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Tab. 1 Statistics of multipath of signals in different height angle intervals

®HEfA(9 BD2-Bll  BD2-B3I B1l B3I B1C B2a B2b
10~20 0.71 0.44 0.56 0.38 0.45 0.33 0.27
20~30 0.49 0.27 0.38 0.24 0.33 0.23 0.19
30~40 0.36 0.21 0.29 0.18 0.26 0.17 0.14




40~50 0.29 0.17 0.24

50~60 0.26 0.14 0.21
60~70 0.30 0.12 0.19
70~80 0.39 0.17 0.18
80~90 0.55 0.21 0.17

0.13 0.21 0.13 0.10
0.11 0.18 0.11 0.08
0.10 0.17 0.11 0.06
0.09 0.15 0.10 0.07
0.10 0.15 0.10 0.06

2 HMNS 315 1 LU B v B2 A A2 A
Fig. 2 Variation of SNR with Altitude Angle at HMNS Station

Bl 3 UNB3 i {5 M L I v J32 A Ak 1
Fig. 3 Variation of SNR with Altitude Angle at UNB3 Station
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Fig. 4 GFIFP Combination Sequence of HMNS Station
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Fig. 5 GFIFP Combination Sequence of UNB3 Station
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Fig. 7 Available Observations of BDS-3
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Tab. 2 Comparison Results of Orbit Boundary Discontinuities

e B11&B3I B1C&B2a

- R
C19 11.3 53 58 13.7 16.5 73 6.1 19.1
C20 9.8 49 54 12.3 15.1 69 54 17.5
c21 12.3 55 6.1 14.8 15.3 67 6.6 18.0
C22 10.2 48 5.0 12.3 15.9 64 56 18.0
Cc23 9.2 53 51 11.8 14.5 65 58 16.9
C24 9.0 52 47 11.5 13.0 68 6.0 15.9
C25 9.1 55 49 11.6 12.0 74 61 15.4
C26 8.6 62 4.8 11.6 12.4 76 6.4 15.9
C27 7.0 56 5.1 10.3 10.7 69 53 13.8
C28 8.9 55 57 11.9 11.9 69 59 15.0
C29 10.1 58 5.0 12.6 11.3 71 50 14.2
C30 8.8 49 48 11.2 11.1 69 51 14.0
C32 9.9 53 56 12.5 14.5 69 59 17.1
C33 11.8 57 49 14.0 17.4 72 56 19.6
C34 9.0 63 58 12.4 12.6 76 59 15.8
C35 10.6 60 55 13.3 13.3 70 57 16.1
C36 9.9 6.1 54 12.8 13.7 71 68 16.9
C37 9.4 53 55 12.1 13.3 66 6.1 16.1
C38 16.0 90 80 20.0 13.5 94 82 18.4
C39 14.4 79 97 19.1 12.5 85 89 17.6
C40 11.4 78 96 16.8 12.4 88 94 17.9
C43 11.7 75 6.8 15.5 13.7 77 81 17.7
C44 12.2 71 65 15.6 13.8 79 81 17.9
C45 13.6 76 83 17.6 13.6 88 82 18.1
C46 13.1 78 7.9 17.1 12.8 83 82 17.3
¥IME 10.7 6.2 6.1 13.8 13.5 7.4 6.6 16.8
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Tab. 3 The SLR Validation Accuracy of the BDS-3 Satellite’s Orbit (Unit: cm)

T B11&B3I B1C&B2a

- MEAN STD RMS MEAN STD RMS
C20 -0.2 3.3 -0.9 3.5 3.6
C21 -0.2 3.6 -1.7 3.8 4.2
C29 -0.9 2.9 -1.7 2.9 3.4
C30 -1.1 3.1 -2.4 3.3 4.1
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Fig. 9 The Phase and Pseudoranges
lonosphere-free Combination Residuals
PUBKSEEA S, BEE AL =5 2Rk LR B
ARG AT A, MR WORL ) R A B
¥, W55 BIC&B2a ¥ oA HAFHIRIM .

3 45iE

TEAE—4 . b SR L, dksk=
5 R G AR SR L IA SR 7k
REo ACE XS AL =S8R 1 5 DRI

=5 B11/B3I/B1C/B2a/B2b, VE4N4HT T Hr
RNl EE A Y N L A IR O/
B ZH A MM AR L b =5 T2
F & ERE VTS - DV IR Z B IR A 75 5
e REW: O =5 PEMZ BAEIRE
FUNFIES) =5 TR AR RIS e A A
KRGz Hh, B2b {55 RKIRM,
I BE I 2 B AR R 2408 0.14m, M
BRI, 2R N 2.40.05m A,
B1C % Bf2 iR 22 B i KT H AR DI /ME 5,
2B 2 B8 AT T RS () s B R R s FE(S
Wbt AT, B1C RIS 2 B AR AH L B
%, 5 HARPUANME 5 A EAE M EE AR R
3dB/Hz. L1t iIGMAS Jll 3t i & MGEX il sk,
BDS-3 A& 5 HIME ML AKF+h , 5
GPS #il Galileo £4t4b T [F]—7KF; @FIH
=455 208 BDS-3 GFIF WLIE 4, A
FfE 5441 GFIFP FFAI#EDH 5 A
BRI RGR 2, 1Z SR T
b3 =5 TR, X BRI % o 2= 7 5 )
PPP f13d& i PE. @i )5 % BLI&B3I Fi



