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SRtk EEMES A AYE A AR RS R 2 e AR R DR BE. RETRE R £
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P E AL RS FEAN DR R G e i M IR MR G R 2 — = S R M RME S a0 S0
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HIE. BhZE. UREZSRHAT T IFAL 7.

2 UREWEIFETE
2.1 UREITEFE

TE20084E 54/ GPS SPS PSH1, B4 45 7 % N T GPS T &2 [ 4 Bk P UREH A
AR, JiFhn R

GlobalAverageURE = [(¢T')* + (0.980R)* + (0.141A)* + (0.141C)* — 1.960cT R] vz

(1)
X, L, TR IRE, RGEFPUERZE, ANVIAPUEIRE, CONLIRHIE
RE. ITHAKRSN PR RGURE (GNSS URE)—M# A :Un] LRIRA:

URE = /(SpR — T)? + §50(A2 4 C2), 2

H Spy Sac NN ARZE DT 7. W SRATHET R s 23R 2, AN E S
IR IPUE3YE R Z FIURE, THEA W

~

UREoie = 1/ (SeR)? + S3c(A2 + C2). (3)

(1) E90.980+ 0141 EI g AR R 5% 22 B9 STHR A1, 31X & o T AN I8 07 1) B ) 4% &2 1
BB R, B 2R ZE X A AE 5 I R ORE R i e AN IR 1. STk DR O A [ 32
B2 B TR ATEIE = R 2, GPS. GLONASS (GLObalnaya NAvigatsionnaya
Sputnikovaya Sistema)flGalileo 31~ Z 4t i) 3= E M A AMEO T2, TR $UIE = g
AAR, B3N REG TR T RN EAR 3, HEAKR. mbF EE SRS

26-2



60 & WA e LR SHURGSISUREY D 1Al 33

HMEO P2 MEHUEKGEO/IGSO L AR A 4. BT miuE TES R EHUE 2K
B8 R B, AN TR TR A P & P AR RR AR L, TR R IE SRS R
FEHE I S B R U R SR sk A

LA T AR R G BGER & A R 90 URE 8 20 STk R 1 i 30 2. ot
HRA 7 BUE BT DU, TREPOE & RS, 182 308 AR )R 220 URE 1 5210 6
K, VIR AL AR 22 5 URE B 52 MR

#*1 GNSS 4XDESFMALZURETIBE T
Table 1 URE contribution factors of four GINSS satellite navigation systems

System GPS GLONASS BDS Galileo
Height/km 20200 19100 35786 21528 23222
Type MEO MEO GEO/IGSO  MEO MEO
Weight Factors Sr  Sac Sk Sac Sr  Sac  Sr  Sac Sr  Sac
Value 0979 0.141 0.978 0.149 0.992 0.088 0.981 0.136 0.984 0.128

2.2 UREMH&REE

R T 3 5 7 1F A5 B TR 44 B 25 A8 BRI HB [E A8 bR R L 3 BIRTNAL xR
(Ry, Ay, C1,Ty), Hf, Ryv Ayy Crv Ty WUARTNARBR &R T 86 2 I3 142 1) 038 A7
B VI PIEA B i e S A A R). [ BRI RS R 1R B ) TR A B A
%@?URTN%*/%%(RQ,AQ,CQ,TQ), Hrb Rov Agv Cov T HINRTNALKR R TR A
PR APIEA B, VI E s B, I uE A E AR L KRR BRI R Al
Ci 5REE BRI Ry Agw CofEZ, 18EIR. AL C. XT 82K H FIFEEAE, 15
BRI ERET, B AT EABIURE, BAARAZ L N EFR.

Broadcast Precise
Ephemerides Ephemerides
Broadcast Precise
Orbit/Clock Orbit/Clock
R, 4,,C. T Ry, 45, Gy, T,

‘ Orbit, Clock Error and URE Analysis ’

