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Abstract : The relative movement between the receiver and the satellite causes the dynamic effect on multipath. As to
different orbits of satellites, this paper firstly analyzes the different effects of multipath to the error of pseudorange
measurement. The standing multipath of static receiver is discussed especially when receiving the signals from the
GEO satellites. T hen influence to the code tracking loop, which is caused by fading-frequency in multipath, is simula-
ted and analyzed in the paper. Further results show that the multipath effect is filtered in some extent, when the fa-
ding-frequency is large compared to the bandwidth of code tracking loop. It is concluded that quick change in short
time and slow change in long time are represented in error of pseudorange m easurement, because the dynamics of muk
tipath is different according to different satellite orbits. This offers a validating approach for the relationship betw een
the orbit and the multipath.
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CEMALE DR e AR RS, R B AR A A S A L2 A TR, 54T S 280U ER £
8 #om, A E AL Bk GEO T2 S A BA 52 WK 7 Ao 5 21 5098 E MR 3 A SRIZ IR 5%
¥ FAZREN S REMEZE IR T ARG EH, 5 2 ABRIFHEGY e hE —242 K LHE R TR
o) DEHEFRSBA RGNS EEEES, SMENEREELAN R ELA L EHRE FREETAMHHE AR
SRF M FAENEES DE S E R AR BRET BiEigi
s %1% REINE, B, AL IRIZ IR
:P228 A

2.1

[2]



90 May 2011 Vol. 40 Sup. AGCS http: Il xb. sinomaps. com

2.2

ELS MEDLL 13l

GPS  Galileo MEO

IGSO
GEO

IGSO GEO

GEO IGSO

1GSO GEO
: IGSO  , GEO

3 Wuhan (2006-10-18)

(=]

AN #'»WMM

2r

multipath/m

-3 : : . . .
6.5 7 7.5 8 85 9
time/h

L1BC-P
E6BC-P

L1A-D
E6A-D

1 Galileo

Fig.1 M ultipath error of Galileo receiver

Fig.2 Multipath error of receiver

Power Spectrum of Multipath(CSHA G3 B3IN))

power/dB

0 100 200 300 400 500 600 700 800 900 1000
frequency(1/1 123 216 Hz)

3

Fig.3 Characteristic of multipath error in frequency

domain

O = -
Sno Lo n
-
I
1
i
i
i

I N

4 6 8 10

i i i i i i
12 14 16 18 20 22 24
time/h

Fig.4 Multipath error of wide beam antenna in differ-

ent kinds of satellite orbit



91

5
., (a GEO  .(b) 1GSO
2
s 24 h
£ 1.0 :
W 0.6F- I;?Sﬁﬁwgiﬁ
FJ'L( 0.4 = r?celvelc
Y
IR :
=_1.0
' 5 10 15 20 25/h
(BDT)week 257
(a)

g ! : H : | —receiverA
& 0 | | =aag
oK ‘0-"" ' ;
B o :
s s s e
=
< 2 4 6 8§ 10 12 14 16 18 20/h
(BDT)week 260
(b)
5
Fig.5 Multipath error of nrrow beam antenna in
different kinds of satellite orbit
GEO
s GEO ,
(standing multipath)
4
, [4] 6
Houston B thread site s 4
5
2
E
e
K
""" post correction range pomeny
) mean=0.81 m
-0.5 :
2007-10-28 29 30 31
6 Houston B thread site
Fig. 6 Standing multipath on CRE measurements

from H ouston

Raytheon
, GPS )
0
GEO
, GEO
1m , 2~ 3
2m [4]
SBAS
, SBAS
GPS ,
SBAS GEO ,
7 EGNOS GEO

WWHELER/cm

151 |152 |153

20074FAFER

7 EGNOS GEO
Fig. 7 Double difference carrier phase L1 residulas of
PRN 120 and PRN 126 in ashort static baseline

, GEO

2.4



92 May 2011 Vol. 40 Sup. AGCS

http: Il xb. sinomaps. com

N
s(t) = Ap(t— To)cos( Wi+ )+

N

A Z(},p(t— T— T)cos( @i+ 0.) (1)

, s N
; A ;P
) O
5 & 5 O n
5 Tn n
’ W, n
5 al n
dl{ o - a]i+ [ 6.— )]
Funty = 4L ]dt (a-0)1
fM,n(t) n
’ (fadlng—
frequency)
3
[6]
0, 0o 180°
0 ,
3.1
3.1. 1

8
Fig. 8 Vector signal of direct signal and

multipath signal

8 , AO R A OB
, 0.54 (@ = 0.5) AB
, a , B
R AB
s A cos
B, 0.54 cos( a- B
3.1.2
3.1.3
8
9 10 s 0.1 s
0.1 ) 1Hz
10

i

EAMHIRZE/m

|
W

I

1

'

I

1
[P A

]

1

'

