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Analysis of influencing factors of positioning precision

in non-core area of BeiDou II system
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Abstract: As a regional positioning system, BeiDou II system playing an increasingly important role in its core area
services, research on factors affecting the positioning precision in non-core area of BeiDou II has also become more
and more significant. In this study, GAMIT/GLOBK software was used to process the data provided by MGEX of
17 IGS stations located in the non-core area of BeiDou II system. Factors affecting the positioning precision of BeiDou
11 in the non-core area were analyzed, including different precise ephemeris, mapping functions, choices of observa-
tion, satellite cut-off elevation angles, and time intervals on zenith tropospheric delay estimation. The results show
that the standard deviation reaches the decimeter level. A higher positioning precision can be achieved by using the
precise ephemeris provided by CODE, solving broad lane ambiguity based on ionospheric constraint, selecting NMF
mapping function, and setting the satellite cut-off elevation angle as 12° and the time interval of zenith tropospheric
dalay estimation as 1 h. The main reason for the lower positioning precision in non-core area of BeiDou II system is
that only a few number of BeiDou II satellites can be observed. The research shows that the positioning precision in

non-core area of BeiDou II system were affected by the precise ephemeris, wet and dry mapping functions, choice of
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observation, satellite cut-off elevation angle, and time interval on zenith tropospheric delay, but it can be improved
by selecting suitable precise ephemeris and baseline solution strategy.

Key words: BeiDou II; non-core area; positioning precision; GAMIT/GLOBK software; the multi-GNSS experi-
ment and pilot project(MGEX)
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Tab. 2 Statistics of solution accuracy using different precise ephemeris m
W5 CODM GFZ WUM
E ¥ dN dE du dN dE du dN dE du
MAX 0.836 0 1.670 0 2.934 8 1.172 0 1.704 9 2.533 8 0.655 4 1.704 9 2.533 8
MIN —0.714 6 —1.891 1 —0.527 2 —0.530 0 —2.465 1 —1.501 4 —0.530 0 —2.465 1 —1.501 4
MEAN —0.001 2 —0.003 2 0.007 2 —0.002 5 0.017 9 —0.024 4 —0.005 8 0.009 5 —0.016 2
STD 0.131 9 0.247 9 0.236 0 0.164 8 0.297 7 0.282 7 0.146 5 0.290 1 0.268 4
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Fig. 2 Statistics of standard deviations using different precise ephemeris
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Tab. 3 Statistics of solution accuracy using different mapping functions m
W 5 VMF1 GMF NMF
ek 2 dN dE du dN dE du dN dE dU
MAX 0.705 2 1.591 5 2.648 5 0.836 0 1.670 0 2.934 8 0.718 7 1.400 4 2.733 8
MIN —0.632 8 —1.750 9 —1.529 1 —0.390 8 —1.891 1 —0.375 0 —0.363 1 —1.9515 —1.019 5
MEAN —0.015 4 —0.003 9 0.016 4 —0.006 5 0.000 6 0.028 6 —0.002 9 0.006 4 0.006 9

STD 0.140 7 0.323 2 0.366 6 0.133 7 0.304 9 0.331 2 0.118 6 0.282 8 0.306 8
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Tab. 4 Statistics of solution accuracy using different choices of observation m
L3 4 0 4% I P, 8 2 24 SR iR T S AR B F T B A B DR A R 2
ek dN dE du dN dE dU
MAX 0.655 7 1.328 0 2.547 4 0.836 0 1.670 0 2.934 8
MIN —0.354 3 —1.808 6 —0.724 5 —0.390 8 —1.891 1 —0.375 0
MEAN 0.005 4 —0.015 0 0.000 9 —0.006 5 0.000 6 0.028 6
STD 0.121 1 0.296 2 0.289 9 0.133 7 0.304 9 0.331 2
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Fig. 4 Statistics of standard deviations using different choices of observation
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Tab. 5 Statistics of solution accuracy using different
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satellite cut-off elevation angles
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Tab. 6 Statistics of solution accuracy using different time intervals about zenith tropospheric delay estimation m
X J2 K T 1h 2 h 4h
JE 3R [1] [
SR dN dE dU dN dE dU dN dE dU
MAX 0.595 7 1.476 4 2.617 7 0.836 0 1.670 0 2.934 8 0.629 1 1.433 3 2.634 5
MIN —0.430 3 —1.575 0 —1.244 0 —0.390 8 —1.891 1 —0.375 0 —0.595 0 —1.483 4 —0.455 7
MEAN 0.000 0 0.012 6 0.035 4 —0.006 5 0.000 6 0.028 6 —0.001 1 0.003 1 0.059 5
STD 0.128 9 0.275 5 0.313 5 0.133 7 0.304 9 0.331 2 0.140 0 0.283 2 0.318 6
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Fig. 6 Statistics of standard deviations using different time intervals about zenith tropospheric delay estimation
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Tab. 7 Station information of TONG, KOKV, FTNA and CHPG

