View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Xiamen University Institutional Repository

F RIS 10384 B4
2282, 23120080150536

— >
2 1) A}
URETE NE s

E [ R KIR L RN B (EE wmiIFBEE
RWEH IR

Research on Algorithms and Hardware Implementation of
Channel Coding for Very Low Bit Error Rate Test

L

W R A8

FFEFRL: EH BER
+ & £ R wR5EA%
X/ AH: 2011 £ A

XA 2011 £ A
FEET A 2011 £ A

2011 % A


https://core.ac.uk/display/41427569?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

EXZFZA0e R EITEE

AN EAZ WAL SGEANAE IR T, AL 58 I Tk
Ko RNAER G S AL NsER D2 AR TSR,
AR PG 2 NIRRT SR (R TR ST 9 A o
ARFESE GlAT) )

FION AZEAALR SA ( DU
FIBFFURR, AT ( ) W (4D &R
i, A ( ) SLRESERN.  GEELL LIS NS

VRl PR A D NS BG EAARR, RAT BRI W AR, ) AAME



BiIRFFAIBXE(ERER A

ANRIRE TR AR YE (b Ao N RN 22 67 2% )8 47 58 Jt 713
) S RUE DR BERME FH e 2A 218 S0, I 170 3578 B T ] B R e HLAMIIE AL
AL CRLFRARBTRRN L T 150, SRVFEAAR SCHE AN T T &5
T M B A B S A o AN TR R TR S e A8 SO 4 [
(12 SN 7 o= 2 VAR VPR S8 R IV EE S v T vae O e A 1o W A I
FHEGC G RS, SRHEED S AR Bl sl Hee Ty o BRI A 1 3

Z =S DA @

( ) LR ITREA IR 25 Do W A% OE N IR A AL 30
¥ FOH HRE, R EEH RN

( ) 2. AR, ] BB AL

CEAE L EAINAE S AT “ v 7 BH BRI A DR SA AL SOV
O TRARE R AT e AR S, REET TR A IREZ

FR

DL BE AL SC R A T AR S A IR AN (1, BRIAH
NITALIR S, BIiE ] BRI AL D

PN (F4) -



i E

fFIE AR A S REWHZERIZ L, —HEORH RIS S TR
SR I H S o B TR B 0 2 8 T B 0 AR DU K P 25 23 il A B e T B
BB SOT R A SEI ARG Horb, ARG Y S B R A 5
PR GE . AR S R AA i S AR I IR S, AR R UL LR %
(BER) YERESZ2IDGTE, BN A W7 i A 8 45 BEA A J A o e i) i 2
B

ST, AR FUE TN A A RS2 A H e SRR BER R 15
T G PRI S0 ARSI, g U RS B FEARAIG BER DRI P A4 6
Wk B LA

1. 4T A 5 g PR i AR (R B (R 7 2, A L BT A A 2
MG RYBRA BER PR AT VAR e HI A0 FRAR O Bl A g P s B0 HoR, (H2
X7 AR R 52 BRI T DGR o DA T S A4 1 45 T 2 PR AR 52, n
B AT 5 T 52 2 8 0 S I A e T ZE S AR a6 H b, B PG R 4 L IR
(OSD o2 AIE T B R g, WEEERFENRENIAEE. L5
R, ST AR 0 o] A E G PR ATV, S 2 IR B AT A
2% (LDPC) f4H1 Golay % BER JAE] 107 Gl ¥tk GEMAR,  [F]H AE % I 405t
SR BB e R X s PR 2 R

2. 477 LDPC {53t s BRI, 32 24 op 110 ) AR Y FH 9 2 R £
LDPC fH ¥ it e 4emey, 6 WL AINR 8 H AR IR R T 22 i) 28 ) FH AL 2 42
o A T AEIR] PRI B8 4t s I 2 B LDPC A9 1865, LABENL LDPC i 4E K & it
tH 5 5, R H LDPC A A REAR I 4548, AT 142 HE R 2247 1) LDPC 5 B 25 2244 o
FPGA SRR W], 1% o 42 fig A m 1) 4 ik i R 1) 8 Y0 SR 22 A
LDPC i 1Ehs

3. 4 TSRl A EAVICTE AR A LDPC e g, 76— )
PR EER T, DR I s R AR i s Was S 2 B Hobw, AR5 E H T
ff A S IR RS SEVE o T 1) PRAD 25 9 i R A S, 6T Reed JTH H (1 LURp A
DML THT77%, 455 Chase MR HCH PR IEM SIS, MARECCHI i) f B2



FATF HHEE T Reed J7 VRIS SLE o DF90 I RSS2 Min-Sum PS5
HAMFERIER,

4. HATH R Golay MHAREUIKFN YR SE MBI 3 B2 FE T £ e A
BE, BFAT 248 JGH Golay AU IH] ) Bl A SEIL A BRI YL . DAREAESEIA H AR, £1x
PR SV G AR, R B ME R R A (R A AR A 1T v, BeATI42
S TR SEILY Golay B W] 20 /4 I HCHI PR BERS S0 . THENLOT LR, 1%
P SE S 2 A BB B RIS, U B M LU R, MR e kLo 5dB I,
VLS ARIE G T 11.89 5.

