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Abstract

Abstract: A low-complexity soft-decision decoding algorithm based on the re-encoding technique was
proposed for the BCH(15,11) code in BeiDou satellite navigation system. Several candidate information
sequences were constructed by the soft-decision vector and then re-encoded in the algorithm if the error
in the hard-decision result was detected. The correlation between each codeword and the soft-decision
vector was calculated, and the codeword with the maximum correlation value was selected as decoding
output. Simulation results show that the presented algorithm outperforms traditional hard-decision
decoding at the expense of moderate complexity increase. Moreover, the storage of error-correction ROM
signal is avoided. Hence, the presented algorithm is a good choice for decoding in a practical navigation
receiver.
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Abstract: A low-complexity soft-decision decoding algorithm based on the re-encoding technique was
proposed for the BCH(15,11) code in BeiDou satellite navigation system. Several candidate information
sequences were constructed by the soft-decision vector and then re-encoded in the algorithm if the error in
the hard-decision result was detected. The correlation between each codeword and the soft-decision
vector was calculated, and the codeword with the maximum correlation value was selected as decoding
output. Simulation results show that the presented algorithm outperforms traditional hard-decision
decoding at the expense of moderate complexity increase. Moreover, the storage of error-correction ROM
signal is avoided. Hence, the presented algorithm is a good choice for decoding in a practical navigation
receiver.

Keywords: BeiDou; BCH code; soft-decision decoding; re-encoding

J63FRGRH T BCH(L5,11) M54 Ay iy 1) 22 6 5 1k

gt 7 2B, ke 1E B AL P R A
BCH(15,11)f4 & — RIS, HAT AN i

o}

5l
B AL S TR SR (AR BRI R 5)

PP UE AL IR 55 BE I TG ORUA JE 5 B =} 1
SN LIIBE A S D 1T 2 % 6 3 A
SRR, SR SCRER T RO, T E %
PR SERLRE FE AL O T R A SO e R

AR H #: 2015-06-09 &R H 1: 2015-08-18;
EH T ihEEL978-), W, WG, fit, @l
Az, WEFCI5 T A SN SR s M3 FA I (1979-),
W, AR, W, v, WS 1 R4S A
SIEY S

BT ARE A 1, LG5 T AR TR A 27 A7 % e 255K
o BCH(15,11)4 4% 4 R FHAE R PEAG 5%, %5H
AR PR B Y5, ATUAAY IE 1AM TeAL B 1L
R . TR RS R EAE 5 Tl AR
sy PRI 4 1 2 ) SO A R LA b
PRSP,

X T MERY , SR A PR IS S AR TR A
PP RGBT LSRR 25 sk R AT L

http: // www.china-simulation.com

Published by Journal of System Simulation, 2016

* 1790 «



Journal of System Simulation, Vol. 28 [2016], Iss. 8, Art. 12

5 28 45 8 1]
2016 4 8 1

BCH 3Rt s BN . Bk, w5
RGP BCH A A PR i 5%, st 2y f ok
e, & T BN . TR UL, 2tk i i)
PR AL B AT AR B S R A8 B o O T o R — 1)
B, O TAER T IR R i i 53, 4
i Chase #:PL JEF 0y g v ikl X
SV 0 2 2% BEA T I P G S BT AT, (R
BEAT — B I ko

AR IR RS R BCH(15,12) 5 1 25 ks
s BEH T R IR T E G A O R % R O e
BE: o AT D B A ) e SR A S R RN,
R AIEE 11 AME B AN TSR,
AT RIS WS, AR BE
SrNHEAT RS, JE5 B RS BT ST ARG,
I BB R BIPHI Al . D724 BB, 1%
VR P P FEAR A £ R IS BT B 44 T, 24
B BB A T b b 10 s o SORY v 9 1) i )
HEA TIRKIRT.

1 BCH(15,11)55 K B A 5 i
1.1 BCH(15,11)i%

Jb=F &4 ) BCH(15,11) 5 206505, 5K
15 HeHE, EELCN 11 HeHE, A sl
g(X)=x*+x+1. 11T BCH M 21EH, Homhy
AT DUR RS ir 25 A7 s s BB, gesh, kb
P T SRS e A SR A I g ) ke e B
b} BCH(15, 1) iEf7iems, HHEATAIE 1 ek
HRIIte )1, IR BUR AR TR A e S

HAE, AR R b I 2 LURR A R
IR AR PEAS SEVE 2 AR 1 R DOR A 1E, N
M3 B IRAN e A 1E , L4245 A 1R 3 Iin (¥ vy
. & 1480 T AWGN {58 AN A5 L T BCH(15,
1) AR RS H o0

