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Optimal construction of high rate QC-LDPC codes for space
communications

JIANG Bin' BAO Jianrong' > TANG Xianghong' XU Xiaorong'

(1. School of Communication Engineering Hangzhou Electronic Science and Technology University Hangzhou 310018 China; 2. Na—
tional Mobile Communications Research Laboratory Southeast University Nanjing 210096 China)

Abstract: To investigate the high—rate quasi-eyclic low-density parity-check ( QC-LDPC) codes with good correcting
performance and easy implementation an optimization method for code construction was proposed on the basis of an
extension of protograph. According to an optimized basic protograph template a high—rate code was achieved by ex—
panding compound variable nodes related to the check nodes of the protograph and enlarging the dimension of the
sub-matrices of the code matrix. A joint optimization algorithm combined with progressive edge growth ( PEG) for
the optimization of the extended base matrices and quasi-eyclic approximated cycle extrinsic message degree ( QC—
ACE) for the quasi-eyclic structure in circulant sub-matrices was proposed to search the offsets of the circulant
permutation of the codeword sub-matrices. The bit error rate performance of the code can be enhanced by improving
the code properties of girth and cycle profile relationship. Simulation results indicate that the proposed codes have
good bit error rate performance and high spectrum efficiency. Therefore it can be applied to design efficient codes
for space information transmissions with a high data rate.

Keywords: quasi-cyclic low-density parity-check codes; protograph; approximated cycle extrinsic message degree;

progressive edge growth; girth; cycle profile relationship

( low-density parity— o

check LDPC) N 1963 Gallager : 1982 Tanner
( Tanner ) ? 1995

12016 —05 - 21. 12017 - 08 - 16. Mackay 1 LDPC

: ( LY17F010019) ;
(61471152) ; (2015C31103) ;
(2014D02) . ° LDPC

(1980 =) ; Turbo Turbo

(1978 -) .

E-mail: baojr@ hdu. edu. cn. o



10

accumulate repeat accumulate

1 p late  ARA
QC-LDPC e,

QC)  ARA LDPC

( quasi-cyclic
7

( consultative committee for space data

systems CCSDS) 5
o CCSDS
4/5 S LDPC
N N . QC-
LDPC
0, QC-LDPC
no 12 QC-—
LDPC
QC-LDPC
B ARA
15
LDPC Tanner
o Hu
PEG
o, Tanner
( ) o
QCA.DPC  Tanner

( approximated cycle extrinsic message degree ACE)

17

o

ACE  PEG
QC-.DPC

QC-LDPC

PEG  ACE

QCADPC .

1 QCADPC

QC-LDPC

7 1/2

QC-LDPC * 1603 *
1 o
o 1
(2n+2) /(2n +4) (n+1)/(n +2)
QC-LDPC n 0 o
(2n+3) ~(2n+5) o
(4n +3) o o

1/2 i3G5
JERASE PRI BAR

1
Fig.1 The protograph template of the code and the rate
expansion
1
Tanner
7
2) 1
Tanner
2 o 2 1
QC-LDPC
n 0 o (4n +5) ~
(4n +10) (4n +5) (4n +6)
Tanner
QC-L.DPC
Tanner o
( )
Tanner
3) 2 Tanner o



* 1604 -

38

«1” “O”O
“O” uln
(
) o
DI I 0 0 I I 0 0 0 OD
0 I 1 I 1 0 0 0 oO
%9100 1011005(1)
? I 0 0 0 0 I I 0 OE
M 0 0 I 0 1 0 0 I Ip
D 0 0 1 00001 I-
“0” (‘17’ 0
1
PEG
( QCACE)
o 6
5 6
2 Tanner
2
(
)
1 2
l 1
J 2 i
( )
Tanner 3
o 3
2
l o
3 Tanner
Turbo
LDPC o

2 Tanner

Fig. 2 The derived Tanner graph by eliminating all re—

peated protograph edges
5 12 JERLEIRR

WANLW'/ 9 2 2 T
N/ AN /] 5 n 2 IR A
“+”

