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Abstract: Real-time correction products are very important for Beidou real-time precise positioning and
timing. Beidou-3 broadcasts real-time orbit and clock correction products through PPP-B2b signals. In order to
verify the accuracy of the real-time precise orbit and clock error recovered by the PPP-B2b correction product,
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the broadcast ephemeris and broadcast clock error were corrected using the PPP-B2b real-time orbit and clock
error correction product obtained by the receiver. The final GFZ product was then used as the reference. The
analysis evaluates the accuracy of the real-time precision products of the Beidou-3 MEO and IGSO satellites.
The test results showed that the RMS value of the real-time orbital error in the radial direction of the BDS-3
satellite is better than 0.121 5 m, the RMS value of the along-track direction error is better than 0.292 2 m, the
RMS value of the cross-track direction error is better than 0.360 5 m, and the three-dimensional RMS value is
better than 0.640 2 m. The RMS value of Beidou-3 satellite real-time clock error is better than 1.619 2 ns. The
results verified that the PPP-B2b real-time correction product can basically meet the needs of the BDS-3 real-
time high-precision positioning and timing.

Key words: Beidou-3 Navigation Satellite System (BDS-3); real-time correction products; broadcast
ephemeris; precise orbit and clock products
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0 3l

b=l =528k T E T RS (BeiDou-3 Navigation Satellite System, BDS-3) F 2020 4F 7 H 31 HIE
KT, 2S[a 2 EEH 3 PikEkiEf L #1E ( geosynchronous Earth orbit, GEO) TVA . 3 Fifiabak [F] 204
& (inclined geosynchronous orbit, 1GSO ) TR 24 Wirk FE 1 FERHE ( medium Earth orbit, MEO ) T2
. Hrf, PPP-B2b 55t} =5 GEO TLARE A SLRTIE ™ i, PRAbVK RS & HIE Fnph 25 5 2
MBCE S, Pk B R 0 b DX P SR RS 25 e (IR 45 R FH S AL 0 A 25 IO 7= S X b= T 4%
B Pr#ATHOE, BEREMKI ) SIS B BB AN 22, XTI S S I VR B A R I OGS

AT, ©F 2005 E X S BUE ™ & 3047 798 . SCER[418F 9T 7 2 TR PR GNSS iz 55 4 41
( International GNSS Service, 1GS) & EHa I Ay S T8 BUIE RO 22 77 SRS B8, IR LR ke
SR BT TR s SCHR[S)ZE SIS T 3T SSR (state space representation ) PIE = ik & A5
IR 5 2 AP 2505 BE JT R AT 1 20 Mr, O DUMCA BERI T RS 1 S8 RS 25 0 e s SCHR[91T 9 T
S} =S S RUE OE S AR ORI A B, et oA 1R A R R R AR BAEA SO N BUAS BE R
SCER[10Y48 1 B2b {55 B ML SCES M AE B 6 AL, JF HArtT VAL T B2b (5 5 ME ARG FESE R SCik[11]
PRAG T AT PPP-B2b RS RYPLE KBRS, oA T TIE S =5 PPP-B2b BCIES#ALAY B11+B3I,
B1C+B2a {5 54 & BB KGR . i 0 ARFR R T J7 ] BYCS O s SCHRL1215R AN [m]00 2 By WEm £t , 43
Br 75T PPP-B2b BSUIE ™ it RS IS SRS B B SUE NS BE o RIS, B b )8 B D% S (o A7 2L
YER, 2B xsdesh) 37 2 AR Bt AT 7o prib Al o STk 100 1k =% (BDS-2) Tk &
DR 2ZE, 45 B8 GEO TDAE%E RMS (root mean square ) fiF 2 m, MEO Fl 1GSO T E4E[q]
RMS —ffE T 0.5 m, =4 RMS LT 5 m, BUEMEZS GPS M24; SCHK[14]5H %) BDS-2 B GEO,
MEO 5 1GSO =Z2KTE, ZRliffh 7 H s, 455K BDS-2 DA #HPLEREMLT 3 m,
MEO. IGSO TEMPUEIRZ/NT GEO TLA ., SCHR[ISIX BDS-3 J7HE 2 IR EHEAT T iFh, 49K
BDS-3 (U#iE R 22 RMS AL T 1.0 m, PR S B & TV Ak 1], BB B T RI2E AL BDS-2
TPA,

