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Unbiased multipath mitigation technique for GPS
time-multiplex binary offset carrier signal
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(College of Electronic Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; BOC(binary offset carrier) modulation will be widely used in satellite navigation systems. The data and pilot channel of GPS L1C
signal was modulated with the BOC (1, 1) and the TMBOC ( time-multiplex binary offset carrier) modulation. The discrimination curve of TMBOC
modulated signal was characterized with bias when using CCRW ( code correlation reference wave) technique. In order to eliminate the tracking
bias, an unbiased multipath mitigation technique was proposed. The novel technique generated two categories of local wave for the BOC (1, 1) and

BOC (6,1) modulated component respectively, and its discrimination output was zero when there was no code phase bias. The technique can

obtain unbiased tracking and a better accuracy because of the better utilization of BOC (6, 1) signal component.

Key words: global navigation satellite system; GPS LIC signal; time-multiplex binary offset carrier modulation; multipath

mitigation technique

GPS #1 Galileo 7 L1 #i i #% & £ 7€ — il i
28 (Multiplexed Binary Offset Carrier, MBOC)
PAHESAE RO LR AR (S 5, MBOC il {5 =
Hifd % 10711 ) BOC (1,1) 4 & DL K& 1711 1
BOC(6,1) 434t " . MBOC {5572 i A5 A [ ()
S A Galileo SR FI 52 & = 3k ] fin #8 2 )k
( Composite Binary Offset Carrier, CBOC) PE
i BOC(1,1) F1 BOC(6,1) &l # ¥k Ltk 41
SEBIESPIC, 17 GPS e 1 I3 — i i % 2
% ( Time-Multiplex Binary Offset Carrier, TMBOC)
PR S 4 A2 T RE B4R IC S BOC(1,1)
FIBOC(6,1) 734k

MBOC ¥ 7 52 B3 73 B 14 ] ik, 2 R HG
BAHE R TE, P S  m  ER ARG B . B
TRESFMAGKIE, KRR ZEFC 245 245

«  WrFs HHE:2016 —01 -29
EETH: HEARFAEL B H (61403413)

MITH R H T 248 1R 22 7E i [H] A as (/] B B HE
AHSCARRPE , MELLE 1 22 70 O T 5T B, E &
M SRR B A AR 22 U L L g ik A
4452 ( Binary Phase Shift Keying, BPSK) {5 ]
PARHARC R FIRARBET ", Sk (13]
Xf BPSK {5 5 W Ht 2R AE 7RI 845, JF
{IEB BPSK {25 % F5 5 2% ( Code Correlation
Reference Wave , CCRW ) 3% R BE % 32 B &L AL 1 T
ZETERE

BAALLE 5T 2R M BOC S8, Kyt 24z
B IAERM T AL, K12 BOC (n,n) fF
SHEZREENP R T REMEER, H
MBOC i i # JE kb BOC (1, 1) B & 7%, 3¢
BRL 141 0E B 40 2R B 4 8% CCRW £ R i F
CBOC {55, 15 2 i % 591 ith £k 1 i % i 2 17 18 i

EE BN AR 1978—) , 55 INZRZEM, BIWFFE A, W58 4E , E-mail ;: nishaojie 23@ 126. com;
FREGEEBEES) B, 209%, 1, 114 800, E-mail ; wangfeixue365 @ sina. com



- 150 - B BE K 2= 2 i

5538 &

2 R T RS R k.

R, K CCRW AR N T TMBOC {55
I, A 531 o 2 1y 2o 2 S A A i 22 L {EL R R
A SCHREH TMBOC {5 55T CCRW 534 o i )
EIIE 25 ¥ N

N T RERSAE O ERER A AT HE T, SE 3 TMBOC
A BT Z AR PERE, 2 T — FOE i G
CCRW HiZte Wik, HILAN 4 T CCRW £K
FLAZN T TMBOC {555 I 51 A 14 BR R I 22 , 98
JEI 4 T It Z AR M BOE A 0Tk, I oy
B 1 TR 2E . 205 R B0 1L, o 0 LR
T IER T

1 CCRW RARBEARRE

CCRW F AR A Mo 485 7 51) 7= A i A O
SR WL WP , %W AE 5 SEIE 5 M ¢
JEASE AR L 1 5 1 2%, MTHT i 65 ARG 00
ZRIES M, A E CCRW £ A 15 FH
S PV AT S T 114 A RN, = o L 14
fLE W2, W4, WS ko,

Ph W2 i) 35 Sy B8], G el 3 38 T A BSR4 3l
GAL P . YT AN R R IERT, WA R IE
MR AN R U RIEAN R I R A, LA
WE 1 FrRs.

