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APPPEGPS (Global Positioning System)Yi $&
5 18] 4 24100 o F i ASPPP, YRSk I (8] £ 2420~
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Fig.1 The distribution of 12 selected MGEX stations
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# 1 PPPRLIBRER
Table 1 PPP processing strategy

Parameter

Process policy

Functional model

Sampling interval
Satellite orbit

Satellite clock error

Functional model

Satellite elevation
Phase wrapping
Solid tide
Rotation of the earth

Antenna phase center

Tonosphere-free

combined model
30s
Precise ephemeris

Precise clock error
Tonosphere-free

combined model
70

Model correction

Model correction

Model correction

igs14host_2097 model

. Tonospheric combination
Tonospheric delay o
elimination

Tropospheric delay Saastamoinen model

Receiver coordinate Constant estimation
Receiver clock bias White noise estimation

Ambiguity Estimation

5B2af) Z AR ZEM M, BICK 2 AR IRZEIT
BIII) 2 B 2R 22, Sk, B1C/B2alt] % %1%
RZEKTBI/B3IM £ RIRE.

Fz2 L2MNEHAESREZRENE
Table 2 Mean pseudorange multipath error of 12

stations

Signal Bll/cm B3I/cm Bl1C/cm B2a/cm
CUSV 33.00 21.46 28.42 22.14
GAMG 26.46 14.52 24.80 17.82
IISC 32.18 24.58 27.56 27.40
IFNG 35.84 24.72 28.46 25.70
KITG 22.46 14.32 20.94 17.42
POTS 52.62 36.04 36.20 33.04
PTGG 26.16 15.76 23.82 19.60
SEYG 25.84 17.44 22.66 21.26
SGOC 37.36 27.54 32.40 21.20
SUTM 43.04 25.84 28.04 23.72
ULAB 40.06 25.26 32.36 23.18
WUH2 38.15 23.62 30.65 22.57
mean value 34.43 22.59 28.00 22.92

4.2 BDSARIESHRES

A SCE X 12N MGEX M s 4 225 d 00 2k
Wi E47 i A, O BE £ 42 (multipath, MP)
% LY (Carrier to Noise Ratio, CNR) P 77 [ %}
BDS & Gea A R G 5 AT 5 B & o i, DvEE
2 B AR A T W WU sl BE WA )15 5 AL T IR R LA
AT RS RES, 5 EEEBNGES RETH
PR O LA AR 2 BN LR R OS5
TR 5 0 75 1)y o3 3l 5 P 1 LU AL, i S R R i 2 1)
FEIBbr 2 —. BRI E LA ESES AR EE
Z B AR E R 2P R, A TR B IR B I )
LR IRZEAFAE— B I ZE R0 5L DR 2 B AN 1) 0
MIAEEAFAE 2200, B ] UE HHBDS R 48 45N s
AR, B3IHIB2al) £ #5152 K T B1IMB1C, B
TPOTSI sk, FAth I3 5% 22 ¥ /% T30 cm; B3I

3-4

TRERZ B AR RZRR T 5205 50 R 5% 1
s b TR R A O, ARSCIERL 720214
7H 105 CUSV IR C24 T2 NI EAT 43 #1, XIBDS
TREANMEBIL. B1C. B2a. B3IZLH| T £ K144
R 22 7 A P B e BE A B TG o AR AR i i 26 a2
Fron. WA CUE ), S 4005 10 2 B R iR 2 b
BB BE A T i A B AR AR, 2 AT IR
ENfiARaE; mEMAEN, 2R HREE;
B1If £ i5#2iR 2 e K, B2aflIB31 £ 412 1R 2540 2.

FE R RN #OE L HEAT 0 b, v SRS W
425 dffEME L R 3FTR. TR, 52 ERER
ZEANTRD, 25 ANk (0 40 A 1) B LA = D,
A B L BN, BRI S, BIISB1CH
# HAK T B3IFIB2a, B2al#k e btk i &, 28 b,
B3IAIB2alf)# Lk & T B1IAIB1C.
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Fig.2 Multipath error map of various frequency points for BDS B1I, B1C, B2a, B3I of CUSV Station C24 Satellite

=3 12N I(E
Table 3 The average CNR of 12 stations

Signal B1I/ B3I/ B1C/ B2a/
dBHz dBHz dBHz dBHz

CUSV 42.63 44.89 4244  46.59
GAMG 44.57  44.77  43.84  44.58
IISC 4194 36.64 41.48 35.92
JFNG 43.21 43.88 43.60 43.09
KITG 43.85 45.75 43.02  44.56
POTS 41.70  41.58 42.61 47.88
PTGG 43.05 45.24 42.04 43.24
SEYG 42.89 4449 4232 4214
SGOC 4290 43.24 4291 46.29
SUTM 41.61  42.14 42.78  48.09
ULAB 43.12  43.26 43.89 48.86
WUH2 43.40 43.61 43.88 48.02
mean value 4291 43.29 4290 44.94

