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BDS-2 &Y TGD SHBELHE
T PSS EAEE 20
Z w2 ERRY, BEL, WAL, #EXW!

(1. FERE ERRCE, L 2000305 2. FEEEEAS:, dbal 100049)

#E: Jb3} =5 (BeiDou Navigation Satellite System-2, BDS-2) T2 # & DL B3 i J Ik ifE
PR ESE, 4K BL A B2 SUSHX T B3 MAEELER (time group delay, TGD) &
. LAZESriS{mZ (differential code bias, DCB) S 3k, 1158 BDS-2 BEIEiIR SH IR .
EIFES RS, ROAE 2017 4R H 202 d LET, #MEE TGD1 8K ER %, 5 DOB1
SHHFES 2 ~4 ns 27, TGD2 5 DCB2 HZZ175 0.5 ns. 1E 2017 SEEFH 202—203 d
hb, B PEBIERSEI KRR BB, 24 TR NS SRR A AL RGERIBRHL
AHRHPZREENE. S, BHEESHS MGEX (Multi-GNSS Experiment) A0 1%
SR ESENZEME/NT 0.5 ns, 5 GPS LEHB KN ILESEEZHIT, #— DR 0%
W T IR S H SRS X S e SR EE R, S5 RRW, I B AT B IR 5
B, BAENKEEN 2.078 m, XHEAL N 7 HFEEAN 1.451 m, E JFIKEE)N 1.648 m, U J7
FREREN 3.467 m; (FFBNE G B LIRS, BAENRER 1.968 m, XUFENL N J7 10)4% 5
4 1.361 m, E J7FIAEEEDY 0.998 m, U J7FAEEN 2.789 m, EXERK N, E, U Jri, M
ARUE SRS B 43 T 6.2%, 39.4%, 19.5%.
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SARKRGR T, DOB KRS E X B R R T B B RIRE. B RE A # A B
7% 3L

Wk GPS R4S, GPS R4S H SO TGS K2 ph 232 L1 M L2 4510 P RS
HMEEHE. GPS XA P LENIE TGD M DCB, THEH P HE5%IE TGD #l DCB
EA R AT AR A . s N R, GPS T TGD K& T 0.5 ns.
BDS-2 #/& B1, B2, B3 3£ 3 Mi&ARE S, SR XHIBNZS L. B3 S A%E0E, NIE
mﬁmﬁﬁﬁﬁ,%4#%Er%$Tam,&B1ﬁﬁ%$ﬁ%ﬁﬁ@%§ﬁﬁﬁ@ﬁ;
Wt TGD2, it B2 Sk m i ot 2T is EY . ik, B1 R B2 S PRI
SR P A TGD $Hh BT 15 1F. BDS-2 TGD w48 F 1 2 R 53T 10 H ks 2 &
B NIRRT EFSNEGIRE, TGD St sen s g, SR soll 5 35 B1
5 B3 (XUBhEEZER B2 5 B3 HIRUNIEZ, FRECHNREEER, AN REE T
BB A S TR . DCB —#Mt GNSS Byt A FEH LA 5 A FAA 5], 4L
AT I AR B IE O T RS 27 . W% MGEX 36 MRAEAT, B AT 4Bk & 5 A Bk
BRI EGA 200 24, 7ERBRVGHE RSN RS, XA EIL K DCB S8Rt
TH IHFAE. FIF IGG-DCB 7743 814L 3 DCB Z80R5 B 0.36 ns, FaE HidkE A
0.17 ns”s Guo % N2 DCB SHOFEMIRTSEE, FZEEiH 8831 DCB 2406
B 0.21 nse HET, MGEX 256 T 2 MU EASRIMNIL S DCB, FHXtohkAm, HE &
F 0.3 ns'*

MGEX #2#t11 DCB ¥ E B m, A{ENIE TGD 2. MGEX 1 TGD ¥ N
2.6 ns, WRMLT GPS BEEKN TGD ¥E". DLR I TGD KEH 1.2 ns, FFAET
GPS PEHERI TGD ¥ E" . BDS-2 #& K& M S M AR, ZWZE & ) # e
() TGD fRZEis . ¥Abb # 2 i 2= IE R TGD b, WU I S 58 Rk R 4
R, TR AN,

KL RGE T AL G IR A DR 2 S 8N I E LAY, BEJS 1 T BDS-2 PAE
TGD Z¥F51E, 31533 BDS-2 B EBEAER S HUN A MRS B m 5, a0 T BEAE
AR S X (A P O S

2 b3} TGD/DCB MERRY

2.1 {hEENN A2
R AL P E A fEdr, db3l B1, B2, B3 X 3 M A LN EE R R R

Py =p+dt, 4+ dyop + 11 —dt* + Dp;y (1)
P2:p‘l-dtr‘l‘dtrop‘i"yjl_dts-'_DPQ ) (2)
PS:p+dtr+dtrop+/6[1*dts+DP3 . (3)

