronger bits
and less significant bits are weaker bits.

[0157]

Fig. 18 is a diagram illustrating an exanple
arrangement of (constellation points corresponding to) 4
symbols in an IQ plane in a case where a satellite link is
used as the communication path 13 (Fig. 7) and the QAM
encoder 117 illustrated in Fig. 8 performs (QPSK operation,
that is, a diagram of, for example, DVB-5.2 (QPSK symbols.
[0158]

In DVB-35.2 QPSK, each symbol 1s mapped to one of four
constellation points on the circumference of a circle having
a radius p of 1, centered on the origin of the IQ plane.
[0159]

Fig. 19 is a diagram illustrating an example

4

arrangement of 8 symbols in an IQ plane in a case where 2

[

satellite link is used as the communication path 13 (Fig. 7)
and the QAM encoder 117 illustrated in Fig. 8 performs 8PSK

operation, that 1is, a diagram of, for example, DVBE-S.2 8PSK

symbols.

[0160]
In DVB-5.2 8PSK, each symbol is mapped to one of eight
constellation points on the circumference of a circle having

a radius p of 1, centered on the origin of the IQ plane.
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Fig. 20 includes diagrams illustrating an example
arrangement of 16 symbols in an IQ plane in a case where a
satellite link is used as the communication path 13 (Fig. 7)
and the QAM encoder 117 illustrated in Fig. 8 performs
16APSK operation, that is, diagrams of, for example, DVB-S.2
16APSK symbols.

[0162]

Part A of Fig. 20 illustrates an arrangement of
constellation points of DVB-3.2 16APSK.
[0163]

In DVB-8.2 16APSK, each symbol is mapped to one of 16
constellation points in total, namely, 4 constellation
points on the circumference of a circle having a radius R;
and 12 constellation points on the circumference of a circle
having a radius Ry (> Ry), centered on the origin of the IQ
plane.

[0164]

Part B of Fig. 20 illustrates the ratio vy = R~/R;, which

1s the ratio of the radii R; and Ry in the arrangement of

constellation points of DVB-S.2 16APSK.

1

&)

[0165]
In the arrangement of constellation points of DVB-5.2
16APSK, the ratio y of the radii R, and R, differs depending

on The code rate.



[0166]

Fig. 21 includes diagrams illustrating an example
arrangement of 32 symbols in an IQ plane in a case where a
satellite link 1s used as the communication path 13 (Fig. 7)
and the QAM encoder 117 illustrated in Fig. 8 performs
32APSK operation, that is, diagrams of, for example, DVB-S5.2
32APSK symbols.

[0167]

Part A of Fig. 21 illustrates an arrangement of
constellation points of DVB-S.2 32APSK.
[0168]

In DVB-3.2 3ZAPSK, each symbol i1s mapped to one of 32

constellation points in total, namely, 4 constellation

points on the circumference of a circle having a radius Ry,

@

12 constellation points on the circumference of a circle
having a radius R, (> Ry}, and 16 constellation points on the

circumference of a circle having a radius R: (> Ro),

centered

on the origin of the IQ plane.

[0169]
Part B of Fig. 21 illustrates the ratio vy, = R-/Ry, which
is the ratio of the radii R: and R,;, and the ratio v: = Ry/Ry,

which is the ratio of the radii R: and R., 1in the
of constellation points of DVB-5.2 3ZAPSK.
[0170]

In the arrangement of constellation points of DVB-5.2



32APSK, the ratio y, of the radii R: and R, and the ratio v

of the radili Rs and R; each differ depending on the code rate.

[0171]

The symbol bits of the symbols of the respective DVB-
5.2 orthogonal modulation types (QPSK, 8PSK, 16APSK, and
32APSK) having the arrangements of constellation points
illustrated in Figs. 18 to 21 also include strong bits and
weak bits similarly to those illustrated in Figs. 14 to 17.
[0172]

Here, as described above with reference to Figs. 12 and
13, the LDPC code output from the LDPC encoder 115 (Fig. 8)
includes code bits robust to errors and code bits sensitive
to errors.
[0173]

Furthermore, as described above with reference to Figs.
14 to 21, the symbol bits of a symbol of orthogonal
modulation performed by the QAM encoder 117 include strong

bits and weak bits.
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Thus, assigning code bits of an LDPC code which are
sensitive to errors to symbol bits of an orthogonal
modulation symbol which are sensitive tTo errors would reduce

the resistance to errors as a whole.

.ccordingly, an interleaver has
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configured to interleave code bits of an LDPC code such that
a code bit of the LDPC code which is sensitive to errors is
allocated to a strong bit (symbol bit) of an orthogonal
modulation symbol.

[0176]

The demultiplexer 25 illustrated in Fig. 9 is capable
of performing the processing of the above-described
interleaver.

[0177]

Fig. 22 includes diagrams depicting the processing of
the demultiplexer 25 illustrated in Fig. 9.

(01787

More specifically, part A of Fig. 22 illustrates an
example functional configuration of the demultiplexer 25.
[0179]

The demultiplexer 25 includes a memory 31 and a
permutation unit 32.

[0180]
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An LDPC code is supplied to the memory
encodeyr 115.
[0181]

The memory 31 has a storage capacity

in its row (horizontal) direction and N/{mb) bits in
column (vertical) direction. Code bits of the LDPC code

suppllied to the memory 31 are written in the column



direction, and are read in the row direction. The read code
bits are supplied to the permutation unit 32.
[0182]

Here, as described above, N (= information length K +
parity length M) represents the code length of the LDPC code.
[0183]

In addition, m represents the number of code bits of
the LDPC code which are mapped to one symbol, and b is a
certain positive integer and denotes a multiple used to
obtain integer multiples of m. As described above, the
demultiplexer 25 maps (or symbolizes) code bits of an LDPC
code to a symbol, where the multiple b represents the number
of symbols obtained by the demultiplexer 25 through single
symbolization.

[0184]

Part A of Fig. 22 illustrates an example configuration
of the demultiplexer 25 in a case where the modulation
scheme 1s 64QAM in which each symbol is mapped to one of 64
constellation points, or any other suitable modulation

scheme. The number of code bits m of an LDPC code to be

ey
()
oo
on
—

f

in part A of Fig. 22, furthermore, the multiple b is 1.
Therefore, the memory 31 has a storage capacity of N/ (6 x 1)

bits in the column direction and (6 x 1) bits in the row
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direction.
[0186]

Here, in the following, a storage area of the memory 31,
which has one bit in the row direction and extends in the
column direction, is referred to as a "column" as
appropriate. In part A of Fig. 22, the memory 31 includes 6
(= 6 x 1) columns.

[0187]

The demultiplexer 25 writes code bits of the LDPC code
to the memory 31 (in the column direction) from the top to
the bottom of each column of the memory 31, where the
writing operation moves toward the right, starting from the

leftmost column.

Further, when the writing of code bits up to the bottom

of the rightmost column 1s completed, code bits are read

¥

from the memory 31 in the row direction, starting from the

¥

~

1 units of 6

—

first row of all the columns of the memory 31, 1
bits (i.e., mb bits). The read code bits are supplied to
the permutation unit 32.
[0189]

The permutation unit 32 performs permutation processing

to permute the positions of 6 code bits

memory 31, and outputs the resulting 6 bits as 6 symbol bits

Yo, Yie Yo, Yir Vi, and ys
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fo—

More specifically, mb (here, 6) code bits are read from
the memory 31 in the row direction. If the i-th bit from
the most significant bit of the mb code bits read from the
memory 31 1s represented by bit b; (where 1 = 0, 1, ..., mb-
1), the 6 code bits read from the memory 31 in the row
direction can be represented by bits by, b;, by, bsi, bs, and
bs in order, starting from the most significant bit.

[0191]

In terms of the column weights described with reference
to Figs. 12 and 13, the code bits in the bit by direction
are code bits robust to errors, and the code bits in the bit
by direction are code bits sensitive to errors.

(01%92]

i

The permutation unit 32 is configured to perform

e

permutation processing to permute the positions of the 6
code bit by to by read from the memory 31 so that the code
bits sensitive to errors among the 6 code bits by to by read
from the memory 31 may be allocated to strong bits among the
symbol bits vy to ys representing one 640AM symbol.

[0193]

H ts by

[

O

re, various methods for permuting the 6 code b
to by read from the memory 31 and allocating them to the 6

symbol bits yg Lo ys representing one 64Q0AM symbol have been

proposed by many companies.



[0194]

Part B of Fig. 22 illustrates a first permutation
method, part C of Fig. 22 illustrates a second permutation
method, and part D of Fig. 22 illustrates a third
permutation method.

[0195]

In part B of Fig. 22 to part D of Fig. 22 (also in Fig.
23, described below), a line connecting bits b; and vj
indicates that the code bit b; is allocated to the symbol
it yy of the symbol (i.e., the position of the code bit by
is replaced with that of the symbol bit vy;).

[0196]

In the first permutation method illustrated in part B
of Fig. 22, the use of one of three permutation types 1is
proposed. In the second permutation method illustrated in
part C of Fig. 22, the use of one of two permutation types
1s proposed.

[0197]

In the third permutation method illustrated in part D
of Fig. 22, the seguential selection and use of six
permutation types are proposed.

(01981

Fig. 23 illustrates an exanmple configuration of the

demultiplexer 25 in a case where the modulation scheme 1s

640QAM in which each symbol is mapped to one of 64
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constellation points, or any other suitable modulation
scheme (and therefore, the number of code bits m of an LDPC
code to be mapped to one symbol is 6, similarly to the case
in Fig. 22) and in a case where the multiple b is 2, and
also illustrates a fourth permutation method.
[0199]

In a case where the multiple b is 2, the memory 31 has
a storage capacity of N/(6 x 2) bits in the column direction
and (& x Z2) bits in the row direction, and includes 12 (= 6
x 2} columns.
[0200]

Part A of Fig. 23 illustrates the order in which code

bits of an LDPC code are written to the memory 31.
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As

162

described with reference to Fig. 22, the
demultiplexer 25 writes code bits of the LDPC code to the
memory 31 (in the column direction) from the top to the
bottom of each column of the memory 31, where the writing
operation moves toward the right, starting from the leftmost
column.
[0202]

Furthexr, when the writing of code bits up to the bottom
of the rightmost column is completed, code bits are read

from the memory 31 in the row direction, star

t
=
-
ko]
i
=
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ot
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Lrst row of all the columns of the memory 31, in units of
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12 bits (i.e., mb bits). The read code bits are supplied to

the permutation unit 32.

The permutation unit 32 performs permutation processing
to permute the positions of 12 code bits supplied from the
memory 31, by using the fourth permutation method, and
outputs the resulting 12 bits as 12 bits representing two
symbols of 64QAM (i.e., b symbols), that is, 6 symbol bits
Yor Yie Y2, Y3, V&, and ys representing one 640AM symbol and 6
symbol bits vy, Vi, V2, Vi, Y4, and ys representing the
subseguent one symbol.

[0204]

Here, part B of Fig. 23 illustrates a fourth

permutation method that is a method for performing

permutatlion processing by the permutation unit 32

-

illustrated in part A of Fig. 23.
[0205]

Note that, in the permutation processing, in a case
where the multiple b is 2 (also in a case where the multiple
D 1s 3 or more), mb code bits are allocated to mb symbol
bits of consecutive b symbols. In the following, including
Fig. Z3, the (i+l)-th bit from the most significant bit of

mb symbol bits of consecutive b symbols is represented by

bit (or symbol bit) vyi, for convenience of illustration.

206]
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The optimum permutation type of code bits, which
increases the error-rate performance in an AWGN
communication path, depends on the code rate or code length
of an LDPC code, the modulation scheme, and so forth.

[0207]

[Parity Interleaving]
[0208]

Next, parity interleaving performed by the parity
interleaver 23 illustrated in Fig. 9 will be described with
reference to Figs. 24 to 26.

[0209]
Fig. 24 illustrates (part of) a Tanner graph of a

parity check matrix of an LDPC code.

As illustrated in Fig. 24, if errors such as erasures
simultaneocusly occur in multiple, such as two, (code bits
corresponding to) variable nodes connected to a check node,
the check node returns a message with the probability of the

9

value 0 being egual to the probability of the value 1 to all

—

the variable nodes connected to the check node. Hence, the

-

eteriorates 1f a plurality of variable

.

decodling performance d

o the same check node simultane
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usly become
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Meanwhile, the LDPC code output from the LDPC encoder
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115 illustrated in Fig. 8, which is defined in the DVB-S5.2
and similar standards, is an IRA code, and & parity matrix
Hy of the parity check matrix H has a stepwise structure, as
1llustrated in Fig. 11.

[0212]

1g. 25 illustrates a parity matrix Hr having a stepwise

FTJ

structure, and a Tanner graph corresponding to the parity
matrix Hr.
[0213]

More specifically, part A of Fig. 25 illustrates a
parity matrix Hy having a stepwise structure, and part B of
Fig. 25 illustrates a Tanner graph corresponding to the
parity matrix Hy illustrated in part A of Fig. 25.

[0214]

In the parity matrix Hr having a stepwise structure,

elements of 1 are adjacent in each row (except the first

row). Thus, in the Tanner graph of the parit:
adjacent varlable nodes corresponding to two adjacent
elements having the value 1 in the parity matrix Hy are

connected to the same check node.

(0215}
Accordingly, 1f errors simultaneously cccur in parity

two adjacent variable nodes as described

above due to burst errors, erasures, and the like, a check

jes (1.e JE

node connected to the two variable nodes

"

r
.

-
<
et



nodes whose messages are determined using the parity bits)
corresponding to the two erroneous parity bits returns a
message with the probability of the value 0 being equal to
the probability of the value 1 to the variable nodes
connected to the check node. The decoding performance thus
deteriorates. Then, i1f the burst length (which is the
number of consecutive erroneous parity bits) increases, the
number of check nodes that return the message with equal
probabilities increases, resulting in further deterioration
of decoding performance.

[021¢6]

Accordingly, the parity interieaver 23 (Fig. 9)
performs parity interleaving on the LDPC code supplied from
the LDPC encoder 115 to interleave parity bits to different
parity bit positions in order to prevent the deterioration

of decoding performance described above.

)

[0217]

S

Fig. 26 illustrates a parity matrix Hy of a parity check
matrix H corresponding to an LDPC code which has been

subjected to parity interleaving by the parity interleaver

23 illustrated 1in

[
o

Here, the information matrix H, of the parity check

matrix H corresponding to the LDPC code defined in the DVB-

5.2 and similar standards, which is output from the LDPC



encoder 115, has a cyclic structure.
[0219]

The term "cyclic structure" refers to a structure in
which a certain column matches another column that is
cyclically shifted. Examples of the cyclic structure
include a structure in which the position 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
proportional to the value g obtained by dividing the parity

length M. In the following, the number of columns P in the

192

cyclic structure will be referred to as the "number of unit
columns of the cyclic structure” as appropriate.
[0220]

As described with reference to Figs. 12 and 13,
examples of the LDPC codes defined in the DVB-S.2 and
similar standards include two types of LDPC codes having
code lengths N of 64800 bits and 16200 bits. For either of
the two types of LDPC codes, the number of unit columns P of
the cyclic structure 1s defined to be 360, which is one of
the divisors, excluding 1 and M, of the parity length M.
[0221]

[n addition, the parity length M has a value other than

the prime number represented by the eguation M = g x P = g X
160, by using a value g which differs depending on the code
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™

rate. Therefore, similarly to the number of unit columns P
of the cyclic structure, the value g is also one of the
divisors, excluding 1 and M, of the parity length M, and is
glven by dividing the parity length M by the number of unit
columns P of the cyclic structure (i.e., the parity length M

is the product of the diviscrs P and g of the parity length

As described above, the parity interleaver 23 performs
parity interleaving on an N-bit LDPC code to interleave the

{(K+gx+y+1l)-th code bit among the code bits of the N-b

[

t LDPC

e

code to the (K+Py+x+1l)-th code bit position, where K denotes
the information length, x is an integer greater than or

equal to 0 and less than P, and y 1s an integer greater than

ot

or equal to 0 and less than g.

The (Kt+gx+y+l)-th code bit and the (K+Py+x+l)-th code

bit are code bits positioned after the (K+1)-th code bit,

and are therefore parity bits. Accordingly, the position of

rity bit of an LDPC code is shifted by parity

e8]
et

ap

In this parity interleaving operation, (parity bits
corresponding to) variable nodes connected tao the check node

are spaced away from each other by the number of unit



- 201 -

columns P of the cyclic structure, i.e., in the illustrated
example, 360 bits, thereby preventing simultaneous
occurrence of errors in a plurality of variable nodes
connected to the same check node for a burst length less
than 360 bits. The resistance to burst errors can therefore

be improved.

Note that the LDPC code, which has undergone parity
interleaving such that the (K+gx+y+l)-th code bit is
interleaved to the (K+Py+x+l)-th code bit position, is
identical to an LDPC code of a parity check matrix
[hereinafter also referred to as a "transformed parity check
matrix") that 1s obtained through column permutation to
replace the (K+gx+y+l)-th column of the original parity
check matrix H with the (K+Py+x+1l)~-th column.

[0226]

Furthermore, as illustrated in Fig. 26, the parity
matrix of the transformed parity check matrix has a pseudo-
cyclic structure whose number of unit columns is P {(in Fig.
26, 3607).

[0227)]

The term "pseudo-cyclic structure'", as used herein,
refers to a structure in which a portion of a matrix has a
cyclic structure. A transformed parity check matrix

produced by performing column permutation, corresponding to
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parity interleaving, on a parity check matrix of an LDPC
code defined in the DVB-S.2 and similar standards has a
portion of 360 rows and 360 columns in a right corner
portion thereof (which corresponds to a shift matrix
described below) in which only one element of "1" is missing
{(i.e., an element of "0" appears). In this regard, this
cyclic structure is not a complete cyclic structure, called

a pseudo-cyclic structure.

b}

-~

(0228]
Note that the transformed parity check matrix

bl

1llustrated in Fig. 26 is a matrix obtained by performing
permutation of rows (row permutation), in addition to column
permutation corresponding to parity interleaving, on the
original parity check matrix H such that the transformed
parity check matrix includes component matrices described
below.

[0229]

[Column Twist Interleaving]

N en o
NeXT

, column twist interleaving as reordering

processing performed by the column twist interleaver 24

N

illustrated in Fig. 9 will be described with reference to

4

The transmitting device 11 iliustrated in Fig. 8



transmlt
symbol .
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symbol,
for the

[0232]
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s one or more code bits of an LDPC code as one

More specifically, for example, QPSK is used as a
on scheme for the transmission of 2 code bits as one
and 16APSK or 16QAM is used as a modulation scheme

transmission of 4 code bits as one symbol.

In a case where 2 code bits are to be transmitted as

one symb
certain

be erron

b}

[0233]

{

AcCc
pluralilt
connecte
erasures

prevent

ol, an error such as an erasure occurring in a
symbol may cause all the code bits of the symbol to

eous (or erasures).

ordingly, in order to reduce the probability of a
vy of {code bits corresponding to} variable nodes
d to the same check node becoming simultaneously
to improve decoding performance, 1t is necessary to

variable nodes corresponding to code bits of one

symbol from being connected to the same check node.

234 ]

O

(

In

contrast, in the parity check matrix H of the LDPC

code defined in the DVB-5.2 and similar standards, which is
output from the LDPC encoder 115, as described above, the
fion matrix Hp has a ic structure and the parity

matrix Hy has a stepwise structure. In addition, as

described with reference to Fig. 26, in a transformed parity

kv e~ POy — n e e o o e .y £ - e 3 P
which 1s & parity check matrix of an LDPC code



that has been subjected to parity interleaving, the parity
matrix also has a cyclic structure (more specifically, as
described above, a pseudo-cyclic structure).

[0235]
Fig.

27 illustrates a transformed parity check matrix.

More specifically,

part A of Fig. 27 illustrates a

transformed parity check matrix of a parity check matrix H

of an LDPC code having a code length N of 64800 bits and a

code rate (r) of 3/4.

[0237]

In the transformed parity check matrix illustrated in

jofs

o3

e

rt A of Fig. 27, the positions of elements having the

value 1 are indicated by dots (" "),
[0238]

Part B of Fig. 27 illustrates processing that the

demultiplexer 25 (Fig. 9) performs on an LDPC code of the
transformed parity check matrix illustrated in part A of Fig.

27, that is, an L

DPC code that has been subjected to parity

interleavin

io]

(02297
- . e - . - Tau T 24 . -~ Yo £ o
[n part B of Fig. 27, using a modulation scheme for

D

o

rach symbol to one of 16 constellation points, such
as 16APSK or 16QAM, code bits of the LDPC code that has been
vjected to parity interleaving are written to four columns
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of the memory 31 in the demultiplexer 25 in a column
direction.
[0240]

The code bits written to the four columns of the memory
31 in the column direction are read in a row direction in
units of 4 bits, and are mapped to one symbol.

[0241]

In this case, 4 code bits By, Bi, Bz, and Bs, which are
to be mapped to one symbol, may be code bits corresponding
to ls in an arbitrary row of the transformed parity check
matrix illustrated in part A of Fig. 27. In this case, the
variable nodes corresponding to the code bits By, By, B»., and
B- are connected to the same check node.

[0z42]
sccordingly, in a case where 4 code bits By, By, B, and

By of one symbol are code bits corresponding to 1ls in an

arbitrary row of the transformed parity check matrix, an

B

=

erasure occurring in the symbol would make it difficult to

¢

1

determine an appropriate message for the same check node to
which the variable nodes respectively corresponding to the
code bilts By, By, B-, and B: are connected, resulting in

deterioration of decoding performance.

Also for code rates other than a code rate of 3/4, a

N £

plurality of code bits corresponding to a plurality of

D
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variable nodes connected to the same check node may be
mapped to one 16APSK or 16QAM symbol.
[0244]

Accordingly, the column twist interleaver 24 performs
column twist interleaving on the LDPC code that has been
subjected to parity interleaving, which is supplied from the
parity interleaver 23, to interleave code bits of the LDPC
code so that a plurality of code bits corresponding to ls in
an arbitrary row of the transformed parity check matrix are
not included in one symbol.

