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A Soft-Aided Hard-Decision Decoder for Free-Space Optical
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Abstract: Due to a good trade-off between performance and complexity, a new class of decoding schemes, called
soft-aided hard-decision (SA-HD) decoders, has become particularly interesting to optical communication fields in recent
years. Soft-aided bit-marking (SABM) algorithm is one of the popular ones. To be friendly for hardware implementation,
this paper proposes an improved SABM (iISABM) algorithm for staircase codes (SCCs), which we call iSABM-SCC. With
the help of channel soft information, iISABM-SCC marks bits into three types according to their reliabilities using two
thresholds. The marked information is then used to assist the staircase decoder to prevent miscorrections and to extend the
error-correcting capability, thus improving the performance of SCCs. The simulation results for free-space optical communi-
cations show that the proposed iISABM-SCC scheme achieves higher performance gains over standard SCC (S-SCC) and
RS code in turbulence channels. For instance, iSABM-SCC with code rate of 0.75 has been shown to yield up to 4.37 dB
performance gain when compared to S-SCC for 4-PAM and up to 11.06 dB performance gain when compared to RS code
for 8-PAM in a strong turbulence channel.
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AR N EBHEE T K = 71 iSABM-SCC #E AN
e, Ml e, BUE T AR PERE . & 4(a) XTI IRSE 4 0. 5,
SNR 3. 5dB; [ 4(b)XF RS A 0. 75,SNR 4 5. 3dB.
M 4] LLE e, fle, i Ralkad /N2 S 8iSABM-
SCCHERERRMG . %5 e, /N (B 6, 1K) ¥ 2GR 1L
] {5 B FLFR R REBE AR iE 4 HRB, {115 iSABM-SCC A
REA AU B A R s 2 B e IR (B 5, 33/ )
B EOR AT F5 R LR bR I O HRB, 2 17 4 75358 43 1E
1 1) BDD 136589 iSABM 812 AR 10 R RS R 152 M 9
da N5 RGEERE AL . [ HL, 45 e, K (B 5, 1
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AfPAE Y, 24 K < 7T, iISABM-SCC BYPERERE B K {1 K
Mi$eTh; M K = 78}, iSABM-SCC %% S-SCC By fig i 25 AT
ik 0. 46dB. {HJ&— H K > 7,iSABM-SCC 11 fitg 4 3
WAk X EEE R ER AR IC A SRR BE TR Y 1R

&2(%)

AR DR R, — i, B TARIC iR BT IEE 2T 4,
TR T DA A7 AE B 40 1A Al 1 A BB e v A TR, DA a2
IR IEW RS . 55— 7T, i TR0 7 A3, Y,
Y, FETF 5 0P A A RS e 7 T 2 R %
IR, XA P IR R C e . Ik, 5 Y,
FY,, FHICH BDD i 2 BRI AR DR IR R AR AR, (HJ2 A
K50 5 A MER AR IC (5 B R BEB RN A PR A5 IR &
A g, BT BRI R A R R B R4,
HARGMREA. M, B TFHEENY,, MY, &
I3 PR AR B R D FEAE RS R % . IR AT )
WMELH] 2 K = 215, iSABM-SCC 8 S-SCC 7 A= 1l 14 25 7]
IR R AR IR R 25 19—, BP 0. 23dB.
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HIMERE A SO BB T PR AR, B 0, =0.2 1955
it L A1 o =2 AR I, LR WA 05 TEIR SR
B R B A AL 5 T 2-PAM (4-PAM fl 8-PAM
SRR 3 2 BT R N iSABM-SCC 7E RS 3K N 0.5 Fl
0. 75 B FRICAHY HRB A HUB L5 . [A] A iSABM 25092 i
HFHEE NG 78R, K = 7.

