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Abstract: In image processing, the redundant information of low-rank matrices can be used for image recovery
and image feature extraction, and redundant rows of the parity-check matrices can accelerate the convergence
rate in iterative decoding. A class of low-rank circulant matrices with easy hardware implementation is studied.
Circulant matrices are first converted into position sets, the search space of position sets is pruned based on
isomorphism theory, and then construction of circulant matrices is proposed based on the bit shift method.
Considering the relationship between the column assignment of non-zero field elements and the matrix rank,
circulant matrices whose Tanner graphs have no cycles of length 4 are chosen, and according to the column
assignment of non-zero field elements, construction of nonbinary LDPC codes over various finite fields and with
different code rates is presented. Numerical simulation results show that, compared with binary LDPC codes
constructed based on the PEG algorithm, the proposed nonbinary LDPC codes have 0.9 dB gain at Word Error
Rate (WER) of 10 when the modulation is BPSK, and the performance gap becomes large by combining with
high order modulations. Furthermore, the performance gap of the proposed codes between 5 iterations and 50

iterations is negligible, and it provides a promising coding scheme for low-latency and high-reliability communications.

Wi H 3 202005-08; BRI H: 2020-10-26; ML AR 2020-11-19

MEEER: KE zhu sea@163.com

EWH: ExEAREEES (61801527, 11971311), EIK AR AR GHA R IGHESH BT H (12026230, 12026231), A @SEFRE
B FHTE 7RI (2018GGIS137), MR E MR H AR H (20A510017), A HARIZEEEETH (202300410523), B:rbA @R
i AA L2 RITH (20200116), BEFGE#E JTRMHRITH (20JK0918)

Foundation Items: The National Natural Science Foundation of China (61801527,11971311), The TianYuan Special Funds of the National
Natural Science Foundation of China (12026230, 12026231), The Training Program for Young Core Instructor of Henan Universities
(2018GGJS137), The Key Scientific Research Projects of Henan Educational Committee (20A510017), The Natural Science Foundation of
Henan (202300410523), The Project of Youth Talent Lift Program of Shaanxi Association for Science and Technology (20200116), The
Scientific Research Program Funded by Shaanxi Provincial Education Department (20JK0918)


http://radars.ie.ac.cn/CN/10.11999/JEIT200351

86 L

2 %

43 %

Key words: LDPC code; Low-rank matrix; Circulant matrix; Isomorphism theory; Girth

1 58

S5GHRAEIL Y FE R DY RERT Br C & 58 B, T b
YR — B B 3 i ) ) I / 5 B AT ML N
5 AL SCHERRI0EE BAL S Lol B 1L 77
U, X H, AR EAREW T S A SRR
FEIAF ML 55 (Ultra Reliable &Low Latency Com-
munication, URLLC) A KA 2518 15 (massive
Machine Type Communication, mMTC)E, 5
SGANFHIE, 6GH) “TIVIBE L Je st e 2 A il
JESERF . ATEEME. R EEENIRR, X
K o — RIS 242 T Pk . A
T B IR AR A v AT SEIE AR (B AL BOR . 1KLY
A M 2% Z 1 1) AN 8 A5 AR R, B
AN IKTHFE. WEER. BmRRMER
R TR g PR TR PURORBE ) ARG KB R
5 I D 77 & o B SE A0 AT 5E 1 F b il 1 — e %5
B, TR AE— & IEF L RN FEE RN R
TR IE . SHMEERIDT S, Wi E R g PEfD A 21
IERAR, FEHBRIERSEEAT AR IR T E. 4
A AR B, LDPCRYE —FifH 564+ )5
MEERSHE AR HFaRmE, EhEEKT, 5
FATF LR K N 1 — e LDPCRGAH L, £ 6LDPC
WAL ()AEZ(1~1.3 dB)K gL
iy (2)FHEMRIMPIRKE RS Q) EHTHE
BB & . JEER, FEIAFEIGHEZR T, £
LDP CHY P A% 5 A% i i 1) o) AL 45 21 1A R A
RS, X2 JELDPCH I R F BE 58 T 8 52 1 4
fifio MiEZEARBERG , LDPCRYRIEHE FF (1 TUARAT
AR PERD U Sd L, AT A R4 et/ R IS
WE. BbAh, FERMRACER D, B AR BRI Rk
AR B T UM RR O gt t, X LesE
Ve B BEAT (B8 ) 35007 e Fo A 047 (B et o
MIMELE T RERITURER . HETXEIURE R
LEBREB R EE R, IERE HIER T EBE
B, e UK E AR EBAE R R, TR
PRFE R 3E ORI FUA N b o 28 E, BEFUARARAE RS
(B TURATERZ AR MG I E 2 T A e
X