1 IR 2 P BEAT 23 (A0 A5 5 kG BE VT Al R RAR B
Fig.1 Flow chart for the spatial signal accuracy assessment using a precision ephemeris
AL LRI EIGMAS T A DR L RS B UTE, B 224 VGPS, b=k =5 bL
LA =SS HHE. phoe. I BB 8 R PR R D 22 RVl ) R R
JE. ERHATHUE, PP 2E LU, R R LT JLANJT -
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R2 I'BEREBREGITR
Table 2 Statistical table of broadcast ephemeris orbit error
MEAN/m RMS/m STD/m
System  Type
C R A C R A C R
GEO 5.736 1.864 0.722 5.928 2.215 0.843 0.931 0.864 0.312
BD2 IGSO 1.205 0.305 0.463 1.708 1.468 0.554 1.066 1.401 0.233
MEO 1.346 0.155 0.706 2.428 0.680 0.838 1.824 0.646 0.389
BD3 MEO 0.410 0.145 0.152 0.631 0.570 0.199 0.434 0.530 0.107
GPS MEO 1.047 0.329 0.571 1.231 0.381 0.588 0.637 0.190 0.110
4 N 4 -4
E Co1 /‘f cl = C06 C
‘527,,#,_\ v —+-R 52\‘ i —-R
o e - B
:§2 et ;52
©y ©y4
34 5 6 7 8 9 10 11 12 3 4 5 6 7 8 9 10 11 12
DOY (2019) DOY (2019)
4 -4 4 -4
£ C12 "N cl = C32 C
52 o RE 2 R
LEO"' T -4 p 50 e e e
Bal 7 ~1 B2
© 4 © 4
3 4 5 6 7 8 9 10 11 12 34 5 6 7 8 9 10 11 12
DOY (2019) DOY (2019)
B2 dbb R HUE IR ERN FE(Co1. C06. Cl12. C32)
Fig.2 Timing chart of BDS broadcast ephemeris orbit error (C01, C06, C12, and C32)
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Fig.3 Statistical chart of BDS broadcast ephemeris orbit error
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Average Orbit Error /m
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Fig.4 Statistical chart of GPS broadcast ephemeris orbit error

H 2 K B2 47T LIS H BL R 458

(MBI VR e b3 =5, 63 =57 3852 D708 1 1) 158 22 11 48 Ao s P 4 573 b
BN VBN, 5 BRI sl Dm0 i3 25 AR A g B oK, e FE IR

(2)EE3/N A R RS 45 R, A6 =542 m. YIRS 4 51°50.199 m. 0.631 m,
T b =5 R GPS; MR FEGPSE: Rk =, 40.381 m. MEI3-4n]LLE H: GPS&M
TEIZ RS REL miGE N Es. RS RAELS miGE NS PR 4 RE2 mitH
P BN; dbSF =5 %50 TR 3N 0 45 RIS 7EL mys BBl B sh; Jb = S5 GEO L E V)
ZERIE9 mIGE M. IRIAES.S mIGE M. BAAELS mIGE N BE), KA TR s
FAE2 mil NS

(3) AL} =5 R IERS R T 5, Fr. VIREER TGPS; % &
SRR PUE R RS R, b e =5 R E PGB R RS e, 8 T0.2 m.

3.2 [THEBWHERESITSAN

XU R B 2R EMEPE R E RN AR, FEEENZS, BT SHHNA
[F], KB 22 AT 3G B D B 22 B AR O R AN R AE — AN ME | TR BT 2R 2 I B 25
AFEBRMN ARG IRZE. KR T AT B2 FHE. RMSLLKLSTDZ: R, tn#k3pT
XA S B =S &R R RS 7R R EN B, R T REE, X
T A 2R W B oh— R R 1 e B g, BLC04 (GEO). €07 (IGSO). C14
(MEO). €27 (MEO)&E R AR, anEsfn. B EHOVER H, Iy 3% 82 D 2= i%
Z. [N, AT EEMME RGPS, Jb3} =5, =S 8B LEMBEN, 2H T8 K
Gu M LR RE e EmEg B, iEle-T.

57 &30 LA Y, db3 =5 GEO. IGSO. MEOI ) #% & [ Bh 25 4 1 43 5l
0.9 ns. 1.2ns. 1.3 ns; b3 =5 FEE i Z R 1.2 ns; GPS EET #ETi#h %=
F& M09 ns. HATBDS) ™ % 2 7B 22 17 22 S AU Bl /02 s, 55 285088 J (149 0 5% 22 /)
F1m; GPSJ 3R i bh 2R Z AL EAE0-3.5 ns, ZR0GE BN EE IR Z 281 m. b3}
=S E M EE RN, BONFRE.
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Table 3 Statistical table of broadcast ephemeris clock error

Fig.5 Timing chart of BDS broadcast ephemeris clock error (C04, C07, C14, and C27)

Average Clock Error /ns

System Type T/ns

MEAN RMS STD

GEO 0.699 0.881 0.525

BD2 IGSO 0.912 1.182 0.734
MEO 1.120 1.339 0.682

BD3 MEO 1.005 1.215 0.670
GPS MEO 0.726 0.853 0.435

2

Clock Error /ns
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Fig.6 Statistical chart of BDS broadcast ephemeris clock error
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Fig.7 Statistical chart of GPS broadcast ephemeris clock error

