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Fig.1 The precision criteria system of the Beidou navigation satellite system
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Fig.2 Service area of the Beidou navigation satellite system
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Fig.3 The PDOP distribution of the GPS system in China and its peripheral regions
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Fig.4 The PDOP distribution of the BDS in China and its peripheral regions
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*1 GPSLESMBEXHEBENSHESKIRE(RAL: m)
Table 1 The broadcast ephemeris errors and clock parameter errors of the GPS

satellite navigation messages (unit: m)

Orbit Error

Satellite Type Clock Error
R A C
BLOCK IIR 0.11 0.71 0.64 0.76
BLOCK IIR-M 0.11 0.85 0.76 0.60
BLOCK IIF 0.19 0.84 0.93 0.31

®2 Y IESMAGENIESMBEX T EERSHESKIRE (B m)

Table 2 The broadcast ephemeris errors and clock parameter errors of the BDS
messages (unit: m)

Orbit Error

Satellite Type Clock Error
R A C
GEO - - - 0.13
IGSO 0.48 0.83 1.64 0.36
MEO 0.52 1.29 1.36 0.81

FE2E T 58 &5 B W, K %5 58 S GEO B AL (13 Mb ki S S50 T IV 000 3 30 26 s 2=
EGEO BB Y] 7] ™ moRRY. R R B B 2 AGEO LA 2 i ks
FEVPAS A4 10 SR HILRS (International Laser Ranging Service )& it [f1 30 IR i3 44
Poxd A 2b B PO s A TR A%, H A, A4 DAAILRSERER, P2 %5 7
JyCO1. C08. CI1OHMIC11.

RNV II20155F 400 A2 ) 376 AL D IO ik 22 ¥ (EMean,  brifE Z2STD A 7 i
RZRMS, Hrh, COLHGEO P/, C08. C10HIGSO BA, C11HWMEO BA. MArrfLL
F i, IGSO L ZAMMEO P A 365k 2 20 50 em, 15 220K % i L 45 5 AH 4.
GEO P 2ot 24) 465 cm, HLIGSO PERMEO B BO6& 20k
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3 2015FAL} D ET HEE R E R (BAL cm)
Table 3 The SLR residuals for the BDS broadcast ephemeris in 2015 (unit: cm)

Residual
Satellite
Mean STD RMS
Co1 6.29 64.37 64.68
Co8 —18.35 45.62 49.17
C10 —14.28 44.22 46.47
Cl11 —0.48 51.13 51.13

5 ELIFEE LR

A6 R GRS PERE AT A 8, U 87K 2 A7 RS BEAL 1710 my, e B 72 A7 RS B2
PT10 m. A HIMGEXH i 7] LA RS PE AL RGPS AR A b S RGEHIE AL RG L. 3
BHEAME DR SRS E LR T . 2 58 DR TR G0 LN € 7R
FEPR T, ek 9 2 o — DR AR e LB R o R B BEUR, HR  S RR RTR E  oE
PE. BEATGPSARGAMAL L R G4 & 52 A, 7T LLYEAl TR 50 R 8 58 A0 1O R BE 32 0. 41
B AL AL BN, BRI o LB A, I A S S AR SR B ZE IGPS 2 S8 #5 L B 2.
R4 WK HXTI0OMMGEX M S GPSH A G, 6 REMGPS /AL 4L ARG e
GERTEER, RPN H AR R AL ), BT ARAR R 2R 1), U 2 P AR B8 & A e
FEJ7 . IX10NMGEX %5435 h: JENG¥4(30°N, 114°E). GMSD¥4(31°N, 131°E).
CUTOi(32°S, 114°E). KRGG(49°S, 70°E). MCHL¥(26°S, 148°E). MRO1
(26°S, 116°E). NRMG(22°S, 166°E), PTVL(18°S, 168°E). PERT(32°S,
116°E) LA J YAR23#(29°S, 115°E).

