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Tab.1 Information of selected stations

Ms# =il KRB REEE /s ik
KRGG TRIMBLE ALLOY LEIAR25.R4 30 B1C/B2a/B11/B3I/L1/L2/E1/E5a
NYA2 JAVAD TRE_3 JAVRINGANT_G5T 30 B1C/B2a/B11/B3I/L1/L2/E1/E5a
SGOC JAVAD TRE_3 JAVRINGANT_G5T 30 B1C/B2a/B11/B3I/L1/L2/E1/E5a
SUTM JAVAD TRE_3 JAVRINGANT_G5T 30 B1C/B2a/B11/B3I/L1/L2/E1/E5a
ULAB JAVAD TRE_3 JAVRINGANT_G5T 30 B1C/B2a/B11/B3I/L1/L2/E1/E5a
WIND JAVAD TRE_3 JAVRINGANT_G5T 30 B1C/B2a/B11/B3I/L1/L2/E1/E5a
WUH2 JAVAD TRE_3 JAVRINGANT_G5T 30 B1C/B2a/B11/B3I/L1/L2/E1/E5a
POTS JAVAD TRE_3 JAVRINGANT_G5T 30 B1C/B2a/B11/B3I/L1/L2/E1/E5a
WARN JAVAD TRE_3 DELTA LEIAR25.R4 30 B1C/B2a/B11/B3I/L1/L2/E1/E5a
BOGT JAVAD TRE_3 DELTA JAVRINGANT_DM 30 B1C/B2a/B11/B3I/L1/L2/E1/E5a
ENAO JAVAD TRE_3 JAVRINGANT_G5T 30 B1C/B2a/B11/B3I/L1/L2/E1/E5a
GODN JAVAD TRE_3 DELTA TPSCR.G3 30 B1C/B2a/B11/B3I/L1/L2/E1/E5a
LEN JAVAD TRE_3 DELTA LEIAR25.R4 30 B1C/B2a/B11/B3I/L1/L2/E1/E5a
POL2 JAVAD TRE_3 DELTA TPSCR.G3 30 B1C/B2a/B11/B3I/L1/L2/E1/E5a
UNB3 TRIMBLE ALLOY TRM57971.00 30 B1C/B2a/B11/B3I/L1/L2/E1/E5a




YAR2 TRIMBLE ALLOY AOAD/M_T 30 B1C/B2a/B11/B3I/L1/L2/E1/E5a

FE# T BDS-3 H47, BIMUK =M EMBE DA , HTF BDS-3 R4 Bll iR 5
B1C MEMR#EFEIE , At AN FX Bl 5 BIC AEMEBHITHM , GPS REEK L5 MEHW
DERYD , BF L MBEMMEEMEAXILL , M Galileo NIEE S BDS-3 R4t B1C H B2a #
A EL M ESa SARMITHM , EAKELEKEINR 2, FIA LBXRLA GNSS BHTH O
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Tab.2 Data processing strategy

= : Eidl RE MEEE
BDS-3 Bll, B1C, B2a. B3I
LX) TERE GPS L1, L2
Galileo El, E5a
BDS-3 B1CB2a. BICB3l, B1IB2a, B1IB3l, B2aB3l
TEER GPS L1L2
Galileo E1E5a
X3
BDS-3 B1CB2a. BICB3l, B1IB2a, B1IB3l, B2aB3l
F4EE GPS L1L2
Galileo E1E5a
BDS-3 B1IB2a+B1IB3l, B1CB2a+B1CB3I
TEERARAS GPS L1L2+L1L5
Galileo E1E5a+E1E5h
=5
BDS-3 B1IB2aB3l. B1CB2aB3l
FAEE GPS L1L2L5
Galileo E1E5aE5h
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BEFMESNMEHANES BEF , TEEITENILEZX BDS-3. GPS, Galileo

M T E%HE PDOP & |, 11H 2-H 4.
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Fig.2 The average number of visible satellites and PDOP value of BDS-3 in 16 stations
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Fig.3 The average number of visible satellites and PDOP value of GPS in 16 stations

416 ML % X Galileo FH D ET WS PDOP &

Fig.4 The average number of visible satellites and PDOP value of Galileo in 16 stations
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PDOP {E/NFRUM, EMFIEMMIX | T GPS M Galileo 7L A #: X #YF15 PDOP E K F K
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T GPS # Galileo , BDS-3 £ A3t X By Z8 8] T2 2 J L4 4L T ROM A SEM it X,
32 EBiAERLENM
BIER2HBFELERE , (TESITEAME, NBFE, UBRNEMSEE ( Root Mean

