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Fig. 1 Distribution of the SBASs in the world
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XENEE G T, SR, FERUN 2 B bR o 5 i e i A rh, R TR SR s & & A4 I 248
b, BB =5 2 ERE A RS (BDS-3) B AMFINS RE RN 3, 23RS LE RS0 R
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1.1.1 23REN RGN (GPS Time, GPST)

ABRE N RGN A R M A R S PR AR ey . RKE N RGERT R IR T T
PhREETRY 1980 4F 1 H 6 H(EMIH ) FrfZ], AZBZIE, 23KEf REn B wnitE, 2kE s
ARGV G EPRIR 80 19 s, R4 K LA (The United States Naval Observatory, USNO) %2 #85 H: 4
FRA MR 5 23k L RGN L, JFa il e R, 2 5 ERRJE 5 I (Temps Atomique
International, TAI) PR 2B

TAI = GPST + 19 s | (1)
EERE N RGN S MR R 22 [ KR 4 22 S5 Bt 2 DM B RS AS W AS AL, S iT 4Bk E 1 RS S P8
22 AR 221 25 18 61, |
GPST = UTC + 18 s . (2)
bR 7RSI, RGN RGN 5 PR Z BAAE/NT 1 s MFP IR 22, 385 12000 22 755 1 7E
JLEWRZ N, HE/NF 20ns(10) ', RGN RGN A FHABRE N R G (WN) FIERE N R 5
JAWNAL(SOW) Fow, JANBE/IMER 0, JKMEAH T 604 800 s, FE&E RS ERT M 0 FF 465 8T
K, Zead—JE (H) 604 800 s) J5 SR 0, [A] A AR (WN) 4 0m 1,
1. 1.2 Jb3}k RGEHF (BeiDou Time, BDT)
6L R Gt 5 2k E N R G —FER TR, DAEPR AT ] (ST) B 3EAR s gk B, &k
Ji7ch 2006 4F 1 H 1 H PR FES 00 B 00 43 00 £, Jb=| R Gebhsd ik Pp i B e 5 [ br b o8 5 et
HATICR, AUl RGNS [ R A A A 25 AR RETE S0 ns LA (BE 1s), HEHFHE , HiF
Atk RGeS 5 P B PR AR — B P A T Y, TR A AR AR R, L, S R G
AR N RGN AR S DM R Z ] 0 BEAPSOE G 3 SR k) o I H il T AE 2006 4F 1
A 1 H 00 B 00 43 00 #db-} RGRHEA Z AT, 23KE M RGN C 25 AR Z AT 14 s 9Bk
EE, B, JRGEn S 2E i RGN R TAHZER 1356 AL, BRARE—1 14s MRS
228 B E Z AR AR

BD J& = G6PS J& - 1356 J& (3) GPS SOW ‘

BD JAWE> = GPS RWNED - 14 >
N ae b ol 2 g e fs 22 40 BDS SOW 145

K 2 5 T Harde s RGERT S 2EREN RS > >

B SEINZE SR, SERAAL S REE R 5 23K0E A RS
it 2 AR R E 1Y 14 s B 22 (JRINED) |
1. 1.3  fiFIng RG] (Galileo System Time, GST)
AW FR G 2 — AL ] RUBE R 3
FEPRIEFI, 5 E PRSI A 22880, ANl E P, R4 22/ T 50 ns, (A B 3R G2 AR 46
JCAE SUTE 1999 4F 8 A 22 H WMl (Hrft FLt) 00 B 00 43 00 FhAYFERE FHIRT 13 s, S2RENMN RS
BHERE—2 B H AT AT DA S 18 s, B
GST = UTC + 185 . (4)

1.1.4  ¥IBANH RS0 ( GLONASS Time, GLONASST)
M AN R G LA SR E] bR, AR S i () il 1 S s 4 g sk ) 3 b b o . 5 Bk
LIRS DR RGN M RGN, HIEAET R GRS Ut R B R A FEE, AR

B2 tFERANSARTILRAMGE AT £
Fig. 2 The seconds of week (SOW) difference of
BDT and GPST
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B2et  (HEMTZIAAEFE 3 h B EmEs, HAIZE— A UIMm2E (1 ms DARY), HOER R
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1.2 ISR RG] [E]