NTHREEL S TEEEMARR, 44
20214E7 A 10 HCUSVI uh B2 C24 1) % e tb 5 &
B A RS 1a] e B, anBE3f R, MBI AT BLE H

B2alt)#k M b i vy, B3I K, BICHBI1IF 2. &)
PLE H TR R U BE A = S A T T

4.3 GPS. BDS-3. BDS-2/BDS-315 5 W5

ENLMERED AT

NT 5 HrGPS. BDS-3. BDS-2/BDS-3(1 1] 41
TR HO B ARG S ST TR R E T A T PR
i, AL I A AREERICUSY. POTS.
SGOCH #2021 7H10H FJGPS L1/L2. BDS-3
B11/B3IFIB1C/B2a## A PPP i i fiw 2 i 8] /7 41 &
GPS. BDS-3. BDS-2/BDS-3[1) T & ¥ & [ i [a]
FE . A 3AS I AN [F] TR R 4 A5 5 % 77 1Al
(5% 22 B 1) %10 R FE 5 b 34 0 s AS [R] T2 R e vl
B REHT 5 LA, &S00 GPSFIBDS-3
&K TETHEEMZEAK, B TFBDS-2/2&X
R TR RS, TR AR AN Ik 1) R O 2 BOK,
HBDS-2) T2 5 (8 25 M AN KB, BT AR SCA
XTHBDS-2 L& KRG AT X L 8. AT R M
CUSV. POTS. SGOCHllsin] LLF tHGPSHIBDS-3
PERGNTEBEMZEASK, INABDS-2R451)5,
BDS-2/BDS-3 & R4 v] H P EEH T LF-. &
PR B 7T, ATUAE HTEET 1] |, GPS5BDS-3.
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BDS-2/BDS-3#1 IH15 5 A1 LU RS FE B4 — £, BDS-
3. BDS-2/BDS-3[# {5 5 5 (5 5 & A1 K &
e SAC 2 PR AENTT ) AT BLE HGPS 5 BDS-3.
BDS-2/BDS-3# IH{& 5 E [ —/KF L, {HXf T BDS
A4 5, BDS-3. BDS-2/BDS-3/1#i 5 5B1C/
B2alt IH{E5B1I/B31 & L0 4G 5 s WSO B B
7EUJ7 A Al LU HGPS5BDS-3. BDS-2/BDS-3
B IR1E 5 (1€ A0k BEAE [/ —7K~F _E. BDS-3. BDS-
2/BDS-3#1 H{E S AT X L A nl UK IR, 115 5
10 5 5K R ey EL ST S FEE B, LA ST i) ke ) Ji A
FEXBDS R 40 &9 AU 2 BT IR Z T &, BIC/MT
B1l. B315B2atl, [FIFB1C/B2a%km L 551
FTG B 2 2H A PR O 0 e P B /N

N TS PPPRIEAS B, RS I
ik 12455 dE)5 T R B ASPPPE Lk DA
Fe 12435 34N 75 1) 7 67 1% 2238 J5 HiR (root mean er-
ror, RMS), 4 #lin&4FM E6HT~. HR4T LIS H
GPS. BDS-3%BDS-2/BDS-3#7IH{5 S EEH i Lk
(1 5E ALk BEAE IR —/KF B, #BIEE 111 em A
BDS-3. BDS-2/BDS-3#i {7 5B1C/B2a5GPS L1/

L27ENTT i) _E 1) 8 AR FEAE A — /K- L, K REIA 3
T0.8cm/ £, 5BDS-3.BDS-2/BDS-3E 15 5B11/
B3IFHEL, %EALFEEE#RTT 1710.1%; BDS-3. BDS-2/
BDS-3%15 5 B11/B3I55GPS L1/L27EUJ [H] L
& NLAG FELE R — 7K F b, MEREIE 3] T2.5 em/i Aa,
5BDS-3. BDS-2/BDS-3¥1{5 5 B1C/B2affLt, #r
55 B1C/B2ajE M AF L 7 iR Tt 134.2%. 21.2%.
7E WSS 18] 7 T, BDS-3.5BDS-2/BDS-31 ¥ 15
5 B1C/B2alf USO8 48 24, USSLI [E] 925 minZe
A, B FGPS L1/L2, 2 51k/b 71.8 min. 2.9 min,
WS AIER 712.7% 11.7%. HE6nS L%
W N7 ) B AR LA TERUTT 1) ) 58
ROKEFE, fEEJT ), GPSHIE AR FEIR TBDS LE &
4t, BDS-3. BDS-2/BDS-3(113# 1015 5 115 S0k 5%
24, 7EUJ5 1A |, BDS-3. BDS-2/BDS-35E ik
FEAR T GPSE ALK, BDS-3. BDS-2/BDS-3(1)#T
% 5B1C/B2a% &t TBDS-3. BDS-2/BDS-3[f
IH{5 5 B11/B3I; %} TBDS-3BDS-2/BDS-3%& fif
i 2 LSOt ) 3 A B AR TR L, AT BE A2
FEBDS-2/BDS-32 [Alf] RGi 1% 2.

