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Fig. 1 Multipath and elevation of each satellite
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Fig.2 Scatter dagram between multipath and elevation

[10]

o b

2.1
(11

N n
Mp(0.9) = > > (Alcos(heg) +

n=0 k=0
By sin(kg)) P (cosd) (4)
9MP(0’ 90) 9§0
.0 Y , P% (cos®)

LA

M, (0.¢) =

Ny n
D77 (Akcos(kg) + Bhsin(kg)) Pt (cos®)

n=0 k=0

<0< 0,
0 <0<, .
S S (At cos(he) + BlsinCkg)) Pt (cosd)
n=0 k=0

0 <0< 0
’6] \63
\ 0, :

M/? - MsphereX (6)



2015 2

108
Mpl M|(913¢1) Mz(@mgm) M2 ((9|v§01) X,
M, — ]\4.112 Mo — M, ((9‘2 vg&z) M, ((9;3 ’502) M(N+172'(52 ,902) X — X'g
Mpl o M, (0, 50> M (0,50 M2 O s @) | seenin? Xvin? | avin?xa
9M/) t ?Msphcrc L
X v
Mp(0,¢) = a1 + aycosf + Z {a;cosCip) +
s i=1.j=2i+1
M, ere , ajrysinCig) b =+ @z, cosfcosg (8)
° s A ’
[13]
X = (M};)hereMspheve + KI)ilM;l;hereMp (7) o
K0, . K 1x10 ;1 ,
Msphcrc ° N 4
2.2
2 ,
M, = M, X (9
Mpl M\(5| 9501) Mz(@\ 7§0|> Mz\"fs (01 !90\) X|
M, = MP;) . Mo, = M, ((9.2 7902) M, ((9:3 9502> Mo (.62 sgaz) CX — Xz
Mp[ o M, 0, 0) My (0, 59 Monis 0o s @) | cants Xnvin? J antaxa
M, i Mo, PRN18 .
» X o o
k 3
3
URUM (2013-05-01 ~2013-05-
07)L, ,
(109,
3.1
’ 3
0 Fig. 3 Multipath variance of spherical harmonic
0, =k« 0, (10) function model err
07 ’ NZ 3 ’
,ke[o,lj,k—Jl, s N, b ,
H ’ k ’
0 , » N, 35.N,
25, URUM PRNO6, PRNI15, , 4 .



35 1 109
B >
’ o
k s
) 6 .
6 ,
4
Fig. 4 Segmented spherical harmonic function model
and model err of multipath
4 )
3
’ NZ
]\71 ] °
3.2
’
6
° Fig. 6 Segmented trigonometric series function
, N, 350, N, 150, model and model err of multipath
k 5 o 3.3
b .
b
) 02
1 )
5 o ,
Fig. 5 Multipath variance of segmented trigonometric s
series function model err
1
Tab.1 Model parameters contrast
PRNO06 PRN15 PRN18 PRNO06 PRN15 PRN18
/() <0, >0 <0, >0, <0 >0, <0, >0, <0, >0 <02 =>0-
1296 676 1296 676 1296 676 1295 675 1295 675 1295 675
/m 0.118 0.072 0.035 0. 081 0. 050 0.000 2
4 b
GNSS o
GNSS

IGS



110 2015 2

[l ,2011,40:89-94 (Liu Sihui.
Fan Jingqi, Ou Gang, et al. Effects of Dynamics of Mul-
tipath on Code Tracking Loop[J]. Acta Geodaetica et Car-
tographica Sinica, 2011,40;89-94)

° ’ [7] , , . . GPS
o [J1. , 2013, 38(3):7-9 (Li Guowei, Guo
s Jinyun, Yuan yongdong, et al. Studies of Modeling Mul-
1GS , . tipath Effect at GPS Station[ J]. Science of Surveying and
Mapping, 2013,38(3):7-9)
[8] . GPS [M].
’ , 2009(Xie Gang. Principle of GPS and Receiver Design
o [M]. Beijing: Publishing House of Electronics Industry,
2009)
[9] Park K D, Nerem R S, Schenewerk M S, et al. Site-Specif-
(1] Axelrod P. Larson K. Jones B. Use of the Correct Satellite ic Multipath Characteristics of Global 1GS and CORS GPS
Repeat Period to Characterize and Reduce Site-specific Mul- Sites[J7. Journal of Geodesy,2004,77:799-803
tipath Errors[ C]. ION GNSS 18th International Technical [10] ) [M].

Meeting of the Satellite Division, Long Beach CA, 2005
[2] McGhee K E. Site-specific Point Positioning and GPS Code

, 1991 (Gan Renchu. Statistical Analysis of Dynamic

Data[ M]. Beijing: Beijing Institute of Technology Press.

Multipath Parameterization and Prediction[ D]. The Ohio 1991)

University, 2011 [11] Heiskanen W A, Moritz H. Physical Geodesy[ M]. San
[3] GeL L, HanS W, Rizos C. Multipath Mitigation of Con- Francisco: Freeman W H, 1967

tinuous GPS Measurements Using an Adaptive Filter[J]. [12] Abramowitz M, Stegun I A. Handbook of Mathematical

GPS Solutions, 2000, 4(2):19-30 Functions with Formulas, Graphs, and Mathematical Ta-
[4] Wanninger L, May M. Carrier Phase Multipath Calibration of bles] M. New York: Dover, 1965

GPS Reference Stations[ C]. TON GPS 2000, Salt Lake City, [13] Hoerl A E, Kennard R W. Regression Biased Estimation

2000 forNon-orthogonal Problem [ J]. Technometrics, 1970
[5] Bruce M. Hannah B M. Modelling and Simulation of GPS (12) :55-68

Multipath Propagation [ D ]. Queensland University of [14] Zyqmund A. Trigonometric Series M]. Cambridge Univer-

Technology, 2009 sity Press, 1959
[6] s s s

Simulation Modeling of Multipath Effect for Satellite
Navigation Monitoring Station Receiver Based
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Abstract: Multipath effect is one of the main errors that affect the positioning accuracy of satellite nav-
igation receiver. Aiming at multipath modeling, firstly, property of static multipath is analyzed, pa-
rameters that influence multipath are extracted, and correlation relationship between them is estab-
lished. Then, segmented spherical harmonic and segmented trigonometric series function model of
multipath are constructed, and the precision and complexity of these two models are compared. The
result shows that segmented constructing multipath model using trigonometric series model and spher-
ical harmonic function model is feasible and the former is better than the latter.

Key words: multipath; simulation and modeling; GNSS system; spherical harmonic function; trigono-

metric series function