MR [ Br RATLH SR 220K, 45 AL R R G0y L4 Al 1 —2 [ B AU R E, FRo ALY
SRR, B R G LI ONTET & RN R R DA RRZOR AT T, A HIEER R
S A A B 00l B e R R S TR RG] AR b, o B IR R G0 S O A
WMo ek T DR RGN T2, S R R R R G UOEEET, P e AR R R AN
LRI R HE T, MAFSERSAT A R4 (GNSS Time, GNSST) . #R1M, T B R SLH 38 2 48 5 XU
22 LR R B R G A 5 R it L N (R A 25 50, RIS TR RS R R AR T R AR AL,
RIE, 3k RS B S i 2R G IR 55 1A ) R S B R AN A [R]

1.2.1  FRJGURE SLIGGE 2R S0 [a] 3L

] P A4 2 UbR M5 A U e G T B0 B L1 5 R 8 AR T N 4 RAAE 2012 AR e sEk, H
H i ] s BT 20 238 i) AT BT TR iR, i T 20 O 2 BRkE L R G SIS 2 i R
MERERFM DERG, HI, S0 EEHG R RS0 A D3 s 0 58 i H R K E v R G058 I 8 &
Gi( Zik—), Al o R G0 ) 4% I BRI R A BROE N RGET

(AR R PR BT bR o 5 S HE A 10 28 T B8Rk iR JL o R G010 B R0k R 40
W2 1) HBE DL ERE N R G 3, H P Z A0 22 3 T AR ERELE 50 ns AP, P

|SNT,, - GPST|< 50 ns . (6)

1.2.2 BUILZ B Ak B 1 oin 22 G Ik () Bk v
2015 4, EPrRMALTF AL BRI R GRS BT, I8 2 FIIF R XUM £ & ik B B3 5
RGARER T E TAE, B T BRI iR d i B & 1Y 00 & R S8(BDS-3 FMIAINE R458), 28k
AL PR RGAZ LR FE 2 DI 4 A, K, 7E5E A G AR N A RIS IE R ING , USRI 2 AL
BRI SR R G A R RN RABY N 4 A (RREN REE SIS AT R G AL TR S R A
WERGE) , AN, TERUN 2 B e B ISR RGEAR e 5 DU SO, XU 2 B e B R R R G
BRI 9 R 458 0 268 N, 1 Ayl DA DH RAZ O R ST TR R S8 1Y R e I [] v AT 28 4% () e R i
RGN L B FEAE N R ERE L RGERT M R G dE) TR A R G R A REEE ), EZ
) 22 S A ORAFTE 1 ows DA, D
| SNTypye — GNSST|< 1 ps . (7)

XU 2 i A L R iR 2R 29 I 4% e o 175 5 3 sk U0 22 B A it 4 7 R 48 H SC SR ((Meessage Type,
MT)37 B} [E]Z % 4R1R ( Time Reference 1D) F Bt S5 174H% & ( RFREN RHEIRIR T H 0; #BIEHN
ARG 1 MAE RGNS R 2; U TESMARSEIRR SN 3),

2 RRFENG R FR G (A] BTk R

2.1 PR REI G ARG I 4% I ERA T VR S R

TEFR R S5 AT, T A A 0 22 20 e 5 I AR SE R B aim AR [ AOAR I I R 4, I A
RERPAL TR RGP SR R E N R GE, NI, X W22 70 e S I R Gt LAS Y B R 5
ZGemie, FEPREATA LU E ][R]0 EORRE IR RN R R Gl R 2 RRE A RGN T R T2
SRCIERL, U RIS R AR s MR N 0 R U BOE BT RS, RS A B BRE L RGN BE
R, ORAIMRE

Xt AR i 22 0 B 5 M AR G S I DL D SR, R AR 2 20 e - I AR G R SRR A
WO R G TR SRR, (HE R E] B AR ARXS T2 E A R G R . X ERE P w5 2 M —
ORI T e ffe, A5 A% 95 030 AR 48 TL AR MOE MO R BRE (7 R LN 5 AR AN RGeS, A RE S M I8 A M
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(1) I AN R G 1B B T, TS RIS 18 40307 22 G AR T 00 R SR g st 2 [R] ekl
SEREN RGBT, IR BRI 0 R G Eh R S A 2%, SRS B 1% 9
ARG5S 2R E N R G Z ] 2%

