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FE s DESHRSH & e D2 S AR BRI RGA L K5 D2
SRS, EAERRACHER TR SN RS, MR =5 &% #£20184F11H, 463}
ZHRGECAERKIOGMANE. AT T KIHNERES. s R =/ H ek
B E RS S, 2201845 H 18H F28 H224 EH BRGNSS (Global Navigation Satellite
System) WM PEAL R 45 (1IGMAS) FRER S FECHE, MOULIN G 75 F1 O 25 2 2% A2 79 7 T 43 B LR
TR RS 8RAL S = S M B B B (G S e &, 4l A IB{E 5 B1L B3IREIE
FB1C. B2axfdt} =5 HMWEFGPSHATEA EHSLL. SLIREE R, Hi55B2aly
HiE =S IHES Y, BICIEE R &K 2 T2E5; W3 A ESINE (48 h)HiE
Fph 2L R BIEAE S M4 A2, B1I/B3IRIB1C/B2asE B 11347 B K ¥ (3D-RMS) #
1635 e /i 4y, Bh 2S5 R IEALE0.5 nsPAIA.

KHHR RUSNEE, = SRG, iGMAS, Sk BBAH, HEIEEHN
FEISES: P128;  ICEAFRIRADS: A

1 5|8

Jb=F P B S/ &4 (Beidou Navigation Satellite System, BDS) & 3 [E B F &,
BE AT ST SR DA S AS. L LESMAS KR = LE" kR, Hird
2 5E b S DR BRI IE RIS X P E S R4 (BDS-2), IEfE & &AL}
SR TP RSN RS, WKL =5 Z4(BDS-3)1. 1t} =5 R G% h3fih 2R i 115
18 T (Geosynchronous Earth Orbit, GEO). 3%}t §iE [F]28 A (Inclined Geosyn-
chronous Satellite Orbit, IGSO)F12451 # &%l T 2 (Medium Earth Orbit, MEO)Z A&,
SPIGEO RN FZR480°. 110.5°f1140°, 3FIGSO L2 Wi ff N55°, 24FMEO T2
B0 B T34 A 55° M BUE T b, P08 = 21528 km. db2F =5 R4 RIF20204F /i &
BOFBRANEH. BlE2018F 111, b3 =5 KRG C LK IMIIBHM 2, TBEAR RE T
B B2 AR5, B FE1SFIMEO L2 M —HGEO T A.
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Je3b =S AW E H T R RMES RAF 76 =5 2 A {5 5B (1561.098
MHz). B3I (1268.52 MHz) A sk I AL 2+ — 5 B b 2 =5 1P i 3, $8&m 78 fE
SB1C (1575.42 MHz). B2a (1176.45 MHz), PASZIL 5 H Al 4Bk 2 45 10 3 25 Ha /0.
TS5 AR 5 75 0T BRI S PR B SOV LI AT B8 AR T+, DR E wmT LABUR B G S =5
2SS 5 RO A PR Sk =S AR b, b =5 TR R T B P AR B,
H R B R A T4 ] Br 203 7 Al o B R B iR S B3, 54 RbENRICsE H
bb, SR T A AR KRR B, B AT — RIS R0 R B 2= 1 pr g R R, bk
=5 R P RECIIMC32E WM RE 4R AR 1T 5 45 R 5 GPSb T Al — & 4%, (H2 LLGPSHi
— b T TR E B BRI BT, B AR R T i TR M A S b X R
G510 SR 1B EL B 20— 5 R T2 50,

1 b3 =5 R SR A1 EL s B D, H Al o T A6 - o i i K e U B 11
PPl AR =5 DU — RIRR R, e 12 D M 43sisdE. EFrGNSS
(Global Navigation Satellite System) i #ll "1 5 %t (International GNSS Monitoring &
Assessment System, iIGMAS)RH ) E ™ #IHLB1L. B2L. B3I 3N K 2 AL IR
% 2 TR 2 B AR AR bR KT, 850 5 HARFR A 2407 bR AS [R50 1 by PR 7 &%
ZESE VR AR I IR 2 SN, BT DS TR BT Dy B P Ak, B21. B3I K/ oK R Bl
kg 8 R TR o6 R (Satellite Laser Ranging, SLR)#& 4% 7 53 e 4k =k —
SR P ERPIERE, HurA TGEO. IGSO. MEOI & #UR: B 43 A B ik 2 40 K 24
—rKe RGP BT T BN R AL TR RS R NS, X DA
B 2 T PP () AH DCHIE T AL