3

Fig.3 The schematic diagram of the cubic expansion of

the protograph

PEG QC-ACE
I
“1 ”
1 4 x4
[0 0 0f
o o 1; oU
= Do I; 0 0 . (2)
S H
Jo o o ;U



10 QC-LDPC * 1605
I; JA7 T PEG ; “begin-end”
16 (2) .
PEG I; 2.2
o for(i=n-1; 1> =0; i--)
begin
I 8 x8 . for(j=0; j<=m-1; j++)
begin
redo:
v; “1”
( QC-ACE) o ; o
ACE v, ACE ACE (v,)
. ACE o “ACE (v,) =(d,-2) d; v,
o ACE 0
o ACE ACE :Y,(d, -2) d,
ACE ACE 2 v, ;
. ACE 7 p(p) <o,
° v; p(v;) <« ACE(v)) ;
PEG o for (k=1; ksd,q; k+ +)
begin
o (k-1) w,;
begin
Ch(w,);
° ( p € Ch(w,) ;
6) begin
Pemp— P(w,) +ACE(p,) ;
: i Py +p (1) = ACE(,) = ACE(p,) <
QC QCACE T ace
2.1 QC-ACE ;
1) . elseif p,... = p(u,)
0 w, w, k M,
Ch (w,) ; ;
2) v;  LDPC ; W, else
LDPC ; PO Py
3) « ) « ) end;
( ) ; end;
4) (dice Mace) end;
dce ACE Naces ;
5) p(u,) if <2d e ACE  <myee
M, ACE : : redo;
6) LDPC end;
n m, end.
7) dycg~Nacp~i~n~mjd;~k QC-LDPC
Piemp o ACE
“ redo ” ACE (dice Mace) (6 3)

“for’ . ‘if-elsé’ . ‘if-elseif”

o



38

* 1606 *
QC-DPC
o LDPC Tanner
3 QCd.DPC LDPC
QCADPC
LDPC elRA % QCADPC o
10
100 50 o
( AWGN) o
3.1 ( ) eIRA .
QC-LDPC 3.2 QC-LDPC
(4128 3 440) 0.833. QC-LDPC
QC-LDPC (4 472 3 440) 512 ( (6 144 5 120) 0.833.
2 ) QCADPC (6656 5 120) 512 (
LDPC 2 )
4161 0.82%, ( EG) ( new
4 . EG) Lbpc " 6 138
o 10
10 'y . -a-¢IRA (4 161, 0.82) 0.838 = -
Tk -¢-R&U (4 161, 0.82) 5 i
10~ " -%-FG (4 161, 0.82)
*  -v-Mackay (4 161, 0.82) 107 ¢
& - ARl (4 128, 0.83) i
2107 ¢ -a-EG (6 138, 0.838)!1%
o % 10° “._ -*-New EG (6 138, 0.838)"%
@1 - R ARG (6 144, 0.833)
E10°
Ton a
10° e 5
N Z10
6 . . . . o R L oK T
10%4 26 28 30 32 34 36 38 40 . =g
FURE(RILL (£,/N,)/dB 10 .
4 QCADPC (4128 3 440) 1054 26 28 30 32 34 36 38 40
Fig.4 BER of the QCALDPC code (4 128 3 440) HCARFIE H (£,/N,)/dB
i ' 5 QCADPC (6144 5120)
10 QC-LDPC Fig.5 BER of the QC-LDPC code (6 144 5 120)
eIRA 0.1 dB( 5 :
4
0.01) Mackay R&U 105 QCA.DPC EG
(>107°) Mackay
R&U .
elRA .
o R&U Turbo
R&U 1077 . EG
ACE 0 new EG

10°° .



QCADPC . 1607 *

10
Tanner
o QC
QC-ACE 0(n) ° .
LDPC
o(n’) . LDPC
o ACE LDPC
o LDPC O(n)
(2) I f
o QC
3.3 CCSDS AR4JA (R 2/3
4/5) pXp
QC-.DPC 1/p
(1536 1024) (1280 1 024) o
2/3 4/5, QC-LDPC (2 048 LDPC
1024) (1536 1024) 512 256 LDPC
( 2 ) 10
CCSDS &, o
6 o
107" 4 —— A (1 536, 2/3)
~6- ARMIA (1 536, 2/3)¥ o
1072 —a— ARG (1 280, 4/5)
—— ARAIA (1 280, 4/5)¥
~ 1073
[aa]
a
3107 1)
il
Ko :
2) PEG QC-ACE
107
057720 25 30 35 40 !
FERFE ML (E,/N,)/dB 3)

6 QCLDPC (1536 1024) (1280 1024)

Fig.6 BER of the QC-LDPC code (1 536 1 024) and

(1280 1024)

6 :
10°° QC-.DPC
AR4JA *  0.03 dB.

o AR4JA

GALLAGER R G. Low - density paritycheck codes M .

