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Construction algorithm of APPS-LDPC codes with low error floor
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Abstract ; In order to lower the error floor of LDPC ( low-density parity-check ) codes, a new class of APPS-LDPC ( arithmetic progression and
partition shift LDPC) codes was proposed. The APPS-LDPC codes are based on cycle path description theory with arbitrary code length, code rate,
column weight. The girth of their Tanner graph is at least eight. Cyclic shift coefficients can be described in simple analytic expressions to reduce
required memory usage. The simulation results show that the proposed APPS-LDPC code (496,248) gets a coding gain of 1.9 dB at least compared
to the PEG-LDPC ( progressive edge-growth LDPC) code at BER (bit error rate) 10 =%, And at high signal to noise ratio region, the gap between
two decoding curve increases gradually. Besides, APPS-LDPC code (6144, 5376) whose column degree is 3 gets a coding gain of 0. 25 dB at least
compared to the PS-LDPC code at BER 10 ~% | and there’s no obvious error floor phenomenon when the signal to noise is above 4.6 dB. The
performance of the proposed algorithm also outperforms the 4-girth or the 6-girth PEG-based LDPC codes, especially in error floor region. The time-
consuming and complexity for constructing an APPS-LDPC code also show some advantages over PS-LDPC code and PEG-LDPC code. And through
trapping sets searching method based on Tanner graph, there is no small trapping set composed by cycle 8 in (496,248 ) APPS-LDPC code, which
demonstrates the reduction of the error floor.

Key words: quasi-cyclic low-density parity-check codes; error floor; trapping sets; cycles; girth; arithmetic progression and partition shift

1% %% B 27 (B &2 38 ( Low-Density Parity-Check ,
LDPC) " A LU 30 B A IR A O S i, 32
AT BAGHE S RS, BEE X LDPC A% A A4 3 |
SRR PERESS A 2 ISR T AR A, N
11 BUAE LDPC fith 1) Tanner [&] i3t /7 75 5L 25
AL o X by AR Y 2R Rk 4
P ™ 5 e LDPC A% i v g, S 3 e 7

«  WrREEHEA:2015 -09 -21

EEWE : [{R A AREE SR I (61372098,61501479)

JEBL A B, i R T LDPC A% £E 1% i 5%
(Bit Error Rate, BER) ZLRAR IS REH Y
o BRI, 4387 LDPC B3 6 1 R 1) 52 i [
BRI IRGAE A B2 R BETEA 8K LDPC 544
L RS 505 LR A R 2 B — PR 1Y
B LDPC fith (44 3 Jr vk 24 P —Fh e
BEMLZSFA R, o T L N f) 3 5 HL% 3 7 1%

YEB BT T (1968—) , 2, BRVUVE & N, ZB08% , B 12 32U, E-mail : leijing@ nudt. edu. cn



- 108 - EZ VIS AN 4

%39 &

A T — PR AR S K Y, A AR S AT
i

N3 R T, — e TR $2 5 LDPC i
PERER 742 , T4k LDPC i K R 55 4240
AT S5 S PR PE RE 1 PR 2R, BLaEE IS 26 7] B 2v 5 | ke
FERS B AR DR Tanner [~ 2544 , T35 242 =
LDPC 1 fE RS IR P 2 ARCR . Lu S ik
TS RN AE ) LDPC % K H K PS-LDPC
fi b3 ( partition-and-shift LDPC codes) , % J7 il
b 2k FRAFAE 8 B A% AL (H 2 88, e — 26X
LDPC PR REA 5200 1) PR 454 B, AR T AEAS i
[l B PS-LDPC I}, 47 Ji 2 50— 7 W S
FEAT IR/ RGP T RERRAIG . TEIC LR |, 22
1145 T — Bl sS2 FI R RS 37 LDPC A5 4y 3 J5 125
it A, X2 LDPC A% i R 26 B0 ] 5 R
¥ i) LDPC ASAHIESE . S E A, B i
G T s AR SE I, 1 H YR WA I T
AR A LA A8 2220 50% 1 INA72S [

WA Ak 255 ) 52 2 A s K B
TEI AL 2 1 27 {8 & 5 ( Quasi-Cyclic Low-Density
Parity-Check, QC-LDPC) %, £ {41 B 5¢ 1
PR SN F 1 QC-LDPC W1 5 i . R
SRR AR B SE QC-LDPC 5 ik it o 1%
&5 5 1R BT A7 {H A [ R/ N T E 4 H 0 AT
A BRI, DT RS 4 R 38 g e i 2R T 1
e XTE—EFEEE ERR 1 A AR 1 &
LDPC {51 sE BRI o

TEIE SR FNBIE TV RE AL 5 | 45 1 157 A 1) <2 1T A
LDPC 443 J5 ¥ (4 [a] f, 0 far BE4G >4 b B
DCACFEH A A 534 BRI A S il 4R
SER2N LDPC A PERER PRI R , AT K T I 22 1 Pk
PRI, AR SCAE 43 A A 90 AR B0 3 336 A PS-
LDPC i3t 1, 2 i 1 I 48 B - J2 200 41 351
#2457 1Y) LDPC ( Arithmetic Progression and Partition
Shift LDPC, APPS-LDPC) il 7k, %7 A
AAEPERER B 0T AH [F] A5 2805 1 ik i 1 1K
( Progressive Edge-Growth, PEG) 4 i & B g
PS-LDPC i iiif FLZERD K H 5 | B 43 A3 45 J 1h
HAERMREE,