W35 45 Bk ZRE/ () @R/ STDx/m STDg/m STDy/m
TONG —175.179 2 —21.144 7 0.052 6 0.120 1 0.093 0
KOKV —159.664 9 22.126 2 0.148 5 0.687 6 1.034 5
FTNA —178.120 9 —14.307 8 0.090 8 0.116 7 0.096 5
CHPG —45.002 3 —22.682 2 0.066 8 0.803 9 0.445 5

4 BE

15
XL S RGO X 1

(9 17 A4~ 1GS sl Hodls 0 AT i 555 53 53 KoKy
9

FSE 1K 5 B 3 R B 2 fifp 33 SR s v 7Y
WL R e A T v AL A L T R

GW 6
I BRI VBCXE I 2 R T RE 3R A7 T e JR] ] cr - : T

B I S Bl o I B K | ————| £
BN S A CHPG

B RS

G—GPSTLAE 0

D i Fd =5 25 A MIE it} DE
T HRS 5 E3EAE W R X, L 020 021 022 023 024 025 026
ﬁj %@ik B !thifé{ﬁ%\f)ﬁ H/‘J‘E% EE 7 TONG.KOKV . FTNA,CHPG il i 3¢ il fet B
ST mT O E Y TR AR H L ks T2 A GPS T E 8 H it

2) Aok =5 R AR D KU Fig. 7 Statistics of BeiDou satellites and GPS satellites during the
7K B e KAE I8 21 K 2, 7 $94E hy i observation period at TONG, KOKV, FTNA and CHPG

K G 220 B R B 73 A
3) TEARAZ O X IR b 2 5 R GE AT Rk B EE i S, S ] CODE $2 41 08 %5 & B3, 11 B SF

BRI R NIMIF o K 08I0 2 ol T Pl 5 J22 240 TR e 5 AR AR 32 TR vy B2 A A P 127 0 O )22 K TS 3R i
[E] [E] s i &4 1 he
S %30k
(1A E S EZ S A%, TR PRI R4 ¥R .2010,39(1) : 1-6.

YANG Yuanxi.Progress,contribution and challenges of compass/BeiDou Satellite Navigation System[]]. Acta Geodaetica et

Cartographica Sinica,2010,39(1):1-6.
[2]LIU Y,LOU Y,SHI C,et al.BeiDou regional navigation system network solution and precision analysis[ C]// Proceedings of



. 16 b AHE KR FFIROE RHAF RO 2021 5% 1 &

China Satellite Navigation Conference (CSNC) 2013.Springer Berlin: Heidelberg,2013:173-186.

(34, Ao, FARA. A 804 AR W 8 A 55 2o B o 47T ] 44+ 5 ,2019,44(9) . 1-6.

LI Sen,ZHOU Mingrui, CHEN Jixu.Application experiments and accuracy analysis of BeiDou data engineering control net-
work[ J].Science of Suverying and Mapping,2019,44(9) :1-6.

4R =R 07 H 2R F S FREAXSSSE LT RE TN E AL EmEs L] kel &5 ksksh S %,2018,38
(7):668-672.