5. 0 TR Golay H5FJAIK BER TR, 2004 Golay AL FAL AT REA
FERE, HE T T Y Golay i3RI A 7S BE IR I PR ERE S0, Oy 7 ki e B v s ol
JIVE R B A AR, BRATKe e e W35 o3 A s V2 N T ik
PEEE T SERR I, ARSI IR PR R AL Chase BRCAI PR FAD 25,
TEORFFAH AN BER PERER RN, BAT AR e, o 5 e L 4
PER, WifEeetth 5dB N, BRIRIMFERIC T 5.63 fi%F.

KRB I A A, R, BRiRtrR, MG, rTEAR
g8, PRSI



ABSTRACT

ABSTRACT

Channel coding has always been attracted on both theoretical research and
hardware implementation in digital communication system. The field of channel
coding mainly consists of four aspects: theoretical analysis, algorithm design and
simulation, hardware implementation and test, where test connects algorithm design
with hardware implementation. With the increasing drive by the need for large data
storage and high data rate communications, the channel coding with very low bit error
rate (BER) performance is becoming very important in the field. Thus the test
technique has been increasingly indispensable in the development of communication.

As for the above requirements, our paper attempts to propose a test scheme for
channel coding, which are suitable to various types of channel coding & decoding and
also guarantees the test of very low BER performance. The main contributions of our
works are:

1. The traditional testing techniques for channel coding have never focus on one
flexible test bench suitable for different channel codings of very low BER test. With
the aim to give such a test bench by means of fast reconfiguration, this paper
introduce reconfiguration system into the test of channel coding, which provide a
high-speed constructible platform for test. Meanwhile, Open Systems Interconnection
(OSI) layer is also introduced so as to lower the complexity of reconfiguring platform.
The experimental results show that based on our final completed test bench, the BER
can be tested to be low to 10" for Multi-edge Low Density Parity Check (LDPC)
code as well as one algebraic code, Golay Code.

2. The current studied of LDPC decoder mainly focus on the specific structured
LDPC framework. A generalized LDPC decoder targeting test for various codes is
seldom proposed. To carry out decoding of various LDPC codes in the same decoder
framework, derived from the random LDPC code, we take advantages of the tree
graph of LDPC codes to propose one LDPC decoder architecture based on caches.

The FPGA validate that this proposed decoder is able to implement decoder for
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various LDPC codes with relatively high throughput and low resource consumption.

3. To achieve this generalized LDPC decoder with high throughput and low
overhead, in one efficient decoder framework, with the aim to reduce computation
complexity of check and variable nodes, it is necessary to propose a decoding tailored
for hardware implementation. For the efficient hardware implementation of decoder,
based on bit error probability approximation proposed by Reed, combined with the
algebra soft decoding of Chase, the decoding based on Reed’s method is applied into
the generalized LDPC decoder. It is found that this decoding algorithm is the same
with the simplified belief propagation algorithm (Min-Sum).

4. The algebra soft decoding algorithm of Golay code mainly focus on
improvement of the error correcting ability, there is little research on hardware
implementation. With the aim to reduce the complexity of decoding, we further
propose a method of modifying the emblematic probability value and reducing the set
of the error pattern, one soft decoding for Golay code that can correct six errors
tailored for hardware implementation 1s proposed. The computer simulation shows the
complexity of decoding is reduced remarkably, especially at the high region of SNR,
such as SNR of a value 5 dB, the complexity is reduced by 11.89 times.

5. In order to test the low BER of Golay code, this paper designs an algebraic
soft decoder correcting up to six errors based on soft decoding tailed for hardware
implementation. To avoid high hardware complexity of center controller, the route
protocol and distribute controller are used in this decoder, thus to avoid the high
hardware complexity induced by center controller. The experimental results show that
in comparison with the decoder based on Chase algorithm, the proposed decoder has
an advantage of lower hardware overhead, while keeping the same BER performance,
especially at the high region of SNR, such as SNR of a value 5 dB,, the hardware

complexity is reduced by 5.63 times.

Keywords: LDPC codes, Golay code, Low BER, Test bench, Reconfiguration system,
OSI
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