39 3
2014 3

Geomatics and Information Science of Wuhan University

Vol. 39 No. 3
March 2014

DOI:10. 13203/j. whugis20120053

,210016
,100086

:1671-8860(2014)03-0267-04

A FALE Z A A5 5N MAP Sk iF et i AL A R MO A R M P AL o AR 0 i A AR
R AR AL R AN R E AT YR, AR T BRSPS RATT &
B BT —HETFTRRXKREELENA - MAP F B Ak, B RFR A X R RGP R0 MRT &
AR WE A, @4 Lt —F e T XA ke A Ak,

cFALE BB MAP F Ak MR TR R RKREEE

. P228. 41 A
b1 GPS ,L.2C
7. 1/2 (2,
1, 6) el
(Viterbi) s
, MAP (maximum a posteriori
probability) e
1L.2C (600 bit) MAP
MAP s
1 MAP
b 1 2 ’3
(2,1, 3) s
1 ° Uy k s Uy 6
(0.1 =Ca" v e?) ,
('Z/)G {Oql}vjzlszo
C:(Cl 9C27"'vCN')v
Y=Y ye s s YN D s
="y, S, U,
S S, S s
M/Q:O Ll/czl ° k
:2013-01-15

1 @2.,1,3

Fig. 1

U, MAP

(2, 1, 3) Convolutional Code Encoder

ay ’/J:

2 ap—1 (P)V/«(])vq)ﬁh(q)

L(u,) = log| 25

SV (D1 (@)

(P €S,

u, =

s PNq
Qg 1(P> \Bk(q)

19L(uk) 2 O
0,L(u,) <O

k—1 k
7:(psq)

b

(@) = D) a1 (PV(pa

(ps €S

B (p) = Z Yirt (P @) Bera (@)

(psES

Ve (pq) =
1<<kA<N,

l,p=0
0,p#0

ao(])) -

9

(20121512),

. E-mail; hystarcom@163. com

Pqwyp (i | e

l,q =0

’ ():
ﬁ\q 0,g 0

qak([’)\ﬁk(q)

oy

(2)

(3

4)
(5

(6)



268 2014 3
b O?
@) )
3
2 3.1
ﬂk(q) ak(i)) ’ ’ [7]o
a (p) D = D] Bi(p)
3 ’ k P s -
( ) (P q)ﬁ :1 F/'\’ akfl(p) ﬁl(q)
Ye=7:(p-q) (1<EIN) , o
° ’ Qmid — €XpP
(D) = 71727 YiYs Vi Y :
o pﬁ ' %(/%;65 (PﬁZkESI: 1 o k:I [(logaxnin+logaxnax)/2:| [‘5]0
7 ’
3 , °
a1 = m 1 (P)V,Br = m (@)
Sps = Z Z [YaY5 V17 ] €)) @ Peaﬁ?({aﬁl Py Bk qei?({ﬁ’ a7}
(ppy €S (pp€S }2(1<ng) ’
7,:maX{74 Y5 9"’9'}%}3 4<t<kv ak71>o’pk>oo
© 2 0.1 @t () = @ () a1 Bl = B /B
b . (1)
Sis << (27" (9
k=3 ( ) 2 (&kj(j)) )}’k(qu) (,B/Z;CI))
yi=c,+n L(u) = log |2 ‘”E‘p) B<k> —
’ t t to ’ A p—1 N\ g
(. (T
[s] (p.q)eso( e )}’k bsq ( B’v )

Vi = exXp(— H Vi — G HZ/NO) (100

» Ny o N
n”/ /N,/2 ’
Y ——exp{gz{( / ) ?}lw(ll)
+(m®/ VN /2) J
(n:i)/«/No/Z)NN(O’

1 2
n n?

1) ’i:1’27

(1) 2 (2) 2

) n, n, )

2= (2

v =(ne) T onE) v
(12)

Zexp(*x,z/

(12)
<1

(1D, 2y, <1,
x.. = 2In2 (13)
x (2 P,y >2In2y~0.51,
(13 o ) (13)
2y, <1, k ,
(9 D) )
, ak(pk) ’
0, ’ (100~ (13)
2y, <1 [, 2 .