Square , RMS ), #H 5,
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Fig.5 Average value of BDS-3 single-frequency pseudo-range single-point positioning accuracy for multiple days at 16 stations

WA 5 AR, BRI BIMIESL | BDS-3 MR B1l, BIC, B2a, B3l #5{AEE QEMN
EFMEMBEMLT 05m , N FREMBEEZFNRK , Mo NEBEMLT 05m , oML
BEXRT 1 m, MXT U FEAEMEE , Bl #M BIC ENFEEMEYE , RNFIMLA | EfL
BEEZEImAES B ENBEMLEEM=MIRBERE  BRMNINMA , ELEERT
2mEHR B3 ENFELTE/MIREMBEHE , BRNMBMEAN , ELBELT 1.5 m,

XF GPS R4t L1, L2 AR QEMBE , RIMBIMIES , E SRAEMBEMLT 05 m, N



FEEMBERTF 1m, U FAEMEERT 1.5m. XF Galileo RE: E1, E5a thiE# SE
UREE , BRSNS EAEAMNABEMBERT L m, ELHAR U FEEMNBELRT
1.5m, ESa SUREMNVEEMLT 2 m,

BTN EIRE, BRNES, BERESEN , TASKBINEELEER = | Fit
TEMBEFSESITE , KT 16 MUFRE 1 MUEBIHAEAEEVREELTZ , K
HEERTHR , BIBRER 6.25% , FEMEMBESIT , EET RIS = 5MAEENLE
BEZitet | #KIAREUL KRR,

S1t8 3 16 MBS X BDS-3. GPS. Galileo BSAAEE [ENM E. N, U =ANFME

ENFENFEE , RR3,

%< 3BDS-3 BSfifAlE R S EuEE (RMS) FEHMESIT

Tab.3 BDS-3 single-frequency pseudo-range single-point positioning accuracy (RMS) average statistics

RMS/m
E N U

B1C 0.39 0.50 1.07

B1l 0.44 0.54 1.21
BDS-3

B2a 0.48 0.70 1.61

B3l 0.49 0.63 1.53

L1 0.47 0.64 1.38
GPS

L2 0.49 0.78 1.72

El 0.69 0.76 1.74
Galileo

E5a 0.82 0.99 2.14

R 3 FFR , BDS-3 3K B1l, B1C., B2a, B3I thEEE S EMN E FRBEMLT 0.5

m,NFEEMEEMLTFT 1 m,Bll, BICHMEU FREEMEEMLT 1.5 m, B2a, B3I R

UFBENVNRBEMLT 2 me GPS RE L1, L2 MRMER[IENMNE FEABEMLT 05 m, N

FEENVNRBELT I1m, U FEEMBEMLT 2 m. Galileo &5t E1, E5a SARAEE QTN

EFEMNEEAEMEERLT 1 m, E1MR U FREMBEMLT 2 m, E5a $fiE U FEE

NBEMLTF 2.5m,
3.3 WA R B L
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Fig.6 Average value of single-point positioning accuracy of BDS-3 dual-frequency non-combined pseudorange over 16 stations
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Fig.7 Average value of single-point positioning accuracy of BDS-3 dual-frequency ionospheric-free combined pseudorange at 16
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Tab.4 BDS-3 dual-frequency pseudo-range single-point positioning accuracy (RMS) average statistics

R g FASRE TRERASGHER
B1CB2a 0.45 0.56 1.39 0.55 0.59 131
B1CB3I 0.46 0.54 1.41 0.64 0.77 1.67
BDS-3 B1IB2a 0.60 0.85 1.98 0.87 0.96 1.91
B1IB3I 0.56 0.74 1.45 0.94 0.99 1.98
B2aB3l 3.43 5.19 8.96 1.36 1.49 2.99
GPS LiL2 0.50 0.68 151 0.67 0.79 1.69
Galileo E1E5a 0.94 1.03 2.12 0.84 0.86 1.87

Wk 4 Fi’R , BDS-3 &4t B1CB2a, B1CB3I. BllB2a. B1IB3lI HARMAESEIAE
MELEEEEETEFEAFMNFEARERLTF 1m, U FEBEMLT 2m. B2aB3l EUBE
MLEHEMEHEESRE | X2E N B2a M B3l MARLRER £ THEEMNK
RTHMEF | BET EVEE , FEAEGERTEFABERT 4m N FEBERT
6m,UFABERTIm, TEEEEAETESFEAMNFEBELRT2m, UFERE
ERAT3IMGPSRE LI AEEFAEANEHEEEATESFMMNFEBELT1m,
U B EBEMRLT 2 m, Galileo R4t E1E5a AEREFAAEET N FEBEER 1.03m , H

feERAEAMNFAEFRAENETBERREBEERT 1m U FABEMRT 3m. E8TK
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Fig.8 Average value of single-point positioning accuracy of BDS-3 three-frequency non-combined pseudorange for 16 stations
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Fig.9 Average value of single-point positioning accuracy of BDS-3 three-frequency non-ionospheric pairwise pseudorange at 16

stations
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Tab.5 BDS-3 three-frequency pseudo-range single-point positioning accuracy (RMS) average statistics