T E R EIA AN, RS Z 5 T4l
oL A7 A AT B ST . DR, AR S = BT AR
TRAE R RE B AL G Ty v o 31X B R I HE AR 1R 2 —
ANRANRNL x LTTRE, ERE—172 L —17h
(B )R REAL, EUTRERG — AT A (B ) a3
s B e A — I AR (B ) FEER

AL, FIFREE—FIBR T (R JETFEAL.
AR, PEMFERE AT EAI S B A 42T
MK K J L FIReed—Solomontd, SCHR[13]45 H 11X K
PEIFE B (R T7 % SCHR[14) IR FH 24 (1) 55 K PR
#1073 (Maximum Distance Separable, MDS )54
i R R, (HIX S ARETT VRS B G IR
FEFEREA IR . FETIEAE AR, SCHk[15)
gyth TOEIERER T EAL SR T, (HE, g
FEFE R /NRAT (B B3 O, 2R A () 2 SR 1Y
K, A E ARG ARG 75 WA A,
SCER[16]8 9T T RN FERE I RRME BT, IFIE T AR 2
TS T IR G PR B AL 3 T v

ASCE SR RIF ER S BRI 1 50 PR ) 1% &R
I8l SRJE R SRR EEAE RAS BIA R R B A 56
B o 53CHR[15) AN 2, ASCR A E R 7 X
BEFEAFERRBCIEAFELE, A T IR 516
WHRER RIMIZE . dt—0Hh, ARSCHEFT 7 IEMAE R
Tanner & H1 K N4 PR (90 94-30) S50, IF42
A E4- IR EE, A TIEZMETT %, N
Ml 17 B2 86K 2 TTLDP C k) i 7 % «
A A5 RR M, 7RI & B 7 (Additive
White Gaussian Noise, AWGN){SIi&EH, Frii&E
% JULDPCRY A IR 7 A ARBERS Ve g, I BAERAR
5 550K FHITERERN 2 L HES .

2 ETEHERHIRIKIEFEMEAETE

2.1 1EIEME R EEWIEIL

XH, BAXEERIEAREMEC = [ci4], 10
AT (BB E Nm . KANNL x LI~ 05
e B TIEHERE CHITE AR AL Rr I, AT H bR
WIEAFE M CRI B UTIEF TR B W] . Ak
FEETCRMELEGHNS = {51,852, sm}, Hrp, X
F1<i<j<m,0<s; <s; <L-1, Kk, EHRHE
e CHIRGE SN TSR TR R TR A B AR & SHI BT .

PEIHFE CHI Tanner B & —A> —# Kl (bipart-
ite graph)"'”. Tanner &= (1715 fUBE KI5 AP
A5 54 55 (Variable Node, VN) (B4 5 ELAE T 5) Al
3615 £ (Check Node, CN) (BRZIH T &), 435 H
VNHICNRE IR, Tanner B H 1Lk R IEE AR
R s PEAHERE CH Tanner B AT LU AE S 3]
M CH TR IR, B MRISTT A (CN ) FTER
JEENT (VN j)AER:: T ez [k A 4
FIIE . IR CH Tanner B HH S 3R K FERR A
K (girth) o A0SR PIANEIAFE RS ) Tanner B2 [F] 1)
(R, DU AN PR R R R ) o AR SRR [15)]



14

TRIESHEE: ARRRIEIA R IR I 77 12 & H ORIk 1 2 JTCLDP CRY 87

R BE2, N TN IR B M 25 HS A6 24 B 1 R 44
E I
EIBL(JEAFEFEM R ER): 2 C A CoNM
T (EH)E ym . R/ANRNL x LI Z a3
M, EMIm 1T EFEMELES T ICN
S1= {81,1781,2, "’751,m} S = {82,1782,2, "'732,m} o
WEIRTERAERE Co v C % FTH 2D — %4015
2, WFRCFAMT C, ieA Cr = Cy,
FH1 T EHce{01, L1}, EH
S, AT RwR B HESS e smbE—4
cfB53), B, XF1<i<m,sg; =s1,+c(modL),
FH2 RwEHce{1,2,,L-1}, HELE
o BESMAEH TR SEGS TR LM
TERXKR: W F1<i<m,s;=c-s1,(modL),
2.2 ETEWMWIEILHNRRBEIRERFRESE
BRI, 25 e IR FERE CIAT B L ANAT (8K
) Em, MIEIEHERE CEMN TREUTIAESR
TLRMBEAS = {51,582, 8m}, Bl—"H(car-
dinality) AmB8ES. B, AT 32 EH)E — 5
HNmALBEAS = {s1,52,sm}, H, XfT
1<i<j<m,0<s;<s; <L—-1,
HAES ST TR KA S BUETEE AT &, A&
EE S BN EN
L!
Cr' = ml(L—m)! (1)
M e BT, AEE— ML EEA SR
T—MaEonRmMMEESS -, W
S ={s1,82,,8m} = S_ ={s1— s
= 0,50 — $1,", Sm — S1} (2)
HE, £ES_HHRIEEERERL T
I, WULERS A B ARG ST Rt R 1 N0, HAL
BEAMATTEG A, A B8EESHEN R
(L—1)!