2 iSABM-SCC#RIZHIHUBFI HRB & S bS8 E otk

B W

R &,(HRB) &,(HUB)
0.5 39% 15%
0.75 82% 6%

RT XA BT AR SCA BT FSO AR R e
K F #9 LDPC % Fi1 RS 5% A9 4 AE . LDPC 14 i 2 %00
(1944,972) F1(1944, 1458 ) , 43l %F 1 0. 5 F10. 75 P fp
% RS A28k (255, 127) F1(255,191). LDPC 3%
2R B AR R 3 530k, e KAk AR Bk 30. RS 5 IR
FHRE H P i 50

6 AIF 7 2 % 4 0. 5 i iSABM-SCC . S-SCC , LD-
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AH LG, FEC A 51 AT LA R BRGS0 % . 5
RSHSAH L, 76 BER 4 107 B}, S-SCC 7£ 2-PAM \4-PAM F1
8-PAM ¥ il #% =X R v LA 43l 7= A= 1. 97dB . 2. 27dB FlI
2. 53dB W PERESE 25 5 T iISABM-SCC X A ¥+ S-SCC 1 Ft
fith 38 25 743 S $2 7+ 0. 52dB 0. 64dB F10. 75dB. {HJEZ
R T30 52 2= i, iSABM-SCC 1 PEREAT B A% T LDPC
5 (7E 8-PAM i il # =X F W0 3 47 7€ 3. 35dB 1 P g
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2 4 6 8 10 6 8 10 12 14 1‘6 18
Ep/No (dB) Ep,/Np (dB) Ep,/No (dB)
@ ® ©
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RS BER HERERTH : (@)2-PAM, (b)4-PAM,(c)8-PAM

7 Bt s 265 %8 0. 75 BY iSABM-SCC . S-SCC . LD-
PC Il RS A% 7E 55 it i FSO 38 {5 R4 AU BER PEBE . 7
DL B, BEE SR B934 A0, LDPC 5 A0 RS 5 B PR BE 22 5+
AR /N T SCC A 5T A T LK RS 5 LDPC 2 8] B9 14 BE 4t
e g /NI — 2 T E A R 7E 2-PAM  4-PAM F 8-
PAM 841 F , iSABM-SCC X AJ 7 S-SCC 1) FE Rt | 755
W= 4 0. 74dB 0. 85dB Al 1. 04dB HYPERERS 25 . AT
RS 15, iSABM-SCC 7£ 8-PAM ¥4 ] F 7= A4 19 4 25 vJ 14
2. 79dB. XA ERE E TR 6 s . X EE R TE7
Hh SCCHEH T 8595 2568 J1 19 BCH ASAE R 7 5 i . i
SCHER 17 TR0, BDD & A PR 1R I MESRAT DR 1)
DR, 20 485 RE 17 0 80708, BDD & AR 1AL Rl 158 fX M 23
S-SCC Mk RE A Wik 7™ 5, #E 1h7 iISABM-SCC & #E4E FH 1)
LA N N

el 104 4B
10 12 14 16 18 20
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4 6 8 1 10
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& 8 F1E 9 43 Jll J& 5% 3K 4 0.5 11 0. 75 Y iSABM-
SCC.S-SCC . LDPC 1 RS 15 7658 it it FSO {5 R 42 11
BER M:RE . i1 5 & 6 FnlE 7 X% o] L& B, 78 A0 [R5
Mg L 0 ] o 5 X T DA R B P B I A AR R AR IR

il 26 e M W 3 Ak, AT P 5 I i .k iS-
ABM-SCC . S-SCC . LDPC F1 RS DY Fh 4 £5 (1) 1 RE 1M 75
HE B PR a5 E 6 ME 7—2, B LDPC %k fE
(24 e ), HORO2 iISABM-SCC AT S-SCC, T
RS 54 B f: 2% . 76 BER i 107 B, iSABM-SCC #H % F
S-SCC 1] A=Ak Erik 4. 37dB BPERERS 25 ; 76 8-PAM ¥
T ,iSABM-SCC A% T RS %= A= ()4 25 7T 34 11. 06dB,
AT LDPC 5 RSTH 2 [ 14 BB 22 2 467N 76%.
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4 8 12 16 20 24 8 12 16 20 24 28 12 16 20 24 28 32
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