4% ik FEAHE FaEERAESER
B1IB2aB3I 0.51 0.64 1.42 0.97 0.99 1.98
Bbs:s B1CB2aB3I 0.47 0.56 1.49 0.59 0.64 1.54
GPS LiL2L5 0.54 0.73 1.65 0.67 0.80 1.82
Galileo E1E5aESh 0.83 0.96 1.99 0.81 0.84 1.80

Wk 5 PR , BAER T BDS-3 R4t B1IB2aB3l, B1CB2aB3l A& E HEF N A E%E
EXF1im UFEBERT 2m. GPS RE LIL2LS AE EAFEMN AEBERT 1m,,
U B BERBERT 2m, Galileo R4 EIESaESh AR E FEM N HFEBERT 1m, U FEE
EfTF 2m. At &I BDS-3 R4 B1I1B2aB31 444, B1CB2aB3l A& GPS R4t L1L2L5

HEEFAEERBEATHENRERT T EEERAAAEE | Galileo R4 E1E5aE5h 4
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Performance Analysis of BDS-3 Multi-frequency Pseudorange Positioning

LIU Mingliang® AN Jiachun® WANG Zemin'~  ZHANG Baojun* SONG Xiangyu?®
1 Chinese Antarctic Center of Surveying and Mapping, Wuhan University, Wuhan 430079, China
2 School of Civil Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China
3 Key Laboratory of Roads and Railway Engineering Safety Control (Shijiazhuang Tiedao University), Ministry of
Education, Shijiazhuang 050043, China

Abstract: Objectives:BDS-3 officially opened its global service on July 31, 2020. To evaluate the
BDS-3 global positioning performance in detail. Based on multi-day measured data from 16 MGEX
tracking stations around the world. Methods:Net_Diff software was used to carry out the global
BDS-3 single-frequency, dual-frequency non-ionospheric  combination and dual-frequency
non-combination model under dual-frequency, three-frequency non-combination model and
three-frequency non-ionospheric pairwise combination model, three-frequency pseudorange single
Point positioning solution experiment. And compare with GPS, Galileo some frequencies. Results:
The results show that the number of satellites and spatial geometry of BDS-3 in Asia, Europe and
Africa are better than GPS and Galileo. For BDS-3 single-frequency pseudo-range single-point
positioning, the four frequencies of B1C, B1l, B2a, and B3l have four frequencies of E direction
accuracy. It is better than 0.5 m, the accuracy of the N direction is better than 1 m, and the accuracy of
the U direction is better than 2 m. Compared with GPS and Galileo, the positioning accuracy
relationship is: B1C>B1I>L1>B3I>B2a>E1>L2>E5a. For BDS-3 dual-frequency combined
pseudorange single-point positioning, the B2aB3l combined positioning is poor and not suitable for
positioning. The B1CB2a, B1CB3I, B11B2a, B1I1B3l combined frequency positioning accuracy in the
E and N directions is better than 1m, and the positioning accuracy in the U direction is better 2 m,



compared with GPS and Galileo, the positioning accuracy relationship is: B1CB2a> B1CB3I> L1L2>
B1IB3I> B11B2a> E1E5a> B2aB3l. For BDS-3 triple-frequency combined pseudo-range single-point
positioning, the positioning accuracy of B11B2aB3l and B1CB2aB3l in the E and N directions is better
than 1 m, and the positioning accuracy in the U direction is better than 2 m. Compared with GPS and
Galileo, the positioning accuracy relationship is: B1CB2aB3I> B1IB2aB3I> L1L2L2> E1E5aE5h.
B1CB3I, B11B3Il, B1CB2a, B1IB2a dual-frequency combinations are suitable for positioning using
non-combined models, B2aB3l is suitable for positioning using non-ionospheric models, and
B1IB2aB3l and B1CB2aB3lI are suitable for positioning using non-combined models. Conclusions:
Combining the experimental results can draw conclusions, BDS-3 has better positioning performance
on a global scale. Even some frequency positioning performance is better than GPS and Galileo, which
can provide a certain reference for future BDS-3 related research.
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