WU Renpan, LIU Wanke, WU Fengbo.et al. Analysis of TTFF and accuracy of BDS medium-long baseline kinematic relative
positioning[ J].Journal of Geodesy and Geodynamics,2018,38(7) :668-672.

[5]JMONTENBRUCK O, RIZOS C,WEBER R.et al.Getting a grip on multi-GNSS: The international GNSS service MGEX
campaign[J ].GPS World,2013,24(7) :44-49.

[61#mwem, T4l 2% . F .5 T EKF #9 GNSS/SINS L4 FAL R %6 8 A [J ] 0 AAE K F F R (8 AA ) ,2019,38
(6):114-122.

YANG Xiaoming, WANG Shengli, WANG Haixia, et al. Application of GNSS/SINS integrated navigation system based on
EKF[J].Journal of Shandong University of Science and Technology (Natural Sciences),2019,38(6):114-122.

[7JMONTENBRUCK O,STEIGENBERGER P, KHACHIKYAN R,et al.IGS-MGEX : Preparing the ground for multi-constel-
lation GNSS science[ J].Inside GNSS,2014,9(1) :42-49.

[8JAK A, 7R B2 #F N Ao . A 22§40 & Gedh B Ao ) 36 2 0 il A5 B ArL) ] B A8 L, 2015,10(9) 1 1023-1032.
GENG Tao,SU Xing, XU Xiaolong, et al. Research on precise and broadcast ephemeris orbit of BeiDou navigation satellite
system[ ] ].China Science Paper,2015,10(9):1023-1032.

[OJARH . ZTA . BR.F. LI LEZFMAL/ LB ALRTERAAB AL AL AR E ST F BAF kA2,
2019,49(4) :671-686.

ZHOU Letao, HUANG Dingfa, FENG Wei, et al. Global precision analysis of carrier phase relative positioning in BeiDou
navigation satellite system and United States global positioning system[ ] ].Science China Earth Sciences,2019,49(4):671-
686.

[10]BERKAY B,METIN N.Comparative analysis of MGEX products for post-processing multi-GNSS PPP[ ] ]. Measurement,

2019,145:361-369.
[11JHERRING T,KING R, MCLUSKY S.GAMIT reference manual (Release 10.7)[ R]. Boston: Massachusetts Institute of
Technology.2018.:1-168.

[12JHERRING T,KING R, MCLUSKY S.GLOBK reference manual (Release 10.6) [ R].Boston: Massachusetts Institute of
Technology.2015:1-91.

[13]XU A,XU Z.GE M,et al.Estimating zenith tropospheric delays from BeiDou navigation satellite system observations[ ] ].
Sensors,2013,13(4) :4514-4526.

(LA R % 304038 A 3, F TR BT BB L AR GPS MA@ %o 24 [J ). A2 T X % $41,2019,39(1):152-
160.
ZHOU Maosheng,GUO Jinyun,LIU Zhimin, et al.Influence of tropospheric mapping function on Shandong GPS solution
[J].Journal of Guilin University of Technology,2019,39(1):152-160.

[15]3R s pe . & i i, B % K T GAMIT ¢ GPS R A X M AR 47 & m AL) ] ALK ,2011(10) :42-45.

ZHANG Shuangcheng,CAO Haiyang, .1 Haiying. Application and analysis of GPS long baseline processing based GAMIT
[J].Geotechnical Investigation &. Surveying,2011(10):42-45.

(1615 B4k . 3 &5 RA K. F.GPS i3k % 54 12 20 5 B R [J].0 24+ 5 .2013,38(3) . 7-9.

LI Guowei, GUO Jinyun, YUAN Yongdong.et al.Studies of modeling multipath effect at GPS station[ J |.Science of Survey-
ing and Mapping,2013,38(3):7-9.

(1715408 A £ AF. B A% L GPS S8 4L 22 o *F i B A S Ak 3T A1 0[]0 2 0 22 43 8. 2013, 38(5) : 12-15.

HUANG Zudeng, MEI Lianhui.Research on the time selection of PWL in high-precision GPS data processing[ J ].Journal of
Geomatics,2013,38(5) :12-15.

(IrAE% 4. 5w 4)