Cambridge: M. L. T. Press 1963: 56-84.

TANNER R. A recursive approach to low complexity codes
J . IEEE transactions on information theory 1981 27

(5): 533-547.

MACKAY D J. Good error — correcting codes based on very

sparse matrices J . IEEE transactions on information the—

ory 1999 45(2): 399-43].

YANGM LI'Y RYAN W E. Design of efficiently encod—

able moderate — length high—rate irregular LDPC codes J .



1608 *

38

11

12

JIANG Bin BAO Jianrong TANG Xianghong
bin Engineering University 2017 38( 10) :

IEEE transactions on communications 2004 52: 564 —
571.

ABBASFAR A DIVSALAR D YAO K. Accumulate re—
C //2014 IEEE Global Communi-
cations Conference. Dallas USA 2004.

KOUY LINS FOSSORIER M P C. Low — density parity—

check codes based on finite geometries: a rediscovery and

peat accumulate codes

new results J . IEEE transactions on information theory

2001 47(7): 2711-2736.

THORPE J. Low — density parity-eheck ( LDPC) codes

constructed from protographs. Jet propulsion lab

report 154C R . California US: 2003.

CCSDS. CCSDS 131.1-02 Low density parity check

codes for use in near-earth and deep space applications
S . New York US: CCSDS Orange Book 2007.

LIN S COSTALLO D J. M . 2

technical

2007: 50-86.

LIN S COSTALLO D J. Error control coding M
Beijing: China Mechanic Press 2007: 50-86.
LIUY ZHANG M FAN J. Quasi — cyclic LDPC codes

with high—ate and low error floor based on Euclidean ge—

. 2nd.

ometries J . Journal of China University of Posts and
Telecom 2012 19(2): 96-99.

PARKH HONG S NOJ
edge protographs for QC LDPC codes avoiding short inevi—

et al. Design of multiple —

table cycles J . IEEE transactions on information theory

2013 59(7): 4598-4614.

. QC-.DPC
7. 2012 (2) : 62-67.
GONG Xianfeng TAO Xiaofeng QIU Lede Quasi-eyclic

LDPC construction method based on protograph expansion

QC-LDPC

1602 -1608.

13

14

15

16

17

18

J.

J . Chinese space science and technology 2012 (2):
62-67.
ZHANG P YU S JIANG L. Efficient encoding of QC -
LDPC codes with multiple-diagonal parity-check structure

J . Electronics letters 2014 50(4): 320-321.

LD-

PC I . 2014 36
(2): 156-160.
LIU Dongpei LIU Hengzhu ZHANG Botao. Study on en—
coding algorithms for QC LDPC codes with dual diagonal

parity check matrix J . Journal of National University of

Defense Technology 2014 36(2): 156-160.
LDPC I 2009 30( I1): 1546 -
1552.

XIA Guojiang SUN Huixian XIONG Weiming. A family
ofprotograph — based LDPC for space communication J .
Acta armamentarii 2009 30( 11) : 1546-1552.
HU X Y ELEFTHERIOU E AMOLD D M. Regular and
irregular progressive edge — growth tanner graphs J . IEEE
transactions on information theory 2005 51(1): 386 -
398.
MAHDI A PALIOURAS V. Construction of irregular QC
— LDPC codes via masking with ACE optimization J .
IEEE communications letters 2014 18(2): 348-351.
. LDPC
I 2009

(5): 570-573.
YANG Jianhua ZHAO Danfeng ZHAO Chunhui. Itera—
tive multiuser detection for LDPC coded UWB systems

J . Journal of Harbin Engineering University 2009
(5): 570-573.