B1C&B2a HXUMJC B i J= 4 A I iE L <} =
5 PREKGEEIERE, 12 H AT TR R Rk
#F, BLI&B3I f1 BIC&B2a FiFh4l & I
RS A, BB 10 BN R SRS
6.1cm, 6.6cm. {3 ORI Bk k% 1 45
Rt — B IAIE | HUIESNT SR . BIC&B2a
TR B BB S R ZE RMS
GLiHE 48 7.9mm. 0.48m, £ B1I&B3I
HAEM 8.4mm. 0.70m, FEEILS} =5 &%
(10 4 TR S i, TSR B2 il 22 WSO 6 it o B
., #fE5 BIC&B2a K RILH EALF 1
PERE

SE 30k
[1]Yang Y, Xu Y, Li J, Yang C. Progress and
performance evaluation of Beidou global navigation
satellite  system: Data analysis based on
BDS-3demonstration system. Science China Earth
Sciences, 2018, 48(5):584-594. (M7t &, Winlil. 24
B WAL =5 RS I B TR —— i 6 46
LI G VT ] S S B S O £ & O
2% 2018,48(5):584-594.)
[2]Guo S, Cai H, Meng Y, et al. BDS-3 RNSS
technical characteristics and service performance[J].
Acta Geodaetica et Cartographica sinica, 2019,
48(7): 810-821. CFLA A, Bt se, ik B3 A5 ALk =5
3L TE AL B AR AR ) 5 IR 25 e [9]. 90 4% 27 41,2019,
48(7): 810-821.)
[3]China Satellite Navigation Office . Beidou
navigation satellite system signal in space interface
control document open service signal B1C (Version
1.0) [EB/OL] (2017-12-27) . http:  //
www. beidou. gov. cn. CHEDESH AL EH
NAE. L PESNMARS ZSEMESE DG
A JF % fE 5 BIC (1.0 fRD)
[EB/OL] .  ( 2017-12-27 > .  hitp: //
www.beidou.gov.cn. )
[4]China Satellite Navigation Office . Beidou
navigation satellite system signal in space interface
control document open service signal B2a (Version
1.0) [EB/OL] (2017-12-27) .  http:  //
www. beidou. gov. cn. (FETESHALEH
ez A EESNRS WS 58 DL
fb A JF R % 1ME S Ba (10 RO
[EB/OL] .  ( 2017-12-27 > .  hitp: //

www.beidou.gov.cn. )
[5]China Satellite Navigation Office .
navigation satellite system signal in space interface

Beidou

control document open service signal B1I (\ersion 3.0)
[EB/OL] (2019-02-27) . http:  //
www. beidou. gov. cn. (FFEIE S ASGEH
g, B PESMARS AME 58 OGS
fE A JF % fE 5 BLL (30 fRD)

[EB/OL] .  ( 2019-02-27 ) . http: //
www.beidou.gov.cn. )

[6]China Satellite Navigation Office .
navigation satellite system signal in space interface

Beidou

control document open service signal B3I (\ersion 1.0)
[EB/OL] (2018-02-09) http:  //
www. beidou. gov. cn. (FEIESHFASGEH
Iz, B PESHARS 2AME 5 D6 5
ft A JF MR % fE 5 B3 (10 fRD

[EB/OL] .  ( 2018-02-09 ) . http: /
www.beidou.gov.cn. )

[7]China Satellite Navigation Office .
navigation satellite system signal in space interface

Beidou

control document open service signal B2b (Version
1.0) [EB/OL] (2020-08-03) .  http:  //
www. beidou. gov. cn. (HETPE S ARSGEH
HAE. A ERESNAS S T3NS
AR % ME S B2 (10 fRDO
[EB/OL] . ( 2020-08-03 > .  http: /
www.beidou.gov.cn. )

[8]Lv Y, Geng T, Zhao Q, et al. Characteristics of
BeiDou-3 Experimental Satellite Clocks[J]. Remote
Sensing,2018,10(11).

[9]Mao Y, Wang Q, Hu C, et al. Analysis of the
Characterization for BDS-3 Satellite Clock Error[J].
Geomatics and Information Science of Wuhan
University, 2020, 45(1): 53-61.(& ¥, i, 5, ¥
%% SRR, BDS-3 AL Bh 2 KM 4 AT [0 UK
204 (15 URL 2 1),2020,45(1):53-61.)

[10]zhao Q, Wang C, Guo J, et al. Precise orbit and
clock determination for BeiDou-3 experimental
satellites with yaw attitude analysis[J]. GPS
Solutions,2018,22(1).