— T T
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Fig.3 Carrier to noise ratio diagram of each frequency point of BDS B1I, B1C, B2a, B3I on the C24 satellite of CUSV station
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Fig.4 Time series diagrams of different satellite systems and signal errors in different directions at CUSV, POTS, and SGOC

stations
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Table 4 Static PPP statistical results of 12 stations during 10 July 2021—14 July 2021

Satellite system type BDS-3 BDS-2/BDS-3 GPS
Signal type B1C/B2a B1I/B3l BI1C/B2a B1I/B3l L1/L2
East/cm 1.25 1.21 1.21 01.25 1.04
North/cm 0.89 0.98 0.81 0.97 0.77
Up/cm 1.67 2.54 1.96 2.49 2.37
Convergence time/min 25.9 29.7 24.8 28.1 27.7
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Fig.5 Sequence diagram of available satellite numbers for different satellite systems at CUSV, POTS, and SGOC stations
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Fig.6 Static PPP positioning error RMS of 12 stations
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Fig.7 Time series diagram of different satellite systems and signal errors in different directions at CUSV station
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Table 5 Static PPP statistical results of 12 stations during 10 July 2021 — 14 July 2021

Satellite system type GPS/BDS-3 GPS/BDS-2/BDS-3 GPS
Signal type B1C/B2a B1I/B3l B1C/B2a B1I/B3l L1/L2
East/cm 0.93 0.88 0.94 0.87 1.04
North/cm 0.67 0.75 0.67 0.74 0.77
Up/cm 1.53 1.85 1.54 1.82 2.37
Convergence time/min 20.1 24.4 19.8 24.5 27.7
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Fig.9 Static PPP positioning error RMS of 12 stations
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Accuracy Analysis of Dual-frequency Precise Single-point
Positioning of BDS-3 New Signals

LU Fu-kang'?? YU Xue-xiang!?3 XIAO Xing-xing!'?3 HU Fu-jie!»?3

(1 School of Spatial Information and Geomatics Engineering, Anhui University of Science and Technology, Huainan 232001)
(2 Coal Industry Engineering Research Center of Mining Area Environment and Disasters Collaborative Monitoring, Anhui
University of Science and Techology, Huainan 232001)

(8 Key Laboratory of Aviation-aerospace-ground Cooperative Monitoring and Early Warning of Coal Mining-induced
Disasters of Anhui Higher Education Institutes, Anhui University of Science and Technolgy, Huainan 232001)

AsstracTt BeiDou navigation satellite system (BDS) has been officially built and opened in July 2020.
BDS-3 adds new signals B1C and B2a on the basis of old signals B1I and B3I. In order to comprehensively
evaluate the positioning performance of new signals B1C and B2a of BDS-3, the positioning performance of
GPS (Global Positioning System), BDS-3, BDS-2/BDS-3 old and new signals and the positioning perfor-
mance of BDS combined with GPS at different frequency points are tested. The positioning performance of
BDS (B114+B3I, B1C/B2a) + GPS (L1+L2) combined static PPP (Precise Point Positioning) is analyzed
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and compared with that of single satellite system. The experimental results show the positioning accuracy
of BDS-3 (B1C/B2a) in E (East), N (North), U (Up) direction is better than 1.25 cm, 0.89 cm, 1.67 cm,
respectively. The positioning accuracy of BDS-3 new and old frequency points in E and N directions is the
same as that of GPS L1/12, and the positioning accuracy of new frequency points in U direction is higher
than that of GPS L1/L2 and BDS-3 old frequency points, which is 34.2% higher than that of old frequency
points. The convergence time of the new frequency point is 25.9 min, which is 12.7% higher than that of
the old frequency point. Compared with BDS and GPS single systems, BDS/GPS positioning accuracy
and convergence time of the combined system have been significantly improved. BDS-3 (B1C/B2a)+GPS
has the same positioning accuracy as BDS-3 (B1I/B3I)+GPS in E and N directions. In the U direction, the
positioning accuracy of the former is significantly improved compared with the latter, which is increased
by 17.2%. The convergence time of the new frequency point of the combined system is 20.1 min, which is
17.6% higher than that of the old frequency point.

Key words satellite positioning, PPP, BDS-3, BDS-2/BDS-3, BDS/GPS, positioning accuracy, conver-
gence time
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