ARSCHETIGMASHEE, N H i R S STZH I 2 (5 141 & 48 ) 10 1A 5 208
HEAT AT, TR D BEALE 75 45 (Pseudorandom Noise, PRN) & & SHE LR, X T2
BT PURSG, DAY MR R AT R RIS S R R H AT AR B E PR, 8D
E#HIMEOTLE.

F1 A} ==HRERER
Table 1 Status of 8 BDS-3 networking satellites

PRN Launch Date Orbit
C19 2017-11-05 MEO
C20 2017-11-05 MEO
C27 2018-01-12 MEO
C28 2018-01-12 MEO
C21 2018-02-12 MEO
C22 2018-02-12 MEO
C29 2018-03-30 MEO
C30 2018-03-30 MEO
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2 REEMREL

A SO TR 3008 58 Z2 1 e 1 AR AL B SR BE A R AR 22 A3 7 v, HdE sk B
K F Turboedit /7 V23047 B B AR INION G Bk S8 48, R “— B3k R TR uE. T
EFPWeEBh 2. SNBSS ShiAhbR, FARSR R FE H AR k2.

T bR 2Bk R G0 w0 R g s H sk 80, H el A MU SR ALl f =5 2 W 2 14
FRTE AR 22, DR R BRSBTS AR LU B B B, BAR EL L
FEWEL, doyl-doy4 NIELE AN FEFH (day of year, doy). K HBDS-3+GPSE A &
B, XFAEFAM R 5 A HE 5B B3IMH{E 5B1C. Bail T e i, &% |
B59N3 dfif.

% 2 GPSHBDS-3BLA TR
Table 2 Strategy of the BDS-3/GPS combined orbit determination

Parameter Strategy
Observation choice Tonosphere-free Linear Combination
Elevation angle 3°
Sample 30s

GPS/igs08_1888.atx

Phase Center Offset . - .
BDS-3/ Provided by Shanghai Astronomical Observatory

First-order ionosphere are eliminated by combination of observations,

Tonosphere . . . ; . :
ignoring the influence of higher order ionospheric effect
Atmosphere Saastamoinen, Global Mapping Function
Estimator Least Square
Solar radiation Bernese model with 5 parameters
Orbit determination arc 3 days
doy1 doy2 doy3 doy4
24 h
-— - R e EEEEEEEE >
- R e EEEEEEEE >l

Overlapping arc

1 PRBGEREEE

Fig.1 Orbit accuracy evaluation method

3 HiEXIR

16 B4 3R 43 A1 35 5 191501 [ BRrGNSSHK 45 (International GNSS Service, IGS)#R
E 3 F1904™ 2 GNSSSL 5 (The Multi-GNSS Experiment, MGEX) I H B i vk PA 2224
iGMASS AT & FUSE 5, W3k 2 A an 2, 43 A 3553, Forb gE [E i 00 21 5 {5 5 B1C,
B2al) A 16 NMGMASH:; A2 2] [H {5 5 B11. B3I A 161NGMASH; A5 MMGEX i,
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Fig.2 Distribution of tracking stations