Fig. 28 is a diagram depicting column twist
interleaving.

[0246]

(O8]
fod

More specifically, Fig. 28 illustrates the memory

J

.

22 and 23) of the demultiplexer 25.
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As described with reference to Fig. 22, the memory 31
has a storage capacity to store N/ (mb) bits in its column
[vertical) direction and mb bits iIn 1ts row (horizontal)

direction, and includes mb columns. Then, the column twist

SN

interleaver 24 performs column twist interleaving by

lling a write start position from which the writing

operation starts when a code bit of an LDPC code 1s written

to the memory 31 in the column direction and is read from



- 207 -

the memory 31 1n the row direction.
[0248]

More specifically, the column twist interleaver 24
appropriately changes a write start position with which the
writing of a code bit starts in each of a plurality of
columns so that a plurality of code bits read in the row
direction, which are to be mapped to one symbol, does not
match code bits corresponding to 1s in an arbitrary row of
the transformed parity check matrix (That is, the column
twist interleaver 24 reorders code bits of the LDPC code so
that a plurality of code bits corresponding to 1ls in an
arbitrary row of the parity check matrix are not included in

the same symbol).

N

[0249]
Here, Fig. 28 illustrates an example configuration of
the memory 31 in a case where the modulation scheme is
16APSK or 16QAM and the multiple b described with reference
ig. 22 is 1. Accordingly, the number of bits m ¢f the
code pbits of the LDPC code that are to be mapped to one
symbol 1s 4, and the memory 31 includes 4 (= mb) columns

The column rwist interleaver 24 (instead cof the
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lplexer

in Fig. 22) writes code bits of
“he LDPC code to the memory 31 (in the column direction)

from the top to the bottom of each of the 4 columns of the
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memory 31, where the writing operation moves toward the
right, starting from the leftmost column.
[0251]

Further, when the writing of code bits up to the
rightmost column is completed, the column twist interleaver
24 reads code bits from the memory 31 in the row direction,
starting from the first row of all the columns of the memory
31, in units of 4 bits (i.e., mb bits), and ocutputs the read
code bits as an LDPC code that has been subjected to column
twist interleaving to the permutation unit 32 (Figs. 22 and

23) of the demultiplexer 25.

In this regard, in the column twist interleaver 24, if
the address of the first (or top) position of each column is
represented by 0 and the addresses of the respective
positions in the column direction are represented by
integers arranged in ascending order, the write start
position for the leftmost column is set to the position at
the address 0, the write start position for the second
column (from the left) 1s set to the position at the address
2, the write start position for the third column is set o
the position at the address 4, and the write start position

fourth column 1s set to the position of the addre

S
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~

-
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Note that, after writing code bits up to the bottom of
the column for which the write start position is set to a
position other than the position at the address 0, the
column twist interleaver 24 returns to the first position
(i.e., the position at the address 0), and writes code bits
up to the position immediately before the write start
position. The column twist interleaver 24 then performs
writing to the subsequent (right) column.
[0254]

The column twist interleaving coperation described above
may prevent a plurality of code bits corresponding to a
plurality of variable nodes connected to the same check node
for an LDPC code defined in DVB-T.2 and similar standards
from being mapped to one symbol of 16APSK or 16QAM (i.e.,
from being included in the same symbol). Therefore,
decoding performance can be improved in a communication path
with an erasure.

0255]

oy

Fig. 29 illustrates the number of columns of the memory
31 which 1s necessary for column twist interleaving, and the
addresses of write start positions, in association with each
modulation scheme, for an LDPC code having a code length N

of 64800 and each of the 11 code rates, which is defined in

the DVB-T.2 standard.
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1

The multiple b is 1, and 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 Fig. 29,
the memory 31 has 2 columns for storing 2 x 1 (= mb) bits in
its row direction, and stores 64800/(2 x 1) bits in its
column direction.
[0257]

Further, the write start position for the first column
out of the 2 columns of the memory 31 1s set to the position

at the address 0, and the write start position for the

second column 1s set to the position at the address 2.

The multiple b 1s 1 when, for example, one of the first

to third permutation types illustrated in Fig. 22 is

processing of the demultiplexer 25 (Fig. 9).

The multiple b 1s 2, and the number of bits m of one
symbol 1s 2 when, for example, QPSK 1s emploved as a

modulation scheme In this case, as illustrated in Fig. 29,

.

1

the memory 31 has

o

columns for storing 2 x Z bits in 1its

iny

row direction, and stores 64800/(2 x 2) bits in 1its column

direction.

start position for the first column
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out of the 4 columns of the memory 31 1is set to the position
at the address 0, the write start position for the second
column is set to the position at the address 2, the write
start position for the third column is set to the position
at the address 4, and the write start position for the
fourth column is set to the position at the address 7.

[0261]

Note that the multiple b is 2 when, for example, the
fourth permutation type illustrated in Fig. 23 is employed
as the permutation type of the permutation processing of the
demultiplexer 25 (Fig. 9).

[0262]

o)

The multiple b is 1, and the number of bits m of one
sympbol 1is 4 when, for example, 160Q0AM is employed as a
modulation scheme. In this case, as illustrated in Fig. 29,
the memory 31 has 4 columns for storing 4 x 1 bits in its
row direction, and stores 64800/(4 x 1) bits in its column

direction.

[0263]

Further, the write start position for the first column

ot
[N
@]
3

out of the 4 columns of the memory 31 1is set to the posit
at the address 0, the write start poesition for the second
column is set to the position at the address 2, the write
start position for the third column is set to the position

at the addre

4, and the write start position for the



fourth column 1is
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the position at the address 7.

The multiple b is 2,

and the number of bits m of one

symbol 1s 4 when,
modulation scheme.

the memory 31 has

for example,

16Q0AM is employed as a

In this case, as illustrated in Fig. 29,

8 columns for storing 4 x 2 bits in its

row direction, and stores 64800/(4 x 2) bits in its column

direction.

[0265]

Further, the write start position for the 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

column 1s set to the position at the address 0, the write

art position for the third column is set to the position

n

s

at the address 2, the write start position for the fourth

column is set to the position at the address 4, the write

or the fifth column is set to the position

address 4, the write start position for the sixth

5,

set to the position at the address

start position for the seventh column is set to the position

at the address 7, and the write start position for the

elighth column 1s set to the position at the address 7.
[U266]
b is 1, and the number of bits m of one
for example, 640QAM i1s employed as a
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modulation scheme. In this case, as i1illustr

o8]
ot
0]
[o8
}_)
)
5}
e
fe}
[\
Lo

the memory 31 has 6 columns for storing 6 x 1 bits in its
row direction, and stores 64800/(6 x 1) bits in i1ts column
direction.

[0267]

Further, the 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 1s set to the position at the address 2, the write
start position for the third column is set to the position
at the address 5, the write start position for the fourth
column is set fo the position at the address 9, the write
start position for the fifth column is set to the position
at the address 10, and the write start position for the

sixth column 1s set ¢

O

the position at the address 13.

The multiple b is 2, and the number of bits m of one
symbol 1is © when, for example, 640AM is employed as a
modulation scheme. 1In this case, as illustrated in Fig. 29
the memory 31 has 12 columns for storing 6 x 2 bits in its
row direction, and stores 64800/(6 x 2) bits 1in its column

direction.

Further, the write start position for the first cclumn

wn

of the memory 31 1

o o 1
set to the



pesition at the address 0, the write start position for the
second column 1is set to the position at the address 0, the
write start position for the third column is set to the
position at the address 2, the write start position for the
fourth column is set to the position at the address 2, the
write start position for the fifth column is set to the
position at the address 3, the write start position for the
sixth column 1s set to the position at the address 4, the
write start position for the seventh column is set to the
positicon at the address 4, the write start position for the
eighth column is set to the position at the address 5, the

write start position for the ninth column is set to the

(03]

position at the address 5, the write start position for the
tenth column 1s set to the position at the address 7, the

write start position for the eleventh column is set to the

position at the address 8, and the write start position for

s

the twelfth column i1s set to the position at the address 9.

L.
o

g

[0270]

£

B

The multiple b 1is 1, and the number of bits m of one
symbol 1s 8 when, for example, 2560AM is employed as a
modulation scheme. In this case, as illustrated in Fig. 29,
the memory 31 has 8 columns for storing 8 x 1 bits in its
row direction, and stores 64800/(8 x 1) bits in its column

direction.
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Further, the write start position for the 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
column 1is set to the position at the address 0, the write
start position for the third column is set to the position
at the address 2, the write start position for the fourth
column is set to the position at the address 4, the write
start position for the fifth column is set to the position
at the address 4, the write start position for the sixth
column 1s set to the position at the address 5, the write
start position for the seventh column is set to the position
at the address 7, and the write start position for the
elghth column 1s set to the position at the address 7.

(0272}

The multiple b is 2, and the number of bits m of one
symbol is 8 when, for example, 25608M is employed as a
modulation scheme. In this case, as illustrated in Fig. 29,

the memory 31 has 16 columns for storing 8 x 2 bits in it

n

3 .

row direction, and stores 64800/(8 x 2) bits in 1ts column
direction.
[(0273]

Further, the write start position for the first column
out of the 16 columns of the memory 31 is set to the

position at the address (0, the write start position for the

second column ition at the address 2, the

"
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®
S
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o
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write start position for the third column is set to the
pocsition at the address 2, the write start position for the
fourth column 1s set to the position at the address 2, the
write start position for the fifth column is set to the
position at the address 2, the write start position for the
sixth column is set to the position at the address 3, the
write start position for the seventh column is set to the
position at the address 7, the write start position for the
eighth column is set to the position at the address 15, the
write start position for the ninth column is set to the
position at the address 16, the write start position for the
tenth column is set to the position at the address 20, the
write start position for the eleventh column is set to the
position at the address 22, the write start position for the
twelfth column is set to the position at the address 22, the
write start position for the thirteenth column 1s set to the
position at the address 27, the write start position for the
fourteenth column is set to the position at the address 27,
the write start position for the fifteenth column is set to

the position at the address 28, and the write start position

=t
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o
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2t to the position at the

-
[
M2
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o

i

The multiple b 1s 1, and the number of bits m of one

sympol 1s 10 when, for example, 10240AM is emplovyved as a
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modulation scheme. In this case, as illustrated in Fig. 29,
the memory 31 has 10 columns for storing 10 x 1 bits in its
row direction, and stores 64800/(10 x 1) bits in its column
direction.

[0275]

Further, the write start position for the first column
out of the 10 columns of the memory 31 is set to the
position at the address 0, the write start position for the
second column 1s set to the position at the address 3, the
write start position for the third column is set to the
position at the address 6, 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

t

ition a

n

po the address 11, the write start position for the
sixth column is set to the position at the address 13, the
write start position for the seventh column is set to the
position at the address 15, the write start position for the
eighth column i1s set to the position at the address 17, the
write start position for the ninth column is set to the
positlion at the address 18, and the write start position for

the tenth column 1s set to the position at the address 20.

£

The multiple b is 2, and the number of bits m of one
sympol 1is 10 when, for example, 1024Q0AM is employed as a

modulation sche
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3

the memory 31 has 20 columns for storing 10 x 2 bits in its
row direction, and stores 64800/(10 x 2) bits in 1its column
direction.

[0277]

Further, the write start position for the first column
out of the Z0 columns of the memory 31 is set to the
position at the address 0, the write start position for the
second column is set to the position at the address 1, the
write start position for the third column is set to the
position at the address 3, the write start position for the
fourth column 1s set to the position at the address 4, the
write start position for the fifth column is set to the
position at the address 5, the write start position for the
sixth column 1s set to the position at the address 6, the
write start position for the seventh column is set to the

position at the address 6, the write start position for the

)

>ighth column 1s set to the position at the address 9, the

(

for the ninth column 1s set to the

write start position
position at the address 13, the write start position for the

tenth column 1s set to the position at the address 14, the

wn

ot

write start position for the eleventh column is set to the
position at the address 14, the write start position for the

lfth column is

to the position at the address le, the

wrlte start position for the thirteenth column 1s set to the

position at the 21, the write start position for the



ourteenth column is set to the position at the address 21,

h

the write start position for the fifteenth column is set to
the position at the address 23, the write start position for
the sixteenth column 1s set to the position at the address
25, the write start position for the seventeenth column is
set to the position at the address 25, the write start
position for the eighteenth column is set to the position at
the address 26, the write start position for the nineteenth
column is set to the position at the address 28, and the
write start position for the twentieth column is set to the
position at the address 30.

[0278]

The multiple b is 1, and the number of bits m of one

w

symbol 1s 12 when, for example, 40960QAM is employed as a

modulation scheme. In this case, as illustrated in Fig. 29,
the memory 31 has 12 columns for storing 12 x 1 bits in its
ow direction, and stores 64800/(12 x 1) bits in its column
direction.

[0276]

urther, the write start position for the first column

+ +

out of the 12 columns of the memory 31 is set to the

)

poslition at the address 0, the write start position for the

second column 1s set to the position at the address 0, the
write start position for the third column is set to the

poslition at the address 2, the write start position for the
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N

fourth column is set to the position at the address 2, the
write start position for the fifth column is set to the
position at the address 3, the write start position for the
sixth column is set to the position at the address 4, the
write start position for the seventh column is set to the
position at the address 4, the write start position for the
eighth column 1s set to the position at the address 5, the
write start position for the ninth column is set to the
position at the address 5, the write start position for the
tenth column is set to the position at the address 7, the
write start position for the eleventh column 1s set to the
position at the address 8, and the write start position for
the twelfth column is set to the position at the address 9.
[0280]

The multiple b is 2, and the number of bits m of one
symbol is 12 when, for example, 40960AM is employed as a
modulation scheme. TIn this case, as illustrated in Fig. 29
the memory 31 has 24 columns for storing 12 x 2 bits in 1its
row directilon, and stores 64800/(12 x 2} bits in its column
direction.

[0281]

-t

column

Further, the write start position for the

‘,.1
5
0
o

out of the 24 columns of the memory 31 is set to the
position at the address 0, the write start position for the

second column 1s setf tTo the position at the address 5, the
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write start position for the third column is set to 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 the
sixth column is set to the position at the address 8, the
write start position for the seventh column is set to the
position at the address 10, the write start position for the
eighth column is set to the position at the address 10, the
write start position for the ninth column is set to the
position at the address 10, the write start position for the
tenth column is set to the position at the address 12, the
write start position for the eleventh column is set to the

position at the address 13, the write start position for the

s

twel frth column 1s set to the position at the address 16, the
write start position for the thirteenth column is set to the
position at the address 17, the write start position for the

fourteenth column is set to the position at the address 19,

the write start position for the fifteenth column is set to

the position at the address 21, the write start position for
the sixteenth column 1s set to the position at the address
27, the write start position for the seventeenth column is
set to the position aft the address 23, the write start

s

position for the eighteenth column 1s set to the position at

o7
-
e
I

{

address 26, the write start position for the nineteenth

(
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column 1is set to the position at the address 37, the write
start position for the twentieth column is set to the
position at the address 39, the write start position for the
twenty-first column is set to the position at the address 40,
the write start position for the twenty-second column is set
to the position at the address 41, the write start position
for the twenty-third column is set to the position at the
address 41, and the write start position for the twenty-
fourth column is set to the position at the address 41.
[0282]

Fig. 30 illustrates the number of columns of the memory
31 which 1is necessary for column twist interleaving, and the
addresses of write start positions, in association with each
modulation scheme, for an LDPC code having a code length N

16200 and each of the 10 code rates, which is defined in

Hw

o
the DVB-T.Z standard.
[0283]

The multiple b is 1, and the number of bits m of one
symbol 1s 2 when, for example, (QPSK is emploved as a
modulation scheme. In this case, as illustrated in Fig. 30,
the memory 31 has 2 columns for storing 2 x 1 bits in its

row direction, and stores 16200/(2 x 1) bits in its coclumn

T column

position for the fir

i
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ot

out of the 2 columns of the memory 31 1is set 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 Z when, for example, QPSK is employed as a
modulation scheme. In this case, as illustrated in Fig. 30,
the memory 31 has 4 columns for storing 2 x 2 bits in its
row direction, and stores 16200/(2 x 2) bits in its column
direction.

[0286]
Further, the write start position for the first column

out of the 4 columns of the memory 31 1s set to the position

o

at the address 0, the write start position for the second

column 1

wn

set to the position at the address 2, the write
start position for the third column is set to the position

at the address 3, and the write start position for the

o8]

fourth column is set to the position at the address 3.
[0287]
The multiple b is 1, and the number of bits m of one

symbol 1s 4 when, for example, 100AM is employed as a

(o5
[
)
o

nmodulation scheme. In thi

93]

case, as 1llustrates Fig. 30,

the memory 31 has 4 columns for storing 4 x 1 bits in its

row direction, and stores 16200/(4 x 1) bits 1in its column

direction.
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[0288]

Further, the write start position for the first column
out of the 4 columns of the memory 31 is set to the position
at the address 0, the write start position for the second
column is set to the position at the address 2, the write
start position for the third column is set to the position
at the address 3, and the write start position for the
fourth column is set to the position at the address 3.
[0289]

The multiple b is 2, and the number of bits m of one
symbol is 4 when, for example, 160AM is employed as a
modulation scheme. In this case, as illustrated in Fig. 30,
the memory 31 has 8 columns for storing 4 x 2 bits in its
row direction, and steores 16200/(4 x 2) bits in its column
direction.

[0290]
Further, the write start position for the 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

column 1s set to the position at the address 0, the write

start position for the third column 1s set to the position
at the address 0, the write start position for the fourth

+

column 1s set to the position at the address 1, the write

t
.
thy
—

oy

start position for the

E

column 1s set to the position

at the address 7, the write start position for the sixth
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column 1s set to the position at the address 20, the write
start position for the seventh column is set to the position
at the address 20, and the write start position for the
eighth column is set to the position at the address 21.
[0291]

The multiple b is 1, and the number of bits m of one
symbol 1s 6 when, for example, 6040QAM is employed as a
modulation scheme. In this case, as illustrated in Fig. 30,
the memory 31 has 6 columns for storing 6 x 1 bits in its

row direction, and stores 16200/(6 x 1) bits in its column

direction.

N

[0z292]

Further, the 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 1s set to the position at the address 0, the write
start position for the third column is set to the position
at the address 2, the write start position for the fourth
column 1s set to the position at the address 3, the write
start position for the fifth column is set to the position
at the address 7, and the write start position for the sixth
column 1s set to the position at the address 7.

[0293]
The multiple b is 2, and the number of bits m of one

symbol is 6 when, for example, 64QAM is emploved as a
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modulation scheme. In this case, as l1llustrated in Fig. 30,

the memory 31 has 12 columns for storing 6 x 2 bits in its
row direction, and stores 16200/(6 x 2) bits in 1ts column
direction.

[0294]

Further, the write start position for the first column
out of the 12 columns of the memory 31 is set to the
position at the address 0, the write start position for the
second column is set to the position at the address 0, the
write start position for the third column is set to the
position at the address 0, the write start position for the
fourth column is set to the position at the address 2, the
write start position for the fifth column is set to the
position at the address 2, the write start position for the
sixth column is set to the position at the address 2, the
write start position for the seventh column 1s set to the
position at the address 3, the write start position for the
eighth column 1is set to the position at the address 3, the
write start position for the ninth column is set to the
position at the address 3, the write start position for the
tenth column is set to the position at the address 6, the
write start position for the eleventh column is set to the

position at the address 7, and the write start position for

the twelfth column 1is set to the position at the address 7.
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The multiple b is 1, and the number of bits m of one
symbol 1s 8 when, for example, 2560AM is emplovyed as a
modulation scheme. In this case, as illustrated in Fig. 30,
the memory 31 has 8 columns for storing 8 x 1 bits in its
row direction, and stores 16200/(8 x 1) bits in its column
direction.

[02%¢]

Further, the write start position for the 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
column is set to the position at the address 0, the write
start position for the third column is set to the position
at the address 0, the write start position for the fourth
column 1s set to the position at the address 1, the write
start position for the fifth column is set to the position
at the address 7, the write start position for the sixth

.

column 1s set to the position at the address 20, the write

A
3

start position for the seventh column is set to the position

-

{

at the address 20, and the write start position for the

eighth column is set to the position at the address 21.

The multiple b 1is 1, and the number of bits m of one
symbol is 10 when, for example, 1024Q0AM is emplovyed as a

modulation scheme. In this case, as illustrated in Fig. 30,

03]

for storing 10 x 1 bits in it

the memory 31 has 10 co



row direction, and stores 16200/(10 x 1) bits in its column
direction.
[0298]

Further, the write start position for the first column
out of the 10 columns of the memory 31 is set to the
position at the address 0, the write start position for the
second column is set to the position at the address 1, the
write start position for the third column 1s set to the
position at the address 2, the write start position for the
fourth column is set to the position at the address 2, the
write start position for the fifth column 1s set to the
position at the address 3, the write start position for the
sixth column is set to the position at the address 3, the
write start position for the seventh column 1s set to the

position at th

0]
o8}

ddress 4, the write start position for the
eighth column is set to the position at the address 4, the
write start position for the ninth column is set to the
position at the address 5, and the write start position for
the tenth column is set to the position at the address 7.
[0299]

The multiple b is 2, and the number of bits m of one

j=)

sympbol 1s 10 when, for example, 10240AM 135 employed as a

modulation scheme. In this case, as illustrated in Fig. 30,



- 229 -

A

direction.
[0300]

Further, the write start position for the first column
out of the 20 columns of the memory 31 is set to the
position at the address U, the write start poslition for the
second column is set to the position at the address 0, the
write start position for the third column is set to the
position at the address 0, the write start position for the
fourth column is set to the position at the address 2, the
write start 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 Z, the
write start position for the seventh column is set to the
position at the address 2, the write start position for the
eighth column is set to the position at the address 2, the
write start position for the ninth column is set to the

£

position at the address 5, the write start position for the

tenth column 1s set to the position at the address 5, the

write start position for the eleventh column is set to the

position at the address 5, the write start position for the

twel fth column 1s set to the position at the address 5, the
write start position for the thirteenth column 1s set to the

start position for the

fourteenth column 1s set to the position at the address 7,

the write star Fifteenth column 1s set to



the position at

the write start

to the position

for the eighteenth column is

address 8, the

column 1s set to the

write start position

position at the

[0301]

The multiple b

is 12

symbol

modulation scheme.

the memory 31 has

sixteenth column is

write

when,

the

~J
-
cr

"he write start position for
set to the position at the address
position for the seventeenth column is set
at the address

7, the write start position

set to the position at the
start position for the nineteenth

poslition at the address 8, and the

for the twentieth column is set to the

address 10.