(2) TERBIE AN R GE ) 46 By Th 4 A IS AN R G 5 Bk 0E o R Gei] Z ] (I 2 248
2.2 AU 2 B AR B LS DR R G 4 B AR O 1 S R e

FERU 22 B AT, AR 0 R G0 nT DA SR om 2 BR SA DE R G0 R BRI R 4 4>, B
Bl ZR 40 0 45 B R T D) PR A B RS RGN B A AT RERE . AE 2017 A RE T A B 22 AL e A
FEHR RS AR S UG R T, & R RGNV T B T4 AR S, Wk 1,

%1, “DFMC SBAS H45® %t 4" JE48% A
HER ARG LN ERN S RGM TERSEE F1 BEERBRSUNFHZENNAS 2 ERE

JE o TS ML LA 12 B R0 ik R GE I 55 RMBEIEE R G MR

[X 35k PN 5% 35 (e FH R 4Bk S0 T R 80 B 8k M H: Table 1 DFMC augmented constellations and SNT

R ok T O AT S . RS WL 4 ) references of each SBAS provider

AN [ R 28R 8 E SBAS DFMC SBAS SNT
i U3 42 5L R 5 LR RGN 2Bk S Augmentation constellations Reference

A TR ARG R e EA T I 0, 0 e B B 2 ) I ) i WAAS GPS. Galileo GPST

WRG, FILEENBRARMAROTIRESH  povos Galileo GPS GsT

HOPBURRERE R N S, R o st

RS RS RCEE, P ek 32 |

PR AR A DR R DR oS, Gallleo orst

REARFE AT, ABR G AL TR R 4 5 2% 10 ok iE fi KASS GPS, Galileo Gt

SAty, N SDCM GLONASS, GPS GLONASST

BDSBAS BDS, GPS BDT

5B + 8B (t -1t
OAtg, = ») , (8)

Hoh | 8B TLEMSMREBUES; 6B A TR EMRE MM IER ¢ FIei; « Wi LEIEFIES
BRI DR RG R ERT T RS T A& i 20 (2R AL DR RS 1B R 3]) ; 1) WIRIEEFE
RS RGN I (19 2 5 6] 20 (R B R R R G R e SR )

ARG LR RS T RPUENMIER [5x(1) 8y(1) 8:(0)1" A

Sx(t) Sx 8x
dy(t) |= [Sy + 8y | (t—1y) (9)
6z(t) oz 55

o, 8 8y 81" W DEBUEMEMIERG [6r oy 6] N IEBLERELLFBIEL,

U 2 B S SR 2R 0 P4 B L) S — 4o BR S TR R GE I ) R G (b =) R et ) Sy o
HEE, IS S bR 3( W32 2) , K WIRURIZ 210 2 SRR AR S8 4 6F LGS RGeSk, (1)
AAN(2) SAHY 1, Lk RGEHE R RORHN, HoE, 5O TR SR G B, R
FEERITE; (EA0 SR P ) 0 P 4Bk 0 R R B E At 2Bk T T2 R G AT I i, W00 (1)
FAN(2) A ¢ WBTHE Rk AL TR RGN ] R G A B LSk RGN T, 765 0 200 R ] 43R A
TR RGBT E AR, S, Y P AR O R G DRI TR, T ARk
1 RG50S RGN 2 WA FE ) 14 s, P TABRE (i R 58 TR B B0 2500 (1 5A0S Sy

6B +8é(t—14—tD)
SALL” = . (10)
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XFFABRE N RS LR WHIESOEE [6x°° (1) 8y (1) &)1 N

8x (1) Ox Sx
8YS(1) |= |8y [+ |8y | (1 =14 1) . (11)
8ZGPS(t> 62' (SZ.