ATLLEH, ERSEERELETR, I LR R
dT A F o R, SRR A e B AR TG VR
Thel st . PR, BCH(L5,11)RS 3 i 4] v 3 i 495

R, 45 b2k RS BCH AR AR B R PP 510

\Vol. 28 No. 8
Aug., 2016

) & T 158 2 A 58708 o
F 1 AFEMEMEHT BCH(15, 10)% K4S 5% B 401

Ey/No /dB E=0/% E=1/% E=2/%
3 51.2 35.2 13.6
4 66.1 27.8 6.1
5 78.9 18.9 2.2
6 88.7 10.7 0.6

1.2 BRFAI R

X T LR A, T AL 2 A 0% AT 1A v
FOEME RN, — BOR U R HT R PR R AR X Tl
FIPPERDFVE W] DASRAFVERE LGS - JE3F R BAY
BCH(15,11) 03 i PR AG 42 (4 ) v A5 B, DRI R A 3L
POH PR Sk e A B M RS T L

B 5 BCH(15, 1) HIfi5 7 ¢ = (¢, -+, ) K%,
P e B r = (n,- 0 hs) o T HRCH) R
Hg, 3 % SRR G~ 7 B 2 4 Ay S el i T ey
¢ SEAC & r FIRK G 7 EE R

d(c,r)=>(c—r)? @

Hpe ¢ e {1+ BRI IR o S OA Tk
PN A1 228 5 R FE R PGP 7 R e/ 1R 4
FAE R R A T BRGS0 BE B 5
KmiE ML, BohR AR SCERA1EW], 15
5 AR R I RR DG T B R N SN T E AT
FHORAE e Ko DRI, e DL SR R i i 1) A T A D0 T
L5

¢ =argmax » ¢r; 2)

ceC
FRS TR B, AR SRR AR T =R .
A 45 SR A R Q) #EAT A 71, 1321
PR 2 R AR R R SR IR 4 SR AT R] o i
Y, BEHRAPERSIE B T B, T L

HEFEAR

2 ETEMMHREREYHARE
P

i TR QA AT 1 R R et C

http: // www.china-simulation.com

* 1791«

https://dc-china-simulation.researchcommons.org/journal/vol28/iss8/12



Qu and Deng: Low-complexity Soft-Decision Decoding Algorithm for BCH Code in B

% 28 455 8 ]
2016 4 8 JJ

AT ORI, L RA AR s =2,
AFIFSEB. HET, ST TAERYE T BCH Ak
AL I N PR SR o XSV ) A AR Ay 3
A R (2) R FRAIE IR
ek R AP AN AL R g
BCH(15,11) 3 £ Fahy s, SR T Pk T 40 Y
ARG SR 2% PS8 I PR PR B o i B mT LUR B 2
BASRFH, B IE N AEAIES IEOH , it
iR TR R

2.1 HikHid

AT PR SR S A e L SR
AR A R 3 AN AR, FEARE WA 1.

BRI B

|

hA ey

THE AR s

o>

N

R ARA B

K1 PRSI

XTERE IR vy S TREA P, A
PRI Y = (Y, Yys) » AT

1 =0 3
iTlo k<o

e H i BCH(15,11) i ) — A0 E . i
2 PERD (R R AR AT S, B SR v 8
BCH(15,11)f4 A7~ 24 HAL LA

s=Hy' 4
I m . S, A Ry n] DR Rk

E R
Journal of System Simulation

Vol. 28 No. 8
Aug., 2016

Akt . T BCH(15,11) i je fEFr Y, AEBE
TS gl B AL, thmT LUK RS A 25 17 28 ik
SEERT, A SE PR AT R IR AT I . A5 fE Bt A
I, JUDRS I R e By AL TR
BRI, R ARCH s BT R, 45 B RIS
HaF i o

TS R B RS R AR R . AR
BCH(15,11) A {1y 2 i iok 2 AT %01, 2 WAL 17 0 F) i
11 ANERABAE ST B T3 B, H4 4 AN St
NI AT . 11T BCH(15,11)5 2 2k bk i, Az E
JF 505 Gt J RS 7 22 T AT —— XN R &R o
I, B PR A BE T AR AR M3 T 4 e 1
BFA, KE BT EwAD, £33k,
PP 5 BSOS A f K G 24 D R 3%
AT

B | A1 B RIS, woh— ATy
SE REAEEL, U 80741 r v i) w ASAN T SE 8
WS 11Uz, MYCHES | AU FAE
AR LA AT SRR B o MR A Sy B M 45
A (R R G

(1) BT B w AN A ] SR
HRI AR R Us

(2 % p=llnU|. 7420 AT 3 B RO
(i=1---2") . MATHREFEKE N 11, Ak
B U W p AME s Py HUE Y 0 84 1 BT
20 Molhe, HARALEN 0;

(3) Kt FA y AT 11 LR S 2P A
TR BRI, 53 2P ANk fE BFESL, I
BEATGG, 135 2P Mgk 7 e (i=1--,27) .