12 columns for storing 12 x 1 bits in its

row direction, and stores 16200/(12 x 1) bits in its column
direction.
[0302]

Further, the write start position for the first column
out of the 12 columns of the memory 31 is set to the
position at the address (0, fthe write start position for the
second column 1s set to the position at the address (0, the

position at the
T vy v+ ) - Y s
fourth column 1s
write start posi

tion for the third column is set to the
address 0, the write start position for the
set to the position at the address 2, the
tion for the fifth column 1s set to the

is 1, and the number of bits m of one
for example, 4096QAM is emplovyed as a
In this case, as illustrated in Fig. 30,

7y



position at the address 2, the write start position for the
sixth column is set to the position at the address 2, the
write start position for the seventh column is set to the
position at the address 3, the write start position for the
eighth column 1s set to the position at the address 3, the
write start position for the ninth column is set to the
position at the address 3, the write start position for the
tenth column 1s set to the position at the address 6, the
write start position for the eleventh column 1s set to the
position at the address 7, and the write start position for

P
[

he twelfth column is set to the position at the address 7.

The multiple b 1is 2, and the number of bits m of one
symbol 1s 12 when, for example, 40960AM 1s employed as a
modulation scheme. In this case, as illustrated in Fig. 30,
the memory 31 has 24 columns for storing 12 x 2 bits in 1its
row direction, and stores 16200/(12 x 2) bits in its column
direction.

[0304]

Further, the write start position for the first column

U

out of the 24 columns of the memory 31 is set to the
position at the address 0, the write start position for the
1

second column 1s set to the position at the address 0, the

write start position for the third column is set to the




|
&
W
R

|

fourth column is set to the position at the address 0, the
write start position for the fifth column is set to the
position at the address 0, the write start position for the
sixth column is set to the position at the address 0, the
write start position for the seventh column is set to the
position at the address 0, the write start position for the
eighth column is set to the position at the address 1, the
write start position for the ninth column is set to the
position at the address 1, the write start position for the
tenth column 1s set to the position at the address 1, the
write start position for the eleventh column is set to the
position at the address 2, the write start position for the
twelfth column is set to the position at the address 2, the
write start position for the thirteenth column is set to the

th

ct
0]

position a = address 2, the write start position for the

fourteenth column 1s set to the position at the address 3,

f—

the write start position for the fifteenth column is set to
the position at the address 7, the write start position for

the sixteenth column is set to the position at the address 9,

the write start position for the seventeenth column 1s set

9, the write start position
for the eighteenth column is set to the position at the
address 9, the write start position

column 1s set to the position at the address 10, the write

start position for the twentierh column is set to the



position at the address 10, the write start position for the
twenty-first column is set to the position at the address 10,
the write start position for the twenty-second column is set
to the position at the address 10, the write start position
for the twenty-third column is set to the position at the
address 10, and the write start position for the twenty-
fourth column 1s set to the position at the address 11.
[0305]

Fig. 31 is a flowchart depicting a process performed in
the LDPC encoder 115, the bit interleaver 116, and the QAM
encoder 117 illustrated in Fig. 8.

[0306]

The LDPC encoder 115 wailts for LDPC target data to be

supplied from the BCH encoder 114. In step S101, the LDPC
encoder 115 encodes the LDPC target data into an LDPC code,
and supplies the LDPC code to the bit interleaver 116. Then,
the process proceeds to step S5102.

[0307]

In step 5102, the bit interleaver 116 performs bit
interleaving on the LDPC code supplied from the LDPC encoder
115, and supplies a symbol obtained by symbolizing the LDPC
code that has been subjected to bit interleaving, to the QAM
encoder 117. Then, tThe process proceeds to step 3103.

[0308]

More specifically, in step 5102, in the bit interleaver
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116 (Fig. 9}, the parity lnterleaver 23 performs parity
interleaving on the LDPC code supplied from the LDPC encoder
115, and supplies the LDPC code that has been subjected to
parity interleaving to the column twist interleaver 24.
[0309]

The column twist interleaver 24 performs column twist
interleaving on the LDPC code supplied from the parity
interleaver 23, and supplies the resulting LDPC code to the
demultiplexer 25.

(03101

The demultiplexer 25 performs permutation processing to
permute the code bits of the LDPC code that has been
subjected to column twist interleaving by the column twist
interlieaver 24 and to map the pernuted code bits to symbol

bits of a symbol (i.e., bits representing the symbol).

(O8]

[

[0311]

Here, the permutation processing of the demultiplexer

7 L

(

25 may be performed in accordance with any of the first to
fourth permutation types illustrated in Figs. 22 and 23, and

may also be performed in accordance with a certain

predetermined allocation rule to allocate code bits of an

o
}
(4]
3
s

U

LDPC code to symbol bits represe

The symbols obtalned by the permutation processing

performed by the 25 are supplied from the



demultiplexer 25 to the QAM encoder 117.

In step 5103, the QAM encoder 117 maps the symbols
supplied from the demultiplexer 25 to constellation points
defined by the modulation scheme for the orthogonal
modulation to be performed by the QAM encoder 117, and then
performs orthogonal modulation. The resulting data is

supplied to the time interleaver 118.

s

[0314

[—

As described above, parity Interleaving and column
twist interleaving may improve resistance to erasures or
burst errors in a case where a plurality of code bits of an
LDPC code are transmitted as one symbol.

[0315]

Here, in Fig. 9, the parity interleaver 23 serving as a

block configured to perform parity interleaving and the

e

column twist interleaver 24 serving as a block configured to

perform column twist interleaving are configured as separate

L

i

units, for convenience of illustration. However, the parity
interleaver 23 and the column twist interleaver 24 may be

integrated into & single unit.

More specifically, both p ty interleaving and column
twist interleaving can be performed by writing and reading

oy o _—— T - e oy o .
anda can pe lf@pl’@S@T‘u‘c:d oY oa
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matrix that converts an address at which a code bit is to be
written i.e., a write address) to an address at which a code
bit is to be read (i1.e., a read address).

[0317)]

Accordingly, once a matrix obtained by multiplying a
matrix representing parity interleaving and a matrix
representing column twist interleaving is determined, an
LDPC code that has been subjected to parity interleaving and
then column twist interleaving can be obtained by converting
code bits using the determined matrix.

[0318]

Furthermore, the demultiplexer 25 in addition to the
parity interleaver 23 and the column twist interleaver 24
may also be integrated into a single unit.

(02197

More specifically, the permutation processing performed

—_—
y

u.

in the demultiplexer 25 can also be represented by a matrix
that converts a write address in the memory 31 at which an

LDPC code 1is stored to a read address.

Accordingly, once a matrix obtained by multiplying a
matrix representing parity interleaving, a matrix

representing column twist interleaving, and a matrix

representing permutation processing is determined, parity
Interleaving, column twist interleaving, and permutation



processing can be performed in a batch way using the
determined matrix.
[0321]

Note that either parity interleaving or column twist
interleaving may be performed, or neither of them may be
performed. For example, as in the DVB-5.Z system, if the
communication path 13 (Fig. 7) 1s a non-AWGN channel that
does not much take into account burst errors, flutters, and
so forth, such as a satellite link, none of parity
interleaving and column twist interleaving may be performed.
[0322]

Next, simulations for measuring error rates (bit error
rates) that were performed on the transmitting device 11
illustrated in Fig. 8 will be described with reference to

Figs. 32 to 34.

[0323]
The simulations were performed using a communication

path with a flutter having a D/U of 0 dB.

Fig. 32 1llustrates a model of a communication path

emploved in the simulations.

[0325]
More specifically, part A of Fig. 32 illustrates a
model of a flutter employed in the simulations.
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Further, part B of Fig. 32 illustrates a model of a
communication path having the flutter represented by the
model illustrated in part A of Fig. 32.

[0327]

Note that, in part B of Fig. 32, H represents the model
of the flutter illustrated in part A of Fig. 32. 1In part B
of Fig. 32, furthermore, N represents the ICI (Inter Carrier
Interference). In the simulations, an expected value E[N?
of the power of the ICI was approximated by AWGN.

[0328]

Figs. 33 and 34 illustrate relationships between

Doppler frequencies f4 of flutters and error rates obtained

in the simulations.

-y

0329]
Note that Fig. 33 illustrates relationships between

s f4 in a case where the

f
®
[
th
=
®
Q
[
0]
3
O
)
®

error rates and Dopp
modulation scheme is 160QAM, the code rate {(r) 1is 3/4, and
the permutation type is the first permutation type. Fig. 34
illustrates relationships between error rates and Doppler

freguencies f, in a case where the modulation scheme is

640QRM, the code rate (r) is 5/6, and the permutation type is
the first permutation type
[0330]

In Figs. 33 and 34, furthermore, bold lines indicate
relationships between error rates and Doppler frequencies fy
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in a case where parity interleaving, column twist
interleaving, and permutation processing were all carried
out, and thin lines indicate relationships between error
rates and Doppler frequencies f4 in a case where only
permutation processing out cof parity interleaving, column
twlst interleaving, and permutation processing was carried

out.

It can be seen from any of Figs. 33 and 34 that the
error-rate performance is improved {(i.e., error rates are
reduced) in the case where parity interleaving, column twist
interleaving, and permutation processing were all carried
out, compared to the case where only permutation processing
was carried out.

[0332]

[Example Configuration of LDPC Encoder 115]
[0333]

Fig. 35 is a block diagram illustrating an example
configuration of the LDPC encoder 115 illustrated in Fig. 8.
[(0334]

Note that the LDPC encoder 122 illustrated in Fig. 8

also has a similar configuration.

As described with reference to Figs. 12 and 13, LDPC

codes having two types of code lengths N of 64800 bits and
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16200 bits are defined in the DVB-5.Z and similar standards.
[0336]

In addition, 11 code rates, 1/4, 1/3, 2/5, 1/2, 3/5,
2/3, 3/4, 4/5, 5/6, 8/9, and 9/10, are defined for LDPC
codes having a code length N of 64800 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 for LDPC codes having a code length N of 16200
bits (Figs. 12 and 13).

[0337]

The LDPC encoder 115 is capable of performing encoding
(i.e., error correcting encoding) using, for example, the
LDPC codes having code lengths N of 64800 bits and 16200
bits and the respective code rates, 1in accordance with the
parity check matrix H prepared for each code length N and
each code rate.

[0338]

The LDPC encoder 115 includes an encoding processing
unit 601 and a storage unit 602.

[0339]

The encoding processing unit 601 includes a code rate
setting unit 611, an initial wvalue table read unit 612, a
parlity check matrix generation unit 613, an information bit
read unit 614, an encoding parity computation unit 615, and
a control unit 6l16. The encoding processing unift 601

performs LDPC encoding on the LDPC target data supplled to
I\J
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the LDPC encoder 115, and supplies the resulting LDPC code
to the bit interleaver 116 (Fig. 8).
[0340]

More specifically, the code rate setting unit 611 sets
a code length N and a code rate of the LDPC code in
accordance with, for example, an operation of an operator or
the like.

[0341]

The initial value table read unit 612 reads a parity
check matrix initial value table, described below,
corresponding to the code length N and code rate set by the
code rate setting unit 611 from the storage unit 602.

[0342]

The parity check matrix generation unit 613 generates a
parity check matrix H on the basis of the parity check
matrix initial value table read by the initial value table
read unit 612, by arranging elements of 1 in an information
matrix Hy having an information length K (= code length N -
parity length M) corresponding to the code length N and code
rate set by the code rate setting unit 611, in a column
direction at intervals of 360 columns (i.e., the number of

unit columns P of the cyclic structure). The parity check

The information bit r
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information bits corresponding to the information length K
from the LDPC target data supplied to the LDPC encoder 115.
[0344]

The encoding parity computation unit 615 reads the
parity check matrix H generated by the parity check matrix
generation unit 613 from the storage unit 602, and generates
a code word (i.e., an LDPC code) by calculating parity bits
corresponding to the information bits read by the
information bit read unit 614 in accordance with a certain
formula by using the parity check matrix H.

[0345]

The control unit 616 controls the blocks included in
the encoding processing unit 601.

[0346]

The storage unit 602 has stored therein a plurality of
parity check matrix initial walue tables and the like
respectively corresponding to the plurality of code rates
and the like illustrated in Figs. 12 and 13 for the
respective code lengths N such as 64800 bits and 16200 bits.

In addition, the storage unit 602 temporarily stores data

=

wecessary for the processing of the encoding processing unit
601.
[0347]

Fig. 36 1s a flowchart depicting a process of the LDPC

encoder 115 illustrated in Fig. 35.



D
(O8]
[
0

In step 8201, the code rate setting unit 611 determines
(or sets) a code length N and a code rate r for LDPC
encoding.
[0349]

In step 8202, the initial value table read unit 612
reads a predetermined parity check matrix initial value
table corresponding to the code length N and code rate r

determined by the code rate setting unit 611 from the

9]

storage unit 602.
[0350]

In step 5203, the parity check matrix generation unit
613 determines (or generates) a parity check matrix H of an
LDPC code having the code length N and code rate v
determined by the code rate setting unit 611 by using the
parity check matrix initial value table read by the initial
value table read unit 612 from the storage unit 602, and

3

supplies the parity check matrix H to the storage unit 602

In step S5204, the information bit read unit 614 reads

information bits of the Information length K (= N x 1)

corresponding to the code length N and code rate r
determined by the code rate setting unit 611 from the LDPC
target data to the LDPC e 115, and also reads
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the parity check matrix H determined by the parity check
matrix generation unit 613 from the storage unit 602. Then,
the information bit read unit 614 supplies the read
information bits and parity check matrix H to the encoding
parity computation unit 615.

[0352]

In step 8205, the encoding parity computation unit 615
sequentially computes parity bits of a code word ¢
satisfying Expression (8) by using the information bits and
the parity check matrix H supplied from the information bit
read unit 614.

10353}

[0354]
In Expression (8), ¢ denotes a row vector as a code
; . s Do T ;
word (1.e., LDPC code), and c denotes the transpose of the

row vector C.

[0355

[S—

Here, as descrilbed above, 1f an information bit portion

cf the row wector ¢ as the LDPC code (i.e one

., code word)

is represented by a row vector A and

a parity bit portion is

represented by a row vector T, the row vector ¢ can be
. ~ A - S . f o o o, [ - - \
represented by the equation ¢ = [A|T] using the row vector A

corresponding to information bits and the row vector

i
i

~ P o~ S B FRN oy e g [
corresponding to parity bits.
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[0356]

It is necessary for the parity check matrix H and the
row vector ¢ = [AlT] corresponding to the LDPC code to
satisfy the equation Hc' = 0. The values of the elements of
the row vector T corresponding to parity bits in the row
vector ¢ = [A|T] satisfying the equation Hc' = 0 can be
sequentially determined by setting the elements in the
respective rows of the column vector Hc' in the equation HcT

= 0 to zero in order, starting from the element in the first

row, in a case where the parity matrix He in the parity

i

check matrix H = [HplHr] has the stepwise structure
illustrated in Fig. 11.
[0357]

The encoding parity computation unit 615 determines
parity bits T corresponding to the information bits A
supplied from the information bit read unit 614, and outputs

a code word ¢ = [A|T], which 1s represented by the

4

h

D
0
o
s
ot
@]

a

93]

information bits A and the parity bits T, a

LDPC encoding of the information bits A.

Then, in step 5206, the control unit 616 determines

whether or not to terminate the LDPC encoding operation. If
it 1s determined in step 5206 that the LDPC encoding
operation is not to be terminated, for example, if there is

T b ooy
LurG Tar




process returns to step SZ01 (or step S204), and the

processing of steps 5201 (or steps 5204) to S206 is
subsequently repeatedly performed.
[0359]

Further, if it 1is determined in step S$206 that the LDPC
encoding operation is to be terminated, for example, if
there is no LDPC target data to be subjected to LDPC
encoding, the LDPC encoder 115 terminates the process.
[0360]

As described above, parity check matrix initial value
tables corresponding to the respective code lengths N and
the respective code rates r are prepared, and the LDPC
encoder 115 performs LDPC encoding with a certain code
length N and a certain code rate r by using a parity check
matrix H generated from the parity check matrix initial

value table corresponding to the certain code length N and

[Example of Parity Check Matrix Initial Value Table]

A parity check matrix initial value table is a table
showing the positions of elements of 1 in an information

matrix Hx (Fig. 10) having an information

corresponding to a code length N and code rate r of an LDPC

code (i.e., an LDPC code defined by the parity check matrix



- 247 -

H) in the parity check matrix H, in units of 360 columns
(i.e., the number of unit columns P of the cyclic structurej.
A parity check matrix initial value table is created in
advance for each of parity check matrices H having the
respective code lengths N and the respective code rates r.
[0363]

Fig. 37 is a diagram illustrating an example of a

parity check matrix initial value table.

(2

[0364]

More specifically, Fig. 37 illustrates a parity check
matrix initial value table for a parity check matrix H
having a code length N of 16200 bits and a code rate
(nominal code rate defined in DVB-T.Z) r of 1/4, which is
defined in the DVB-T.2 standard.

[0365]
The parity check matrix generation unit 613 (Fig. 35)
determines a parity check matrix H in the following way

using the parity check matrix initial value table.

[0366

f—

More specifically, Fig. 38 illustrates a method for
determining a parity check matrix H from a parity check
table.

ey

matrix initial wvalue

Note that the parity check matrix initial value table

in Fig. 38 is a parity check matrix initial
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for a parity check matrix H having a code
16200 bits and a code rate r of 2/3,
in the DVB-T.Z standard.

[0368]

which is

defi

}.1
]
®

As described above,

an

(Fig.
an :

a parity check matrix initial wvalue
table is a table showing the positions of elements of 1 in
information matrix Ha 109

LDPC code in

unit columns

having an information
length K corresponding to a code length N and code rate r of
units of 360 columns

(i.e., the number of
P of the cyclic structure). In the i-th row of
the parity check matrix initial value table, row numbers of
elements of 1 in the [1+360x{(i-1)}~-th column of the parity
check matrix H (i.e., row numbers in which the row number of
the first row of the parity check matrix H is set to 0), the
number of which is equal to the number of column weights
assigned to the {1+360x{i-1)}-th column,
[0369]
Here, since

are arranged.
check matrix H,

the parity matrix Hq

(Fig. 10) of the parity

corresponding to the parity length M, is
determined in the manner 1llustrated in Fig. 25, the

information matrix H, (Fig. 10) of the parity check matrix H,
corresponding to the information length K, is determined
using the parity check matrix initial wvalue table
[0370]

The number of

Tows

ko+

1 of the parity check matrix
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i

initial value table differs depending on the information
length K.
[0371]

A relationship given by Expression (9) is established
between the information length K and the number of rows k +
1 of the parity check matrix initial value table.

(03721

K= (k + 1) x 360 )

Here, in Expression (9), 360 is the number of unit
columns P of the cyclic structure described with reference
to Fig. 26.

[0374]

In the parity check matrix initial value table

[e]

illustrated in Fig. 38, 12 wvalues are arranged in each of

the first to third rows, and three values are arranged in
each of the fourth to (k+1j-th row (in Fig. 38, the 30th
row) .
[0375]

Accordingly, the column weights of the parity check

matrix H determined from the parity check matrix initial

£ "
fi1rst to

[
3]
.
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.
L
o
.
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3-1)-1}1-th columns, and 3 for the {1+360x(3-1)1-th



In the parity check matrix initial value table

ft
)

illustrated in Fig. 38, the first row shows 0, 2084, 1613,
1548, 1286, 1460, 3196, 4297, 2481, 3369, 3451, 4620, and
2622, indicating that the elements of the rows with the row
numbers 0, 2084, 1613, 1548, 1286, 1460, 3196, 4297, 2481,
3369, 3451, 4620, and 2622 in the first column of the parity
check matrix H are 1 (and that the other elements are 0).
[0377]

In the parity check matrix initial value table
illustrated in Fig. 38, furthermore, the second row shows 1,
122, 1516, 3448, 2880, 1407, 1847, 3799, 3529, 373, 971,
4358, and 3108, indicating that the elements of the rows
with the row numbers 1, 122, 1516, 3448, 2880, 1407, 1847,

3799, 3529, 373, 971, 4358, and 3108 in the 3e6lst (= 1 + 360

J

x (2 - 1)) column of the parity check matrix H are 1.
[0378]

In the manner described above, a parity check matrix
initial value table shows the positions of elements of 1 in

an information matrix Hx, of a parity check matrix H in units

lyi-th column of the parity check matrix H, that is, the

elements in the {2+360x{1-1)}~th to (360xi)-th columns, are




{1+360x{i-1}}-th column, which are defined using the parity
check matrix initial value table, downward (i.e., downward
along the columns) in a periodic manner in accordance with
the parity length M.
(03801

More specifically, for example, the elements in the
{2+360x(1-1)}-th column are obtained by cyclically shifting
the elements in the {1+360x(i~-1)}-th column downward by
M/360 (= g). The elements in the subsequent {3+360x{i-1)}-th
column are obtained by cyclically shifting the elements in
the {1+360x(i-1)}~th column downward by 2 x M/360 (= 2 x q)
{(i.e., by cyclically shifting the elements in the {2+360x(i-

1y }~th column downward by M/360 (= qg)).

(03817
It is assumed now that the value in the i-th row (i.e.,
the i-th row from the top) and the Jj-th column (i.e. the 7-

th column from the left) of a parity check matri

value table is represented by hi , and the row number of the

Qs

j-th element of 1 in the w-th column of a parity check

[E-

matrix H is represented by H,... In th

s case, the row
number Hy,.s of an element of 1 in the w-th column, which is a

column other than the {1+360x(1~-1)}-th column ¢f the parity

check matrix H, can be determined using

[l

xpression (107.