[11]Li X, Yuan Y, Zhu Y, et al. Precise orbit
determination for BDS3 experimental satellites using
iGMAS and MGEX tracking networks[J]. Journal of



Geodesy,2019,93(1).

[12]Zhou R, Hu Z, Zhao Q, et al. Elevation-dependent
pseudorange variation characteristics analysis for the
new-generation Beidou satellite navigation system[J].
GPS Solutions,2018,22(3).

[13]Xu X, Wang X, Liu J, et al. Characteristics of
BD3 Global Service Satellites: POD, Open Service
Signal and Atomic Clock Performance[J]. Remote
Sensing,2019,11(13).

[14]Montenbruck O, Hugentobler U, Dach R, et al.
Apparent clock variations of the Block I1IF-1 (SVN62)
GPS satellite[J]. GPS Solutions,2012,16(3).
[15]Montenbruck O, Hauschild A, Steigenberger P, et
al. Initial assessment of the COMPASS /BeiDou-2
regional satellite  system[J]. GPS
Solutions,2013,17(2).

[16]Li X, Zhang X. Comparison of Satellite-Induced
Code Bias between BDS-2 and BDS-3 Satellites[J].

Journal of

navigation

Geodesy and Geodynamics,
2018,38(2):191-194. (Z=Hy,5k/N21.BDS-2 Hil BDS-3
T ENIE 2 B AR R 22 R M H AL [9]. K M U i 5 b Bk
5 71%,2018,38(2):191-194.)

[17]HE Y. Quality Analysis of Satellite Signal for
BDS -3 Simplest System[J].
Information Wuhan  University,
2020,45(3):394-402. (fa] L& b} =S R E 25 T
BAT TR 4 0] 000K 2 R (E BRL
hi),2020,45(3):394-402.)

Geomatics and
Science  of

[18]Wang G. Analysis of Beidou Observation Value
Characteristics and Its Application in Fixed
Application of PPP Ambiguity[D]. Wuhan University,
2016. (£ 2%, Jb=FULIME AR50 B FLAE PPP A
H0 EE 8] 52 82 i F 72 [D]. 0K 2,2016.)

[19]Xu Y, Yang Y, He H, et al. Quality Analysis of the
Range Measurement Signals of Test Satellites in
Beidou Global System[J].Geomatics and Information
Science of Wuhan University, 2018, 43(8): 1214-1221.
Q7)) W 77 =2 1/ s | S o8 SEW SR S
Fgalie TREWMEE S B[] PR ZEER
(15 BRI£R), 2018, 43(8): 1214-1221.)

[20]Zhao Q, Wang G, Liu Z, et al. Analysis of Beidou
Satellite Measurements with Code Multipath and
Geometry-Free  lonosphere-Free
Sensors,2016,16(1).

[21] Guo J, Xu X , Zhao Q , et al. Precise orbit
determination for quad-constellation satellites at

Combinations[J].

Wuhan University: strategy, result validation, and

comparison[J].  Journal of Geodesy, 2016,
90(2):143-159.

[22]Xu X, Li M, Li W, et al. Performance Analysis of
Beidou-2/Beidou-3e  Combined  Solution  with
Emphasis on Precise Orbit Determination and Precise

Point Positioning. Sensors 2018, 18, 135.

Signal Quality Analysis and Orbit Accuracy Verification of BDS-3

Wang Xilong"  Xu Xiaolong*  Zhao Qile’
1 GNSS Research Center, Wuhan University, Wuhan 430079, China

Abstract: On July 31, 2020, China's third generation Beidou satellite navigation system (BDS-3), which operates
independently, will be fully completed and officially opened for service. The signal system of BDS-3 has been
redesigned to provide public service signals of five frequencies: B1l, B3I, B1C, B2a and B2b. Based on the
observations of international global navigation system monitoring and assessment service (iGMAS) and
Multi-GNSS experiment (MGEX) tracking stations, this paper analyzes the characteristics of pseudoranges
multipath error, signal to noise ratio, Geometry-Free lonosphere-Free (GFIF) combined observations of the new
signal system, as well as the precise orbit determination (POD) performance evaluation of BDS-3 satellites. The
results show that the multipath noise level of BDS-3 satellites signal is better than that of BDS-2 satellites, and
there is no systematic deviation related to altitude angle, B1C is more significantly affected by multipath and noise;
the GFIF sequences of different signal combinations of BDS-3 satellites show periodic systematic error related to
satellite, and the peak value is about 2cm. For BDS-3 satellites, the "one-step” POD method is used. The two

frequencies ionospheric free combination of B1l & B3l and B1C & B2a is adopted respectively. The orbit



boundary discontinuity and satellite laser ranging (SLR) carried out an orbit accuracy check, and the results show
that when the number of available observations is less than B1l & B3I, the orbit accuracy of B1C & B2a is
equivalent to that of B1l & B3I, and the radial internal coincidence accuracy is 6.1cm and 6.6cm respectively.

Key words: BDS-3; Quality analysis of observations; Geometry-Free lonosphere-Free combination; Precise
orbit determination
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