F 4 FWAMGEXMuhERIEE ST
Table 4 The positioning accuracy statistics of some MGEX stations

GPS-only BDS-only GPS/BDS
N E U N E U N E U

Station

JFNG 1.18 2.00 2.55 1.98 2.50 3.76 0.96 0.68 1.87
GMSD 1.08 0.92 2.23 1.54 2.69 2.86 0.71 0.61 1.42
CUTO 1.62 1.20 3.55 3.09 2.51 4.65 1.35 1.21 2.61
KRGG 1.05 0.77 2.21 5.53 2.64 6.42 1.21 0.66 1.92
MCHL 1.13 0.94 2.11 2.14 3.79 4.42 0.90 1.07 2.19
MRO1 1.31 0.99 3.37 2.32 2.77 4.19 1.05 1.33 2.56
NRMG 1.10 1.12 2.12 2.35 4.54 6.04 0.78 1.14 1.85
PTVL 1.53 1.80 3.87 3.73 5.30 7.62 1.26 1.74 3.57
PERT 2.20 1.31 3.51 3.38 1.58 4.20 2.02 0.84 2.53
YAR2 0.92 0.61 2.26 2.31 2.49 3.71 0.89 1.19 2.18
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ZEPR. G MR P AR I R 2 00.5 m, LEGPSTL LT 17k 2 P AR 1n)
ZE R B AR GRS OO 1k I 3504 32 58 ) TR Bl 22 I D58, Bl 22 D E RS e vy 32 )
FEPPZ TR Wm0, GEO AL ik #h 2 S8R %/, (EREMEO IR ) i b 2= T4l 1%
ZERR. MGEX WA 850 T 38 11 5 A7 45 SRR W b S AR 58 € AR B a2 7T
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Accuracy Performance Evaluation of Beidou
Navigation Satellite System

WANG Weil!  HU Ying-nan®

eijing Institute of Tracking an elecommunication Technology, Beijing
1 Beijing Insti Tracks d Tel ] ] Technol Beiji 100094
(2 No. 61741 Troops of PLA, Beijing 100081)

AsstracT Accuracy is one of the key elements of the regional Beidou Navigation
Satellite System (BDS) performance standard. In this paper, we review the definition
specification and evaluation standard of the BDS accuracy. Current accuracy of the
regional BDS is analyzed through the ground measurements and compared with GPS
in terms of dilution of precision (DOP), signal-in-space user range error (SIS URE),
and positioning accuracy. The Positioning DOP (PDOP) map of BDS around Chinese
mainland is compared with that of GPS. The GPS PDOP is between 1.0-2.0 and does
not vary with the user latitude and longitude, while the BDS PDOP varies between 1.5—
5.0, and increases as the user latitude increases, and as the user longitude apart from
118°. The accuracies of the broadcast orbits of BDS are assessed by taking the precise
orbits from International GNSS Service (IGS) as the reference, and by making satellite
laser ranging (SLR) residuals. The radial errors of the BDS inclined geosynchronous
orbit (IGSO) and medium orbit (MEO) satellites broadcast orbits are at the 0.5 m level,
which are larger than those of GPS satellites at the 0.2 m level. The SLR residuals
of geosynchronous orbit (GEO) satellites are 65.0 cm, which are larger than those of
IGSO, and MEO satellites, at the 50.0 cm level. The accuracy of broadcast clock offset
parameters of BDS is computed by taking the clock measurements of Two-way Satellite
Radio Time Frequency Transfer as the reference. Affected by the age of broadcast clock
parameters, the error of the broadcast clock offset parameters of the MEO satellites is
the largest, at the 0.80 m level. Finally, measurements of the multi-GNSS (MGEX)
receivers are used for positioning accuracy assessment of BDS and GPS. It is concluded
that the positioning accuracy of regional BDS is better than 10 m at the horizontal
component and the vertical component. The combined positioning accuracy of both
systems is better than one specific system.

Key words astrometry and celestial mechanics, space vehicles, ephemerides, methods:
data analysis
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