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Abstract ; For the problem of determining shift times of the circulant permutation matirx(CPM) in quasi—cy-
clic low—density parity—check (QC-LDPC) codes,a novel construction method based on the perfect differ-
ence family (PDF) among combinatorial mathematics is proposed. When the dimension of the CPM exceeds a
certain particular value,the girth of the Tanner graph of QC—LDPC codes constructed by this method is at
least six,and the proposed algorithm has high flexibility with respect to the design of code-length and code—
rate. In addition,it has less requirement about storage space,so the complexity of the hardware implementa-
tion is reduced. The simulation results show that the net coding gain(NCG) of the PDF-QC-LDPC (3136,
2352) code with the code-rate of 3/4 is respectively improved 1.15 dB and 0.58 dB than those of the GCD
—QC-LDPC(3136,2352) code based on the greatest common divisor( GCD) and the CDF-QC-LDPC (3136,
2352) code based on the cyclic difference family( CDF) at the bit error rate( BER) of 107 In addition , the
NCG of the proposed PDF-QC-LDPC (4880,3584) code is improved 0.21 dB and 0. 13 dB than those of the
GCD-QC-LDPC(4880,3584) code and the CDF-QC-LDPC (4880,3584) code with the same conditions
correspondingly with the code-rate of 4/5 and the BER of 107°.
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family ; net coding gain
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Tab. 1 The numerical analysis of code—length and rate—code

R v n F/ME

/ME k=3 k=4 k=3 k=4
2 12 13 25 312 800
3 2/3 19 37 684 1776
4 3/4 25 49 1200 3136
5 4/5 31 61 1860 4880
6 5/6 37 73 2664 7008
7 6/7 43 85 3612 9520
8 7/8 49 97 4704 10 864
9 8/9 55 109 5940 15 696
10 9/10 61 121 7320 19360
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Fig. 1 The comparison of the error correction
performances between the PDF-QC-LDPC(3136,2352)
code and other codes at the code—rate of 3/4

Ry 1 2B A S A i A B P RE A AL
B, M 5-(61,4,1) -PDF, R4 (3) M iE—4
8x40 FYFEAERE PLHL p Ry 122, AT (1) M3k
584 4/5 B PDF-QC-LDPC (4880,3584 ) fih, M
B2 Al YRR 107 B RS [R Dy 4/5 /Y
2, Tk Y PDF-QC—-LDPC (4880 ,3584 ) iy 5
CHik[ 13 ] GCD-QC—-LDPC ( (4880,3584 ) i3 AH Lt
HA0.21 dBAY NCG By ek, L SCHk[10] /9 CDF -
QC-LDPC (4880,3584) i NCG #2/% 70.13 dB,

10°
e GCD-QC-LDPC(4480,3584)R=4/5
# - CDF-QC-LDPC(4480,3584)R=4/5
-1 o "]
107 S PDF-QC-LDPC(4480,3584)R=4/5
2
10
-3
&10
-4
10
-5
10

-6 o
100905 1.0 15 20 25 3.0 3.5 40
SNR/dB

E 2 H53% K 4/5 i) PDF-QC-LDPC(4880,3584) 155
AR 1 1 B LA
Fig.2 The comparison of the error correction
performances between the PDF-QC-LDPC (4880,3584)

code and other codes at the code—rate of 4/5

5 HRiE

ARSCHET 58 8 2 AR MG IA EARE RS2 1 —Ff
B AR QC - LDPC 1% 1 5 ¥k . 1205 36 M s 1Y)
QC-LDPC 5% T HA B A7t 25 18] 5y TRE {55
IR OLFAS | A 3kt G R A [ BT, 76 73 1 Mo b X3
HARRAGWC SO 7 HAE R - A8 3 B 1Y )



55 56 45

ORI, R AL S R SE s 22 M QC-LDPC 15

55

MR A SO 3 ) PDF —QC —LDPC % it 24 4
PEREOL T SCHR [ 13 ] B T i R A A5 15 1) GCD -
QC-LDPC A% L) K SCRHiR [ 10 ] Ho 56 T PR 22 B 4 1 114
CDF-QC-LDPC % ; B b 2 4b, 8 i 3% BOR [6] (1) 2
B, 0T DL R R R R R O S PR AR
ZG I QC-LDPC AR L T —Fhik e i %,

AR SC T AR AR 3 T 3k AU DU B A A R
FHKIEH M LDPC i PR RE A B2 N &, K ik
FELLUG WIS A vh  n A B i Sl gk — 2P
TRASET 5ot DI RS I AEAE 204
T F 2 FE R BE

S Xk

[1] MACKEY D J C,NEAL R M. Near Shannon limit per-
formance of low—density parity—check codes[J]. Elec-
tronics Letters,1996,33(6) :1645-1646.