WCW =£cM:i=12,--,2°}. 5 C™ dipf
F5IPH) v (DA, JEIE PRI KA AN . (11
T AR A, B

¢=argmax > ¢, ®)

ceC™ 5
T3 ¢ & JoP 41, Rk IR AH S 5T DL
SUNI[IFFRS S
BCH(15,11) 14 B A7 4 ASELSAL, PR B

http: // www.china-simulation.com

Published by Journal of System Simulation, 2016

* 1792«



Journal of System Simulation, Vol. 28 [2016], Iss. 8, Art. 12

5 28 45 8 1]
2016 4 8 1

w= 51 DURIE | U =g il o AESERRT, wEL
{H H Hevh g &5 P FIECH « — ek, #9n
w RE P DA R R e, (RS2 AR BB 2 38 0
DRI, 78 SEBR R 20 Mk BX — 2 8, gk
BB 24 5 2 [RIEATHT o 1% 250 UK 3 o 4
LA E -

NI R A S E AT RS (R — AN S
B8 w MECE A 5. 8w 6 A v 5
y=(001000100000000), £+ U ={3,7,12,1315} . it
N, 1AU={37}, p=2. 774 22=4 DI EIFE:

t® = (00100010000) t‘® =(00100000000)

t® =(00000010000) t“ = (00000000000)

¥y R 11 b5 e AR, PR R
y, Z it rgaisy, 15 %]4545-(000000000000000) .
Hfelis, wfTt0(=234), EHE R, Bt
138 4 MBF . Boa, KX 4 AMETH15 P8
BTG, BRI KA AR I RS A A Akt

2.2 EREN

b TR AT AT, A SO S A R
LR A B PRI — S A, B 2 M 46
TG RMIAGT P, LAEWE 2 Fis.

K2 RIS BT
B2 s Sl SH

PR mE ok R HR
MG IR S 30x2° — — 15x W
AR A T — 14x2°  15x2° 2P -1

(HAG RIS, ASSCRE T (K3 g i 1) A
YR E IR G T AR A B S COR A 2 B TR A X
IR, DA T R AR, AN EAAAE AL
B PRI 4 A5 5 ROM 2K, Mk
{[ISE R

3 MEEGRESHT

AT SRS I I BOH i SR PR RE, AR
AWGN fiiE FREATHI R, SRM BPSK i, i1y
A4 1 s SOR H R (R ) R SR A T LA

R, 45 b2k RS BCH AR AR B R PP 510

\Vol. 28 No. 8
Aug., 2016

17 FRH MATLAB #5458 B

Bl 2 g T b R4 BCH(15,11)65 K H
AN TR RS B 1) 158 LR 2 (bit error rate, BER)1E:AE
k. nfLUR H AN SCHEH IR A e B SRR R
REAE T - 5 1) Bl ) e R S5 1 P e AR 1 T
BEGE, Bl ST, AEE RIS R
TECBIAEL, 2 (RGBT e o TR 48
(R e R v, LIRS R R{E 20 4 dB, 1M
ARSC ) e PR L IR AR (/N T 2 dB

107 =<
A
[

102 s T )

1073 ¢

—v— Hard Decision
—e— Chase Algorithm
—— Proposed, w=5
—=— Proposed, w=6
(0l — Uncoded BPSK
——— Union Bound

2 3 “ > ° !
Eb/N,/dB

BER

10~4 L

10-°

2 BCH(15, 11)RH4R F AN [F] 1R RS A1 (1 1 R

XF T SERR AN, BE3RAG AT SE I 8
B, PHUHRSCHR SRR EAE 10° URE, %
T Ry 1073 I, A SR HH AR ) e R A A
w=5 [N [ P B AH AT T4 ) e B SV R4S T 4
1.5 dB 114 a5, AHX T A gAY BPSK ITEREIRAT T
25 2.2 dB (3.

i FE IS R, A L (Union bound) & AL £k
PERS/E AWGN i3 N iR ReR e Re i — AN S 2 b
FUL SRR n, BN R LRERD, S
FHT AN

pe<2%
k

n
H: AK) HIHERR k M REE . At
— VA PR LI PE RS, TH 5 BCH(L5,11)5 (1)
AT R L. AP IOt 73, %t 2M=2 048
AME BT AT Y, P74 2 048 ML, 4
TS HEREUR:
A(0) = A(15) =1

E
Q( [2kR—2 6
( No) (6)

A(3) = A(12) =35

http: // www.china-simulation.com

* 1793«

https://dc-china-simulation.researchcommons.org/journal/vol28/iss8/12



Qu and Deng: Low-complexity Soft-Decision Decoding Algorithm for BCH Code in B

% 28 455 8 ]
2016 4 8 JJ

A(4)=A(11) =105 A(5)=A(10)=168

A(B)=A(9)=280 A(7)=A(8) =435
FIH B gE R A S, Wil 2 froR. i LLE H,
FE M LE X (5 dB LA 1), ASCHE LI T fig
G ZERAE 0.1dB LA

N T e SE PR IE A I PRI 2,
ANFEZE w P EEEEIRN AT T Vb B b
— TR, AT RIE | AU = ¢ lor, %
LR w=5. K 2 04 TAEw=5Fw=6 I
PR PERE, JE 5K Chase SEVEMIMEREHEAT T 0
tt. T Chase H LM 2% P=3 ] LI 13
BCH(15,11) i fr) 1 1 1 g e A 0, PR 475 22 o
Chase FYAMIZ 40 P HUE N 3.