&3 ICMASHEWHIER
Table 3 Information of the iGMAS receivers

STATION TYPE RUN BY STATION TYPE RUN BY
abja gnss_ggr CETC20 kndy  CETC-54-GMR-4016 CETC-54
bjfl CETC-54-GMR-4016 CETC-54 kunl UB4B0I UNICORE
brch CETC-54-GMR~4016 CETC-54 lhal CETC-54-GMR-4016 CETC-54
byns UB4B0I UNICORE Ipgs cet20_1.0 CETC20
canb CETC-54-GMR-4011 CETC-54 peth CETC-54-GMR-4011 CETC-54
chul gnss_ggr CETC20 rdjn UB4B0I UNICORE
clgy CETC-54-GMR~4016 CETC-54 shal UB4B0-12780 UNICORE
cnyr UB4BO0I UNICORE taht gnss_ger CETC20
dwin  CETC-54-GMR-4011 CETC-54 wuhl  CETC-54-GMR-4016 CETC-54
gual gnss_ggr CETC20 xial gnss_ggr CETC20

hmns gnss_ggr CETC20 xia3 CETC-54-GMR-4016 CETC-54

icuk CETC-54-GMR-4016 CETC-54 zhon CETC-54-GMR-4011 CETC-54
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4 HBBREDTH
IGMASSR A (BN 40 K 2 SRR B 3 = 5 TUR AN 545 (4R, A0
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G| B 1 BA) 08 VA J2 R R 2 S 3R R 22 DA SR AR A R A R BT 5% 22 RN 22 5k 22 55 5 R )
MEEvRZE. EEAHE Oy PRE P BB ARSI e S TR 2 80 2 R B () B A0 4
WAL, Dy M 7 A AT AR O O P B AR 1 B

AR 22 DAL G L 34T D PR 75 PP AG, PR (1)K A1 s AL
B, 56120 sSH— MG I, FBE. ANProo. B0 O BE I 5 i IR B Y
BB (2)0 A gRB UL IE HEAT 3UK IS, SR H BEAR AR, xof BB M S BB 1 22;
(3) VI AR A B BB AN SEBRAE 0 Z B IR I BR R 22, THRRMS; (4) STt i TR %00
HRMS (Root Mean Square) F3ME/EAillnh1 AR PFEERE . BT 2 BEAR RN /2 FEUSL
R B P R 2 AT A ) g 5 PR M REDRE 22 [8] 56 R R P2 AR B & A S AN T BIE B 5 1)
FEIR, FERTISS (] N — A 22 R AR R ZUAR AL, UG 2 W BRORES 43 DA R 22 BRAS B2 MR, S5 4h 4
2 BEA RN 1 B T B O RO I A ] B ARG, G R S5 R e NI ZE A B, TRt
Dy PR G 75 AL G — 3000 2 BE AR AR, (H M /N EI3ZA HE T s T IH S 5 D R
g 5[] 271, 45 00 s £ 235 I 1) B 1)~ 53 45 SR an 141 4.
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Fig.3 The pseudorange noise of the iGMAS stations

IH{5 5 B1L. B3I 09 2 M7 #AEL0 cn LAY, 348 70 3 874 con 6.7 cm; B {5 5
B1C. B2aft)fy 2N 75 B8 23 5 414 cm 113 cm, #1555 ROV EE e A B & K FIHGE 5,
brch. canb. dwin. icuk. kndy. zhon 6/~¥5H11E 5 190 FE M R A XK, A8 H B9 41
—FPEROHL, O E M S RO BOK AT e SRSV LZR B 5%, xial 7E 40 i (] P B2adil s 1 D

14-5



60 & A - R 2

R PR KT HAR I s, #E1.5 m/AE A

0.3 T T T T T T T T T T T T T

HBII
B3I
[BIC
HB2a

=

S 02F e

3

i=

(]

on

g

S

=

2 0.1f 4

(=¥

bjfl brch canb clgy dwin gual hmns icuk kndy lhal peth wuhl xial zhon

site
4 201845 H 18—28 H 445 sk {y FE W 75 K 4E

Fig.4 The mean pseudorange noise of 4 frequencies from May 18 to 28, 2018
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W 7S I PEAL, AR 50N (1)K SRR, XU AN 1 A8 A7 W)
HIEAT i o Rl 3IR 247,

Ap(t;) = p(t:) — p(ti-1)
AAp(ti) = Ap(ti) — Ap(ti—1) : (1)
AAAp(t;) = AAp(ti) — AAp(ti-1)

X, o) Ap(t)s AAp(t) AAAp(t;) 533 R JE GG R IR G oG 8] B 22 W
B~ 3 7CIR) XU WA AN G e 1) 325 AR ; (2)4% 08 R it S AR AL g 5 |