[2] JIANG X,XIA X G,LEEM H. Efficient progressive edge
—growth algorithm based on chinese remainder theorem
[J]. IEEE Transactions on Communications, 2014, 62
(2) .442-451.

[3] KRS B2 myl, % FIHBREE LM QC-LDPC
50T, HIHEIAR ,2015,55(4) :355-359.

ZHENG Danlin, MU Pan, TIAN Kai,et al. Construction of
QC-LDPC codes with genetic algorithm[ J]. Telecommuni-
cation Engineering,2015,55(4) :355-359. (in Chinese)

[4] LAN L,SHU L. Construction of quasi—cyclic LDPC codes
for AWGN and binary erasure channels:a finite field ap-
proach [ J ]. IEEE Transactions on Communications,
2007,53(7) :2429-2458.

[5] KAMIYA N. High-rate quasi—cyclic low—density parity—check
codes derived from finite affine planes[ J]. IEEE Transactions
on Information Theory,2007,53(4) :1444-1459.

[6] VASIC B, MILENKOVIC O. Combinatorial constructions
of low—density parity—check codes for iterative decoding
[J]. IEEE Transactions on Information Theory,2004,50
(6):1156-1176.

[7] AMMAR B,HONARY B,KOU Y,et al. Construction of
low density parity—check codes based on balanced incom-
plete block designs[ J]. TIEEE Transactions on Informa-
tion Theory,2004,50(6) :1257-1268.

[8] FOSSORIER M P C. Quasi-cyclic low density parity
check codes from circulant permutation matrices [ J].
TEEE Transactions on Information Theory,2004,50(8) ;
1788-1793.

[9] PARK H,HONG S,NO J S,et al. Construction of high—
rate regular quasi — cyclic LDPC codes based on cyclic
difference families[ J]. IEEE Transactions on Communi-
cations 2013 ,61(8) :3108-3113.

[10] ESMAEILI M,JAVEDANKHERAD M. 4-cycle free LDPC

codes hased on difference sets[J]. IEEE Transactions on

Communications ,2012,60( 12) :3579-3586.

[11] GE G N,MIAO Y,SUN X W. Perfect difference fami-
lies, perfect difference matrices,and related combinatori-
al structures [ J]. Journal of Combinatorial Designs,
2010,18(6) ;415-449.

[12] IBRAHEEM S M,ELRAZZAK M M A,ELDINS M S, et al.
A class of structured quasi-cyclic LDPC codes based on
planar difference families| C]//Proceedings of 2013 Inter-
national Conference on Advanced Technologies for Commu-
nications. Ho Chi Minh City ;. IEEE,2013.614-619.

[13] ZHANG J H,ZHANG G H. Deterministic girth—eight
QC-LDPC codes with large column weight[ J]. TEEE
Communications Letters,2014,18(4) :656-659.

EE®IT:

REE(1968—) 5, K A,2007 4FF
HRR AR TAp 2 o, B 22 At A
SO, FEWFTE DT I R G A ARG AR G
HR

YUAN Jianguo was born in Chongqing, in
= 1968. He received the Ph. D. degree from
= Chongqing University in 2007. He is now a pro-

fessor and also the instructor of graduate students. His research
concerns optical communication systems and channel coding
technologies.

Email ; yyyyjg@ 126. com

FRIE (1992—) &, WU)ILA, S5, 25Ty
6] M35 R G FEC SR A ;

LI Yuanyuan was born in Sichuan Province,in 1992. She is
now a graduate student. Her research concerns forward error cor-
rection ( FEC) encoding/decoding technologies for communica-
tion systems.

Email ; liyuanyax@ 163. com

FEWE(1991—) &, WK, WL A, EEAETT
6] M35 R G FEC Siid A ;

LIANG Mengqi was born in Chongging, in 1991. She is
now a graduate student. Her research concerns FEC encoding/
decoding technologies for communication systems.

Email :1194685995@ (q. com

i BEIE (1991—) , L LR B AP A, F2 2055
6] A5 R G FEC SRR ;

SHANG Xiaojuan was born in Anhui Province, in 1991.
She is now a graduate student. Her research concerns FEC enco-
ding/decoding technologies for communication systems.

Email :1390115692@ qq. com

Ek(1977—) 5, WA SN, 0 6 S0,
BERESEIT 0 R B4 S FEC SiFRHEAR

WANG Yong was born in Zigong, Sichuan Province, in
1977. He is now a professor and also the instructor of graduate
students. His research concerns information security and FEC en-
coding/decoding technologies.

Email ; wangyong_cqupt@ 163. com

- 475 -



