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Simulation and Global Coverage Analysis of Beidou
Navigation Satellite System

WANG Ershen™”, YUE Xiaodong®, HE He®, QU Pingping®
(a. School of Electronic and Information Engineering;b. Liaoning General Aviation Key Laboratory;
c. Library , Shenyang Aerospace University,Shenyang 110136, China)

Abstract; To learn constellation distribution and satellites global coverage after formal operation of Beidou
navigation satellite system(BDS) ,this paper simulates the complete constellation of BDS by Satellite Tool
Kit(STK) with the published information of BDS satellite orbit parameters. The orbital parameters, access
and coverage of satellites are analyzed based on the simulated constellation of BDS. The performance of ge-
ometric dilution of precision( GDOP) and navigation accuracy in four different stations and global area are
simulated. The results of this study have a certain reference value for analyzing the service performance and
improving BDS navigation accuracy.
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(Global Position System, GPS) BYL#, k[ 6] 5k
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XL — TR HT TR AL bR R T ROALE S EE 5L
£t T A AR JUART IR B8 5 d5 5, X A (o] SO 000 s A 4
BRIGFE BDS By AT UL TR E LR B R LA KA
K FEHEATTEAH 5347 o

2 BDS EE{HE
BDS A2 5 Fi b R 1k 5] 20 808 AL (Geo-

stationary Earth Orbit, GEO) 27 i rf s BR#11E T &2
(Medium Earth Orbit, MEO) F1 3 Foifii 74 K [ 25
i T ( Inclined Geo—synchronization Satellite Orbit
1GSO) 4 i, GEO T & #iB & B 35 786 km, 7F
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) TR BB TR . STK M0 B3 it T
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BRZIEARAN A B9 10) 88, 27 5 MEO 7E 3 AR il k-
BT ARk, BDS B AT AL = R S
RGA B IR — A B HPOR R B iE TR AR
JRAHE5EE  GEO & 1GSO MR AT B 8 15 1 2
575 BDS B T A v [ K J&] 2 Hh DX B 43t DX 3 444 5 (1)
JIK 45 41 i i 15 BDS 4R T db=) " —ACAY AL B R
KR SRR AR S
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J2000 AR R R TR A B T R, A SCAE Y
BDS A JE AR 5 B 4 B3 8 i BB ( Coordinated U-
niversal Time , UTC) IFIE] A 2015 4E5 A 19 H 04 B,
SEETTE] R 2015 4E5 A 20 H 04 B, FR Th i, % 1
HI T BB TA] R 12 A5 oT (i oTlalbe 300 ) R
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Tab. 1 Coordinates and velocity of satellite MEO133 based on J2000 coordinate system in simulation time

Time ( UTC) x/km y/km z/km v/ (km-s™") v,/ (km - s v./(km - s7")
04:00:00. 000 8253.654 145 15 786.228 404 21 480.749 597 -2.417 808  2.704 933 -1.058 852
04 .05 :00. 000 7521.712 712 16 584.463 558 21 145.444 512 -2.461 212 2.615 863 -1.176 147
04:10:00. 000 6 777.358 913 17 355.327 029 20 775.236 391 -2.500 554  2.522476  -1.291 501
04.:15.:00. 000 6021.821 280 18 097.546 463 20 370.736 307 -2.535769  2.424 925 -1.404 723
04:20:00. 000 5256.346 801 18 809.896 783 19 932.611 935  -2.566 799  2.323 371 -1.515 626
04 :25.00. 000 4482.198 861  19491.202 207 19 461.586 449 -2.593592  2.2179 83 -1.624 028
04:30:00. 000 3700.655 156 20 140.338 192 18 958.437 334  -2.616 104  2.108 933 -1.729 748
04:35.00. 000 2913.005 587 20 756.233 290 18 423.995 095  -2.634 299 1.996 403 -1.832 614
04 :40:00. 000 2 120.550 129 21 337.870 916 17 859.141 892  -2.648 146  1.880 577 -1.932 455
04 :45.00. 000 1324.596 684 21 884.291 025 17 264.810 082  -2.657 623 1.761 647 -2.029 106
04:50:00. 000 526.458 927 22 394.591 698 16 641.980 679 -2.662 713 1.639 810  -2.122 408
04 .55 :00. 000 —-272.545 868 22 867.930 629  15991.681 735  -2.663 409 1.515 266 -2.212 206
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Tab. 3 Statistics of GDOP distribution in different cities

