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Abstract

Concatenate coding schemes are considered as theingest solution for
powerful protection of digital information againsonlinear and fading noise
channel. However, the performance of concatenaténgscheme is away from
Shannon's limit. In 1993, Berrou and al introducednew class of error
correcting codes for digital transmission : therBtu code”. Turbo codes have
been shown to perform near the capacity limit om ddditive white Gaussian
noise (AWGN) channels. As a powerful coding techeigturbo code offers
great promise for improving the reliability of coramication over wireless
channels. Another interest area of channel codihgree is LDPC(Low Density
Parity Check) code. The high definition televisidBTV) satellite standard |,
known as the Digital Video Broadcasting (DVB-S2pnsmission system
employs a LDPC coding technique as a channel coslihgme. Unlike turbo
codes, LDPC codes have easily parallelizable dagoalgorithm which consists
of simple operation such as addition, comparisash lank-up table. Moreover
the degree of parallelism is “adjustable” which emkit easy to trade-off
throughput and complexity. However DVB-S2 systemurees large block size
and large number of iterations to near Shannonssit.li The standard
recommends that LDPC coded block size has 648@namber of iteration is
about 70 in the case of half coding rate. A largmber of iterations for a large
block size give rise to a large number of compatatperations, mass power
consumption, and decoding delay. It is necessargdace the iteration numbers
and computation operations without performance afdgfion in order to
implement with low power consumption.

This thesis proposes the two kinds of simplifiedmptexity reduced
algorithm. First, sequential decoding with pargabup is proposed. It has same
H/W complexity, and fewer number of iteration’'s arequired at same

performance in comparison with conventional decodlgorithm. Secondly,



early detection method for reducing the computafia@omplexity is proposed.
Using a confidence criterion, some bit nodes aretkmode edges are detected
early on during decoding. In this way, becauseyeddtected edges are not
computed from following iterations, the computatbrromplexity of further
processing is reduced. However the encoder steicisirvery complicate.
Therefore, it highly required channel coding schemdth simple
encoder/decoder structure and good error perforenéamcorder to apply for
wireless multimedia communications such as Ka-bsatellite and wide-band
mobile communication systems. Recently, there heenhintensive focus on
turbo product code(TPC) which has low latency antpke structures compare
with turbo code. It achieve near-optimum perforngmt low signal-to-noise
ratio. TPCs are two dimensional code constructeohfsmall component codes.
Different than original TPC decoder, which perforrags and column decoding
in a serial fashion, this thesis proposes a pamdeoder structure to reduce the
latency. Furthermore, only one delay element isladen contrast to two delay
elements, i.e., decoding time is halved with thiscture while maintaining the
same performance level. Therefore, this thesis quep the parallel TPC
decoder and analyzes its performance. From thesthe® describe the low

latency and/or computational algorithm of threeative codes.
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Nomenclature

a(m : 4l 259 extrinsic 1B oke] TFAA}
X
-

B(m) SH A5 AFE
d : Parity Check matrix H*] Column-weight
d, : Parity Check matrix H?] Row-weight

IT e

L, AE AlE=

Tmap - MAPOIA o] 535 A7
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Uy : LDPC 35 7]2] 4l Al

V, ., :bitnodeg] update €& 4k

W, , : Check nodeg] update 2& ¢t
w, : extrinsic g K.

[w] : ¥3d 235 A rowol o]t extrinsic 4 .

[w'] :¥3d 235 A columrel 3+ extrinsic % X
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2.1 Low Density Parity Check Codes
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*1714,M =N =K o]t}

UE message row vector(={u,,U,,...,u.,} )& 3tal X &= code

word vector K ={ Xy, X, Xy_1} )EF T,
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check matriv]th. <1714 n,n,,---,Ng & HE =IZ(bit nodes),
m,m,,m;,m, 5% A= =Z(check nodes)} 3™, HE o] /j5E

column-weight, 4| 7 x==2] 7§4= row-weigh&} 3t}
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13 2.1 Parity check matrid <
Fig. 2.1 The example of the parity check matrix.
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u, =-L [ (L, =%), n= (0L...,N-1) (2-3)

@7l 2 : Check Node Update(CNU)
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o714, g9 Aol 44 (2-30 #r).
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wmrd dZ" d, el &5, =, A ddel dEgeke d, e HE
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Vnﬁkl

Bit node n
Checknode k
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(a) (b)
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Fig. 2.2 Message update at bit and check nodes.