O = s (L) ®)

XFEA RO BEAR T AL B S SHE R A . R
HS-FH IR —s1) 5 LHEE, HEWR R
A, WAFE— M Hn, 13 (s2 —s1)-n=1(mod L),
M4, HE B FAF2n 5, £ES_FHT—4
BEOTRMITTR AL BESS,, B
S_ ={0,82 — 81,83 — S1,*, Sm — S1}
=5, ={0,(s2—51) - n=1,
(s3—81) 1y, (Sm — $1) - n} (4)
HE, £ RRIEEEZEBL NHTH. X
FHIBOLN, TTULEBS A BEA ST LR N
0, JLEs2 AL, HMEESWATEGMR A,
B &G SHSANEIR D R
. L—-2)!

CL;:m%Lﬂ@lmﬂ 5)
KRR DL — PR B R A SHM R 2. BT
BRI R, AT A F G B A R e B E 2R
B EHABIAFERE B R /NAT AN, JEPRHE BE R ) d5e/ME
N1, BKRMENL. W1 AT B EICHEHR R,
N7 bR, XREE-ABER RAHT
BT RIIEAFEFE .

HEFAL, JEAREREN S RSN TN EES
S, mArEES A A — M EF T
FHEAmANICRENES . HIt, HAEREE R
Set R A P A AR . BT, RRRRE AL
T — MR HE FANABE . NGt —
AR A AR BRI P A0 B 3 R Ak, BRI i 5
%1,

TR RENE LA R, R245 A ISR
IFEREE R AR
3  ETRFEIFFEFEAZ TLDPCRB IS

3.1 fEMERERY4- TR L5
I, JUHE4-, SFRLDPCOR RIELRE
Mo PERES . DRk, AT 2 BT O A A P () 4- 1 45
Fre P B PG PR PR AR IR T ¥
FHSCHR[15]) T %0, (IR HRE CH 4-38 44~ ot

® 1 B BT RVEMEMREE

N BIER, (BT (EF)EL, AT (1) Em.
. A EESSKI.

(1) repeat

)
)
3) MRAE AL E S SRR/ AL X LI —Seff [ C;
4) HEAEAERE CHIFk s

)

(
(
(
(

B, HAR )
(6) wntil (4-FHEFMIFI RIIBL B, Bsm — 51 = m — 2)

2) FET LR VL R A I P AL EEAS = {s1(=0), 52,83, sm}, HPHTFL<I<m, si—1 <sfl0 < s < L;

5) R NT R, FREMEESS, IFCREHP A, JHTEMBAES S (ER, WRZ M BELEGHIVAE, WREEE1M B




88 7 5 F B % MR 43 %
%+ 2 ETEXRINRNISEIER
17 /518 17 /5% % hrBEA 17/ 351%K 17/51% L3 LB
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14 3 8 {0, 2, 6} 42 5 20 {0, 2, 8, 28, 32}
21 3 12 {0, 3, 9} 45 5 35 {0, 1, 3, 10, 15}
49 3 28 {0, 7,21} 63 5 30 {0, 3, 12, 42, 48}
56 3 32 {0, 8, 24} 93 5 48 {0, 3,9, 21, 45}
60 3 44 {0, 4, 16} 45 6 28 {0, 1, 3, 12, 19, 40}
63 3 36 {0, 9, 27} 48 6 39 {0,1, 3, 7,12, 33}
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84 3 48 {0, 12, 36} 63 6 32 {0,1, 3,7, 15, 31}
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-~ GF(64), 8PSK, #ft501%

-- PEG, 8PSK, i#t507K

o+ GF(64), 64-QAM, %4851k

~+ GF(64), 64-QAM, %8507k

-+~ PEQ, 64-QAM, #%8507K

3 GF(64) L#I(31, 15)LDPCHANIE T PEGHE LM ) — JE(186,
90)LDPCRAALE 1 B i il T F 1 5 7 Fe itk R L
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