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Abstract: To solve the challenging problems of high cost and complex operation in Global Navigation Satellite
System(GNSS), based on the observation data of BeiDou-3 Global Navigation Satellite System(BDS-3), a high-
level control network construction method is proposed, which uses precise point positioning(PPP) results and
their variation-covariance information to construct a virtual baseline and realizes the coordinate transformation
from International Terrestrial Reference Frame 2020(ITRF2020) frame instantaneous epoch coordinates to
China Geodetic Coordinate System 2000(CGCS2000) through the Bursa model. The research results show that
after 4 hours of BDS-3 PPP observation, the positioning accuracy in the E, N, and U directions is better than 11.9 mm,
11.8 mm, and 13.1 mm respectively, meeting the requirements of the GNSS geodetic control network point. After
72 hours of observation, the positioning accuracy in the E, N and U directions can reach 3 mm, 4 mm and 7 mm
respectively; The conversion accuracy of the Bursa model is significantly correlated with the synchronous
observation duration of the common point. When the synchronous observation duration of the point to be

converted is consistent with the common point, the conversion accuracy in the E, N, and U directions can reach
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4.0 mm, 2.1 mm, and 3.4 mm respectively. The virtual baseline vector can respectively meet the accuracy

requirements of Grade D and Grade C of the GNSS control network after 0.5 hours and 1 hour of observation.

After 4 hours of observation, the error of the baseline vector component is less than 3 mm, the relative mean error

is less than 9.122 8x107%, and the error of the spatial rectangular coordinate component of CGCS2000 is less than

2 mm, which is superior to the 24-hour solution result of the relative positioning baseline vector network. The

research conclusion provides a reference for effectively improving the construction efficiency of control networks.

Keywords: BeiDou-3 Global Navigation Satellite System(BDS-3); precise point positioning(PPP); Bursa model;

baseline vector; variance-covariance matrix
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Tab.2 BDS-3 PPP static positioning deviation

XL i KB/ mm SEYE /mm
M/A  EJXm NJm Ul EJWB NFR UK
1 56.7 184 1102 4.2 4.0 15.9
2 9.9 14.5 47.0 2.0 4.9 7.0
4 11.9 11.8 13.1 1.8 4.6 3.9
6 7.6 10.0 9.9 1.9 43 33
8 7.0 7.0 9.8 1.7 3.2 33
12 4.8 6.0 8.6 1.4 3.0 4.0
24 8.6 8.7 7.6 1.4 2.9 34
48 1.8 3.8 8.2 1.0 2.6 5.6
72 24 3.9 6.4 0.9 2.9 4.8
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Tab.4 coordinate transformation accuracy based on
inverse weighting of observation duration
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Tab.5 baseline vectors and CGCS2000 positioning errors in BDS-3 PPP solution mode

L IR A A R AR 2/ CGCS2000 i fi7 iR 2/
WREHKA B R B2 mm SELk i IR R 2 (2% mm
d, d, , Y Z
05 SEHME 2.0 5.5 3.7 4,699 2x10° 1.4 3.8 2.6
’ S FNE] 43 9.8 7.1 2.713 4x10°° 3.7 7.0 5.3
' RSN 12 3.0 22 1.6539x10°® 0.8 2.0 15
S FYNE] 22 6.8 4.6 3.283 8x1077 1.6 49 3.5
5 FHIE 0.8 2.1 1.4 1.041 3x10°® 0.5 1.4 1.0
SN[ 13 3.6 2.4 1.382 8x10” 1.0 2.7 1.8
A SHME 0.5 1.4 1.1 7.250 8x107° 0.3 1.0 0.8
IS NEN 0.8 2.4 1.8 9.122 8x10°® 0.6 1.9 1.4
g SEHME 0.4 1.0 0.7 5.034 4x107° 0.3 0.7 0.5
SN 0.6 1.6 12 6.450 5x10° 0.4 13 0.9
SEHE 0.3 0.8 0.6 4.062 6x10°° 0.2 0.6 0.4
12
SN 0.5 13 1.0 6.450 5x10° 0.3 1.0 0.8
SEHE 0.2 0.6 0.4 2.917 1x10° 0.1 0.4 0.3
24
Rl 0.3 1.0 0.7 4.184 7x10° 0.2 0.7 0.5

5 A1, BDS-3 PPPSAR R, WA
#70.5 h, FEZL R &R RARXS iR 22 2.713 4x10°,
HLmEAS DT RIRZE D, d,. d,EKMES 5N
43 mm. 9.8 mm. 7.1 mm, JEZkmEiR2EHE
712.8 mm, CGCS2000 fifiiR2X, Y. ZWiAIH
Ay 3.7 mm. 7.0 mm. 5.3 mm, CGCS2000 &
iR 2E M e KAE M 9.7 mm,  FEZR AH X i 2% 1Y iy