W GDOP FEE AeifERE
Jea 1~2 1.5 0.19
R 1.2~2.4 1.6 0.28
Ohr 1.2~2.9 1.6 0.29
Washington 1.4~3.4 1.9 0.29

4.2 FEEHHSRBEES T

4 AR SRS BE R A T S (FE DT B ]
24 hNEI60 sHURE— ) G5 R FK 4, WK 4 TR
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BEAMATAS T 0 45 SR SRR 2 Rt ) 7 25 T Bk
BRMERS R,  Rh N6, 0 m, FefIORE FE 17,8 m,
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Tab. 4 Navigation accuracy for different cities

kT K EE/m SEE/m BRfEZE/m
SHGITES R, R 2, (A 5.5~10.1 7.7 0.98
F2 BDSEZETAINIEHMSEIT JEE 5.9~11.9 7.9 1.36
Tab. 2 Statistics of visible BDS satellites number in different cities Ohr 6.0~14.7 8.1 1.47
) CIRNEN=Y o FEME e Washington 6.8~17.8 9.3 1.50
bt 12 ~19 14.7 1.8 -
B 1~18 14.8 1.6 4.3 ZHEERN BDS K GDOP 5347t
Ohr 7~15 1.1 1.8 WP 28 20 1 K] 43 PUAS A7 BIURE | AR SCH IR 4 4
Washington 6 ~14 9.6 1.5 FERE 1°x1 O3 B — N RAFE ST AT 0 B 45 4 B[]

4 BDS DEEBZ4HM

TR G TR 25 [R] LA 43 A 38 % R A DOP
RN 28 A FE A TR

AR CE S X) Beijing (40°N, 116°E) , Kunming
(25°N,103°E) .Ohr(52°N,9°E) ,Washington(39°N,
77°W) 4 UL GDOP B LA K S iks 1 HEA 70
FLAHT, 31X 4 AT A0 A AR AR VE 2Bk, 4 B e A
AHHIA] ; [FJIF, Beijing . Kuming J2& [ A 43 B 25 4 450K
AR IBTT , Ohr . Washington F2& [ 7M 238 i 5 Fi 555 K
AT, A BT BDS 78 [ AN R X 381 2
BT, RIS 43 4T BDS B4 BRVERE , A< SR 3
LA FEXT BDS HY A 5K LA A B X5 DL R S i kG 2
HEAT T 0T

WA L6 U7, G2 T
GDOP fe KA | fe /ME FF- B (E 311 080 S HEAS
5,3 5 g, GoilEA4 T GDOP it KAA
AMEFIE- I E 3L 543 ANEEAME, W3 6 T,

RS GDOP HEZRETMHFIT
Tab. 5 Statistics of GDOP varying with longitude

el LEON FHE f/MH
GDOP  1.271 ~1.666 1.193 ~1.656 1.14 ~1.655
¥ 1.587 1.403 1.323
bRl 0.111 0. 108 0.118

®O6 GDOP HESETMH G
Tab. 6 Statistics of GDOP varying with latitude

S8 SN A /M
GDOP  1.473 ~1.666 1.345~1.656 1.14 ~1.649
SEHME 1.573 1.424 1.255
FrifE 2= 0.054 0.084 0.136
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Tab.7 Statistics of global navigation accuracy varying with longitude

ZH TN F-HE e/ ME
Wi /m  6.354~8.33 5.964 ~8.282 5.701 ~8.276
SEHE/m 7.935 7.016 6.613
FrUE2E/m 0.555 0.540 0.588

®8 SMBEERSETASEIT
Tab. 8 Statistics of global navigation accuracy varying
with latitude