2017 38(10): 1602 -1608.

et al. Optimal construction of high rate QC — LDPC codes for space communications J . Journal of Har—



AEABAT RS KRR A

(BREIBAFZFRIE+THEREZSZREZE

The 14th Editorial Board of Journal of Harbin Engineering University

(LU RERINF)

7] im FE2(BE+) YU Junchong(member of CAE)

Consultants 7)F % (Bi+) SUN Yufa(member of CAE)
e (BE1) LU Jianxun(member of CAE )
BHH(Bi+) WU Yousheng( member of CAE)
$88% (B 1)  FENG Xisheng( member of CAE)
EHAL(BEE)  GONG Xianyil member of CAE)
#7(BEt)  YUAN Yeli( member of CAE)
BEYRME(Bi+)  LIAO Zhenpeng( member of CAE)

FF ZR Chairman #¥i#% HAN Duanfeng

FpZ(Bit)  WANG Zhongqil member of CAE)
2o (Bit) LI Qihu( member of CAS)
WEFMNBEE)  SHEN Wensun(member of CAE)
A4 (Bi+)  ZHANG Bingyan(member of CAE)
2% A& (Bi+)  WEN Xueyou(member of CAE)
#E+(Bit) XU Binshi( member of CAE)
#BE(BEi+)  HUANG Xuhua(member of CAE)
W (BEt)  PAN Jingful member of CAE)

BIEfEZER Vice Chairmen FR1H WANG Zhenging Z=5td4 LI Wanyou #-1-3k YANG Shie &% ZHAO Chunhui

2 LIANG Guolong

Zx R Members

T B DING Yong T+ DING Zhouxiang
F #i WANGYing  F7# WNAG Liquan
ENfEA: YIN Guisheng  #MEE#H PIAO Shengchun
x| LIU Sheng v 38 SUN Yao
FIEHE SU Guanghui  AEEFE WU Ruizhi
Z¥ LI Baizhou Zeigtt LI Xiaodi

¥ ZE YANG Jun /2% YANG Chenjun
R45% WU Sentang  7kEE] ZHANG Guoyin
Ml ZE CHEN Lijun 1458 CHEN Zenggiang
FHHEER MENG Huimin  #E# ZHAO Yuxin

# 1 GAO Ye BkEEZE YAO Xiongliang
#2570k XU Ruobing #1EE XU Runzhang

B E3t YAN Changgi  #8(f& PENG Minjun
PEE# TAN Sichao B35 FAN Pingyi

7] 13 DIAO Ming F # WANG Ge
FWZA WANG Shujie FRHME WANG Kejun
Eelg#E Bl Xiaojun 4{~4% ZHU Renchuan
K7 SUN Dajun JEHiE YAN Zheping
Z= e LlYe 2= RK%] Ll Tianyun
Zegk1l LI Tieshan 2575 LI Haisen

B YANG Piaoping  Z4:# WU Chongjian
k444 ZHANG Mingjun  BR75% CHEN Kean

# B ZHENG Qun B, FANG Jiancheng
BEHE ZHAO Jianhua &% & ZHAN Qiang
3EF MO Xiping HEAH XIA Yimin
FREF GUO Lili #EEE GUO Libin

/2 F§ XIE Gongnan ¥Ha# CHU Fulei
# i Ll sheng

4% Editor—in—Chief ¥+ (Bi+) YANG Shit(member of CAE)
Bl * % Deputy Editor-in—Chief K XU Ruobing

BMREIBXEER
Harbin Gongcheng Daxue Xuebao
(A T, 1980 441 T)
EIREEI0H(EF2528)2017F 108258

Journal of Harbin Engineering University
+
( Monthly,started in 1980 )

Vol.38 No.10( Sum 252 ) 25th Oct. 2017

FEE A hA N RILFE Tl AfE BALE

FE IR PRIE LR

Y HH AR : (PA R IE TR K2R g
MR TEETH R B X RS 8 KT 145 5 1 5% (150001)
F3% : 0451 82519357, 82534001

*  Hm:BHLEFE

EN R 8457 - BB YT VT A A BRSTAE A 7

iT R 2ELHERR

E & AT: MR /REE T HRBUR

B & 1T EERE SRS AR (LR 399 [558)

Supervised by Ministry of Industry and Information Technology
of the People's Republic of China
Sponsored by Harbin Engineering University
Edited & Published by Editorial Department of Journal of HEU
1st Building 145 Nantong Street,
Harbin 150001,China
Tel:86-451- 82519357, 82534001
Editor—in—Chief YANG Shit
E—Mail: xuebao @hrbeu.edu.cn
Distributed by China International Book Trading Corporation
(P.O. Box 399, Beijing, China)

. =, ISSN 1006-7043 RS . 14- 111
R pERE:

B EITR S :M05279 BEM :20.00 JC



	CCF20171201_0000
	CCF20171201_0002
	CCF20171201_0003
	空间通信高码率QC_LDPC码的优化构造_姜斌_包建荣_唐向宏_许晓荣
	CCF20171201_0011