O i il
S

K1 BPSK {55/ W2 ik
Fig.1 W2 wave for BPSK signal
B, T Ry B i 5, g (0) W2
TERYHEA IR, L3RR W P TESE, g (1) W3R8
EWoE

1, 1] <L
g(t) ={ -1, L<|t|<2L (1)
0, lt] >2L

#7 CCRW £ 19 58 BRAE # JLF- 2 5E 4 Al
IR, A 2 vz, 32 298 S A T LA I P Y
?&ﬁ/;o

FEWHLAEAS 2 BIE S ) B 5 H U 5 A
R MRS s (1) AR AR, W) A R LS
5 pn(0) MRHEAF S w(0) HEAFE T HATHE R

Jin, AR EAS 2] B O 5 4 A0 5 RONE 1, Qp LA S [
PR OC RAHE 1, Q HEAT 2k O 1 BR 2
CCRW + A 1 R 5 B B 17 48 A0 pR 2 an =X (2)
FiR :

d(é‘) :IP[W+QPQW (2>
Horp o FORMAA 2 o
IP
S0 | gl my |
ek R [ filckis

[ N IW
] e |2
sin pn(t) Ly w(t)
i I

Ccos

) EE T
RSk 44 e

1 A
B2 CCRW HARRYSEBAGHY
Fig.2 Implementation of CCRW technique
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Fig.3 Discrimination curve of BPSK signal with

gate pulse width of 1/4 code chip
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Fig.4 Discrimination curve of TMBOC signal with
gate pulse width of 1/4 code chip
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Tab.1 Simulation parameters
IR & PR
I 5 5 5% 1/4 fith Jy
Rzt 34 30 ~50 dB-Hz

EReg LE 1.023 Mcps

frr s 4 ik
AHT R R ) ] 1 ms

PR 5 1 Hz

0.8

0.6

T IR B BE fm
=
~

<
[N

i
30 35 40 45 50
i N Mt /dB-Hz

Bl L W2 T R B E 1 2055

Fig. 11 Simulation result of code tracking accuracy
of W2, gate pulse
&

B3 TMBOC {55 FL4% (8 ] W2 [ A7 16 B

i I 22 P AL, B Y 1 BE A% S BRIC i §T 2242 1) 1)
BB W2y o BRI 2352 F Y75 2, 70591
EEXF BOC(1,1) # BOC(6,1) 73t B IR BT ,
T PR UE S 531 ) et 2 R AN AE A 25

2 % 3Lk ( References )

(1]

Hein G W, Avila-Rodriguez J] A, Wallner S, et al. MBOC
the new optimized spreading modulation recommended for
GALILEO L1 OS and GPS LIC [ C ]//Proceedings of
Position, Location, and Navigation Symposium, [EEE/ION,
2006 883 —892.

Avila-Rodriguez J A, Wallner S, Hein G W, et al. CBOC—an
implementation of MBOC[ C]// Proceedings of the 1st CNES
Workshop on Galileo Signals and Signal Processing, 2006.

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Stansell T A, Hudnut K W, Keegan R G. GPS L1C: enhanced

performance,  receiver design  suggestions, and  key
contributions[ C]//Proceedings of 23rd International Technical
Meeting, Institute of Navigation, 2010 2860 —2873.

Kaplan E D, Hegarty C J. Understanding GPS; principles and
applications[ M].2rd ed. USA; Artech House, 2006.

Garin L, van Diggelen F, Rousseau J] M. Strobe & edge
correlator multipath mitigation for code[ C]// Proceedings of
the 9th International Technical Meeting of the Satellite
Division of the Institute of Navigation, 1996 : 657 — 664.
McGraw G A, Braasch M S. GNSS multipath mitigation using
[clv
Proceedings of the National Technical Meeting of the Institute

of Navigation, 1999 333 —342.

Garin L, Rousseau J] M. Enhanced strobe correlator multipath

gated and high resolution correlator concepts

rejection for code and carrier [ C ]//Proceedings of the
Institute of Navigation GPS, 1997 . 559 - 568.

Vorobiev M, Zhdanov A, Zhodzishsky M, et al. Automated
design of navigation receivers [ C]// Proceedings of the 12th
International Technical Meeting of the Satellite Division of the
Institute of Navigation, 1999, 821 —828.

Zhadnov A, Veitsel V, Zhodzishsky M, et al. Multipath error
reduction in signal processing [ C ]// Proceedings of the
Institute of Navigation GPS, 1999 1217 - 1223.

Betaille D F, Cross P A, Euler H J.

improvement of the capabilities of a window correlator to model

Assessment and
GPS multipath phase errors [ J]. IEEE Transactions on
Aerospace & Electronic Systems, 2006, 42(2) . 705 -717.

Townsend B R, Fenton P C, van Dierendonck K J, et al.
Performance evaluation of the multipath estimating delay lock
loop[ J]. Navigation, 1995, 42(3) . 502 -514.

Van Nee D J R. Method of estimating a line of sight signal
propagation time using a reduced multipath correlation
function: USA,US5615232[ P]. 1997 -03 -25.

. MRIRESME S IEAL% LI S 2R AR
WFEID] K R RE BRI, 2013.

ZHANG Kai. Constant-envelope transmission and multipath
mitigation for modern satellite navigation signals [ D ].
Changsha: National University of Defense Technology, 2013.
(in Chinese)

Zhang K, Wang F. Joint code multipath mitigation for
composite binary offset carrier modulated signals [ J ].
Electronics Letters, 2011, 47(25) : 1374 —1375.

Pany T, Irsigler M, Eissfeller B. S-curve shaping: a new
method for optimum discriminator based code multipath
mitigation [ C ]//Proceedings of International Technical
Meeting of the Satellite Division of the Institute of Navigation

2005 ; 2139 —-2154.