[0383]

Here, mod(x, vy) represents the remainder after division
of x by vy.
[0384]

In addition, P denotes the number of unit columns of
cyclic structure, described above, and is, for example, 360
in the DVB~S5.2, DVB-T.Z2, and DVB-C.Z2 standards, as described
above. Further, g denotes the value M/360 that is obtained
by dividing the parity length M by the number of unit
columns P of the cyclic structure (= 360).

[0385]

The parity check matrix generation unit 613 (Fig. 35)
specifies a row number of an element of 1 in the {1+360x{(i-
1)}-th column of the parity check matrix H by using the

parity check matrix initial value table.

[
{ad
<o
[N

The parity check matrix generation unit 613 (Fig. 35)
further determines the row number H, s of an element of 1 in

the w-th column, which is a column other than the {1+360x(i-

1)}-th column of the parity check matrix H, 1in accordance
with Expression (10), and generates a parity check matrix H

the way described above are 1.
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[New LDPC Codes]
[0388]

Incidentally, there has been a demand for proposing an
improved version (hereinafter also referred to as "DVB-Sx")
of the DVB-3.2 standard.

[0389]

In the CfT (Call for Technology), which was submitted
in the meeting for DVB-Sx standardization, a certain number
of ModCods (which are combinations of modulation schemes
(Modulation) and LDPC codes (Code)) are demanded for each
range of C/N (Carrier to Noise Ratio) (SNR (Signal to Noise
Ratioc)) in accordance with use case.

[0390]

More specifically, in the CfT, the first request is to
prepare 20 ModCods for a C/N range of 7 dB from 5 dB to 12
dB for DTH (Direct To Home) use.

[0391)]

In the CfT, additionally, the second request is to

prepare 22 ModCods for a C/N range of 12 dB from 12 dB to 24

dB, the third request 1s to prepare 12 ModCods for a C/N

range of 8 dB from -3 dB toe 5 dB, and the fourth request is
to prepare 5 ModCods for C/N range of 7 dB from -10 dB to
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5 —
E n

ER (Frame Error Rate) for the ModCods in the first to
fourth requests be approximately 107° (or less).
[0393]

Note that, in the CfT, the first request has a priority
of "1", which is the highest, whereas the second to fourth
requests have a priority of "2", which is lower than the
priority of the first reguest.

[0394]

Accordingly, the present technology provides (a parity
check matrix of) an LDPC code capable of satisfying at least
the first request having the highest priority in the CfT, as
a new LDPC code.

[0395]

Fig. 39 iliustrates BER/FER curves for LDPC codes
having a code length N of 64k bits and 11 code rates, which
are defined in the DVB-S.Z, in a case where QPSK 1is employed
as a modulation scheme.

[0396]

In Fig. 39, the horizontal axis represents E./Ng (the
ratioc of the signal power per symbol to the noise power)
corresponding to the C/N, and the vertical axis represent
FER/BER. Note that, in Fig. 329, scolid lines indicate FERs,

and dotted lines indicate BERs [(Bit Error Rates).

iXe]

[0397]

In Fig. 39, FER (BER) curves for LDPC codes having a



code length N of 64k bits and 11 code rates, which are
defined in the DVB-S.2 standard, are plotted for an E./Ng
range of 10 dB in a case where QPSK is employed as a
modulation scheme.

[0398]

More specifically, in Fig. 39, 11 FER curves for
ModCods for which the modulation scheme is fixed to QPSK are
drawn for an E./Ny range of approximately 10 dB from
approximately -3 dB to approximately 7 dB.

[0399]

Accordingly, for LDPC codes having a code length N of
64k bits and 11 code rates, which are defined in the DVB-S.2
standard, the interval between FER curves for ModCods on
average (hereinafter also referred to as an "average
interval™) is approximately 1 dB (= 10 dB/(10 - 1)).

In contrast, since the first request in the CET
requests that 20 ModCods be prepared for an E,/N; (C/N) range
of 7 dB, the average interval between FER curves for ModCods
1s approximately 0.3 dB (= 7 dB/ (20 - 1)7.

[0401]
In & case where the modulation scheme is fixed to one

type such as QP

2

K, LDPC codes with code rates, the number of

¢

which 1s approximately three times (= 1 dB/0.3 dB) the 11

- ¥ o - ~ P - PUEP ST I B I O Ty S
code rates, or approximately 30 code




sufficient to ensure sufficient room toc obtain ModCods
having an average interval of 0.3 dB which meets the first
regquest in the CfT, compared to the case of DVB-5.2 in which
ModCods having an average interval of approximately 1 dB are
obtained using LDPC codes with the 11 code rates.

[0402]

In the present technology, accordingly, LDPC codes
having a code length of 64k and code rates of 1/30 (where i
is a positive integer less than 30) are prepared as LDPC
codes having code rates for which approximately 30 code
rates are readily settable, and are provided as new LDPC
codes which meet at least the first request having the
highest priority in the CIT.

[0403]

Tt 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-S5.Z2 standard, in terms of keeping compatibility with
DVB~-5.2 as much as possible.

[0404]

In addition, similarly to an LDPC code defined in the

)

DVB~S.Z standard, information matrices Hy of parity check

Q

matrices H of the new LDPC codes have a cyclic structure

where the number of unit columns P of ¢

joy

e cyclic structure

18 also 360.
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[0405]

Figs. 40 to 106 are diagrams illustrating an example of
parity check matrix initial value tables for new LDPC codes
having a code length N of 64k bits and code rates of 1/30,
as described above.

[0406)

Here, the new LDPC codes are LDPC codes whose code
rates are represented by 1/30, and therefore include LDPC
codes having up to 29 code rates, 1/30, 2/30, 3/30,
28/30, and 29%/30.

[0407]

However, an LDPC code with a code rate of 1/30 may be
used in a limited fashion in terms of efficiency. In
addition, an LDPC code with a code rate of 29/30 may be used
in a limited fashion in terms of error rate (BER/FER).

[0408]

For the reason described above, among LDPC codes with
29 code rates, namely, code rates of 1/30 to 29/30, one or
both of an LDPC code with a code rate of 1/30 and an LDPC
code with a code rate of 29/30 can be configured not to be
used as new LDPC codes.

[0409)]

0]

Herein, LDPC codes with 28 code rates, for example,

DPC codes wilth code rate

[
n
O

£ 2/30 to 29/30 among code rates

of 1/30 to 29/30, are u

n
6
[OF
8]
9}

new LDPC codes,

o))

[
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check matrix initial value tables for parity check matrices
H of the new LDPC codes will be given hereinbelow.
[0410]

Fig. 40 illustrates a parity check matrix initial valuse
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 2/30.

(04117

Fig. 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.

[0412]

Fig. 42 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 4/30.

[0413]

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.

[0414]

Fig. 44 illustrates a parity check matrix initial values

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 6/30.

—

[0415]
Fig. 45 illustrates a parity check matrix initial value

table for a parity check matrix H of an LDPC code having a



[0416]
Figs. 46
initial value
code having a
8/30.
[0417]
Figs. 48
initial value
code having a
9/30.
[0418]
Figs. 50

initial value

code having a

10/30.
[0419]

Figs. 52
initial value

code having a
11/30.

[0420]

initial value

code having a

of 64k bits and a code rate r

and 47 illustrate a parity check matrix
table for a parity check matrix H of an LDPC

code length N of 64k bits and a code rate r of

and 49 illustrate a parity check matrix
table for a parity check matrix H of an LDPC

code length N of 64k bits and a code rate r of

and 51 i1llustrate a parity check matrix
rable for a parity check matrix H of an LDPC

code length N of 64k bits and a code rate r of

and 53 illustrate a parity check matrix

table for a parity check matrix H of an LDPC

code length N of 64k bits and a code rate r of

and 55 illustrate a parity check matrix

table for a parity check matrix H of an LDPC

code length N of 64k bits and a code rate r of

1]
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[0421]
Figs. 56

initial value

code having a

13/30.
[0422]

Figs. 58
initial value

code having a
14/30.
[0423]

T

60

ins
ft

gs.
initial value
code having a
15/30.
[0424]

Figs. 62,

T

initial value

¢

having a

Figs. 65,
initial value

code having a
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and 57 i1llustrate a parity check matrix
table for a parity check matrix H of an LDPC

code length N of 64k bits and a code rate r of

and 59 illustrate a parity check matrix

table for a parity check matrix H of an LDPC

code length N of 64k bits and a code rate r of

and 61 illustrate a parity check matrix

table for a parity check matrix H of an LDPC

code length N of 64k bits and a code rate r of

check matrix

H of an LDPEC

illustrate a parity check matrix

A

parity check matrix H of an LDPC

N of 04k bits and a code rate r of
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Figs. 68,

initial value table for a

code having a code length

18/30.
[06427]

Figs. 71, 72, and 73
initial value table for a
code having a code length
19/30
[04zg]

initial value table for a
code having a code length
20/30.
10429]

Figs. 77, 78, and 79

initial value table for a

code having a code length

21/30
[0430]

Figs. B0, 81, and 8Z
initial value table for a
code having a code length

illustrate a parity
parity check matrix

N of 64k bits and a

illustrate a parity
parity check matrix

N of 64k bits and a

illustrate a parity

e

arity check matrix

N of 64k bits and a

illustrate a parity
parity check matrix
N of

64k bits and a

check matrix
H of an LDPC

code rate ¥ of

check matrix

H of an LDPC

rate r of

check matrix

check matrix

an LDPC

rate r of

¥ TN Ty
H of an LDPC
code rate r of



22/30.
(04317
Figs. 83, 84, and 85

initial value table for a

code having a code length
23/30.
[0432]
86, 87,

Figs. and 88

initial value table for a

code having a code length

24/30.
[0433]
Figs. 89, 90, and 91

initial value table for a
code having a code length
25/30.

[0434]

Figs. 92, 93, and 94
initial value table for a

code having a code

26/30.

10435]

Figs. 95, 96, 97, and
matrix initial value table
LDPC code having a code L:

262

illustrate a parity check matrix

parity check matrix H of an LDPC
N of 64k bits and a code rate r of

illustrate a parity check matrix

parity check matrix H of an LDPC

N of 64k bits and a code rate r of
illustrate a parity check matrix

parity check matrix H of an LDPC
N of 64k bits and a code rate r of

illustrate a parity check matrix

parity check matrix H of an LDPC
N of 64k bits and a code rate r of

98 i1llustrate a parity <

for a parity check matrix H of an
N of ¢4k bits and a code rate
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Figs. 99, 100, 101, and 102 illustrate a parity check

matrix initial value table for =a ty check matrix H of an

Q]

LDPC code having a code length N of 64k bits and a code rate

r of 28/30.

[0437]
Figs. 103, 104, 105, and 106 illustrate a parity check
matrix initial value table for a parity check matrix H of ar

LDPC code having a code length N of 64k bits and a code rate

r of 29/30.

e

[0438]

Fh

The LDPC encoder 115 {(Figs. 8 and 35) 1s capable o
performing encoding on a (new) LDPC code having a code
length N of 64k bits and any of 28 code rates v of 2/30 to
29/30 by using a parity check matrix H determined from one

of the parity check matrix initial value tables 1llustrated

In the illustrated example, the storage unit 60

LDPC encoder 115 (Fig. 8) stores the parity check matrix

EOR A 1 <r= Ty A . - o — . e . s
initial value illustrated In Figs. 40 to 1

It is to be noted that not all the LDPC codes with 28
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parity check matrix initial wvalue tables) illustrated in
Figs. 40 to 106 may be used as new LDPC. That is, an LDPC
code or codes with any one or more code rates among the LDPC

~ -+ 2 :
cde rates r of 2/3 in

(@]

206 /230 TTiiat va
[ SO R O RY; i [

1 ol
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o
o
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Figs. 40 to 106 may be employed as a new LDPC code or codes.
[0441]

LDPC codes cobtained using parity check matrices H
determined from the parity check matrix initial value tables
illustrated in Figs. 40 to 106 may be high-performance LDPC
codes.

[0442]

The term "high-performance LDPC code", as used herein,
refers to an LDPC code obtained from an appropriate parity
check matrix H.

[0443]
Furthermore, the term "appropriate parity check matrix

T EE po

H" refers to a parity check matrix satisfying a certain

i

condition in which the BER (and FER) is {(or are) reduced

when an LDPC code obtained from a parity check matrix H is

.

transmitted with a low E./Ny or E,/N, (which is the ratio of

the signal power per Dit to the noise power).

An appropriate parity check matrix H may be determined
through simulations for measuring BERs when, for example,

P

obtained from various Parlty

ck matrices




satisfying a certain condition are transmitted with a low
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an appropriate
parity check matrix H is to satisfy include a condition that
analysis results obtained using an analytical technique for
the performance evaluation of codes, called density
evolution, are good, and a condition that a loop of elements
of 1, called cycle 4, does not exist.

[0446]

Here, 1t is well established that a concentration of
elements of 1, like cycle 4, in an information matrix Ha
will reduce the decoding performance of an LDPC code. Thus,
the absence of cycle 4 is demanded as a certain condition
that an appropriate parity check matrix H is to satisfy.
[0447]

Note that the certain condition that an appropriate
parity check matrix H is to satisfy may be determined, as
desired, in terms of various factors such as improved

decoding performance of an LDPC code and easy (or

Figs. 107 and 108 are diagrams depicting density

evolution through which analysis results are obtained, a

0]

3

: 1

certain condition that an appropriate parity check matrix H



[0449]
Density evolution 1s a code analysis technique for
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set of all LDPC codes ("ensemble") whose code length N,
which is characterized by a degree sequence described below,

is infinite (o).

For example, 1f a noise variance increases from zero in

an AWGN channel, the expected value of error probability for

™~

a certain ensemble is initially zero, and becomes non-zero

if the noise variance is greater than or egual to a certain
threshold.
[0451]

In the density evolution method, 1t can be determined
whether the ensemble performance (i.e., the appropriateness
of a parity check matrix) 1s good or not, by comparing noise
variance threshoclds (hereinafter alsc referred to as
"performance thresholds") over which the expected values of

es become nNon-zero.

Note that the general performance of a specific LDPC
code can be predicted by determining an ensemble including

the LDPC code and performing density evolution on the

ensemble.



[0453]
Accordingly, once an ensemble with good performance is
found, an LDPC code with good performance may be found from

amon

o the I.O)D
ameng o L

~rloa
e il CCGe

[0454]

Here, the degree sequence, described above, represents
the ratio of variable nodes or check nodes with a weight of
each value to the code length N of an LDPC code.

[0455]

For example, a regular (3,6) LDPC code with a code rate
of 1/2 belongs to an ensemble characterized by a degree
seguence indicating that the weight (column weight) for all
the variable nodes i1s 3 and the weight (row weight) for all
the check nodes is 6.

[0456]
Fig. 107 illustrates a Tanner graph of the above-

Lbed ensemble.

Q.
&
]
@]
[
-

The Tanner graph illustrated in Fig. 107 includes N

variable nodes indicated by circles ("O") in Fig. 107, th

‘

e 1

number of which is equal to the code length N, and N/2 check

e

nodes indicated by sguares ("[") in Fig. 107, the number of
which is equal to a value obtained by multiplying the code
length N by the code rate 1/2.

[0458]
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Three edges, the number of which is equal to the column
welght, are connected to each variable node. Therefore, 3N
edges in total are connected to the N variable nodes.

[0459]

In addition, six edges, the number of which is equal to
the row welght, are connected to each check node. Therefore,
3N edges in total are connected to the N/2 check nodes.

[0460]
In the Tanner graph illustrated in

interleaver 1s also included.

n

The interleaver randomly reorders the 3N edge
connected to the N variable nodes, and connects each of the
reordered edges to one of the 3N edges connected to the N/2
check ncdes.
[0462]

There are (3N)! (= (3N) x (3N-1) x ... x 1) reordering
patterns in which the interleaver reorders the 3N edges

connected to the N wvariable nodes. Accordingly, an snsemble

weight for all

all the check nodes 1s ¢ 1s the set of (3N) ! LDPC codes.

[046:

o8]

]

In a simulation for determining an LDPC code with good

parity check matrix), a
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multi~edge type ensemble was used in density evolution.
[0464]
In the multi-edge type, an interleaver through which

edges connected to variable nodes

u

nd
check nodes extend 1is divided into a plurality of pieces
(multi-edge), which may allow more accurate characterization
of an ensemble.

[0465]

Fig. 108 1llustrates an example of a Tanner graph of a
multi-edge type ensemble.
[0466]

In the Tanner graph illustrated in Fig. 108, two
interleavers, namely, a first interleaver and a second
interleaver, are included.

[0467]

In addition, the Tanner graph illustrated in Fig. 108
includes vl variable nodes each having one edge connected to
the first interleaver and zero edges connected to the second
interleaver, vZ varlable nodes each having one edge

eaver and two edges connected

[

connected to the first inter

-t

to the second interleaver, and v3 variable nodes each having

zer

O

edges connected to the [irst interleaver and two edges

connected to the second interleaver.

~

(04

o}

58 ]

The Tanner graph 1llustrated in Fig. 108 further
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includes cl check nodes each having two edges connected to

the first interleaver and zero edges connected to the second
interleaver, c¢2 check nodes each having two edges connected
to the first interleaver and two edges connccted to the
second interleaver, and c¢3 check nodes each having zero
edges connected to the first interleaver and three edges
connected to the second interleaver.

[0469]

Here, density evolution and an implementation thereof
are described in, for example, "On the Design of Low-Density
Parity-Check Codes within 0.0045 dBR of the Shannon Limit",
5.Y. Chung, G.D. Forney, T.J. Richardson, R. Urbanke, IEEE
Communications Leggers, VOL. 5, NO. 2, Feb 2001.

[0470]

In a simulation for determining (a parity check matrix
initial value table of) a new LDPC code, an ensemble for
which the performance threshold, which 1s E,/Ny (which 1is the
ratio of the signal power per bit to the noise power) at

which a BER begins to drop (i.e., decreases), 1s less than

b

or equal to a certain value was found using multi-edge type

density evolution, and an LDPC code

it modulation schemes used in DVB-5.2 and the like,

N R | <
pLurallity o

.
O L
such as QOPSK, was selected as an LDPC code with good

performance from among the LDPC codes belonging to the

e amia T e
ensemole.,
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The parity check matrix initial value tables of the new

LDPC codes described above are parity check matrix initial

value tables of LDPC codes having a code length N of 64k

bits, which are determined through the simulations described
above.
(04721

Fig. 109 is a diagram illustrating minimum cycle
lengths and performance thresholds for parity check matrices
H which are determined from parity check matrix initial
value tables of new LDPC codes having a code length N of 64k
bits and 28 code rates of 2/30 to 25/30 illustrated in Figs.
40 to 106.
({04731

Here, a minimum cycle length (or girth) is a minimum
value of the length (loop length) of a loop composed of
elements of 1 in a parity check matrix H.

Cycle 4 (a loop of elements of 1, with a loop length of

W

) does not exist in a parity check matrix H determined from

a parity check matrix initial value table of a new LDPC code.
[0475]

In addition, as the code rate r decreases, the

redundancy of an LDPC code increases. Thus, the performance
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rate r decreases.
(0476}

Fig. 110 is a diagram depicting a parity check matrix H

bl

e C b o . vafarvre - " - It At v ] £
N T T A4 ~~ laTal"d el i Y g ~~
ereinafter alsc referred to as a parit ChHCcCy Matryix oo Of

t

a new LDPC code") (determined from each of the parity check
matrix initial wvalue tables) illustrated in Figs. 40 to 106.
[0477]

The parity check matrix H of the new LDPC code has a
column weight X for KX columns, starting with the first
column, a column welght of Y1 for the subseqguent KY1 columns,
a column weight of Y2 for the subseqguent KYZ columns, a
column weight of 2 for the subseqguent (M-1) columns, and a
column weight of 1 for the last column.

[0478]

Here, the sum of columns given by EKX+KY1+KYZ2+M-1+1
equals the code length N = 64800 bits.
[0479]

Fig. 111 is a diagram illustrating the numbers o
columns KX, KYLl, KY2Z, and M, and the column weights X, Y1,

and Y2 illustrated in Fig. 110 for the

pective code rates

r of the new LDPC codes.

In a parity check matrix H of a new LDPC code having a

code length N of 64k, similarly to the parity check matrix

ana L3, The col
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weight tends to increase as the ordinal number of the
columns of the parity check matrix H decreases (i.e., as the

column comes closer to the left end of the parity check

: ne v ormad b a e
i1X rchustnes O TColistandc

U]

oy v
() £

o [~
- \

matr 5

Hy. Accordingly,
to errors) tends to increase as the ordinal number of the
code bits of a new LDPC code decreases (i.e., the first code
bit tends to be the most robust to errors).

[0481]

It is noted that the amount of shift g used in cyclic
shifting which is performed to determine a parity check
matrix from a parity check matrix initial value table of a
new LDPC code having a code length N of ¢4k in the way
described with reference to Fig. 38 is represented by the
equation q = M/P = M/360.

[0482]

Accordingly, the amounts of shift for new LDPC codes
with code rates of 2/30, 3/30, 4/30, 5/30, 6/30, 7/30, 8/30,
/30, 10/30, 11/30, 12/30, 13/30, 14/30, 15/30, 16/30, 17/30,
18/30, 19/30, 20/30, 21/30, 22/30, 23/30, 24/30, 25/30,
26/30, 27/30, 28/30, and 29/30 are 168, 162, 156, 150, 144,

138, 132, 126, 1206, 114, 108, 102, 96, 90, 84, 78, 72, 66,

3

60, 54, 48, 42, 36, O, 24, 18, 12, and 6, respectively.

C

[0483]
Figs. 112, 113, and 114 are diagrams illustrating

for the new LDPC codes illustrated in




Figs. 40 to 106.
[0484]
The simulations were based on the assumption of an AWGN

commiinicatrion rmath (v ~hanrne
COMMUuIliCacio i1 L O <

ion pat hanncl), in which BPSK was employved
as a modulation scheme and the number of times of repetitive
decoding C(it) was 50.