1 LDPC HBBEISEFERBHE

1.1 QC-LDPC FEARE N

AN mp X np W) — B H KRR, Horp
n xpFR K, m x p 2y QC-LDPC A% AL 55 4
B, p SR8 B B R I B R/ BRI R B

EFR B B R — A X A M I (p xp) s

A, LDPC 1834 0] DL A Tanner [ 78 203k
7N, Tanner [ElJ&— i 57 5S8R A FII S 6 4L
YR W EESICE V, B S AR Y
i n /l\ﬁi#ﬁ)f—iﬂfﬁ Vo = %”1 sVps =75 Uy | ,m
AL SICHE Ve = {e,e,0,¢, 1o LDPC i
HVHIEE 53 A 5 AT 1 BE 43 A ] 43 Bile AR dv 1 de,
A SR A3 A Y S BN LDPC A% A% e o

TE Tanner 8 SCKFE Ol 2k RS5HE, &
ST AR e HA T & [y
MRS BEAE , AR IR a5 3 S A T IR —
RGN BRROIZ A K E . Tanner &
B IR K BE FR A% Tanner & 4, Tanner
& A A AR AE 23 52 LDPC A5 i) P A X 1
VERGYERE , AR B8 8 0 5 28 AR T — 28
WA, B R 2 TR R E L R E
BN Z o RO R A 45 A sl G K R, 2 H A4
= LDPC f iR PERE R B EEM 5T ). K
) BEATLAA 3 5 7 98 A X PR BB 0 T OB & ) 1Y
B, T AR ES At A ) 3 1% B e 5 AT 7 PR B HE G
I ARE , gt A A B . PRI A ST o 1 A
MR G5 1 1 808 43 FI B {57 LDPC fi 5 36 73 25
Jiidie
1.2 #7595 EI7% 41 LDPC BHERY L FiE

A SR — R T I AR S R R 43
fi i) LDPC ( APPS-LDPC ) ith () 4 38 55325 , oK 4 1t
PERROL 0 PV L BE T i K i < LDPC %, %5
PR BRI EE 4 7328 J7 1%, AT LA A R0
DIt R A B ST A R . R SR
P QC-LDPC B AL H R TC R (15 1) #4 B 3R
YA A IE 2, DA BE T AR B A W] > 3] 4 31 45
F1

1 QC-LDPC R i) — B S B H 7] L Hy
S P RS A 0 AR 1 A SO A B 40 2
JE M R AV B A s A T 1

SEXS AR moxn (RS AL S
WE TR, S s — RO 6 IR R AR,
S, HAE PR B M S R AL

1.1_ h _Sl_,z_ B _Sf]'% e S1J1
SZ_I - éFz,z S2!3 S7.n
v |
S= S§,1 Iy - —133.,'3 3
Sm,] Sm,l Sm,3 Sm.n

1 BAAERE S HhE) 6 3
Fig.1 A cycle-6 path in shift matrix S



42 4

4 AT O 3 RIS (8 A (0 e S s 109 -

S8 SCHT BRI B vh A — RBP4 T
AR E A AP T e, b, AT
dye,f =H, Hip a<b<cid<e<fo fiT c47 (5
MR T BT (G AL T e 47 e SR AR 1T B
WRGALT e A7 d FR A RS A5

BIaTER 1 b R L s B G AR, FLE
XA 6 AT s 1 Sy S5, S,
52,1_’81,1_’ 51,3 B, 4 S3,31/|5ﬂ‘7 ey g =1
AR B A& AR A N 4R, BRI T — K
4 6 BER, TE/MHT LDPC R A BRES H Rh 2t &
W KE S 4 BIRAUCA | Rh&5H, 6 34T 6 Ffdl
Fy,8 34 72 Fhaftl . MRS A B B, — %
M, A LA BREE Y AT 5 & A [R) iR 4T A 30
Gy FPRBRAR SR 1 O R R UL Y AR
N 2k BREEAR B AR T AR AR — BRI R
ATHV ARG 5, DU A5 5 o b st ) 32 BB
g = 5GP BRI AT IR AR B B KA T L B AR, P
NI RAT AL AR T A9 s P e BOEA f R A o
A5 VR BT i AT Sk B EBR AN
AT AT N AE BN TR G 5, X B 2] Tanner [5]
PR B , BT 5 B A o i R s Al e R
RIS, W 2 FIE 3R, A0 s D
by 6 BRI BE A, 45 B[R] 4 Y A L ER
KIIE X 6 L5 6 FRFT 43 PR HY , —Fif
SEEENT LT B RAT R KA, o — b ) 5k
TR T R RATHAR RS

) °
¢>—>—l 0—1 ¢ ¢
B2 1 BB Ry 4 Bl 6 IREEH
Fig.2  Cycle-6 constructs of basic node type 1

L L

13 I BT s RN 6 BRE5HY
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