3.3 [ HBERURESH
AL HEIIFFRIT T HEEESFMAR S KL EMNURETHE. 95%URE. URE
RMS. URE STD#H, wnk4Fx. XT3k =5, b =5 8B T E L T UREY
P B, PR TR M, o T AR AR TR SR A gk B — B TR e B R R, BLCo2
(GEO). €09 (IGSO). C11 (MEO). €23 (MEO) N, tnE8Hi~. K hEMH,
PHCAUREIE. R, AT HEWHE HGPS. db3F =5, Jb3 =5 AFH AR,
2t T/ RGE K TEMIS%URE. URE RMS%iit B, Wi 9-10.
*4 TFEIESHESRITE
Table 4 Statistical table of spatial signal accuracy
URE/m
MEAN 95%URE RMS STD

System  Type

GEO 1.026 1.314 1.051 0.191
BD2 IGSO  0.697 1.151 0.758 0.272
MEO 0.933 1.533 1.020 0.395
BD3 MEO 0.357 0.707 0.415 0.207
GPS MEO 0.661 1.000 0.703 0.217

ZEAFALL S E8-107] AFFH PL R 4518

(1) B #l, GPSIHUREXE 40.661 m. 95%UREAN1 m. RMSA0.703 m; b3} =5
URE#H 40.357 m. 95%URE~0.707 m. RMS40.415 m; Jt3 — S URE¥{E NO.7-
1m. 95%UREAN1.1-1.5 m. RMS~0.7-1 m.
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Fig.8 Timing chart of BDS URE average (C02, C09, C11, and C23)
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95%URE /m
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URE RMS /m

0 C02 C04 C06 CO8 C10 CI2 Cl14 C19 C21 C23 C25 C27 C29 C32 C34
Satellite

B9 BDS 95%URE. URE RMS%it &

Fig.9 Statistical chart of BDS 95%URE and URE RMS

(2)4t3} =5+, IGSO LR URE RMSH i, 70.8 m; T EHIE K FHGEOL
BURERK; 1 Tb3F =5 A XA S, & Wi 78+ E 5 N 1 D MEO L 1 A] LB
)%, 5 BT B 2 RS B B, A2 URE RMS4E 3, SU#EMEO T2 KIGSO T

EURE RMSE.

(3)db 3} = S URESE B B8 T A6k =5, #4245 78 TGPS, H % Wi P
FUREZ: B Fase BE i, A BRI 3 LA B 5 4
(4)d63} S5/ T EURE. 95%URE. URE RMS4: /N T2 m, b3} =560 T

EURE. 95%URE. URE RMS%;
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Fig. 10 Statistical chart of GPS 95%URE and URE RMS
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=S R U R M RN, BONFRE;

(3)db3F =5 URE RMSHNO0.7-1 m, Jb3} =5 URE RMSN0.415 m, GPS URE RM-
SH0.703 m. dt3F =S UREZEHEM T =5, &0 PEL RN TGPS, H&H LR
EMURES; RBONFE, A LR I 8h;

(4)3b3F S &P LEURE. 95%URE. URE RMS%: /N T2 m, b3} =545 1
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Preliminary Evaluation of SISURE of Beidou
Satellite Navigation System

XIE Hui*? SONG Shu-li't  JIAO Guo-qiang!? HUANG Chao!*?
CHEN Qin-ming!

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

AsstracT Since the Beidou navigation system provided a global service on 2018 De-
cember 27, its service performance has received great attention. Based on the precision
products released by the iGMAS (International GNSS Monitoring & Assessment Sys-
tem) Analysis Center of Shanghai Astronomical Observatory, we evaluate the orbits,
clock differences, and signal in space user ranging error (SISURE (URE)) of the Beidou-
2, Beidou-3, and GPS during the day of year 3—12 of 2019, and analyze the results of
the Beidou navigation system in detail. It is showed that the results of Beidou-3, in-
cluding broadcast ephemeris orbit accuracy and URE, had an obvious superiority over
Beidou-2 during the evaluated period. And a part of them were better than GPS.
Meanwhile, Beidou-3 has the best broadcast ephemeris orbit accuracy in radial direc-
tion, less than 0.2m. Its average URE was less than 0.4m, and URE RMS was less
than 0.5m. The parameters, including average URE, 95%URE, and URE RMS, were
less than 2m in Beidou-2 and 1 m in Beidou-3, respectively, and all meet the service
performance standards that the system publicly promises.

Key words Beidou navigation system, accuracy evaluation, orbit error, clock error,
signal in space user ranging error
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