[0485]

In Figs. 112, 113, and 114, the horizontal axis
represents E./Nyg, and the vertical axis represents BER/FER.
Note that solid lines indicate BERs and dotted lines
indicate FERs.

[048¢6]

In Figs. 112 to 114, FER (BER) curves for the
respective new LDPC codes with 28 code rates of 2/30 to
29/30 exhibit FERs less than or equal to 107° for an E./Nj
range of (approximately) 15 dB from (substantially) -10 dB

to 5 dB.

[(0487]

-

In the simulations, 28 ModCods having an FER less than
or equal to 1077 for an E./Ny range of 15 dB from -10 dB to 5
dB can be set. Accordingly, 20 or more ModCods having an

ER less than or equal to 107" for a range of 7 dB from 5 dB

to 12 dB can be sufficiently predicted to be set by taking

into account various modulation schemes other than BPSK used

5

o
n

av]

PSK, 32A1

4
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16QAM, 3208M, and 640QAM.
[0488]

Thus, 1t 1s possible to provide an LDPC code having
meeting the first reguest in

ity il

gOOd acrronr—-rate nerformance

MMMMMM ratve perirornalice,

the CIT.
[0489]

In addition, referring to Figs. 112 to 114, most of FER
(BER)] curves for new LDPC codes are drawn at almost equal
intervals less than 1 dB for each of low-, intermediate-,
and high-code~rate groups. Accordingly, the new LDPC codes
may provide broadcasters that broadcast programs using the

transmitting device 11 with an advantage in facilitating

@

selection of code rates to be used for broadcasting in
accordance with the state of channels {(i.e., the
communication path 13).
[0490]

Note that, in the simulations for determining the
BER/FER curves illustrated in Figs. 112 to 114, BCH encoding

was performed on information, and the resulting BCH codes

underwent LDPC encoding.

Fig. 115 includes diagrams depicting BCH encoding which
was used in the simulations.
[0492]

PO O S
a Giadram

—n

e
=
Ui

More specifically, part A of

b



illustrating parameters of BCH encoding that 1is performed
prior to the LDPC encoding into an LDPC code of 64k, which
is defined in the DVB-S.2 standard.

[0493]

In DVB-5.2, 192, 160, or 128 redundancy bits are added
in accordance with the code rate of an LDPC code, thereby
providing BCH encoding capable of 12-, 10-, or 8-bit error
correction.

[0494]

Part B of Fig. 115 is a diagram illustrating parameters
of BCH enccding which were used in the simulations.
[0495]

In the simulations, similarly to the case of DVB-35.2,
BCH encoding capable of 12-, 10-, or 8-bit error correction
was performed by addition of 192, 160, or 128 redundancy
bits in accordance with the code rate of an LDPC code.
10496}

[Example Configuration of Receiving Device 12]

]
iy
Ne]
-

Fig. 116 is a block diagram illustrating an example

¢

configuration of the receiving device 12 illustrated in Fig.

[0498]
An OFDM processing unit (OFDM operation) 151 receives

an OFDM signal from the transmitting device 11 (Fig. 77, and
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performs signal processing on the OFDM signal. The data
(i.e., symbols) obtained through signal processing performed
by the OFDM processing unit 151 1s supplied to a frame

agement unit (Frame Mana

il 1 i Thie

ement) 152.
The frame management unit 152 performs processing

(frame interpretation) of a frame including the symbols

supplied from the OFDM processing unit 151 to obtain symbols

of target data and symbols of control data, and supplies the

symbols of the target data and the symbols of the control

data to frequency deinterleavers 161 and 153, respectively.

The frequency deinterleaver 153 performs frequency
deinterleaving on the symbols supplied from the frame
management unit 152 in units of symbols, and supplies the
resulting symbols to a QAM decoder 154.

[0501]

The QAM decoder 154 demaps the symbols (i.e., symbols
mapped to constellation polnts) supplied from the frequency
deinterleaver 153 (i.e., decodes

for orthogonal demodulation,

(i.e., an LDPC code) to an LDPC decoder 155.

The LDPC decoder 155 performs LDPC decoding on the LDPC

supplies
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resulting LDPC target data (in the illustrated example, a
BCH code) to a BCH decoder 156.
[0503]

T P o
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The RBCH decoder 156 @COdJ.lL\j o tne Ly
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target data supplied from the LDPC decoder 155, and outputs

the resulting control data {(signallingj.

On the other hand, the frequency deinterleaver 161
performs frequency deinterleaving on the symbols supplied
from the frame management unit 152 in units of symbols, and
supplies the resulting symbols to an MISO/MIMO decoder 162.
[0505]

The MISO/MIMO decoder 162 performs space-time decoding
on the data (i.e., symbols) supplied from the freqguency
deinterleaver 161, and supplies the resulting data to & tTime
deinterleaver 163.

[05

[
[O)
[—

The time deinterleaver 163 performs time deinterleaving
on the data (i.e., symbols) supplied from the MISO/MIMO
decoder 162 in units of symbols, and supplies the resulting

data to a QAM decoder 164.

The QAM decoder 164 demaps the symbols (i.e., symbols

mapped to constellation polints) supplied from the time

Oy

deinterleaver 163 (1.e., decodes the T points)



for orthogonal demodulation, and supplies the resulting data
(1.e., symbols) to a bit deinterleaver 165.
[0508]

The bit deinterleaver 165 performs bit deinterleaving
on the data (i.e., symbols) supplied from the QAM decoder
164, and supplies the resulting LDPC code to an LDPC decoder
166,

[0509]

The LDPC decoder 166 performs LDPC decoding on the LDPEC
code supplied from the bit deinterleaver 165, and supplies
the resulting LDPC target data {(in the illustrated example,
a BCH code) to a BCH decoder 167.

[0510]

The BCH decoder 167 performs BCH decoding on the LDPC
target data supplied from the LDPC decoder 155, and supplies
the resulting data to a BB descrambler 168.

[0511]
The BB descrambler 168 performs BB descrambling on the

data supplied from the BCH decoder 167, and supplies the

resulting data to a null deletion unit (Null Deletion) 169.
[0512]
The null deletion unit 169 deletes the null added by

the padder 112 illustrated in Fig. 8, from the data supplied
from the BB descrambler 168, and supplies the resulting data

to a demultiplexer 170.



{05131

The demultiplexer 170 separates cone or more streams
(target data) multiplexed in the data supplied from the null
deletion unit 169, performs necessary processin and

(@3
= Y =~ S iy il

outputs the resulting data as output streams.

Note that the receiving device 12 may be configured
without including some of the blocks illustrated in Fig. 116.
More specifically, for example, 1if the transmitting device
11 (Fig. 8) 1is configured without including the time
interleaver 118, the MISO/MIMO encoder 119, the frequency
interleaver 120, and the frequency interleaver 124, the
receiving device 12 may be configured without including the
time deinterleaver 163, the MISO/MIMO decoder 162, the
freguency deinterleaver 161, and the freguency deinterleaver
153, which are the blocks corresponding to the time
interleaver 118, the MISO/MIMO encoder 119, the freguency
interleaver 120, and the frequency interleaver 124 of the
transmitting device 11, respectively.

[0515]

Fig. 117 is a block diagram illustrating an example

oy ~ o 3t P N R I A SR L T A A L.
configuration of the bit deinterleaver 165 illustrated in
. .

Fig. 116
=
[0516]




54 and a column twist deinterleaver 55, and performs (bit)
deinterleaving on the symbol bits of the symbols supplied
from the QAM decoder 164 (Fig. 11l6).

[0517]

More specifically, the multiplexer 54 performs inverse
permutation processing (which is the inverse of permutation
processing), corresponding to the permutation processing
performed by the demultiplexer 25 illustrated in Fig. 9, on
the symbol bits of the symbols supplied from the QAM decoder
164. That is, the multiplexer 54 performs inverse
permutation processing to restore the positions of the code
bits (i.e., symbol bits) of the LDPC code permuted through
the permutation processing to the original positions, and
supplies the resulting LDPC code to the column twist
deinterleaver 55.

The column twist deinterleaver 55 performs column twist
deinterleaving (which is the inverse of column twist

interleaving), corresponding to column twist interleaving as

[

the reordering processing performed by the column twist
interleaver 24 illustrated in Fig. 9, on the LDPC code
supplied from the multiplexer 54 That 1s, the column twist

deinterleaver 55 performs inverse reordering processing, for

example, column twist deinterleaving, to restore the code

bits of the LDPC
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column twist interleaving as reordering processing to the
original order.
[0519]

Specifically, the column twist deinterleaver 55
performs column twist deinterleaving by writing and reading
the code bits of the LDPC code to and from a memory for
deinterleaving which has a configuration similar to that of
the memory 31 illustrated in, typically, Fig. 28.

[0520]

However, the column twist deinterleaver 55 writes code

bits to the memory for deinterleaving in its row direction

ch a

[

by using, as a write address, the read address at wh

code bit has been read from the memory 31. In addition, the

9]

-

column twist deinterleaver 55 reads code bits from the
memory for deinterleaving in its column direction by using,
as a read address, the write address at which a code bit has
been written to the memory 31.

[0521]

5

The LDPC code obtained as a result of column twis

-

deinterleaving is supplied from the column twist

®
Q)

deinterleaver 55 to the LDPC decoder 166.

[0522]

Here, if the LDPC code supplied from the QAM decoder

been subjected to

164 to the bit deinterleaver 165

parity interleaving, column twist ir
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permutation processing, the bit deinterleaver 165 may
perform all of the inverse operations, namely, parity
deinterleaving corresponding to parity interleaving (which
is the inverse of parity interleaving operation, i.e.,
parity deinterleaving for restoring the code bits of 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 deinterleaving corresponding to column twist

interleaving.

In the bit deinterleaver 165 illustrated in Fig. 117,

however, parity deinterleaving is not performed because the

bit deinterleaver 165 does not include a block configured to
perform parity deinterleaving corresponding to parity
interleaving although it includes the multiplexer 54 that
performs inverse permutation processing corresponding to
permutation processing and the column twist deinterleaver 55
that performs column twist deinterleaving corresponding to

column twist interleaving.

[0524]

processing and column twist deinterleaving have been

performed but parity deinterleaving has not been performed

S e 1o -J =R A PN T b ot I a5 oy b
is supplied from (the column twist deint
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to the LDPC decoder 166.

o
-
ot
Q.
w
[
of
D
i
}_J
o
L
<
@
[
ot
[&))
(o

—

The LDPC decoder 166 performs LDPC decoding on the LDPC
code supplied from the bit deinterleaver 165 by using a
transformed parity check matrix obtained by performing at
least column permutation corresponding to parity
interleaving on the parity check matrix H that the LDPC
encoder 115 illustrated in Fig. 8 has used for LDPC encoding,
and outputs the resulting data as a result of decoding the

LDPC target data.

Fig. 118 is a flowchart depicting a process performed

P

®

by the QAM decoder 164, the bit deinterleaver 165, and the
LDPC decoder 166 illustrated in Fig. 117.
[0527]

In step 3111, the QAM decoder 164 demaps the symbols
(i.e., symbols mapped to constellation points) supplied from
the time deinterleaver 163 for orthogonal demodulation, and
supplies the resulting data to the bit deinterleaver 165.

Then, the process proceeds to step S112.

eaver 1lbd per

In step 5112, the bit deinter orms

o
&
1y

deinterleaving (i.e., bit deinterleaving) on the symbol bits
of the symbols supplied from the QAM decoder 164. Then, the

process proceeds to step Si13.
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More specifically, in step S112, the multiplexer 54 in
the bit deinterleaver 165 performs inverse permutation
processing on the symbol bits of the symbols supplied from
the QAM decoder 164, and supplies the code bits of the
resulting LDPC code to the column twist deinterleaver 55.
[0530]

The column twist deinterleaver 55 performs column twist
deinterleaving on the LDPC code supplied from the
multiplexer 54, and supplies the resulting LDPC code to the
LDPC decoder 166.

[0

(&2}

[O9]

[
o

In

]

tep S113, the LDPC decoder 166 performs LDPC
decoding on the LDPC code supplied from the column twist
deinterleaver 55 by using the parity check matrix H that the
LDPC encoder 115 illustrated in Fig. 8 has used for LDPC
encoding, that is, by using a transformed parity check
matrix obtained by performing at least column permutation
corresponding to parity interleaving on the parity check
matrix H, and outputs the resulting data to the BCH decoder

167 as a result of decoding the LDPC target data.

Note that, also in Fig. 117, similarly to the case
1llustrated in Fig. 9, the multiplexer 54 that performs

inverse permutation processing and the column twist
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deinterleaver 55 that performs column twist deinterleaving

are configured as separate units, for convenience of

illustration.

twist deinterleaver 55 may be integrated into a sin

[0533]

In addition,

However, the multiplexer 54 and the column

9]

le unit

L 5= - R S .

if the bit interleaver 116 illustrated in

Fig. 9 does not perform column twist interleaving, the bit

deinterleaver 165 illustrated in Fig. 117 need not be

provided with the column twist deinterleaver 55.

[0534]

Next,

illustrated in Fig. 116 will be d

[0535]

LDPC decoding performed by the LDPC decoder 166

D

scribed in further detail.

a

As described above, the LDPC decoder 166 illustrated in

Fig. 116 performs LDPC decoding on the LDPC code supplied

from the column twist deinterleaver 55, on which inverse

permutation processing and column twist deinterleaving have

been performed but parity deinterleaving has not been

performed,

by using a transformed parity check matrix

obtained by performing at least column permutation

corresponding

matrix

to parity interleaving on the parity check

il
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1llustrated in Fig. © nas
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1

transtformed parity check matrix so as to

s

eep The operating
freguency within a sufficiently feasible range while
reducing the size of circuitry. Such LDPC decoding has been
previocusly proposed (see, for example, Japanese Patent No.

4224777 .

Accordingly, first, LDPC decoding using a transformed
parity check matrix, which has been previously proposed,
will be described with reference to Figs. 119 to 122.

[0538]

Fig. 119 illustrates an example of a parity check
matrix H of an LDPC code having a code length N of 90 and a
code rate of 2/3.

[0539

[—

Note that, in Fig. 119 (also in Figs. 120 and 121,

described below), "0" is represented by a period (".").

oy

0540]
In the parity check matrix H illustrated in Fig. 119, a

parity matrix has a stepwise structure.

(@

[0541]

Fig. 120 illustrates a parity check matrix H' obtained

9

by performin
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permutation of Expression (1Z) on
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1llustrated in Fig. 119.

O
(&3
R



- 288 -

Row permutation: (6s+t+l)~-th row - (5t+s+l)-th row
(1)
[0543]

Column permutation: (6x+y+61)-th column — (Sy+x+6l)-th

column
(12)
[0544]

Note that, in Expressions (11) and (12}, s, t, %, and vy
are integers in the ranges of 0 < s < 5, 0 <t <6, 0 < x <
5, and 0 £ t < 6, respectively.

[0545]
The row permutation of Expression (11) allows

t, 7th, 13th, 19th, and 25th

n

permutation such that the 1
rows, whose numbers are divided by 6 yielding a remainder of
1, are replaced with the 1st, 2nd, 3rd, 4th, and 5th rows,
respectively, and the 2nd, 8th, 1l4th, 20th, and 26th rows,
whose numpbers are divided by 6 yielding a remainder of 2,
are replaced with the 6th, 7th, 8th, 9th, and 10th rows,
respectively.

[054¢6]

Further, the column permutation of Expression (12)

1st, 67th, 7

ot

rd, 7%th, and

(OS]

na

ot
o

on such ne

o

allows permutat C
85th columns, whose numbers are divided by 6 yvielding a
remainder of 1, among the columns subseguent to the 6lst

4

~~ ] U P A oy s . 1wy s L T o 20T e e I3
column (parity matrix), are replaced with the olst, 6
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63rd, 64th, and 65th columns, respectively, and the 62nd,
68th, 74th, 80th, and 86th columns, whose numbers are
divided by 6 yielding a remainder of 2, are replaced with
the 66th, 67th, 68th, 69th, and 70th columns, respectively.
[0547]

A matrix obtained by performing row and column
permutations on the parity check matrix H illustrated in Fig.
119 in the way described above is the parity check matrix H'
illustrated in Fig. 120.

[0548]
Here, the row permutation of the parity check matrix H

would not affect the order of the code bits of the LDPC code.

s

i
(.

[0549]

Furthermore, the column permutation of Expression (12)
corresponds to parity interleaving that is performed to
interleave the (Kt+gx+ty+l)-th code bit to the (K+Py+x+1l)-th
code blt position as described above, when the information
length K is 60, the number of unit columns P of the cyclic

r 1

structure 1is 5, and the divisor g (= M/P) of the parity

length M (in the illustrated example, 30) is 6.
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rity check matrix
Fig. 120 1s a transformed parity check matrix obtained by
performing at least column permutation to replace the

T

[Ktgux+y+1)-th

of the parity check matrix
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referred to as an "original parity check matrix"” as
appropriate) H illustrated in Fig. 119 with the (K+Py+x+1l)-
th column.
[05511

Multiplying the transformed parity check matrix H'
illustrated in Fig. 120 by an LDPC code obtained by
performing the same permutation as that of Expression (12)
on the LDPC code of the original parity check matrix H
illustrated in Fig. 119 yields a zero vector. More
specifically, if a row vector obtained by performing column

permutation of Expression (12) on a row vector ¢ as an LDPC

o~

code (i.e., a code word} of the original parity check matrix

H is represented by ¢', He' is a zero vector due to the
nature of the parity check matrix, and therefore H'c'' is
also a zero vector.

[0552]

Thus, the transformed parity check matrix H'
illustrated in Fig. 120 1s a parity check matrix of an LDPC
code c¢' obtained by performing column permutation of
Expression (12) on the LDPC code ¢ of the original parity
check matrix H.

05

L }

n

37

t
~J
Accordingly, a similar result of decoding to that

obtained by decoding the LDPC code of the original parity

check matrix H ing the parity check matrix H may be




obtained by decoding (LDPC decoding) the LDPC code c¢', which
is obtained by performing column permutation of Expression
(12} on the LDPC code ¢ of the original parity check matrix
H, using the transformed parity check matrix H' illustrated
in Fig. 120 and then performing the inverse of the column
permutation of Expression (12) on the decoded LDPC code c'.
[0554]

Fig. 121 illustrates the transformed parity check
matriz H' illustrated in Fig. 120 whose elements are spaced
apart from one another in units of 5 x 5 matrices.

[0555]

In Fig. 121, the transformed parity check matrix H' is
represented by a combination of 5 x 5 (= P x P} unit
matrices, matrices each having one or more elements of 1 in
a unit matrix which are replaced by elements of 0
'

(hereinafter referred to as "guasi-unit matrices'" as

appropriate), matrices produced by cyclically shifting a
unit matrix or a quasi-unit matrix (hereinafter referred to

as "shift matrices" as appropriate), matrices each of which

is the sum of two or mor

0]

of a2 unit matrix, a guasi-unit

¥

matrix, and a shift matrix (hereinafter referred to as "sum

appropriate), and b5 x 5 z

i

S RV
TO macrice

4]

ro m

=3
83}
oF
[
}4
0
0]
in
Q

n
o)}
o
"

Fig. 121 can be said to be composed of 5 x 5 unit matrices,



guasi-unit matrices, shift matrices, sum matrices, and zero
matrices. These 5 x 5 matrices (unit matrices, guasi-unit
matrices, shift matrices, sum matrices, and zero matrices)
constituting the transformed parity check matrix H' are
hereinafter referred to as "component matrices" as
appropriate.
[0557]

An LDPC code of a parity check matrix represented by P
x P component matrices may be decoded using an architecture
that simultaneously performs check node computation and

variable node computation each for P nodes.

Fig. 122 1s a block diagram illustrating an example
configuration of a decoding device that performs the
decoding operation described above.

[0559]

More specifically, Fig. 122 illustrates an example
configuration of a decoding device configured to decode an
LDPC code by using the transformed parity check matrix H'
illustrated in Fig. 121, which is obtained by performing at

least column permutation of Expression (12} on the original

- 5 I’ 1 ¥ LI 3 R R RN T R

parity check matrix H 1llustrated in Fig. 119.
can

(05607

The decoding device illustrated in Filg. 122 includes an
ut)
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edge data storage memory

8



selector 301 for selecting one of the FIFOs 300, to 3005, a
check node calculation unit 30Z, two cyclic shift circuits

303 and 308, an edge data storage memory 304 having 18 FIFOs

[ws

he FIFOs

[

304, to 30415, a selector 305 for selecting one of
304, to 3043, a received data memory 306 for storing
received data, a variable node calculation unit 307, a
decoded word calculation unit 309, a received data
reordering unit 310, and a decoded data reordering unit 311.
[0561]

First, a description will be made of a method for
storing data in the edge data storage memories 300 and 304.
[0562]

The edge data storage memory 300 includes the six FIFOs
300, to 300, the number of which is equal to a value
obtained by dividing the number of rows of the transformed
parity check matrix H' illustrated in Fig. 121, i.e., 30, by
the number of rows of each component matrix (i.e., the
number of unit columns P of the cyclic structure), i.e., 5.
Each of the FIFOs 300, (v = 1, 2, ..., 6) includes storage
areas of multiple stages, and is configured such that

messages corresponding to five edges, the number of which is

v
L

o the number of rows and the number of columns o

each component matrix (i.e., the number of unit columns P of

the cyclic structure), can be simultaneously read from and

T noadaition, the
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number of stages of the storage areas of each of the FIFOs
300, is 9, which 1s the maximum of the numbers of 1s

Y

(Hamming weights) in the row direction of the transformed

o
S
[

illustrated in Fi

parity check matri

g.
[0563]

Data (i.e., messages v; from variable nodes)
corresponding to the positions of 1s in the first to fifth
rows of the transformed parity check matrix H' illustrated
in Fig. 121 is stored in the FIFO 300, in such a manner that
every row is filled with the data elements in the lateral
direction (i.e., 0s are ignored). More specifically, if the
element in the J-th row and the i-th column is represented

s

by (3,1), data corresponding to the positions of 1ls in the 5
X 5 unit matrix of (1,1) to (5,5) of the transformed parity
check matrix H' i1s stored in the storage area of the first
stage of the FIFO 300:,. Data corresponding to the positions
of 1s in the shift matrix {(which is a shift matrix obtained
by cyclically shifting the 5 x 5 unit matrix to the right by

three elements) of (1,21} to (5,25) of the transformed

parity check matrix H' is stored in the storagse area of the

second stage. Similarly, data is stored in the storage
a

transformed

vt Ly

reas of the third to eighth stages in assoclatlion with the

)

Furthermore, data
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first row with O0s in the 5 x 5 unit matrix and cyclically
shifting the 5 x 5 unit matrix to the left by one element)
of (1,86) to (5,90) of the transformed parity check matrix

H' is stored in the storage area of the ninth sta

ge.
[0564]

Data corresponding to the positions of ls in the sixth
to tenth rows of the transformed parity check matrix H'
illustrated in Fig. 121 is stored in the FIFO 300,. More
specifically, data corresponding to the positions of 1s in a
first shift matrix included in a sum matrix (which 1s a sum
matrix representing the sum of a first shift matrix obtained
by cyclically shifting the 5 x 5 unit matrix to the right by
one element and a second shift matrix obtained by cyclically
shifting the 5 x 5 unit matrix to the right by two elements)
of (6,1) to (10,5) of the transformed parity check matrix Hf
1s stored in the storage area of the first stage of the FIFO
300,. TFurthermore, data corresponding to the positions of 1s
in the second shift matrix included in the sum matrix of
'

(6,1) to (10,5) of the transformed parity check matrix H' is

ot

stored in the storage area of the second stage.
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having a weight of 2 or more, when the component matrix is
represented by the sum of two or more of a P x P unit matrix

having a welght of 1, a guasi-unit matrix produced by
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replacing one or more elements of 1 in the unit matrix with
elements of 0, and a shift matrix produced by cyclically
shifting the unit matrix or the guasi-unit matrix, data
corresponding to the positions of 1s in the unit matrix
having a weight of 1, the qguasi-unit matrix, or the shift
matrix (i.e., messages corresponding to edges belonging to
the unit matrix, the guasi-unit matrix, or the shift matrix)
is stored in the same address (i.e., the same FIF0O among the
FIFOs 300, to 3004).