— 1 - 2
%—J S=1) ; (AAAp(t:))” (2)
n NP TCIRI3ZE LI AN (3)Ge it BT A7 TR 20 s RMIS Y F B A Dy 0 P AH 57 e 75

BI525 H T 85 03l 7 1H S 5 FRAF AL R 7 B ) 7 371, 5% 00 7 50 1 B[] B2 1) 1 358) &85 S
6.
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Fig.5 Phase noise of iGMAS stations
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Fig.6 The mean phase noise of 4 frequencies from May 18 to 28, 2018
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Fig.7 The pseudorange multipath of the iGMAS stations
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Fig.8 The mean pseudorange multipath of 4 frequencies from May 18 to 28, 2018
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5 HuBHERBESHR
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A IS A B O R, 5 #HE S B, A5 AMMGEX s $2 45 1H A5 5 5 54,
DRI TH A5 5 0 m] WA s %

K FH P48 Wil Sy 77 V3T PUIBE R FEVEAS, C305 5 MK E SR BE I 22, ML
B2 R, AXTC30X PR Rk T gevh, DL B H I35 83 dfif e B X R AR

FEI10%5 T 37 IHAE 5 505 170 “F 22 f# 50K £ (One-dimensional RMS, 1D-RMS) 7
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Fig.9 Available observation statistics of the networking satellites
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Fig.10 The BDS-3 orbit overlapping RMS of 8 satellites from May 18 to 28, 2018

14-10



60 & O ETiICMASHIIL S =5 4 W 2 EIEYIE i 2 3

# 4 BII+B3IMB1C+B2a#ilHESEMNEBIMEEE LR (BA: ER)
Table 4 The BDS-3 orbit overlapping RMS with B1I + B3I and B1C + B2a

(unit: cm)

Frequence RMS Cc1l9 C20 C21 (C22 C27 (C28 C29 (C30 mean

A 26.94 28.18 2396 25.18 52.7 30.8 5141 28.29 33.43

B1I+B3I C 19.02 19.12 20.01 23.86 20.68 9.17 18.19 9.84 1749
R 697 628 626 656 10.81 7.39 109 756 7.84

1D-RMS 19.83 20.46 19.54 21.03 33.98 19.32 32.71 18.07 23.12

A 24.47 2531 2831 1864 26.77 30.11 3557 35 28.02

B1C+B2a C 19.04 28.02 21.29 14.48 12.21 14.04 12.01 8.23 16.17
R 587 729 564 529 6.92 744 829 9.1 6.98

1D-RMS 18.80 23.03 21.08 14.21 17.78 19.99 22.61 21.61 19.89
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Preliminary Analysis of BDS-3 Data Based on
iGMAS

HUANG Chao'? SONG Shu-li*  CHEN Qin-ming? ZHOU Wei-lit2

(1 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030)
(2 University of Chinese Academy of Sciences, Beijing 100049)

AsstracTt The Beidou Navigation Satellite Demonstration System and the Beidou
Regional Satellite Navigation System are accomplished, and the Beidou Global Satellite
Navigation System (BDS-3) is under construction. Nineteen networking satellites have
been launched by the end of November 2018. To assess new and old signals of new
satellites, the data quality is analyzed from two aspects of observation noise and pseudo-
range multipath based on the data of iGMAS stations from May 18 to 28, 2018. The
accuracies of BDS-3/GPS combined orbit determination with B1I/B3I and B1C/B2a
are compared. The results show that the data quality of the new signal B2a is similar
to that of B1I/B3I, and the data quality of B1C is slightly worse than that of B11/B3I.
Comparing the accuracy of orbits and clock corrections of overlapping arc (48 hours),
the results with B1C/B2a are slightly better than those with B1I/B3I. The average
3D-RMS of precise orbit determination with B1C/B2a and B1I/B3I are around 35 cm.
The RMS values of clock corrections are less than 0.5 ns.

Key words astrometry, BDS-3, iGMAS, methods: data analysis, precise orbit deter-
mination
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