Horr, p NEMZ W RSEEREEE, dt, L Z SRR VAR R, duop NXHLE
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IR BRI EE A (L8, I, A Bl HiA T B BB s E i BE &, v = f2/f2,
B = f2/2 (f1, fo f3 SFHER Bl, B2, B3 SIS, dts Jyrh TR 52 5] fe o Hy S
&, Dp1, Dps, Dps 2354 B1, B2, B3 5 f FREAHER SR B, T8l
WURI T ZE R BB HLBE 22U, Dpy, Dpa, Dps SEBRZFR H TR REAR 18R 18 A BE
A4y B
2.2 ETFrBERMWEN TGD/DCB KIEES

5 GPS R, db3b7 3% 2 7 5 s B3 A", ALk B i A

dt, = dt* — Dpy . (4)
B 4) AR (1)—3) 1, TEFR:

P1 =p + dtr + dtrop + Il - £Zrd + DCB(P17P3) ’ (5>
P2:p+dtr+dtrop+’yjl_%Zrd—'—DCB(PQ*PE') ) (6)
P3:p+dtr+dtrop+6]—1_%;rd ) (7)

H, DCBpi_ps3) R Bl WS ARXS T B3 A A AR, DCBps-ps3) TR B2 B
AEXS T B3 B AR IR

FRPEAL 4 & e Db S, B1, B2 A A 238w F R 2ok ik :
Py = p+dt, + dyep + Iy — dbyg + TGD; (8)
Py = p+ dt, + dop + yI1 — dby,q + TGD, . (9)

WX L (8) A1 (9), FWRAMBEIL} TGD fl DCB KK &R, FmuT:

TGD, = DCBp1-ps3) , (10)
TGDQ = DCB(pQ,pg) . (11)

TR B B A A F P B AR () O A S R
PChy = p+ dby + durop — Al + %DCB(pl_pg) - 711DCB<P2_P3) , (12)
PChs = p+ dt, + diop — by, + Bﬂ_lDCB(Pl_pg) , (13)
PCys = p+dt, + divop — ﬁzrd + %DCB(szpg) ; (14)

H, 7= f3/f3
2.3 ETIAEEHEEWE TGD/DCB HIERE

FAl, Jb=FrAsZ a2/ 5T Bl, B2 THEEHGTHHEARN, HkEE R
IR pEM Bl Z A5 B1, B2 SUSAMA AR, (FAASE BN, SR PR LE R 0L
1EH:
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—s 1
P =p+dt, +dyop + 11 — dit . — ﬁDCB(Pl—m) ) (15)
Py = p+dt, + diyop + 711 — @ire - %DCB(Psz) ; (16)

s 1
Py = p+ dty + dipop + BT — dby — %DC’B(pl,pg) + 1 DCBpapy) -(17)

TR B RA G, A SR ST

PCI2 =p + dtr + dtrop - aZre ’ (18>
1 1
PCl3 = p+ dtr + dtrop — t;re - ﬂDCB(Pl—PS) - ﬁDCB(Pl_PQ) 5 (19)
. 1
PCQ3 =p + dtr + dtrop - t;re — ﬁDCB(PQ—P& - %DCB(Pl_P2) . (20)

ERIA R (15) —(20) FEATRE(F AEIR o B RY,  an iR o3k b2H DCB, W UH TGD #17
R, A

DCB(Pl—P.?)) = TGDl 5 (21)
DCB(py_p3 = TGD2 (22)
DCB(pl_pz) - DCB(pl_pg) - _DCB(pQ_pg) - TGDl - TGD2 . (23)

3 BDS-2 1 TGD Z¥kEE b

MGEX #2462} DCB Z%02 %4k 200 ANk (W00 45 B AT 1H 2 4S,  midbsk
IR DI TGD S50 EAGE BT B s i gt 5, Ktk DCB S50k B —
T TGD 2%, WM DCB S8 N EBE IR T TGD SHNF .

NT R DCB fRES R R 7 W8, RAMREITA LR ER 2 FIN 0. TGD
SHRAEULIR C01 P& TGD ZHMIHT EAAR %M. Hit, DCB 5 TGD W&H%%:
AN, AEe¥s TGD 5 DOB BiEMZERATHE. NI —r#, RATLL Co1 AN
FuE, BHEMTEMN TGD 5 Col TAEK TGD MZEBMHN TGD {5, #H¥% DCB 5 Col
1) DCB S5 ZERFX DCB 8, #E /BN TGD EH 5% DCB EHi# T, W#EZE
AT [ TGD IR .