[0566]

Data 1s also stored in the storage areas of the
subsequent third to ninth stages in association with the
transformed parity check matrix H'.

[0567]

Similarly, data is stored in the FIFOs 300: to 300 in
association with the transformed parity check matrix H'.
(05681

The edge data storage memory 304 includes 18 FIFOs 304
to 304, the number of which is equal to a value obtained by

dividing the number of columns of the transformed parity

o)

check matrix H', i1.e., 90, by the number of columns of each
component matrix {(i.e., the number of unit columns P of the
cyclic structure), i.e., 5. FEach of the FIFOs 304, (x = 1,

2, ..., 18) includes storage areas of multiple stages, and
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the number of which is equal to the number of rows and the
number of columns of each component matrix (i.e., the number
of unit columns P of the cyclic structure), can be
simultaneously read from and written to the storage area of
each stage.

[0569]

Data (i.e., messages u; from check nodes) corresponding
to the positions of 1s in the first to fifth columns of the
transformed parity check matrix H' illustrated in Fig. 121
is stored in the FIFO 304; in such a manner that every
column is filled with the data elements in the longitudinal
direction (i.e., 0Os are ignored). Specifically, data
corresponding to the positions of 1s in the 5 x 5 unit
matrix of (1,1} to (5,5) of the transformed parity check
matrix H' is stored in the storage area of the first stage
of the FIFO 304,;. Data corresponding to the positions of 1s
in a first shift matrix included in a sum matrix (which is a
sum matrix representing the sum of a first shift matrix
obtained by cyclically shifting the 5 x % unit matrix to the
right by one element and a second shift matrix obtained by
cyclically shifting the 5 x 5 unit matrix to the right by
two elements) of (6,1 to (10,5) of the transformed parity

check matrix H' is stored in the storage area of the second

O
h

stage. Furthermore, data corresponding to the positions
4 I i

1s in the second shift matrix included in the sum matrix of



(6,1) to (10,5) of the transformed parity check matrix H' is
stored in the storage area of the third stage.
[0570]

More specifically, in the case of a component matrix
having a weight of 2 or more, when the component matrix is
represented by the sum of two or more of a P x P unit matrix
having a weight of 1, a quasi-unit matrix produced by
replacing one or more elements of 1 in the unit matrix with
elements of 0, and a shift matrix produced by cyclically
shifting the unit matrix or the guasi-unit matrix, data
corresponding to the positions of ls in the unit matrix
having a weight of 1, the guasi-unit matrix, or the shift
matrix (i.e., messages corresponding to edges belonging to
the unit matrix, the quasi-unit matrix, or the shift matrix)
is stored in the same address (i.e., the same FIFO among the
FIFOs 304, to 30445).

[0571]
Data is also stored in the storage areas of the

subsequent fourth and fifth stages in association with the

h

transformed parity check matrix H'. The number of stages of

storage areas of the FIFO 304, 1s 5, which i1s the maximum of

-} ~ o A 1 o 1oy oy 3 T b Y Ny 11 ~ " S
the numbers of ls [(Hamming weights) in the row direction in

3

m

the first to fifth columns of the transformed parity check
matrix H'.

(0572



Similarly, data is also stored in the FIFOs 304, and
3043 in assoclation with the transformed parity check matrix

H', with the respective lengths (the numbers of stages)

""1

Os 3@4* to 2044-

i
.
-

being 5. Data is also stored in the FIF

assoclation with the transformed parity check matrix H'

-~

with the respective lengths being 3. Data is also stored in
the FIFOs 304,35 to 304,35 in assoclation with the transformed

parity check matrix H', with the respective lengths being 2.
[0573]

A description will now be made of the operation of the
decoding device illustrated in Fig. 122.

[0574]

The edge data storage memory 300, which includes the
six FIFOs 300, to 3004, selects a FIFO to store data from
among the FIFOs 300, to 300¢ in accordance with information
(matrix data) D312 indicating which row in the transformed
parity check matrix H' illustrated in Fig. 121 five messages
D311 supplied from the cyclic shift ci 1t 308 located
upstream of the edge data storage memory 300 belong to, and
collectively stores the five messages D311 in the selected
FIFO in order. Further, when reading data, the edge data

O : 1
{

~ad D300, in order from

T v e
/ B vl v S8

>
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the FIFO 300:;, and supplies the read messages D300, to the

selector 301 located downstream of the edge data storage

memory 300.
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is completed, the edge data storage memory 300 also reads
messages in order from the FIFCs 300, to 300q, and supplies
the read messages to the selector 301.

[0575]

The selector 301 selects five messages received from a
FIFO from which data is currently being read among the FIFOs
300, to 3004 in accordance with a selection signal D301, and
supplies the selected messages as messages D302 to the check
node calculation unit 302.

[0576]

The check node calculation unit 302 includes five check
node calculators 302; to 302:, and performs check node
computatlion in accordance with Expression (7) using the
messages D302 (D302, to D302:) (corresponding to messages v,
in Expression (7)) supplied through the selector 301. The
check node calculation unit 302 supplies five messages D303
(D303; to D303s) (corresponding to messages us in Expression
(7)) obtained as a result of the check node computation to
the cyclic shift circuit 303.

[0577]

The cyclic shift circuit 303
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calculation unit 302 on the basis of information (matrix

dataj) D305 indicating the number of original unit matrices

R O A - g e T L
i which have been cyclically shifted
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in the transformed parity check matrix H' to obtain the
corresponding edge, and supplies results to the edge data
storage memory 304 as messages D304.

[0578]

The edge data storage memory 304, which includes the 18
FIFOs 304; to 304:4, selects an FIFO to store data from among
the FIFOs 304, to 304:3 in accordance with information D305
indicating which row in the transformed parity check matrix
H' the five messages D304 supplied from the cyclic shift
circuit 303 located upstream of the edge data storage memory
304 belong to, and collectively stores the five messages
D304 in the selected FIFO in order. Further, when reading
data, the edge data storage memory 304 reads five messages
D306, in order from the FIFO 304, and supplies the read
messages D306; to the selector 305 located downstream of the
edge data storage memory 304. After the reading of data
from the FIFO 304, is completed, the edge data storage

memory 304 also reads messages in order from the FIFOs 304,

A

to 30455, and supplies the read messages to the selector 205.

{

[0579]

ects five messages from a FIFO from

bt

The selector 305

€3]

e

T o

e FIFOs 304, to

which data i1s currently being resad among t

304, in accordance with a selection signal D307, and

[§3]
<

pplies the selected messages as messages D308 to the

variable node calcul

—~

tion unit 307 and the decoded word
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calculation unit 309.
(05807

On the other hand, the received data reordering unit

b}

¢

310 reorders an TLDPC code D313 corresponding to the parity
check matrix H illustrated in Fig. 119, which has been
received through the communication path 13, by performing
column permutation of Expression {(12), and supplies the
resulting data as received data D314 to the received data
memory 306. The received data memory 306 calculates
reception LLRs (log-likelihood ratios) from the received
data D314 supplied from the received data reordering unit
310, and stores the reception LLRs. The received data

lectively supplies the

[

recrdering unit 310 further co

D

reception LLRs in units of five reception LLRs as reception
values D309 to the variable node calculation unit 307 and
the decoded word calculation unit 309.
(05817

The variable node calculation unit 307 includes five
variable node calculators 307, to 3075, and performs variable
node computation in accordance with Expression (1) using the
messages D308 (D308; to D308:) {(i.e., messages u; in
Expressicn (1)) supplied through the selector 305 and the

five reception values D309 (reception values us; 1n

Expression (1)) supplied from the received data memory 306
The variable node calculatior supplles messages




D310 (D310, to D310s) (i.e., messages v; in Expression (1})
obtained as a result of the computation to the cyclic shift
circuit 308.

[0582]

The cyclic shift circult 308 cyclically shifts the
messages D310; to D310s calculated by the variable node
calculation unit 307 on the basis of information indicating
the number of original unilit matrices (or quasi-unit
matrices) which have been cyclically shifted in the
transformed parity check matrix H' to obtain the
corresponding edge, and supplies results to the edge data
storage memory 300 as messages D311.

[0583]

The series of operations described above can be
performed once to perform single decoding of an LDPC code
(variable node computation and check node computation).
Lfter decoding an LDPC code a certain number of times, the
decoding device illustrated in Fig. 122 determines and
outputs final decoded data through the decoded word
calculation unit 309 and the decoded data reordering unit

311.
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More specifically, the decoded word calculation unit

¢

)

309 includes five decoded word calculators 309, to 309, and

serves as a final stage of a plurality of decoding
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operations to calculate decoded data (i.e., a decoded word)
in accordance with Expression (5) using the five messages

D308 (D308, to D308s) (i.e., messages u; in Expression (5))

ot

1o values

|53

output from the selector 305 and the five recep
D30% (i.e., reception values uy; in Expression (5)) supplied
from the received data memory 306. The decoded word
calculation unit 309 supplies decoded data D315 obtained as
a result of the calculation to the decoded data reordering
unit 311.

[0585]

The decoded data reordering unit 311 changes the order
of the decoded data D315 supplied from the decoded word
calculation unit 309 by performing the inverse of the column
permutation of Expression (12, and outputs the resulting
data as final decoded data D316.

[0586]

As described above, one or both of the row permutation
and the column permutation are performed on the parity check
matrix (i.e., the original parity check matrix) to convert
the parity check matrix intc a parity check matrix (i.e., a
transformed parity check matrix) that can be represented by
a combination of component matrices, namely, a P x P unit
matrix, a guasi-unit matrix produced by replacing one or

more elements of 1 with elements of 0, a shift matrix
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quasi-unit matrix, a sum matrix representing the sum of two
or more of the unit matrix, the gquasi-unit matrix, and the
shift matrix, and a P x P zero matrix. This allows decoding

vy

1
Y

n

of an LDPC code by using an architecture that simultanecu
performs check node computation and variable node
computation each for P nodes, where P is less than the
number of rows or the number of columns of the parity check
matrix. The use of an architecture that simultaneously
performs node computation (computation of check nodes and
computation of variable nodes) for P nodes, where P is less
than the number of rows or the number of columns of a parity
check matrix, makes it possible to perform multiple
repetitive decoding while keeping the operating fregquency
within a feasible range, compared to the case where node
computation is simultaneocusly performed for nodes, the
number of which is equal to the number of rows or the number
of columns of a parity check matrix,.

[0587]

3

Similarly to the decoding device illustrated in Fig.

122, the LDPC decoder 166 included in the receiving device
12 illustrated in Fig. 116 is configured to perform LDPC
£ SO

- - e T e iy gy e
for example, simultaneously performing check

[

wode computation and variable node computation each for P

nodes.

10588]



More specifically, it is assumed now that, for ease of

description, the parity check matrix of the LDPC code output

N

from the LDPC encoder 115 included in the transmitting

device 11 illustrated in Fig. 8 is, for exam the pari

¥

Ty
check matrix H illustrated in Fig. 119 in which a parity
matrix has a stepwise structure. 1In this case, the parity
interleaver Z3 of the transmitting device 11 performs parity
interleaving to interleave the (K+gx+y+l)-th code bit to the
(K+Py+x+1l)~-th code bit position with the information length
K being 60, the number of unit columns P of the cyclic
structure being 5, and the divisor g (= M/P) of the parity
length M being 6.

89

(83}

[0

[

As described above, this parity interleaving operation
corresponds to the column permutation of Expression (12).
Thus, it 1s not necessary for the LDPC decoder 166 to
perform the column permutation of Expression (12).

[0590]

In the receiving device 12 illustrated in Fig. 11¢€

therefore, as described above, an LDPC code on which parity

deinterleaving has not been performed, that is, an LDPC code
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has been
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performed, 1s supplied from the column twist deinterleaver

.DPC deccder 166. The LDPC decoder 166 performs
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illustrated in Fig. 122, except that the column permutation

of Expression (12) is not performed.

More specifically, Fig. 123 illustrates an ewxamn
configuration of the LDPC decoder 166 illustrated in Fig.

116.

In Fig. 123, the LDPC decoder 166 has a configuration
similar to the decoding device illustrated in Fig. 122,
except that the received data reordering unit 310
1llustrated in Fig. 122 is not included, and performs
processing similar to that of the decoding device
illustrated in Fig. 122, except that the column permutation
of Expression (12Z2) is not performed, which is not described
herein.

[0593]

As described above, the LDPC decoder 166 may be
configured without including the received data reordering
unit 310, and can be smaller in size than the decoding
device i1llustrated in Fig. 122.

[0594]
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illustration, the code length N of an LDPC code is 90, the
information length K is 60, the number of unit columns P of
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number of columns of a component matrix) 1is 5, and the

divisor g (= M/P} of the parity length M is 6. However, the
code length N, the information length K, the number of unit
columns P of the cvelic structure, and the divisor g (= M/P)

~i

are not limited to the values described above.

More specifically, the LDPC encoder 115 in the
transmitting device 11 illustrated in Fig. 8 outputs an LDPC
code with, for example, the code length N being 64800, 16200,
or the like, the information length K being given by N - Pqg
(= N - M), the number of unit columns P of the cyclic
structure being 360, and the divisor g being given by M/P.
The LDPC decoder 166 illustrated in Fig. 123 may be used to
perform LDPC decoding on the LDPC code described above by
simultaneously performing check node computation and
variable node computation each for P nodes.

(05967

Fig. 124 includes diagrams depicting the processing of
the multiplexer 54 included in the bit deinterleaver 165
tllustrated in Fig. 117.

] ;

More specifically, part A of Fig. 124 illustrates an
example functional configuration of the multiplexer 54.

[0598]

The multiplexer 54 includes an inverse permutation unit



1001 and a memory 1002.
[0599]

The multiplexer 54 performs inverse permutation

rse of

processing (which is the inve tat
corresponding to the permutation processing performed by the
demultiplexer 25 of the transmitting device 11, on the
symbol bits of the symbols supplied from the QAM decoder 164
located upstream of the multiplexer 54. That is, the
multiplexer 54 performs inverse permutation processing to
restore the positions of the code bits (symbol bits) of the
LDPC code that have been permuted through the permutation
processing to the original positions, and supplies the
resulting LDPC code to the column twist deinterleaver 55
located downstream of the multiplexer 54.
[0600]

More specifically, mb symbol bits veo, Vi, -.., Va1 Of b
symbols are supplied to the inverse permutation unit 1001 in
the multiplexer 54 in units of (consecutive) b symbols.

[0601]

)

[

The inverse permutation unit 1001 performs inve

rse

(

permutation to restore the mb symbol bits ys L0 yap-: Lo the
order of the mb original code bits ba, Ly, ..., D (1.e.,

LOn

before the permutat

unit 32 included in the demultiplexer 25 on the transmitting

device

11 side performs permutation), and outputs the
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resulting mb code bits by To bpp-:

Similarly to the memory 31 included in the

demultiplexer 25 on the t

! ransmitting device 11 side

+ha
11T , Lhe

memory 1002 has a storage capacity to store mb bits in 1ts

row (horizontal) direction and N/ (mb) bits in its column

(vertical) direction.

In other words, th

the memory 1002

includes mb columns for storing N/ (mb) bits.

[0603]

Note that code bits of the LDPC code output from the

inverse permutation unit 1001 are written to the memory 1002

in the direction in which a code bit 1s read from the memory

31 in the demultiplexer 25 of the transmitting device 11,

and the code bits written in the memory 1002 are read from

the memory 1002 in the direction in which a code bit is

written to the memory 31.

[0604]

Accordingly, as illustrated in part A of Fig. 124, the
multiplexer 54 of the receiving device 12 writes code bits

of the LDPC code output from the inverse permutation unit

1001 in the row direction in units of mb bits, where the
B R T s T T ration moves from the torn to the bottom s tr
WIiting operatlion moves Irom tnhe Top Lo The potltom ol the

memory 1002, starting from the first row.

[0605]
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one code length is completed, the multiplexer 54 reads the
code bits from the memory 1002 in the column direction, and
supplies the read code bits to the column twist
deinterleaver 55 located downstream of the multiplexer 54.
[0606]

Here, part B of Fig. 124 is a diagram illustrating the
reading of code bits from the memory 1002.
[0607]

The multiplexer 54 reads code bits of the LDPC code (in
the column direction) from the top to the bottom of each of
the columns of the memory 1002, where the reading operation

moves toward the right, starting from the leftmost column.

oy

0608]

Fig. 125 1s a diagram depicting the processing of the
column twist deinterleaver 55 included in the bit
deinterleaver 165 illustrated in Fig. 117.

[0609]

L

n

illustrat

o

More specifically, Fig. 12°¢ s an example

configuration of the memcry 1002 of the multiplexer 5H4.
[0610]

The memory 1002 has a storage capacity to store mb bits
al) direction and N/ (mb) bits in its
row (horizontal) direction, and includes mb columns.

(06111

The column twist deinterleaver 55
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deinterleaving by controlling a read start position when
code bits of the LDPC code are written to the memory 1002 in
the row direction and are read from the memory 1002 in the
column direction.

[0612]

More specifically, the column twist deinterleaver 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 of a code bit is
started, as desired, for each of a plurality of columns.
[0613]

Here, Fig. 125 illustrates an example configuration of
the memory 1002 in a case where, as described with reference
to Fig. 28, the modulation scheme is 16APSK, 160AM, or the
like and the multiple b is 1. In this case, the number of
bits m of one symbol is 4, and the memory 1002 includes 4 (=
mb) columns.

(0614}
Instead of the multiplexer 54, the column twist

deinterleaver 55 writes code bits of the LDPC code output

Pty

Y o e PRI . ; 100 3 PPS IR NP
rom the inverse permutation unit 1001 in the row direction,

ct

where the writing operation moves downward sequentially from

the first row of the memory 1002.




Further, when the writing of code bits corresponding to
one code length is completed, the column twist deinterleaver
55 reads the code bits from the memory 1002 (in the column

direction) from the top to the bottom, where the reading
operation moves toward the right, starting from the leftmost
column.

[0616]

Note that the column twist deinterleaver 55 reads code
bits from the memory 1002, using, as a read start position
of the code bit, the write start position from which the
column twist interleaver 24 on the transmitting device 11
side writes a code bit.

[0617]

More specifically, if the 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
directilon are represented by integers arranged 1in ascending
order, the column twist deinterleaver 55 sets the read start
position for the leftmost column to the position at the

address 0, the read start position for the second column

(from the left) to the position at the address 2, the read
start positicn for the third column to the position at the

address 4, and the read start position for the fourth column
to the position at the address 7 in a case where the

1 1

modulatrion scheme 1s 16APSK or 16QAM and the multiple b is



[0618]
Note that, after reading code bits up to the bottom of

the column for which the read start position is set to a

6]
o)

d

D

ess U, th

Lol F

position other than the position at the
column twist deinterleaver 55 returns to the first position
(i.e., the position at the address 0), and reads code bits
up to the position immediately before the read start
position. The column twist deinterleaver 55 then performs
reading from the subsequent (right) column.

[0619]

The column twist deinterleaving operation described
above allows the order of code bits that have been reordered
through column twist interleaving to return to the original
order.

(0620]

Fig. 126 is a block diagram illustrating another

example configuration of the bit deinterleaver 165

illustrated in Fig. 116.