SR WKAE A He/ME
WEE/m 7.364~8.33  6.726 ~8.279 5.701 ~8.244
SEH{E/m 7.867 7.867 6.276
FREZ/m 0.272 0.420 0.678
5 Z5RIE
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SR B T 85850, A5G BDS 19 5 3 A1 ; BDS 7]
PN A R AR BB B E 19 AU 55, 5 b =R T
B R G 5a il T 1 R B A B UK, T LA
JEIE I AR AL O R ST M R GERIMERE . AL
RS ] BT 4 5 48 BDS R SEPERE T+ BDS 1Y
BRI PERE B AT BB 5 S R HERN L, aT E
— 2T A S R X b 2 TR A R G R Mg
PEATHEFE AT

S Xk

(1] FERH SRR BRI, 4 < dE2k” SALR G MIEL

BETANMEE R G H AN [ T]. BIRE AR, 2013,
53(7) :831-834.
WANG Ershen,ZHANG Shujie, LEI Hong, et al. Applica-
tion of Beidou satellite navigation system and data trans-
ceiver in UAV monitoring system[ J ]. Telecommunication
Engineering,2013,53(7) :831-834. (iin Chinese)

[2] JZE. LT STK Mg TR RGBRE H )], Hill
AR ,2012,52(4) :595-599.

ZHOU Lichun. Efficiency simulation of reconnaissance

- 922 -

satellite system based on STK [ J]. Telecommunication
Engineering ,2012,52(4) :595-599. (in Chinese)

(3] skifeE 0055, My« A8 JET STK a9 bl X &
4t GDOP {lsH [ )] HEEEINZ: ,2013,33(5) :31-33.
ZHANG Haizhong, LIU Xuerui, GAI Pengfei, et al. GDOP
simulation and analysis of BDS regional system[ J]. Hy-
drographic Surveying and Charting,2013,33(5) :31-33.
(in Chinese)

(4] Fh REARE (T f , 45, ST db=k” AR TR S R 4

TEXERHIX DOP BT EL AT [J]. KTy S35 45 4l
2014,39(6) :52-55.
LEI Hao, LIAN Baowang, HE Wei,et al. Analysis of DOP
for Beidou navigation system in asia—pacific regions based
on STK [ J]. Fire Control& Command Control, 2014, 39
(6) :52-55. (in Chinese)

[5] rdtfl, BRI FAE “dbl" T TR SR 502 Ay

FAPHTHESE (1], AP TR B3, 2012,33 (10)
3913-3917.
XU Jianli, WANG Junfeng, DONG Wei. Research on anal-
ysis and simulation of Beidou Il navigation system con-
stellation[ J ]. Computer Engineering and Design,2012,33
(10) :3913-3917. (in Chinese)

[6] SB3E SK/NCL, TOUHE, 45 JET STK K {1 GALILEO %
GNE ST T]. M5 845 THE,2009,34(1) :3-6.
GUO Fei,ZHANG Xiaohong, YU Xingwang,et al. Simulation
and analysis of Galileo system using STK software[ J ]. Jour-
nal of Geomatics,2009,34(1) :3-6. (in Chinese)

(7] /D, EAR3CHET STK 9 GPS LA AJ WAL f EL5%
Brld]. MR ETXIE,2014,30(5) :16-19.

WANG Xiaojing, WANG Junwen. Analysis of visibility
simulation of GPS satellite based on STK[ J]. Aerospace
Electronic Warfare ,2014,30(5) :16-19. (in Chinese)

EE R

F/RE(1980—) , B 1L TiL FH A, 2009
GRS VSRR PN 273 L e o VAT 2 E )
BN TR S O S Ak B
e ;

WANG Ershen was born in Liaoyang, Lia-
oning Province,in 1980. He received the Ph. D.
degree from Dalian Maritime University in 2009.
He is now an associate professor. His research concerns satellite
navigation and receiver signal processing.

Email ; wanges_2016@ 126. com

EBER(1990—) , 5, IR A LA, EEN
TR SMBENR

YUE Xiaodong was born in Zibo, Shandong Province, in
1990. He is now a graduate student. His research concerns satel-
lite navigation algorithm.

il #K(1982—) , L, Bk, T 255 1 o £ B S 5
Pasb

HE He was born in 1982. She is with the M. S. degree. Her
research concerns information and data processing.

S (1979—) , 20, 1, FEEF5E05 10 A

QU Pingping was born in 1979. She is with the Ph. D. de-

gree. Her research concerns navigation guide.