(a) Message update at check nodes  (b) Messageeuaitbit nodes
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2.1.2 Low Computational Complexity &38| &
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2.1.2.1 Sequential Decoding with partial Group
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Fig. 2.4 The process of sequential decoding.
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39 edge & BRAOE L o] Fas oo mE A
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13 2.5 sequential decoding %}

Fig. 2.5 The procedure of sequential decoding.
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2.1.2.2 Early-stop algorithm
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13 2.7 Early-stop algorithm= 5=

Fig. 2.7 Block diagram of early-stop algorithm.
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A. Hard decision algorithm
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Tl % parity bit & Blnlste] PUH jteration & F A Fh 17 2.8(b)
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, Early Stop
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Fig. 2.8 Block diagram of two types of early-stdgaaithm.

(a) Hard decision algorithm  (b) Parity check e@raalgorithm
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3 2.1 Hard decision methad @] E_ /Njol w2
Ht AAE iteration 3¢} speedE7H
Table 2.1 The average number of iteration accorttirkg, / N, and speed
increment rate at the hard decision method.

Hard decision
By /No | t of decod
. _ ncrement of decoder
Iteration(603]) speed

0.8 49.52 17.46%
0.825 45.88 23.53%

0.85 43.11 28.15%
0.875 40.53 32.45%

0.9 38.53 35.78%

3% 2.2. Parity check equatiofd <] E, /N, w2
H+ AAE jteration 3=} speed=7H&
Table 2.2 The average number of iteration accorttirkg, / N, and speed
increment rate at the parity check equation method.

Parity check equation
ST | t of decod
: 3 ncrement of decoder

Iteration(603]) speed
0.8 48.56 19.07%
0.825 45.04 24.93%
0.85 42.15 29.75%
0.875 39.86 33.57%
0.9 37.79 37.07%
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2.1.2.3 early Detection Method
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Fig. 2.10 Bipartite graph.
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Fig. 2.11 Simulation results according to the cleaofy T, .

3% 2.3 = LDPC decoderll Al 275 += Axrge] vpdst Aot}

¥ 2.3 LDPC decoder] Z Q23 Ak

Table 2.3 Decoding complexity for conventional @adly detected method.

Number of operation
for conventional decode

5 Number of operations fg
rearly detection method

oty | Mx(@-D)xN, | (Mx(d -d; -1,
e (Nx(d, -2)xN, | ((N-N")xd,)xN,

nodes(additions)
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0!

o714 d; & 7t check noded early detectedd edge | Hi 57

o]a, N' = bit node & early detected 8+ i Z=xolth.

T,=18,T, =10o% n4330s W % 24 = E;/N,7F 1dB & o
7t iteration 8ol w2 d. gk N o] 525 HolFth o] wf N=64800,

K=32400, M=32400,°]™ d.=7, d,=13 o|t}. & 2.4 oA & F Q%]

early detectedy2] 2] AXtge 7]Eo] WAy Hw g

o

4 A=

AlRE Al 50%, HIE == ALE Al 99% o] 7HAE 742t

¥ 2.4 early detected? =

Table 2.4 The number of early detected edges.

N, d /M N’

10 0.387 491.84
20 1.484 19048.59
30 2.619 62372.86
40 3.29 64334.73
50 3.6068 64335.46
60 3.852 64335.46
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2.2 Turbo Product Codes

TPCE T/l F& 7 olgel e Holo 8% Rae pARd
1% 2.12& product codg] TAEE LRI
< n >
A 4
< »
Checks
K, on
n, Information Symbols row
Checks
Check on columns on
v checks

a9 212 TPCHa3d7] A% (P=C,xC,)

Fig. 2.12 Encoder construction of turbo producteddP=C,;x C,) .
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7F2 k. o714 n& cordword] Zololw k= AH AlHe £ &
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Fig. 2.13 Conventional TPC decoder structure.
o714 W(m) mi A teratiomt] & 9] F ARolW, [R]S £l AHE
a + reliability factor, B & scaling factop|t}. & TPC H37]&

Rowd el E£= E3= 3ol updated:= 9% AHE oS columrel
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2.2.1.1 Parallel Algorithm
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