[0621]

8]

Note that, in Fig. 126, portions corresponding to those
illustrated in Fig. 117 are assigned the same reference

e T e R, PR R I A R
numerals, and a d@‘&llpplQﬁ thereof will be omitted

More specifically, the bit deinter
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illustrated in Fig. 126 has a configuration similar to that
illustrated in Fig. 117, except that a parity deinterleaver
1011 is further included.
(06231

In Fig. 126, the bit deinterleaver 165 includes a
multiplexer (MUX) 54, a column twist deinterleaver 55, and a
parity deinterleaver 1011, and performs bit deinterleaving

on code bits of the LDPC code supplied from the QAM decoder

"

164.
[0624]

More specifically, the multiplexer 54 performs inverse
permutation processing (which is the inverse of permutation
processing), corresponding to the permutation processing
performed by the demultiplexer 25 of the transmitting device
11, on the LDPC code supplied from the QAM decoder 164.
That 1s, the multiplexer 54 performs inverse permutation
yrocessing to restore the positions of the code bits
permuted through permutation processing to the original
positions, and supplies the resulting LDPC code to the
column twist deinterleaver 55,

(0625]

o

performs column twist

W

o

caver

ot

Tl R Lo oo
The column twist deinter

deinterleaving, corresponding to column twist interleaving

as the reordering processing performed by the column twist
interleaver 24 of the transmitting device 11, on the LDPC



— 1 —

A

code supplied from the multiplexer 54.
[0626]

The LDPC code obtained as a result of columnn twist
deinterleaving is supplied from the column twist
deinterleaver 55 to the parity deinterleaver 1011.

[0627]

The parity deinterleaver 1011 performs parity
deinterleaving (which is the inverse of parity interleaving
operation), corresponding to parity interleaving performed
by the parity interleaver 22 of the transmitting device 11,
on the code bits on which column twist deinterleaving has
been performed by the column twist deinterleaver 55. That
is, the parity deinterleaver 1011 performs parity
deinterleaving to restore the code bits of the LDPC code
whose order has been changed through parity interlieaving to
the original order.

[0e28]
The LDPC code obtained as a result of parity

deinterleaving 1s supplied from the parity deinterlieaver

1011 to the LDPC decoder 1696
[0629]
Accordingly, the bit deinterleaver 165 illustrated in
Yo

Fig. 126 supplies an LDPC code on which inverse permutation
orocessing, column twist deinterleaving, and parity

r

deinterleaving have been performed, i.e., an LDPC code
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obtained through LDPC encoding in accordance with the parity
check matrix H, to the LDPC decoder 166.
[0630]

The LDPC decoder 166 performs LDPC decoding on the T.DPC
code supplied from the bit deinterleaver 165 by using the
parity check matrix H that the LDPC encoder 115 of the
transmitting device 11 has used for LDPC encoding. More
specifically, the LDPC decoder 166 performs LDPC decoding on
the LDPC code supplied from the bit deinterleaver 165 by
using the parity check matrix H that the LDPC encoder 115 of
the transmitting device 11 has used for LDPC encoding, or by
using a transformed parity check matrix obtained by
performing at least column permutation, corresponding to
parity interleaving, on the parity check matrix H.

[0631]

Here, in Fig. 126, an LDPC code obtained through LDPC
encoding in accordance with the parity check matrix H is
supplied from (the parity deinterleaver 1011 of) the bit

deinterleaver 165 to the LDPC decoder 166. Accordingly, in

a case where the LDPC decoding of the LDPC code is performed
using the parity check matrix H that the LDPC encoder 115 of
the transmitting device 11 has used for LDPC encoding, the

LDPC decoder 166 may be implemented as, for example, a

decodlng device configured to perform LDPC decoding using a

full serial decoding method for segquentially performing



computation of messages (i.e., check node messages and
variable node messages) on a node-by-node basis, or a
decoding device configured to perform LDPC decoding using a
full parallel decoding mefthod for simultanecusly f(or in

parallel) performing computation of messages for all the

nodes.

Furthermore, in a case where the LDPC decoder 166
performs LDPC decoding on an LDPC code using a transformed
parity check matrix obtained by performing at least column
permutation, corresponding to parity interleaving, on the
parity check matrix H that the LDPC encoder 115 of the
transmitiing device 11 has used for LDPC encoding, the LDPC
decoder 166 may be implemented as a decoding device having
an architecture that simultaneously performs check node
computation and variable node computation each for P (or a
divisor of P other than 1) nodes, which is the decoding
device (Fig. 1Z2) including the received data reordering
unit 310 configured to perform column permutation similar to
column permutation for obtaining a transformed parity check

matrix on an LDPC code to reorder the code bits of the LDPC

Note that, in Fig. 126, the multiplexer 54 that
e ~ion processing, the column twist
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[N g
le}

deinterleaver

and the parity deinterleaver 1011 that performs

deinterleaving are configured as separate units,

convenience of illustration. Two or more

However,

multiplexer 54, the column twist deinterleaver 55,

parity deinterleaver 1011 may be integrated into a

unit, similarly to the parity interleaver 23,

twist interleaver 24,

transmitting device 11.
[0634)]

In addition, 1f the bit interleaver 116 (Fig.

transmitting device 11

parity interleaver 23 or the column twist interl]

the bit deinterleaver 165 illustrated in Fig.

configured without including the column twist deint

-

55 or the parity deinterleaver 1011.

e
")
o
g
[
-

Also in this case,

implemented as a decoding device of the full

type tha erforms

o+
ge)

{
O
Hh

decoding device

or the decoding device

including the received data reordering unit

fo perform LDPC decoding by simultaneously perform

[

the LDPC decoder 166 may be

iRalel
Ao bd

that performs column twist deinterleaving,
parity

for

and the

single

the column

and the demultiplexer 25 of the

8y of the

i3 configured without including the

>

eaver 24,

126 may be

erleaver

serial decoding
LDPC decoding using the parity check

parallel

310 configured

checlk
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node computation and variable node computation each for P
nodes using a transformed parity check matrix H'.

[0636]

[Example Configuration of Receiving System]

Fig. 127 is a block diagram illustrating a first
example configuration of a receiving system to which the
receiving device 12 is applicable.

[06

)

8]

In Fig. 127, the receiving system includes an
acquisition unit 1101, a transmission path decoding
processing unit 1102, and an information source decoding

processing unit 1103.

J

[0639]

3

(.

The acquisition unit 1101 acquires a signal including

an LDPC code obtained by performing at least LDPC encoding

on LDPC target data such as image data and audioc data of a

program via a transmission path (or communication path) (not

3

illustrated) such as terrestrial digital broadcasting,

satellite digital broadcasting, a CATV network, the Internet,

or any other suitable network, and supplies the signal to

o
e

ath decoding processing un

Here, in a case where the acqguisition unit 1107

acquires a signal broadcasted y

from, for example, a broadcast



station via terrestrial, satellite, CATV (Cable Television}y,
or any other network, the acguisition unit 1101 may be

implemented as a tuner, an STRB (Set Top BRox), or the like.

ot

uni 101 acqui

Further, in a case where the acaguisition unit
a signal transmitted using, for example, multicast
technology like IPTV (Internet Protocol Television) from a
web server, the acquisiticon unit 1101 may be implemented as
a network I/F (Interface) such as a NIC (Network Interface
Card) .

[0641]

The transmission path decoding processing unit 1102
corresponds to the receiving device 12. The transmission
path decoding processing unit 1102 performs a transmission
path decoding process, including at least processing for
correcting errors caused in a transmission path, on the
signal acquired by the acquisition unit 1101 via a
transmission path, and supplies the resulting signal to the

information source decoding processing unit 1103.

b]

[0642]

B 1L

More specifically, the signal acguired by the

8}

acgulisition unit 1101 via a transmission path is signal

N M. H . - o - T e - o o A P T [ .
obtalined by performing at least error correcting encoding to

a5

-
i

Y

correct errcrs caused 1n a transmission path. The

fransmi

9]

sion path decoding processing unit 1102 performs a

+
H

th decoding process such as an error

S510Nn e

i
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correction process on the above-described signal.
[0643]

Here, examples of the error correcting encoding include
LDPC encoding and BCH encoding. Here, at least LDPC
encoding 1s performed as error correcting encoding.

[0644]

Furthermore, the transmission path decoding process may
include, for example, demodulation of modulation signals.
[0645]

The information source decoding processing unit 1103
performs an information source decoding process, including
at least processing for expanding compressed information
into original information, on the signal on which the
transmission path decoding process has been performed.

[0646]

More specifically, the signal acguired by the
acquisition unit 1101 via a transmission path may have been
subjected to compression encoding for compressing
informatlion in order to reduce the amount of data such a
image data and audio data as informatrion. In this case, th
information source decoding processing unit 1103 performs an
information source decoding process, such as processing for
expanding compressed 1nformation into original information

l.e., expanslon processing), on the signal on which the

cess has been performed.
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[0647]

Note that, 1f the signal acquired by the acquisition
unit 1101 via a transmission path has not been subjected to
on encodin g, e in n source deco
processing unit 1103 does not perform processing for
expanding compressed information into original information.
[0648]

Here, examples of the expansion processing include MPEG
decoding. Furthermore, the transmission path decoding
process may include descrambling and so forth in addition to

expanslion processing.

[0

i

[

49]

In the recelving system having the configuration
described above, the acqguisition unit 1101 acguires a signal
obtained by performing compression encoding such as MPEG
encoding and error correcting encoding such as LDPC encoding
on data such as image data and audio data, via a
transmission path, and supplies the acguired signal t

2.

transmission path decoding processing unit 11C
[0650]

"

The transmission path decoding processing unit 1102
performs a transmission path decoding process, for example,
processing similar to that performed by the receiving device
12, on the signal supplied from the acquisition unit 1101

4

the information source
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decoding processing unit 1103.
[0651]
The information source decoding processing unit 1103

performs an information source decoding

rocess Syich =
1 i on SouUrcCe AeCOoCln rocess Such S

o1}

[t
e}

decoding on the signal supplied from the transmission path
decoding processing unit 1102, and outputs the resulting
images or audio.

[0652]

The receiving system illustrated in Fig. 127 as
described above may be applied to, for example, a television
tuner or the like that receives television broadcasting as
digital broadcasting.

0

53]

[ep]
wn

]

Note that the acguisition unit 1101, the transmission
path decoding processing unit 1102, and the information
source decoding processing unit 1103 may be constructed as
single independent devices (hardware (such as ICs
{Integrated Circuits)) or software modules).

[0654]

In addition, the acquisition unit 1101, the

transmission path decoding processing unit 1102, and the

1ng processing unit 1

Q,

formation source deco
configured such that the combination of the acqguisition unit

1101 and the transmissicn path decoding processing unit 1102,

v Y s o T L o I S & P P e S e e ) ol 4 N ~ o N
the compl I the transmisslion path decoding processing

&



unit 1102 and the information source decoding processing
unit 1103, or the combination of the acguisition unit 1101,
the transmission path decoding processing unit 1102, and the
information souvce decoding processing unit 1103 is
constructed as a single independent device.

[0655]

Fig. 128 is a block diagram illustrating a second
example configuration of the receiving system to which the
receiving device 12 1is applicable.

[0656]

Note that, in Fig. 128, portions corresponding to those
1llustrated in Fig. 127 are assigned the same reference
numerals, and a description thereof will be omitted
hereinafter, as appropriate.

[0657]
The receiving system illustrated in Fig. 128 is common

te that illustrated in Fig. 127 in that the acquisition unit

the transmission path decoding processing unit 1102,
and the Information source decoding processing unit 1103 are

included, and is different from that illustrated in Fig. 127

in that an output unit 1111 1is further included.
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The output unit 1111 may be, for example, a display
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the like as signals output from the information source
decoding processing unit 1103. 1In other words, the output
unit 1111 displays images or outputs audio.

[0659]

The receiving system illustrated in Fig. 128 as
described above may be applied to, for example, a TV set
(television recelver) that receives television broadcasting
as digital broadcasting or a radio receiver that receives
radio broadcasting.

[0660]
Note that, 1f the signal acquired by the acguisition

unit 1101 has r

ot been subjected to compression encoding, a
signal output from the transmission path decoding processing
unit 1102 is supplied to the output unit 1111.
[0661]

Fig. 129 1s a block diagram illustrating a third

1

>xample configuration of the receiving system to which the

¢

recelving device 12 1is applicable.

[0662]

Note that, in Fig. 129, portions corresponding to those

illustrated in Fig. 127 are assigned the same reference

. ~ — 4 - —~ g + 1 ! T e e -3
num LS, an a cescCript L De cmitited
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hereinafter, as appropriate.

[0663]
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to that illustrated in Fig. 127 in that the acguisition unit
1101 and the transmission path decoding processing unit 1102
are included.

[0664]

However, the receiving system 1llustrated in Fig. 129
is different from that illustrated in Fig. 127 in that the
information source decoding processing unit 1103 is not
included and a recording unit 1121 is further included.
[0665]

The recording unit 1121 records (or stores) the signal
{e.g., TS packets of an MPEG TS stream) output from the
transmission path decoding processing unit 1102 on (or in) a

recording {or storage)] medium such as an optical disk,

o8

hard disk (magnetic disk), or a flash memory.
(06605

The receiving system illustrated in Fig. 129 as
described above may be applied to, for example, a recorder
that records television broadcasting.
[0667]

Note thaft, in Fig. 129, the receiving system may

include the information source decoding processiy

i
e
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15 capable of recording a signal
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that has been subjected to an information source decoding
process by the information source decoding processing unit

or audic obtained by decoding.
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[Embodiment of Computer]
[0669]

Next, the series of
performed by hardware or software. If the series of
processes 1s performed by software, a program constituting
the software 1s installed into a general-purpose computer or
the like.

[0670]

Thus, Fig. 130 illustrates an example configuration of
an embodiment of a computer into which a program for
executling the series of processes described above is
installed.

[0671]

The program may be recorded in advance on a hard disk
705 or a ROM 703 serving as a recording medium incorporated
in the computer.

[(0672]

Alternatively, the program may be temporarily or
persistently stored in (or recorded on) a removable
recording medium 711 such as a flexible disc, a CD-ROM

- FEN

(Compact Disc Read Only Memory), an MO (Magneto Optical)
disc, a DVD (Digital Versatile Disc), a magnetic disk, or a
semiconductor memory. The removable recording medium 711

cacKkageu software.

19}
—

-



[0673]

The program may be installed into the computer from the
removable recording medium 711 described above, or may be
ite

wirelessly transferred to the computer from a downloa

- il LU H <

o}

via an artificial satellite for digital satellite
broadcasting or transferred to the computer via a network
such as a LAN (Local Area Network) or the Internet by wired
connection. In the computer, the program transferred in the
way described above may be received by a communication unit
708, and installed into the hard disk 705 incorporated in
the computer.

[0e74]

The computer has a CPU (Central Processing Unit) 702
incorporated therein. An input/output interface 710 is
connected to the CPU 702 via a bus 701. When an instruction
is input by a user by, for example, operating an input unit
7 including a keyboard, a mouse, a microphone, and so
forth via the input/output interface 710, the CPU 702

ftored 1in the ROM {Read Only Memory) 703

Ui

executes a program
in accordance with the instruction. Alternatively, the CPU

702 loads a program stored in the hard disk 705, a program

5

1lite or a network, received by the

4

0]

R
insrerrec from a sat

o

communication unit 708, and installed into the hard disk 705,

or a program read from the removable recording medium 711

set 1in a drive 709 and installed into the hard disk 705 into
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a RAM (Random Access Memory) 704, and executes the loaded
program. Accordingly, the CPU 702 performs processing
according to the flowcharts described above or processing

i

(o}

the Wias~l A-
e L0 G

with the conficurations ok

4
ALl QLD L Gulaoa et e 2k

performe
described above. Then, the CPU 702 outputs a result of the
processing, 1f necessary, for example, from an output unit
706 including an LCD (Liguid Crystal Display), a speaker,
and so forth via the input/output interface 710, transmits
the result from the communication unit 708, or records the
result on the hard disk 705.

[0675]

It should be noted herein that processing steps
describing a program for causing a computer to perform
various kinds of processing may not necessarily be processed
in a time-series manner in accordance with the order
described herein in the flowcharts, and may also include
processes executed in parallel or individually (for example,

parallel processing or object-based processing).

-
3
QJ
Q.
o8
-
+
o)

lon, a program may be processed by a single
computer, or may be processed by a plurality of computers 1in
’ J Iy P

distributed manner. Furthermore, & program may also be

transferred to and executed by a remote computer.
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limited to the embodiments described above, and a variety of
changes can be made without departing from the scope of the
present technology.

[0678]

More specifically, for example, the (parity check
matrix initial value tables of) new LDPC codes described
above may be used regardless of whether the communication
path 13 (Fig. 7) 1s a satellite link, a terrestrial link, a
cable (wired line), or any other unit. In addition, the new
LDPC codes may also be used for data transmission other than
digital broadcasting.

Reference Signs Lis

jXo;

(067

]
11 transmitting device, 12 receiving device, 23 parity
interleaver, 24 column twist interleaver, 25 demultiplexer,
31 memory, 32 permutation unit, 54 multiplexer, 55 column
twist interleaver, 111 mode adaptation/multiplexer, 112
padder, 113 BB scrambler, 114 BCH encoder, 115 LDPC encoder,
116 bit interleaver, 117 QAM encoder, 118 time interleaver,
119 MISO/MIMO encoder, 120 frequency interleaver, 121 BCH

encoder, 122 LDPC encoder, 123 QAM encoder, 124 frequency

i

interleaver, 131 frame bulilder & resocurce allocation unit,

J
y

132 OFDM generation unit, 151 OFDM processing unit, 152

frame m t, 153 freguency deinterleaver, 154 QAM

frequency
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deinterleaver, 162 MISO/MIMO decoder, 163 time deinterleaver,
164 QAM decoder, 165 bit deinterleaver, 166 LDPC decoder,
167 BCH decoder, 168 BB descrambler, 169 null deletion unit,

170 demultiplexer, 300 ed

L g et

ge data storagce memo
selector, 302 check node calculation unit, 303 cyclic shift
circuit, 304 edge data storage memory, 305 selector, 306
received data memory, 307 variable node calculation unit,
308 cyclic shift circuit, 309 decoded word calculation unit,
310 received data reordering unit, 311 decoded data
recordering unit, 601 encoding processing unit, 602 storage
unit, 611 code rate setting unit, 612 initial value table
read unit, 613 parity check matrix generation unit, 614
information bit read unit, 615 encoding parity computation
unit, 6l6o control unit, 701 bus, 702 CPU, 703 ROM, 704 RAM,
705 hard disk, 706 output unit, 707 input unit, 708
communication unit, 709 drive, 710 input/output interface,
711 removable recording medium, 1001 inverse permutation
unit, 1002 memory, 1011 parity deinterleaver, 1101
acquisition unit, 1101 transmission path decoding processing
unit, 1103 information source decoding processing unit, 1111

output unit, 1121 recording unit
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CLAIMS
[Claim 1]
A data processing apparatus comprising:

T I
Ha o Lull

an encoding unit confi 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
parlity 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 804l
10048 11552 12842

13 1366 4993 6468 7689 8563 9131 10012 10814 11574
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17 272 602 5681 6530 9572 9886 11061 11495 12238 12265
12483 12885 12955

22 2245 4282 4469 5007 6650 6733 10151 10401 11571

23 3270 4468 8621 9662 11240 11934 12091 12444 12691
12717 12858 12888 12917

740 1519 4923 6191 7878 8350 9293 10779 11020 11287
11630 12792 12862 12920

12 28 3584 6072 7079 8075 10477 11130 11383 11780 12341
12667 12818 12927

14 118 5283 5382 8301 9097 9413 8664 10437 10701 11124
12685 12730 12734

32 1426 3078 4325 5353 7780 9042 9928 10077 10377 10679
11191 11750 12611

1 669 3831 3980 5381 5412 6552 8453 9435 10243 11546
11821 11987 12807

232 483 919 1232 2156 2396 2990 3774 8539 8704 8819
10810 11868 12634

2381 7309 9334

348 6494 12623

4872 6257 11090



17 4828 9175

2329 6034 12642
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1254 2366 5013

2984 5078 5664
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7423 10265 11528

1656 8526 8716

22 287 2837

18 100 3079

299 3171 12169

33 5920 11144
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2507 o846 8113
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10807 11278 12731
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4020 12838

2814 11588 12009

6063 9214 11519

6064 6827 12683

1610 2452 6582

903 6289 8074

4592 8138 12952

2587 6271 9945

2733 11844 11893

581 4601 10020

L4 5597 6049

343 3582 5931

5263 6521 12846

1394 2457 5251

2650 10366 12390
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9483 12659 12887
3587 6767 12478
3122 5245 5044
3267 10118 11466
1347 3857 6705
$384 9576 11971
1366 8708 10758
412 4249 12863
1676 10488 11850
17 1605 2455

14 111 6045

11368 12919 12953
10588 11530 12937
4549 5143 12218

3088 4185 11674
23 2554 7823
6ol5 9291 9863
2229 3629 10855
3818 5509 12764

2740 11525 12914

o

. 1 A 1 Yy
36060 11104 12620

5087 10412 12759



22 73 B462

32 12439 12657

8483 9540 10430

7275 7377 7420

5748 9726 12356

5672 6150 9156

28 3527 5857

520 7099 11335

405 6173 12865

5847 12843 12934

4289 7679 10386

2950 8021 12938

g844 11214 12955

2130 10760 12665

734 4790 12940

8 6991 12772

12 1440 5077

8670 8837 12951

3531 9166 12937

15 8901 89829

2648 9959 10934

325 7499 12877

339
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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.
[Claim 2]

The data processing apparatus according to Claim 1,
wherein

where a row of the parity check matrix initial value
table 1is represented by 1 and a parity length of the LDPC
code 1s represented by M,

a {2+4360x(1i-1)}-th column of the parity check matrix is
a column obtained by cyclically shifting a {1+360x(i-1)}-th
column of the parity check matrix, in which positions of
elements of 1 are represented in the parity check matrix

1

nitial value table, downward by g, where g is equal to

[Claim 3]
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wherein
for the {1+360x(i-1)}-th column of the parity check
an i-th row of the parity check matrix initial
value table represents a row number of an element of 1 in
the {[1+4360x(1-1)}-th column of the parity check matrix, and
for each of the {2+360x{i-1}}-th to (360xi)-th columns,
which are columns other than the {1+360x{(i-1)}-th column of
the parity check matrix,
a row number H,.; of an element of 1 in a w-th

column of the parity check matrix, which is a column other

%]

than the {1+360x(i-1)}-th column of the parity check matrix,

is represented by equation Hey = modi{h:,; + mod((w-1}),360) x
M/360, M),
where h;, ; denotes a value in the 1-th row and a -

th column of the parity check matrix initial value table,
and H,.s; denotes a row number of a J-th element of 1 in the
w=th column of the parity check matrix H.
[Claim 4]

The data processing apparatus according to Claim 2,
wherein g 1s 36.