J T AR PPP-B2b BCIE =ik &R ) BDS-3 SEHRE S5 4 IE Fph 22 RS B, A SO Je R
FLAIF} Septentrio PoloRaxSTR FIFZISHLZREL BDS-3 | #& £ 3 A1 PPP-B2b 2 1E =k, #RJ5 A H el E 5%k
X R IE A 22 AT ROE, WK AR B SRS B E S 22 i o AR, DB R T S PG
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I BDS-3 )7 Py gt PPP-B2b BCIE ™ A, SRJE TR BDS-3 TR HRPEM 2, JFxin
FER AT AR, 5 R P S O SR X R A R B 22 A A TEE . X BDS-3 ) HLIE A
ZHATHOERY, BT EAR BRI TR 18 A E I SEU THA BDS-3 MEO 1 1GSO TATEAL 3|4k
FrZ (BeiDou Coordinate System, BDCS) HJSZR B HEEE . T BDS-3 Fl GFZ K% 7= i 1Y R Gehst
[E] . ARAR AR, FEXP B A TAE B, 72— 25 e

1.1 BEEENG—

XS HWIAN G —, T BDS-3 J#E BT }Af (BeiDou time, BDT), GFZ fZ™ ST
GPS Z4imTE] ( Global Positioning System time, GPST ), BDT F1 GPST #12% 14 s, A0 S% 0} 04— 3
GPST, HA&FARAXINZ (1) fis:
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TE VR 2538 FFEPE A AR R T, DR TR R S A T RS 2 L DT I 25 R IR B AR ) . VI vk
6] 3 A0 . AN 1 S A bR R R
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FIF PPP-B2b BCIE = S X AU )% 2 5 i TR B A DR S 20T E . BMOERF, TR
&2 AL S B B DT BRI (issue of data, 10D ) S5HEEMIESE B PR IODN FHUCHE . £ F A4 7]
FH PPP-B2b MCIE 7™ %t TR BUTE FEP 25 954 7 BCE ) i o
131 SERTHIEIE

SEAFALTE OE S B G TR BUE AR R N HUEMOE [R5 00 FEAR M . VI Nk ) B o i, alad LA
MEVBOERITTE R (2) 46T HBENTR N T RN B R, LIS TN BEHUUE &R 5X .
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MR (3) BIar X #& £ EAR RN LR E X, HTB0E, SRBOEE R TR E X, -
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B2b H1 SO ARG Y B0 22 OE S 4L

2 SERTHLBRIMESmIBE O

t

A SCR AW BRI BDS-3 ) #5 B 8 A PPP-B2b U™ i, HEAT SRS B BB Foh 22
BUE, LA IGS Zptrrbly GFZ 4241 5 min SRAEIR] G A9 5K & B0E S oh 227 Wl E R S H 0 . Kt
K27 G e R i i s, R SERPE AR M (R 71 ), YIm (T 71 ) Fiikna (N J5
W) BRI SER A 2EiR 2, DURZEFIEMBE TR (root mean square, RMS) NEEitHHE riEfT
Giitortr, EeZgn ST BUE AP 227 RS BEVPAG AR, AR 3 B,
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GFZ R AL 5 2N %5 B D77 S B (T RT B Ry 5 min, e ZORE 2 4h 227 i BRI IR 30 s, AR SR
S 1R SR 7 i 1) 1 G T[] B -5 A = i AR ), DA E I I U I e 7™ i 43 5 DI e T2

VAR

FVEE 2021 AE4EFRH 278 ~293 (3£ 15 K ) 1 BDS-3 | 3% £ i #1 PPP-B2b 2 IE =5, 15 HY SLih b
EHGBERB 5, DL GFZ )5 Be 8B R 22 7= 5o SR UE 0B DA SSRGS 55 200 R 22 77 fh T A



552 Y B . LT PPP-B2b B IF 72 S AL S| S 5 B A B4y My 147

BE, IFZ4H MEO T2 €26 Fl IGSO TLAE €39 7F 2021 4F4EFAH 278~282 (3 5 K ) Ay fih 24124
RMS G258, ikl 6 2 8 fis.