RATHEE 2017 4E4E H 120—242 K MGEX R4/ BDS-2 P& S#fi# X H TGD,
35 MGEX ) DCB #47 %k, XfHe& R 1 o, MBI AT BUE H, 202 K BURT,
TGD1 — DCB1 WMETE 0~4 ns Z[8# 5, 202 & 203 K, TGD1 — DCB1 MEHKRAET —
WA, 203 KLUGE, & PE TGD1 & DCB1 WMERGET 0. HAEE 2 &, MGEX f2ft
1) DOB1 I3 KA, FrolE 1 HmskE R 28 TGD1 BhRRTE. £ 1 5 H &5 1
B TGD1 BAS AT B2 F A 51, BV RTArE 2. BhAS G B2 5 A0 A1, BEAE Ja b itE 2 DL
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KEB PR TGD1 WK/ WNEHRAITLLEH, TGD1 BT, HZEBHEZIN 2.569 ns,
AR 5 HZEBMEZIN 0.419 ns, BEAK/ANZIN 2.15 ns. B )5, TGD1 ¥E 5 GPS fFit
IRKE T, A6 RS TGD R ER, HAR TGD1 WA E B 5K T B8 5 5 1)
PrdEZs, ZBVAE R E R AL RGES TGD MEMBEBWIAE XML AR5 S. R
Ji, TGD 5 MGEX ##4tf) DCB ®H#zik.

157
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120 140 160 180 200 220 240 260
FERH/
2 BDS-2 &1 E DCB1 &
£1 RKRIETGD1- DCB1 #*TE ns
DAY BB EZEFFME B RhrdEE  BWBEEZEFYIME B ERREE BVRE
Co1 — — — — —

C02 4.325 0.294 0.822 0.096 3.504
Co3 2.554 0.196 —0.531 0.199 3.085
C04 0.351 0.109 —0.167 0.099 0.518
C05 2.719 0.244 —0.422 0.297 3.141
C06 1.455 0.160 —0.528 1.091 1.983
cor 1.887 0.169 —0.522 1.080 2.409
Co8 2.459 0.151 —0.936 0.234 3.395
C09 1.877 0.212 —0.775 0.354 2.652
C10 1.889 0.238 —0.913 0.288 2.801
C11 3.892 0.205 —0.163 0.277 4.055
C12 4.199 0.208 —1.034 0.921 5.233
C13 1.820 0.222 —0.423 0.290 2.243
C14 3.973 0.197 —0.404 0.232 4.378

K2 M EMLE TGD2 Z 8k A H B2 Fp 5 BME. BeAR sk 22, BhAL Ja B2
FEA A BEAR 5 A dE 22 DL & LR TGD2 S5 K/, W& BB R s, H
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TGD2 — DCB2 WHBREAKA KA, HAHEFREE 0~1.5 ns 2 1], i TGD2 - DCB2
B KAE N 1.409 ns, #/MEN 0.046 ns, “FIEN 0.565 ns. TGD2 ZHk5E 5 GPS figiff 4t
IRR B He s T

*®2 KIETGD2-DCB2 #h%E ns
PREYS PR OEFFME PCRicdizE TR EEFAE T EmtEE PRE
Co1 — — — — —
C02 0.690 0.029 0.707 0.009 —0.017
Co3 0.502 0.009 —0.028 0.006 0.530
C04 0.185 0.013 —0.235 0.006 0.420
Co5 0.227 0.024 0.125 0.033 0.103
C06 1.409 0.006 0.334 0.012 1.076
Co7 0.752 0.008 —0.126 0.010 0.878
Co8 0.735 0.735 0.289 0.007 0.446
C09 0.547 0.011 0.049 0.021 0.498
C10 0.046 0.009 —0.323 0.021 0.369
C11 1.162 0.015 0.547 0.049 0.615
C12 1.111 0.011 0.170 0.039 0.941
C13 0.757 0.012 0.061 0.021 0.696
Cl14 0.971 0.021 0.217 0.020 0.755