Tl asm B
fdiallt D

The data processing apparatus according to Claim 1,

further comprising:
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only parity bits in code bits of the LDPC code.
[Claim ©]

The data processing apparatus according to Claim 1,
further comprising:

a column twist interleaving unit configured to perform
column twist interleaving on the LDPC code by shifting code
bits of the LDPC code in a column direction and storing the
shifted code bits.

[Claim 7]

The data processing apparatus according to Claim 1,
further comprising:

a permutation unit configured to permute code bits of
the LDPC code to replace the code bits of the LDPC code with
symbol bits of a symbol corresponding to one of a certain
number of constellation points defined by a certain digital
modulation scheme.

[Claim 8]

The data processing apparatus according to Claim 7,
wherein

the permutation unit permutes the code bits that are

stored in a column direction and that are read 1n a row

The data processing apparatus according to Claim 1,
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the parity check matrix is a parity check matrix that
does not have cycle 4.
[Claim 10]

The data processing apparatus according to Claim 1,
wherein

the parity check matrix 1s a parity check matrix of an
LDPC code belonging to an ensemble of LDPC codes having a
performance threshold less than or equal to a certain value,
the performance threshold being an Ep/Ny at which a BER
begins to drop and being detected using multi-edge type

density evolution.

A data processing nmethod comprising:

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

matrlx portion corresponding to the parity bits,

the information matrix portion is represented by a
parity check matrix initial value table, and

value table i1s a table

v the information matrix
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portion in units of 360 columns, including
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8 6991 12772

19 8205 11289

12 1440 9077

8670 8837 12951

3531 9166 12937

15 8901 8929
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2648 9959 10934

323 7499 12877
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15 27 12474

6226 6259 12941.

The data processing method according to Claim 11,
wherein

where a row of the parity check matrix initial value



table 1s represented by i and a parity length of the LDPC
code 1s represented by M,

a {2+360x(i~-1)}-th column of the parity check matrix is
a column obtained by cyclically shifting a {1+360x(i-1)}-th
column of the parity check matrix, in which positions of
elements of 1 are represented in the parity check matrix
initial value table, downward by ¢, where g is equal to
M/360.
[Claim 13}

The data processing method according to Claim 12,
wherein

for the {1+360x(i-1)}-th column of the parity check
matrix,

an i~-th row of the parity check matrix initial

value table represents a row number of an element of 1 in
the {1+360x{i-1)}-th column of the parity check matrix, and

for each of the {2+360x{i~1)}~-th to (360xi)-th columns,
which are columns other than the {1+360x(i-1)}-th column of
the parity check matrix,

a row number Hy, : of an element of 1 in a w-th

column of the parity check matrix, which is a column other

than the [1+360x(i~-1)}-th column of the parity check matrix,
is represented by eqguation H,.. = mod{h; : + mod{({w-1),360) x

P - 1 I E—— . ey ooy 1 - L . M - - - ~ 4 - 4 -1 - 1, -
where h;, . denotes a value In the i-th row and a j-th column
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of the parity check matrix initial value

table, and Hy.;

denotes a row number of a J-th element of 1 in the w-th

column of the parity check matrix H.
[Claim 14]

The data processing method according
whereln g is 36.
[Claim 15]

The data processing method according
further comprising:

interleaving only parity bits in cod

~

he data processing method according
further comprising:
performing column twist interleaving

by shifting code bits of the LDPC code in

and storing the shifted code bits.

[}

[Claim 17
The data processing method according
further comprising:

permuting code bits of the LDPC code

3 i

5 - ~ TN —~ L. o e
e bits of the LDPC code with symbol D

[N

to Claim 12,

to Claim 11,

e bits of the LDPC

to Claim 11,

on the LDPC code

a column direction

to Claim 11,

to replace the

ts of a symbol

corresponding to one of a certain number of constellation

points defined by a certain digital modul

ation scheme.
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The data processing method according to Claim 17,
wherein

the permuting of code bits includes permuting the code
bits that are stored in a column direction and that are read
in a row direction.
[Claim 19)]

The data processing method according to Claim 11,
wherein

the parity check matrix is a parity check matrix that
does not have cycle 4.
[Claim 20]

The data processing method according to Claim 11,
wherein

the parity check matrix is a parity check matrix of an
LDPC code belonging to an ensemble of LDPC codes having a
performance threshold less than or equal to a certain value,
the performance threshold being an E,/Ny at which a BER
begins to drop and being detected using multi-edge type

density evolution.

A data processing apparatus comprising:

a decoding unit configu to decode an LDPC {Low

0]

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

crix of
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the LDPC code inciudes 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 cclumns, including
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15 27 12474

1426 3614 4205

30 2087 11147

6226 6259 12941.
[Claim 22]

The data processing apparatus according to Claim 21,
wherein

where a row of the parity check matrix initial wvalue
table is represented by i and a parity length of the LDPC
code 1is represented by M,

a {2+360x(1i-1)}~th column of the parity check matrix is
a column obtained by cyclically shifting a {1+360x{i-1)}-th
column of the parity check matrix, in which positions of
elements of 1 are represented in the parity check matrix
initial value table, downward by g, where g is equal to
M/360.
[Claim 23]

The data processing apparatus according to Claim 22,
wherein

for the {1+360x{1-1)}~th column of the parity check
matrix,

vy by o~ e
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value table represents a row number of an element of 1 in

the {1+360x(i-1)}-th column of t and
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which are columns other than
the parity check matrix,
a row number H,; of an element of 1 in a w-th

column of the parity check matrix, which is a column other

1+360x{1~-1)}-th column of

than the {1+360x(i-1)}-th column of the parity check matrix,

is represented by equation Hy.y = mod{h;,; + mod((w-1),360)

M/360, M),

where h; 5 denotes a value in the i-th row and a j-th column

of the parity check matrix initial value table, and Hy,-
denotes a row number of a Jj-th element of 1 in the w-th
column of the parity check matrix H.

[Claim 24]
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wherein g is 36.
[Claim 25]

The data processing apparatus according to Claim 21,
further comprising:

a column twist deinterleaving unit configured to
perform column twist deinterleaving on the LDPC code to
restore code pits of the LDPC code to an original order in

case where column twist interleaving has been performed on

[Claim 26]

The data



further comprising:

an inverse permutation unit configured to perform
inverse permutation processing on the LDPC code, in a case
where permutation processing has been performed on the LDPC
code to replace code bits of the LDPC code with symbol bits
of a symbol correspconding to one of a certain number of
constellation points defined by a certain digital modulation
scheme, to restore the code bits whose positions have been
replaced with the symbol bits to original positions.
[Claim 27]

The data processing apparatus according to Claim 26,
wherein

the inverse permutation unit performs inverse
permutation processing to restore the code bits that are
stored 1in a row direction and that are read in a column
direction to original positions.

8]

(N

[Claim

no
[
~

The data processing apparatus according to Claim
wherein
the parity check matrix is a parity check matrix that

does not have cycle 4.

[(Claim 29]
The data processing apparatus according to Claim 21,
wherein
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LDPC code belonging to an ensemble of LDPC codes having a
performance threshold less than or equal to a certain value,
the performance threshold being an E,/Ny at which a BER
begins to drop and being detected using mnlti-edge type
density evolution.
[Claim 30]

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
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 1is represented by a
parity check matrix initial value table, and

the parity check matrix initial value table is a table

Y

showing positions of e

o

emern

[}

s of 1 1n the information matrix

portion in units of 360 columns, including

1504 2103 2621 2840 3869 4594 5246 6314 7327 7364 10425
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[Claim 31]

wherein
where a row of the parity check matrix initial value

b

ength of the LDPC

et

table 1s represented by 1 and a parity

code 1s represented by M,

a {Z+360x{(1-1)}-th column of the parity check matrix

IS

a column obtalned by cyclically shifting a {1+360x{1-1)}-tl

column of the parity check matrix, in which positions of

+

elements of 1 are represented in the parity check matrix
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initial value table, downward by g, where g is equal to
M/360.
[Claim 32]
The data processing method according to Claim 31,
wherein
for the {1+360x(i~1)}~th column of the parity check
matrix,
an i-th row of the parity check matrix initial
value table represents a row number of an element of 1 in
the {1+360x(i-1)}-th column of the parity check matrix, and
for each of the {24360x(i~-1)}~-th to (360xi)-th columns,
which are columns other than the {1+360x{(i-1)}-th column of
the parity check matrix,
a row number H, 5 of an element of 1 in a w-th
column of the parity check matrix, which is a column other
than the {1+360x(i-1)}-th column of the parity check matrix,

i Y

is represented by equation H,. = mod{hy, s + mod((w~1}, 3¢

jen

03

0y x
M/360, M),
where h; ; denotes a value in the i-th row and a j-th column

=
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the parity check matrix initial value table, and H., :

denotes a row number of a J-th element of 1 in the w-th
column of the parity check matrix H.
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[Claim 3

[N
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The data processing method according to Claim 30,
further comprising:

performing column twist deinterleaving on the LDPC code
to restore code bits of the LDPC code to an original order
in a case where column twist interleaving has been performed
on the LDPC code by shifting the code bits the LDPC code in
a column directlon and storing the shifted code bits.
[Claim 35]

The data processing method according to Claim 30,
further comprising:

performing inverse permutation processing on the LDPC
code, 1in a case where permutation processing has been
performed on the LDPC code to replace code bits of the LDPC
code with symbol bits of a symbol corresponding to one of a
certain number of constellation points defined by a certain

ital modulation scheme, to restore the code bits whose

D

i

Q,
e

yositions have been replaced with the symbol bits to

.

original positions.

£

[Claim 36]

.

The data processing method according to Claim 35,

wherein

the inverse permutation processing includes restoring
PR T "‘"\du I g IO TR PR o b e o M - a7 19 v o — 3 # b oy b
the code bits that are stored in a row direction and that
are read in a column direct to oorig positions.




[Claim 37]

The data processing method according to Claim 30,
wherein

the parity check matrix is a parity check matrix that
does not have cycle 4.
[Claim 38]

The data processing method according to Claim 30,
wherein

the parity check matrix 1s a parity check matrix of an
LDPC code belonging to an ensemble of LDPC codes having a
performance threshold less than or equal to a certain value,
the performance threshold being an Ep/Ng at which a BER
begins to drop and being detected using multi-edge type
density evolution.
[Claim 39]

A data processing apparatus comprising:

an encoding unit configured to encode information bits
into 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

he parity check matrix includes an information matrix

ot

portion corresponding to the information bits and a parity

3

Lrix portion corresponding to the parity bits,

ﬁ
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parity check matrix initial value table, and
the parity check matrix initial value table is a
showing positions of elements of 1 in the information matrix
portion in units of 360 columns, including
1860 2354 3967 4292 4488 5243 5373 5766 8378 9111 10468
10505 10774
24 2266 2380 3282 4255 4779 8729 9140 9566 10102 10661

10711 10797

605 650 1108 1669 2251 3133 5847 6197 6902 7545 10521
10600 10773

1016 1428 1612 2335 3102 3810 4926 5953 9964 10246
10569 10734 10784

3195 6308 8029 9030 9397 9461 9833 10239 10499 10675
10736 10757 10773
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1071 2899 5135 57480 6616 7111 7773 8582 9015 9912 10139
10387 10768

292 2833 5490 ¢011 6136 o713 7517 90%6 10128 10228
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4214 8464 5891
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29 6540 7361

5 3787 10468

4264 4818 6906

3903 7041 10412

6078 7661 10619

8790 8814 10793

4768 5466 10664

10 10675 10766

6814 8705 10737

17 769 6692

1503 10696 10742

1285 4632 8976

e

4279 4973 7907
4650 4775 10785

379
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11 10075 10644
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2444 5378 6130
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10 21 9448
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7260 7726 9529
3039 8397 10665
7262 9644 10083
5531 6248 10795
7926 8248 8413
4649 8971 10182.
[Claim 40]
A data processing method comprising:
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 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 matrix portion 1s 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

1860 2354 3967 4292 4488 5243 5373 5766 8378 9111

24 2266 2380 3282 4255 4779 8729 9140 9566 10102 10661
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5 3787 10468
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3903 7041 10412

6078 7661 10619

6922 9723 9890

5112 5416 6253

5925 9961 10447

9 10311 10598

8790 8814 10793

4768 5466 10664

10 10675 10766

6814 8705 107237

17 769 6692

1503 10696 10742
1285 4632 8976

4279 4973 7907

4650 4775 10785

28 729 10331

1914 5240 10723

3569 4921 95

(o)

1

4 9442 10796



10246 10607 10753

5510 7088 9053

1347 3584 5523

7872 10596 10736

628 10592 10695

5632 5688 10627

2375 10009 10561

4169 4630 8871

2896 10038 10521
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682 8544 10449
2794 7110 10741
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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 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 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

1860 2354 3967 4292 4488 5243 5373 5766 8378 9111 10468
10505 10774

24 2266 2380 3282 4255 4779 8729 9140 9566 10102 10661

10711 10797
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10 10675 10766
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1503 10696 10742
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23 9014 10786
7836 8339 8642
3476 5455 9788
1939 10251 10384
4008 7890 10450
926 2090 3804
1038 2497 10701
22 6220 8405
5153 5944 10367
7260 7726 9529
3039 8397 10665
7262 9644 10083
5531 6248 10795
7926 8248 8413
4649 8971 10182.
[Claim 42]
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
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

E

et

on corresponding to the information bits and a parity

[

port

matrix portion corresponding to the parifty 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

1860 2354 3967 4292 4488 5243 5373 5766 8378 9111 10468
10505 10774

24 2266 2380 3282 4255 4779 8729 9140 9566 10102 10661
10711 10797

605 650 1108 1669 2251 3133 5847 6197 6902 7545 10521
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2136 9820 10636

4214 8464 93891

8018 10330 10610

8984 10209 10647

3414 7272 8599

4883 9077 9525

22 8173 8425

2941 6536 10126

29 6540 7361

5 3787 10468

4264 4818 6906
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4650 4775 10785

28 729 10331

1914 5240 10723

3569 4921 9561

4 9442 10796

494 2328 9507

1717 8768 10750

9540 10599 10774

11 10075 10644

10246 10607 10753
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6183 8315 10726
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5153 5944 10367
7260 7726 9529

3039 8397 10665
7262 9644 10083
5531 6248 10795
7926 8248 8413
4649 8971 10182.
[Claim 43]
A data processing apparatus comprising:
an encoding unit configured to encode 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 & 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

2932 4928 5248 5256 5983 6773 6828 7789 8426 8494 8534
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335 4473 4883 5528 60%6 7543 7586 7921 8197 8319 8394
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22 7738 3513
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440 1118 8537
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4 5409 5815
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21 3670 4979.
[Claim 44]
A data processiné method comprising:
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

142 2307 2598 2650 4028 4434 5781 5881 6016 6323 6681
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[Claim 45]

A data processing apparatus comprising:

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 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
porticn in units of 360 columns, including

142 2307 2588 2650 4028 4434 5781 5881 6016 6323 6681
6698 8125

2932 4928 5248 5256 5983 6773 6828 7789 8426 8494 8534
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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
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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[Claim 47]
A data processing apparatus comprising:
an encoding unit configured to encode 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 wvalue 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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sing method comprising:
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 1 in the information matrix
portion in units of 360 columns, including
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[Claim 49]

A data processing apparatus comprising:

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 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

+
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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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[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
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

[=p

matrix portion corresponding to the parity bits,

=

the information matrix portion is represented by a
parity check matrix initial wvalue table, and

the parity check matrix initial value table is a table
showing positions of elements cof 1 in the information matrix

portion in units of 360 columns, including
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[Claim 51]

A data processing apparatus comprising:

an encoding unit configured to encode 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
»ortion 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 tabl a table

e 1

n

showing positions of elements of 1 in the information matrix

portion in units of 360 columns, including
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[Claim 52
A data processing method comprising:
an encoding step of encoeding information bits into an

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

b

64800 bits and a code rate of 28/30 o

[

oS

1 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 informalion matrix

portion corresponding to the information bits and a parity
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matrix porticon corresponding to the parity bits,

the information matrix portion is represented by a
parity check matrix initial wvalue table, and

the parity check matrix initial value table is a table
showing positions ¢f elements of 1 in the information matrix
portion in units of 360 columns, including
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A data processing apparatus comprising:

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 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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[Claim 54]

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
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 matris
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

85 314 160z 1728 1929 2295 2729 2924 3775 4054 477¢
918 1376 1838 1803 2399 2524 2937 3615 3740 4140 4213

1361 1430 2639 2648 2910 3418 3511 3543 4177 4209 4248



472 1143 1318 154% 1830 2228 2249 2250 3626 383

[N
o
LAt
o]
o)
[

226 1401 2154 2318 2851 3317 3468 3944 3983 4047 4093

490 1145 1247 1851 2671 2776 3152 3229 3345 3758 3786

522 1393 1473 2196 2707 3052 3398 3814 3827 4148 4301

417 1982 2176 2336 2459 2806 3005 3771 3870 4080 4243

112 1040 1596 1621 1685 2118 2571 3359 3945 4034 4171

646 1705 2181 2439 2808 2851 2887 3044 3494 4049 4312

& 11 115 245 663 1773 2624 3444 3601 35952 4246

2

11 541 1020 1326 2Z59 2347 2750 2861 3328 3428 4126

[

515 941 1233 1804 2295 2528 3265 3826 4002 4022 4224

46 484 679 1949 2342 2929 3555 3860 3918 4068 4113

1832 2023 2279 2376 2965 3278 3318 3549 3640 3843 3910

241 943 1222 1583 1637 2745 3338 4080 4086 4203 4300
11 1419 1841 2398 2920 3409 3703 3768 3878 4052 4254

878 2049 2123 2431 2657 2704 3135 3342 3728 4141 4162

1o 837 1267 1410 2100 3026 3099 3107 4042 4129 4157

133 646 1367 1394 2118 2311 2676 295¢

N
W
[
O
{al
g
LA
[o)!
LJ
g
[
~J

698 1444 2129 2432 2494 2793 2947 3852 3985 4254 4319

D

11 1076 1618 1995 2332 2743 2934 3009 3565 4169 4188

14 20 808 2629 2681 3090 3491 3835 4017 4068 4083

433 1386 2416 2570 2950 3611 3869 3969 4248 4251 4316

271 bed 1719 2288 25897 2674 3429 3455 37893 4074 4286
55 1485 2000 28600 3000 3734 4013 4287

559 771 1762 2537 2764 z8le 3186 3806 3933 4224 4271

\\\\\\



11 733 1198

o

=
73

)

> 1856 2668 2754 3216 4070 4113 4311

4 806 1832 2047 2058 2724 3387 3793 3833 4005 4319

506 1456 2339 3069 3343 3442 3889 3939 4013 4212 4278

2038 3980 4313

64 2373 4080

800 1535 4166

1030 3759 4002

1687 3269 4225

1219 2632 3878

719 2916 4277

1261 1930 3459

777 1568 1914

4 397 3290

2652 3668 40296

1426 1970 3657

199 1268 2064

570 845 2761

[1xN
[
=
[
(o)
~J
ad

I
o
o0

10 992 1082



1929 422

o

42793

6 1967 3760

593 1812 4107

891 2146 4158

924 2282 3585

592 2971 4235

260 3493 4313

2423 3180 3449

2042 3118 3625

2877 3064 3882

7 2139 4316

4 7 2954

1398 3947 4272

3675 4253 4318

1561 1977 2432

2531 4192 4209

1032 1102 4268

75 1718 3438

925 1073 4171

2124 2762 4148

L1277 1746 3969

494



9 2057 3061

8]

oy

1608 4103 4310

2673 3164 3713

1379 4072 4318

950 3447 414¢

2509 4255 4296

8§19 1352 3371

3562 3865 4041

940 1217 3607

114 2544 4310

)

4 2178 421:

e

2035 4246 4251

0 316z 4207

2389 4034 4111

4 3395 4301

3716 4089 4198

6 4272 4311
1 4 1854
4238 4299 4305

710 3737

49

]



297 1912 4117

1087 1796 4056

2153 3882 4030

962 4043 4203

243 3841 4308

2183 3686 4216

943 1974 2897

278 3224 3933

3 4196 4245

3409 4301 4315

2 2176 3214

402 3203 4008

478 2178 4202

3593 3825 4216

115 2796 4225

3827 4196 4251

1375 4301 4306

496



847 1952 2745
1 1743 4042

2087 3048 4254
1010 4073 4132
2610 4129 4152
4106 4120 4313
7 4282 4304

3885 4227 4319
1235 4105 4195
1700 2332 4224
9 3750 4282

1539 4013 4310

o8]
o

BN
[y

834 4011

(U8]

1397 2758 3645

(@3]

71000 2984

11 3433 4008

1139 1800 3352
8 546 25601

1 4209 4239

2306 4063 4282

497



- 498 -

3887 4299 4318
2612 3830 4230
1300 1596 2155
3622 3671 4230
2491 3722 3977
735 3812 4201

3204 3796 4317
2727 4292 4305
1062 2676 4255
2777 3131 4286
2518 3352 3937
4225 4255 4317

3644 3822 4311

599 2608 3276.
[Claim 55]

A data processing apparatus comprisin

an encoding unit configured to encode 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
b I ) b 13
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the information matrix portion is represented by a
parity check matrix initial value table, and

the parity check matrix initial wvalue table i1is a table
showing positions of elements of 1 in the information matrix
portion in units of 360 columns, including
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[Claim 506]
A data processing method comprising:
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 1s represented by a
parity check matrix initial value table, and
heck 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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[Claim 57]
A data processing apparatus comprising:

a decoding unit configured to decode an LDPC (Low

o~

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 ccde, 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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[Claim 58]
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

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

R N e 3 - £ e b oy N N
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matrix

o]

the information matrix portion 1s represented by

parity check matrix initial value table, and

n

the parity check matrix initial value table is a

showing positions of elements of 1 in the information

portion in units of 360 column including
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