2 (I LG W], w=515 w=6 [\PEhE
P50 2 3 WO LG TANFE LG TR P 28 A i
FHH .

33 RS F 0P 4 0 75

E R
Journal of System Simulation

51 t/dB

¥
2 3 4 5 6 7

w=>5 9.08 747 505 312 162 0.72
w=6 157 123 852 533 275 1.22

AIELEH, w=5 A% T w=6 [P &k iy
HHEA TIRKFRE. Fik, A8brp@iliiks
w HUE A 5. LA 5 dB Rfl, # wHUEN 5, MR
1 ST 5n, ARSCEVPA T EZ) 94 OB 2
HIBH, A4 YOEEINRIS S, 4T SRS,
77 RS EGE S, AR T AR e iR P ks
(02 2% P 8 AR R 2D o B £ e B PR v, 09
FRaR WP Is 8 H &5 b, ASCEIVETR
{143 S S5 o v R FH A o B AR 5 ) S TR
AHXS T Chase 53k, A UL AT DL H I8 B 1 44 £ 16
M H%H , I HaB 7 2085 5 ROM R K176k .

SR EPTR, ARSCHR H (0L T EE A AL IR A PR
AR S B e 1) R D a5

4 Hig

s A=k 2GR B9 BCH(15, 11D 204

Vol. 28 No. 8
Aug., 2016

PEREXS T PR AT SO i B, M g i
FEPEAH 0 B o ASCHR TP
G B PR 2208 B OB R B R S o i SR AE AR Bt X
ANy Z RN, R B A R 91 23 5 AT B
i, I SHEMI RS BFAIREATHIR, R EIK
G BRI T o SRR TAL SER R A ki
MR ORI AN, IR T 414555 ROM
RIAEAE o DT AR, SRR A B REATG
AR SILEREAT TARKSGE » 78w {5 e LE DX
ARH B A S DI S BB LB A SR I R
UFik% .

SRR :

[1] C R Rao. Global Navigation Satellite Systems [M].
Noida, India: Tata McGraw-Hill Education, 2010.

[21 FR<r, TAFWN, EREEG. BLAAL GNSS Fyi it SC vt
SR [J]. TSR RS, 2011, 33(1): 211-217.

81 THEDESMAGE AR, AL R NE 5%
EH5BSC A TR A5 5/ (2.0 i) [EB/OLY]. (2013-12-26)
[2015-05-12]. http://www.beidou.gov.cn/attach/2013/12/
26/2013122604a521h35b7f4a54b44cfhbc8abd74a8. pdf.

[4] Shu Lin, Daniel J Costello, Jr. Error Control Coding:
Fundamentals and Applications [M]. 2nd ed. Upper
Saddle River, NJ, USA: Prentice Hall, 2004.

[5] D Chase. Class of algorithms for decoding block codes
with channel measurement information [J]. IEEE
Transactions on Information Theory (S0018-9448), 1972,
18(1): 170-179.

[6] M P C Fossorier, Shu Lin. Soft-decision decoding of
linear block bodes based on ordered statistics [J]. IEEE
Transactions on Information Theory (S0018-9448), 1995,
41(5): 1379-1396.

[71 W W Peterson. Encoding and error-correction procedures
for the Bose-Chaudhuri codes [J]. IRE Transactions on
Information Theory (S0018-9448) 1960, 6(4): 459-470.

[8] J B Y Tsui. GPS #AFHMHIIER [M]. 2 i dbxt: H
J b R, 2007.

[91 Uil GPS JsH LBt [M]. dEnt: M Tkl
JiAL:, 2009.

[10] AR g, g, TR%. FHHC BCH(15,11)4m 4
(KRS 2% FEHCH i [CY 2 DY e o [ 1L i
ARAFE£:(CSNC 2013), I, 2013: 1-4.

http: // www.china-simulation.com

Published by Journal of System Simulation, 2016

1794 »



	Low-complexity Soft-Decision Decoding Algorithm for BCH Code in BeiDou System
	Low-complexity Soft-Decision Decoding Algorithm for BCH Code in BeiDou System
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/oYnfuhGcwE/tmp.1688108042.pdf.rqSQi