4 BDS-2 TGD ZHU% e 45 B 52

2% 3 PR 2017 A H 202 KIEIEA 4 A% G m EedE, pH T ARSUIE TGD.
BV BT E TGD « B G IE TGD LA IUE DCB I8 g A g B

#z 3 TGD BHAERIEEMNBERLLE ns
A TGD BWVERI TGD BB TGD i DCB
N 1.748 1.173 1.086 1.150
B1 E 2.130 0.969 0.714 0.502
U 3.633 3.207 3.096 2.918
N 2.770 1.261 1.065 1.275
B2 E 0.843 0.794 0.375 0.463
U 5.487 5.064 5.122 5.055
N 4.495 1.414 1.376 1.383
Bl-B2 E 4.656 1.527 0.884 0.958
U 4.979 3.072 2.879 3.328
N 3.669 1.488 1.346 1.293
Bl1-B3 E 5.265 1.771 0.812 0.895
U 6.331 3.862 3.137 2.602
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Bl 3 Flt T JENG Wi A iE TGD, BB FTk TGD, Bk )58 TGD, LK M IE
DCB 1] Bl — B2 XUAAR N, E, U JFAER 4R, MK 3 M5k 3 ifLAEH, AR
TGD 5 DCB Z¥u AT A AR SUE G OL T, XUE S AS FE W i 22 T B e AL ks B, 1K
T EE B TR RS G ok F B JE RS RN, pR R R SR BT 1 1 D B A A A SO T
234 TGD M DC B Z4 28k 1) 5 m 8 s FE I AL T3 F & SUE R B SUE AR B2, R
B JE 1 TGD ZHUHEATSOE, @Ak WAL TR BRI TGD 32Uk,
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5 4

KRG TRTREVIBZK TGD/DCB B IE M BRI 3 T A6 2| 25 5 ks % Bk 2 1)
TGD/DCB MIEER, HATRAH MGEX $#2#tdtt DCB ¥t 5 17 #E I TGD %
RS, I T TGD 1 DCB 30 B g A s R ggm, FEERUT,

(1) de3H) R e Z S RO R T B3 S At RS, W A A R B S B A
XTI L JZ A0, TGN TGD 8 DCB SHEHTRIE; b HE M ES R ET
Bl — B2 Sl S TCHEZHETHEAS, Wl s 5 8 A A o R e Z AR, (R
FEFREGIN TGD 5 DCB ZHEH TR E.

(2) MEBEEM S, £ TGD2 5 DOB2 W ZEHFEA 0~1 ns Z [l 7 2017 E4E
MH 202 RLAHT, TGD1 5 DCB1 ) ZEAEAE 0~4 ns [EPEE; 78 2017 FEFH 203 Kib,
TGD1 ZH KR EMAE. M5, TGD1 5 DCB1 2 ZH:4L 0, MO TGD1 280
fE 5 GPS MR KE BT, b3 REGM TGD AL HEEH, HAIR TGD1 ZH Bk
RN K TSR G AR 2, BV R RS S5 TGD WAL KRG MEEHLIA
FRAVIZRFEIENE. W85, TGD 235 MGEX £t DCB S4E .

(3) tEAMEH DCB 8 TGD MSIEMIEN T, B aighiwmzEZRK; £ H TGD 8 DCB
ZH)E, B R EAR T BERES. FHBEERN TGD S50 TIIE, EAR A
TR BT TGD S HINMIES R, 1 H TGD SHUEMME R 5 M DOB Z¥UEh
() &5 T b e

ERPEE
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TGD Parameter Accuracy of BDS-2 Navigation Message and

Its Influence on User Navigation and Positioning Accuracy

WU Jing!2, TANG Cheng-pan', ZHOU Shan-shi!, HU Xiao-gong!, DONG Wen-li'

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

Abstract: Parameters of the satellite clock errors, whose foundational frequency are under
B3, and the group delay parameters (I'GD) whose frequency are under Bl and B2, are
all broadcasted by BD-2 satellite. According to references, the largest deviation between
the TGD parameter of BD-2 satellite and the DC B parameter published by MGEX is 5
billi-seconds, which is the main factor that will affect the allocation of the timing accuracy
for BD-2 customers. This paper firstly evaluates the accuracy of the TG D parameters of the
BD-2 by taking the DC B parameter as the reference, whose results show that before the day
202 of the year 2017, the TG D1 parameters of each satellite show a poor accuracy, whose
mutual deviation between the DC B1 parameter is between 2ns and 4ns, and the mutual
deviation between T'GD2 parameters and DC' B2 parameters is around 0.5 ns. Between the
days 202 and 203 of the year 2017, TGD parameters of all satellites show a sudden and
obvious jumping change, which is resulted from the adjustment of solution strategy of TG D
parameters. After the jump, the parameter deviation between the T'GD parameters and the
DC' B parameters published by MGEX will be lower than 0.5 ns, which is comparable to the
accuracy of the TG D parameters broadcasted by GPS satellite. Then, this paper further
evaluates the effect of the revised accuracy of the T'GD parameters on the accuracy of the
GPS of customers. According to the result, before the DOY 202, the accuracy for sonic
frequency positioning is 2.078 m, and for dual band positioning of direction N is 1.451 m, for
direction E is 1.648 m, and for direction U is 3.467 m; while after the DOY 203, the accuracy
for sonic frequency positioning is 1.968 m, and for dual band positioning of direction N is
1.361 m, of direction E is 0.998 m, and of direction U is 2.789 m, in which the accuracy of
the dual band positioning of direction N, E and U are respectively enhanced up to 6.2%,
39.4% and 19.5%.

Key words: range measurement bias; instrumental bias; TGD; DCB
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