HT2EEMN RGN, b3 RS2 SM T EREZ RIRBELE S REERN, HKEES
Wt BTy oS AR B, (X TAS IS AT RA N, B TAR IS AT R 5 AL 2k S0 T A
Y Z [ REFD 22 SR AN E 1, AFAE— - BER R 22 Ak i FE D (302 FTA% 1 40 30T 22 6 Bsf i T ] 7
WD), ok ARl b B i O S . A A 23R M DR R G, H P LRI &
D ARG R SCH ERME R, ATRESE U IR AN T R G0 S HAL R T TR R GE R XU £ B AR e
HENL,

RIS R G HARER T, X A A U 2 B AR B R R R G SO L 2034 e A 0 40 B R
e, AL TCEAE AR W 25 0 OE 5 Wl R G0 A I BOEEUE B, XOIPATRFE XU £ B 3 5 R 9
RGBT Z B, FiL, 782020 4F 11 H A0 E R RATA L NSP/6 21 1, DS2 TAE4
P T WU 22 L R S A AR 2R 5 I 44 5 ki R B S bR 2 R B G R Y, DASEBOUI £ B
JE L FEIATR RGN 2R SR TR R G R, W& 2,

R2 W EEREEEERGZNENSHILEEESEMNEZ BNEEXR
Table 2 Conversion relationship between the DFMC SBAS SNT and the

reference time of the augmented constellation

MT37 Time reference ID 0 (GPS) 1 (GLONASS) 2 (GALILEO) 3 (BDS)
Augmentation GPS t(SNT=0) t(SNT=1) t(SNT=2) t(SNT=3)
constellations =¢(GPST) =(GPST) -A¢, =1(GPST) =¢(GPST)-14s

+10 800 s
GLONASS  #(SNT=0) t(SNT=1) t(SNT=2) t(SNT=3)
=1( GLONASST) =1( GLONASST) =1( GLONASST) =t( GLONASST)
+At,—10 800 s +Az,,—10 800 s +Az,,—10 800 s
Galileo t(SNT=0)=¢(GST) (SNT=1)=¢(GST) ¢(SNT=2)=¢(GST) ¢(SNT=3)
-At5+10800 s =1(GST)-14s
BDS t(SNT=0) t(SNT=1)=¢(BDT) ((SNT=2) t(SNT=3)=t(BDT)
=t(BDT)+14 s —-Az,,+10 800 s =1(BDT)+14 s

. Ay H BDS, GPS, GALILEO Y5 GLONASS 2% i[RI EF 2%, FIFH GNSS St O fF BT/ 5.,

3 5o

B, US| B0 2R S8 O AR AR B i AR G R B o o ) I ) vl ORI s, ARG IR
S5 VERET 2 [ Br RIS WREZR o 100U 22 B JA8 B B 5 2R 2 [ B o v )5k — e BT HOR SR
ZhAS, AC R IR G AR G i B M I AL BERE ) S RARSEAT TR, DABRORRU 2 R AR T Ay Ak
ST RGBGERBUR AN T4 A 2Rk A TR RGER
3.1 b= A g AR G [a]

202145 A8 HE6 A 21 B, AT A 0 R GEAR AL H b0 (P92 ) AL s} R v
(AEn0) BRI HL,  BEAT T 2% 45 RGN, e T2 LU (a5 05 1%, 0TSk B AR5 &
G R A 9 ARG RIS | XU 22 1L A B R R AR 8 IR0 245 s A 0T e ok S AU TR AR G i) ik vf 2 ]
R 22 6T T TR RTEAR
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PERBREN RGN BCEAS IS NI RGE I U, R, db3b 5 0G5 R 40 00 5L L o 28 495 I 445 I
KR R G SRS 3N 14 s BRI, DI ke R R0 H G, M e E
PrEATLH LSRR PREZESR 38 i TR LA [E) A% 38 0y ik A5 21 1 b= F Sl B S0l R 5 2% B 5
EERENL RGN Z [ I A 22, S5 RAnE 3,

AP 3 a2, bS] PR SR R S 45 i S A Bk N R G Z A B B R 22 0 37 ns, 5 2B
R GO R G e S B 50 ns AUFEARELR
3.1.2 WU Z L e B ] B ol ik

XoF T RO 22 L Jie R VGO R GE K BTN 757, AU 22 1 e R B R AR e 55 D Tt s o i/ L
MDY AR AT T R G mT ] b AT R, PRI, db=F 00 2 B 0 B S 0 R e N 4 e e B DAL S &R
Guist e . S RGN Z RIPEATIR A, e TR R R4 i i AR ) T G U 2 AL A
FEHETE R T 503 RGER Z R R R 22, S5SR A 4,