FAE/INTF SCHR[2 11 BLAE (19 D 2 GNSS 44 il [ L £k
X2 (107°) . WA A 1 h, JEZ ) &5
FAAXT iR %M 3.283 8x107, FLk|n & HiRE
de dy. dJERKIESH2.2 mm, 6.8 mm, 4.6 mm,
Ll iR 22 i K MH K 8.5 mm, CGCS2000 7
ZX, Y. ZWERKRMESM 1.6 mm, 4.9 mm, 3.5 mm,
CGCS2000 s o7 % 25 Y e KA A 6.2 mm, FEZE [ 4E
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T7IRBARAKRT PR (8 RAF)

% 45 %

AFRT Hh 5 2 1) e KB /N T SCHR [21] 0 B /2 19 C
GNSS il [ FELE A X i 2% (10°), BDS-3 PPP
TE AV 25 A A IR B A B A5 B Y HE 00 2R B A
CGCS2000 s5 A7 158 25 B~ S4B . S5 (B39 Bt YOR 0 Fi
V] P 2B T /N o SR Ay 4 s, gk i)
BT IR ZE R KEY/NT 3 mm, CGCS2000 54
WEX, Y, ZWERKMEE/NT 2 mm,  FE4 0] AR X
R 2% B KA M 9.122 8x10°°, &I 48 H5 4L T
FHNT R (AR T W 24 h i) e 4%

AR 2 I i AR 2 Bk 2k ) B & CGCS2000 A
PIiR2E WA 6 X BN R ERT, HL m i
AR iR 2% K 1.249 4x107, HArERIRZEd,. d,.
d, 1 KAEA 50 2.2 mm, 3.8 mm f12.7 mm,

2 E R 2 W e KON 5.2 mm; JC 2 R OF 2=
CGCS2000 iRk X, Y. Z A KAE S 5 ik 5]
0.3mm. 0.7mm. 0.5mm, ZJHF2%CGCS2000 5
fIRZEX, Y. ZWEKMES 5831 mm, 6.9 mm,
4.8 mm, JTCAH V25, L2 CGCS2000 iR
ZHER RS9 0.9 mm, 9.0 mm., X 5E 137 fif 54
PR Y fie R FE 2 1) d AR X PR 22 KT BDS-3 PPP L
U4 b X AR, R ZR n) i 45 o3 e 1R 25 1 B K (E
KT BDS-3 PPP Wi 2 h Al e K AH, 29022
CGCS2000 fifiiRZ X, ¥V, ZHERE S5 KED
KF BDS-3 PPP AL 1 h i Kol . 3% Ui BDS-3
PPP {7 VLI 4 b, B AT 35 30 A X a2 A AR =X 08 il
24 h R ERGE T

®6 MEMEMBEEXTELDER CGCS2000 AfiiRE

Tab.6 baseline vectors and CGCS2000 positioning errors in relative positioning solution mode
. TR 0] A/ 1 25 /mm ) CGCS2000 #fv1% 22/mm
224351 MBI — L AR e 522
dy d, . Y z
SFHMH 1.2 2.3 1.7 1.027 9x10°® 0.3 0.6 0.5
TR 22 o .
RRME 22 3.8 2.7 1.249 4x1077 0.3 0.7 0.5
TR - - 2.6 53 3.9
LY
LN - - 3.1 6.9 4.8
i BRI TT 2 AT 2 % N IR — 3K
4 HZEp bR 22 B0 T AR 7 A 3T S 2k o] B R UL 24 h

JEF BDS-3 PPP i v 45 S e Ho gy 2= -Ph Jr 2256
P Ae SR 2R ) i, 4 S R IR, Se
ITRF2020 HE 42 Wi i g oo Ak A 5 CGCS2000 Ak Fr 2
() B4 2 Je o 55 R o i S A T 4 1) o VR i R
XT38 E % ] BDS-3 PPP A 2t 57 v A B
GNSSH#E R M Py rI A THE, B~ 45ie.

(1) BDS-3 PPP 7E H il 44 Be# 2 e B 4 il
Tk o WIEH 4 h, E. N UJy a0 E A
AHIET 11.9 mm, 11.8 mm. 13.1 mm, W EE%K
GNS'S K HbFz i X0RS B oK o LI B 84 28 72 h,
E. N. UFHPEMKET 2023 mm, 4 mm,
7mm. EU W, SMMEHCEDT 12 h, Y
2 mm WRENLIE ), FUE RN TE. Ny,

(2) i IR VAL T (1 A A 7 4K 2 5 000 Bof <
A o R [A]— B 28 3 E AT L
E. N. USR535 4.0 mm, 2.1 mm,
3.4 mm, FEAORS RSB WA TR I A — 204 3t
SLTASZE R o B A]— B R 5 0 AR bR A e mT S
) AR PR

(3) 3T PPP 4 # Y K $0L 3L £ 1) 2 90 76 0300
0.5 hJ5 BN AT 35 3] D 2% GNSS S Hl 4% s A 5 oK
WL 1 b5 A A3 C 90 GNSS K Hb 35 il ]k B2 8K
W 4 h 5, MR a1 25 5 CGCS2000 £ £
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