’ ’

) MAP ,

s (13)

2 C(;gfl (P))’k (paQ)ﬁ/ﬁ(q)

log| 205 (1D
D7 e (D7 p DB
(P €S,
MAP
F 1 a(p) Bl k=1;
B 2 .
(10) (3)~(4) k Y (@) var
(P Bls
P33 P
a1 q Bis
v X! a1 P (14)
a1 (P)B(q)  L(u), (2)
V) k=k+1, 2
4, k=N,
3.2
. (2,1, 3)
Monte Carlo
: . 0—>
—1.1—>1 . MAP

(10)



39 3 MAP 269
y o El)
o s 200
, (N2 )
i , 0,
3.2.1 455 R KA EMAEG A Sla)
, MAP s
yk:L‘k+77k(k:1929"'$N)o
2 s MAP(R) ’
MAP . K ’
GPS °
C/A 300 bit , 3(b)
E/ ’
: ., (a) 1000 (b 600
(NO )dB @ o ’
, N , , MAP
MAP(R) MAP ) 2(a) ,
o ’ b ’ R
MAP s s ,
, 2(b) MAP(R)
3.2.2 IS AFAEMAT ARG AL
Ve =™ Mk Ch +n (k=
192s"'9N)9 e k
’ ’ Lo o (a) :
. Fig. 2 Algorithm Performance Simulations with
(Rice ) s Mk . . .
Different Code Length and without Fading
N/(Sﬂm/ZK)ZJrgZ .
2(K+D ’ ’
NN N (0,1) o
(b) (Rayleigh)
ETE
s Lk EA 2 é’k ’ fk \Ck

[9]

M
& = /ézcos(a)dkcosm + @)
MnZl

(15)
2 M
& = \/jz cos(wyk cosa, + ¢,)
Mn:]

y wa = 2ifa s Ay —
2an— w10,
%57]2132’"'9]\49&1\@” Pn
[—m,m) M

3
C/A 1 500 bit

3

Fig. 3 Algorithm Performance Simulations

with Signal Fading

MAP

MAP ,



270 2014 3
: , MAP GPS-200F[S]. GPS Joint Program Office, 2011
, [5] Pena A G, Boucheret M L, Macabiau C, et al. An
i Improved Method to Decode GPS 1.2C/L5 Naviga-
MAP ) tion Message: Combination of the Inner and the
Outer Channel Codes[ C]. The 2009 International
Technical Meeting of the Institute of Navigation,
Anaheim, 2009
[1] Chen Nan. Performance Evaluation of the Structure 6] Berkan D, Sinan G. Detector Randomization and
of GNSSLI]. Geomatics and Information Science Stochastic Signaling for Minimum Probability of Er-
of Wuhan University, 2008, 33(5): 512-515( ror Receivers[J]. IEEE Transactions on Communi-
Ly cations, 2012, 60(4) . 923-928
) » 2008, 33(5): 512 [7] Robertson P, Villebrun E, Hoecher P. A Compari-
S13) son of Optimal and Sub-optimal MAP Decoding Al-
[2] Turunen S. Can Code Redundancy be Used to Im- gorithms Operation in the Log Domain[ C]. Interna-
prove GNSS Receiver Acquisition Sensitivity [C]. tional Conference on Communications 1995, Seattle,
2006 IEEE/ION Position, Location and Navigation 1995
Symposium. San Diego. 2006 [8] Steven S P, Adrian S B. A Simplification of the
[8] Chen Jinping, Wang Mengli, Qian Shuguang. A- Modified Bahl Decoding Algorithm for Systematic
nalysis of Modernization GNSS Navigation Mes- Convolutional Codes[ C]. International Symposium
sage’s Designing(J]. Journal of Electronics & In- on Information Theory & its Applications (ISITA),
formation Technology, 2011, 33(1). 211-217( Sydney, 1994
’ ’ GNSS [9] Nikolay K. Mobile Radio Channels Modeling in
L. » 2001, 33C0 ¢ 21 21T MATLAB[J]. Radio Engineering, 2003, 12(7):
[4] Global Positing System Directorate Systems Engi-

neering & Integration Interface Specification, IS

12-16

Analysis and Improvement of the MAP Algorithm for Navigation

Satellite Convolutional Codes Decoding
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Abstract: Computers may encounter the problem of numerical instability and output a wrong bit error

rate (BER) when decoding navigation satellite convolutional codes with the maximum a posteriori

probability (MAP) algorithm. Subsequently, this will affect the validity and the accuracy of the posi-

tioning results. To address this problem, first a detailed analysis was executed. Based on this analy-

sis, an improved MAP algorithm normalized with the maximum state metric is proposed, thus the

question of numerical instability can be solved while still maintaining the original algorithm’s optimal

performance. Simulations further validate the effectiveness of this algorithm’s improvement.
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