_ls -
2 20 10°°
= Z
= =
£ 25 a
Q D)
Z Z
@ =30
_35 -
740 1 1 1 1 1 J 1 1 1 1 1 1 1 ]
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Fig. 3 Difference between BDSBAS SF SNT and GPST Fig. 4 Difference between BDSBAS DFMC SNT and GPST

AP 4 mT%n, b=k XU 22 AL L SR R A N 25 i 5 6 ) R G Z Bl A R 228 0. 17 s, 1
R XU 22 L JAE R RSO R G AR S SR D 1 s MOFEPREER
3.2 Jbl BRI R R GRS PERED A

At 3| B R0 R G0 e g5 PE R e FHAL S| B B R R el WE I uh 2021 4F 6 F 15 H 1 B REEL
P, SR SCR AL BRI TR R S0 PRN130 DR L R[5 B
3.2.1 RS PERRIA

AU ETs A RE AR 25 FF RN AR A A dn &l 5 R 6, fRIE S FE 6 AT, /KRG (95% ) M
1.187 m, FEEAERL(95%) K 2.356 m; APV-1 AJFIPEN 99. 446% , HZLMEH 99.079% 5 /K- FHTE R
NG A 4 5 40107 F3..098; LI BN R & AR fE B PR R 515 B (Hazardously Misleading
Information, HMI) F4: AUITul At 3| B ELHE 0 2R 40 S A 55 1) 2 (5 05 B2 R0 RT FH 1 0 A2 60 o R A 4 21
APV-1 RS SERER I B/ MO/ T HZ 2T RT 1, RGO E iR 2 w2 Mm%, HMI
PERARECH 0, FMISEAFES BT LI L 8 P S0 ] 5 00 SEa- P AR
3.2.2 XU Z B JREIIR 55 1k B i

U Tl A E 1R 25 BOF AT AR I A dn &l 7 AP 8, &l 7 FnEl 8 M, KRG E (95% ) A
1.830 m, HEERFE(95%) M 2.860 m; APV-1 0] Ft4: 4 100. 00% , EZEM: A 100. 00% ; 7KV FIHE B iz
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Fig. 5 Positioning error histogram of BDSBAS SF service at Beijing station (June 15, 2021)
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Fig. 6 Horizontal/vertical Stanford chart of BDSBAS SF service at Beijing station (June 15, 2021)
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Research and Performance Assessment of BDSBAS Time
System Interoperability

Liu Cheng', Chen Ying', Xiong Shuai’, Shao Bo®, Zhang Jian®, Wang Wei'

(1. Beijing Institute of Tracking and Telecommunication Technology, Beijing 100094, China, Email: liucheng@beidou.gov.cn;

2. The 20th Research Institute of China Electronics Technology Group Corporation, Xi'an 710068, China)

Abstract; Since each SBAS is constructed by different countries, the augmented GNSS constellation and

the reference time are not the same, the compatibility and interoperability between SBAS time systems has

been one of the important issues in the SBAS standard research of the International Civil Aviation Organization

(ICAO). The contribution introduces the concept and research status of the SBAS network time (SNT),
combined with the formulation of ICAO SBAS Standards and Recommended Practices (SAPRs) , analyzes and

studies SNT compatibility and interoperability issues, and presents the latest joint solution. On this basis, the

ground sub-system of the BeiDou Satellite-Based Augmentation System ( BDSBAS) was upgraded, and

preliminary service performance assessment was carried out. The results show that the maximum deviations
between the BDSBAS single-frequency (SF) SNT and dual-frequency multi-constellation ( DFMC) SNT and
the reference GNSS time reference are 37 ns and 0. 17 s, respectively, which meet the ICAO standards. The

service performance basically conforms to the APV-I level requirements, which proves the feasibility and
reliability of the interoperability of BDSBAS SNT.

Key words: BeiDou; Global Navigation Satellite System (GNSS) ; Satellite-Based Augmentation System (SBAS) ;
Dual-Frequency Multi-Constellation ( DFMC) ; SBAS Network Time (SNT)