mE 6., 7 A LIEW, SERDRESHUE AR E RMS {H7E 0.05~0.5 m FTERE N3 sh; MEO T2
1GSO T EMBUEREAY, BARIMIEZES . Hi, MEO TA C26 FUERERMAILT 03956 m,
1GSO T C39 HLBEK BRI T 0.443 2 mo ZERIFPELIA T, ARy R AR AR LR, A
SRTE AR DK B AR T U0 Ak ), B i T U UL AR AR ) B B AR AU A R s 1GSO LA
MEO AR RS B fesr, U DI Ak, AR ks EE7E 0.118 9 m LAY, VIS EAE 0.361 5 m
DI, RIS AR 0.443 2 m DI,
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hE 8 ATLIEH, ARIPLHERR S5h 225k 2228 0% A B A, I BN B4 AL, semtsh
ZNERETE 3 ns LINUES; Hibh MEO TA €26 21221522 RMS {HALT 2.317 3 ns, 1GSO T2 €39 4h%i%
% RMS {HE T 1.963 1ns,

2.8 |
o (26
C39
24 |
.-‘.
.
z 20f .
%)
: .
=
1.6 - .-
1.2
1 1 . , :
278 279 280 281 282

FEFAM
K8 MEO. IGSO [EREh 2K 5 KRGt

R T I — 2 VAN B B R SRS 2 U M 22 RS B, 38 1 4 T4 15 RINBFP TR 1Y S
FHEHGEE R, T N FRIRZERER RMS . TEPIE =4 RMS (H B 2Z1R 221 RMS {EF1
STD fH.

K1 BDS SEMPEHBUIEFPERE 15 RETiHR

FemiR2E IO A iR =4
TRYS Hub . e e

Pifi/m  RMS/m  #ffi/m  RMS/m  #ffi/m RMS/m  "MS/m  RMSms  STD/ns

C26 MEO 0.084 7 0.109 3 0.056 2 0.2775 0.061 9 03221 0.572 6 1.6192 0.0851

C39 IGSO 0.091 6 0.1215 0.037 6 0.292 2 0.0791 0.360 5 0.640 2 1.5289 0.092 0

& 1 AJLED, SCAPRESHIE R HIHUERZEMEE T 0.091 6 m, T FMHUEREMELT
0.056 2 m, N A RIHFLUERZEHELT 0.079 1 m; 3 75 RMS {A7E 0.360 5 m LN, R J7[a RMS {HE
T 0121 5 m, FEERMRT T mA N Jrm, SEMEER—8, 76 TR SHUERI, 8w R E O

PISEIR IR, VI Ak InikZ . MEO TLA 3 N7 [l (BN B RMS {HAE 0.322 1 m LAY, Ho 2 ms
JERE M 0.109 3 m, =4k RMS {4 0.572 6 m; 1GSO TLA& 3 77 [a) AHLE RS RMS {E7E 0.360 5 m LA
W, HAREEE RN 0.121 5 m, —4E RMS {H°5 0.640 2 m. JfH, MEO T ESHMP2EiR2E RMS
9 1.6192ns, STD{H} 0.0851ns; IGSO TASEMHN221% 25 RMS {H24 1.5289 ns, STD {H4 0.092 0 ns.
ATUE 1, 15 REEEREHEHEE A 22K E S 5 RIS REAYIS, WA BB R 2R,
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PR S B 2518 2%, St T 2021 4E4EFRH 278~293 (3£ 15 K ) AYdb=k 16S0 LA MEO T2 % If:
BT, G5R IR SERHE S EIE R 7 MR 2Z M) RMS EET 0.121 5 m, T FIAiRZER RMS {EILT
0.292 2 m, N JFHIRZH RMS {EET 0.360 5 m, —4E RMS {HET 0.640 2 m; #h25i%2% RMS (LT
1.619 2 ns, STD {HAETF 0.092 0 ns. Z5FEM, FIH PPP-B2b BCIE /™54 BDS-3 T #&2HTEIE)S,
REAS A FH P S L S B v b B e A R B AR 55 o
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