I

1
et mm e ===

100 200 300 400 500 600 700
{ELE /s

|
—_
(=]
(=

9

Fig.9 Error curve of discriminator



, 93

— 0.06 :
08—k Al 004 :
i i i 0.02} h
0.6 Y A 0 E L
04} Y S W fﬁ i
: —0.02 ‘%E i
02}F---tfo-- 5 -
: ~0.04 = ;
0 : — g v
o 1 2 %5105 0 005 0l = ]
() AR (b) %At 2L -+
10 0 500 1000 1500
Fig. 10 Simulation result of discrim inat or RIS
12 0.001 Hz
3.2 ( 1500 s)
Fig.12 Code tracing error when fading-frequency is
0.001 Hz( simulation for 1 500 s)
DLL,
PLL, S I T U DU DU DL
2p-mm by A S AT AT AT T Y Y
Y A Y I WY Y I Y Nt DR P B Y A S
I T T A YA O Y O Y T I O
S YUYV Ty
, BT o O] 011 O O L L L L O O B
e | | o | [lmsBiis b ot T
BSIE o e L I o o o B o 5 L & S N B
# SIS IO O Y O I L Y I O 0 0 0 O O Y O W
" Y R R (R
By ) NN A S | G O VA AV A 1 S
2 gk o e e T
EE%KH% ] H g*ﬁé Jﬁ_l'?/ 25 ' ' ' ' ' ' ' ' 1
it | msBUME PLL 0 20 40 60 80 100 120 140 160 180 200
PR/
13 0.05 Hz
11 ( 1500 s)
Fig. 11  Frame of receivers loop Fig. 13 Code tracing error when fading-frequency is
0. 00 5 Hz(simulation for 1 5005s)
3.3
12 13 ,
( ) ’
1 ’
1
Tab.1 Configuration of parameter in loop simulation 4
/ 0.1 ’
/ 0.1 ’ ’
/ 0
/Hz 0.03
/Hz 0.5 ’
/dB -3 P
/ms 1 ,
0.001 Hz 0.05Hz , ,

5 12 13



94

May 2011 Vol. 40 Sup. AGCS

http: Il xb. sinomaps. com

[

[2]

PARINSON B W, SPILKER J J, AXELRAD P. Global
Positioning Sy stem: Theory and Applications: 1[M]. [S.
1.]: ATAA, 1996, 547 568.

ZHANG M engyang, LV Baoxiong. Analyses of M ultipath
Effects in the GPS System []J].

Chinese Journal of

Electronics, 1998, 26(3): 195197. ( s s

. GPS [J]. , 1998, 26
(3):195-197. )

LIU Huicui. Disquisition on Multipath M itigation

Algorithm in Spread spectrum Ranging Systems [ D].

Changsha: National University of Defense T echnology,
2005. (
[D]. ,2005.)

[4 SCHEMPP T, BURKE J, RUBIN A. WAAS Benefits of
GEO Ranging [ C] II Proceedings of ION GNSS 2008.
Sauannah: [s.n.], 2008: 1903-1910.

[5] WANNINGER L, WALLSTAB- FREIT AG S. Combined
Processing of GPS, GLONASS, and SBAS Code Phase and
Carrier Phase M easurements [ C] /| Proceedings of ION
GNSS 2007. Fort Worth: [s.n.],2007: 866-875.

[6] MISRA P, ENGE P. Global Positioning System-Signals,
M easurements, and Performance [M].

Jamuna Press, 2001: 308-313.

Lincoln: Ganga

(FAE%4E: D4R 1)

: 2010128
: 201+03-28
(1983—), .

First author : LIU Sihui( 1983 —), male, PhD candidate,

majors in sctlelite navigation receiver.

E-mail : landvover. vivian@ gmail. com

(L32% 88 M)

[71

[ 10]

JIANG Pucheng, WU Tanran, ZHANG Y uhan. The
Developing Conditions and Tendency of Near Space Airship
[J]. Space Electronic T echnology, 2008,5 (3): 510. (

[J]. ,2008, 5(3): 510.)
ZHANG Zhi, YU AN Jianping, CHEN Shilu. Applications

of GPS in Space [J]. Journal of Astronautics, 1996,
17(3): 6871.( s , . GPS
[J]. , 1996, 17(3): 68-72.)

LIU Huijie, ZHANG Naitong. Research of Space Coverage
Property for GPS Constellation[ J]. High tech Communt
cation, 1999(12): £ 5. ( s . GPS
[JI. , 1999(12): E5.)
MAO Kecheng, SUN Fuping, LI Hongtao, et al. Modeling
and Simulation of GPS Signal Blockage Based on Space

Resection | J]. Hydrographic Surveying and Charting,
2007, 27(4):3640. ( s R R
GPS [J].
, 2007, 27(4): 36-40. )

(FAE %A DR T

: 201 125
:201+3-25
(9o71m=, ,

First author: LI Jianwen ( 1971 —), male, associate pro-
fessor , majors in satellite navigation system test and navw
igation & positioning applications.

Email : zzjw @ 126. com



