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Impact of signal-in-space error on Beidou one-way timing
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Abstract ; Beidou satellite broadcast ephemeris is the main error source of timing service, and it is necessary to analyze its precision. The
calculation method of signal-in-space is analyzed mainly considering satellite ephemeris and satellite clock error. The care must be taken
is that when using the BeiDou satellite broadcast ephemeris and precise ephemeris/clocks the reference time scale is atypsim, the
coordinate system is atypsim, and the reference point of satellite position is atypsim. The impact of signal-in-space error on one-way
timing is analyzed with IGS final precise ephemeris for reference. According to the results, the random fluctuation of the impact of signal-
in-space error on one-way timing is within 7 ns. And the impact of satellite clock error is relatively larger than that of satellite ephemeris
error because there are different system errors corresponding to each BeiDou satellite’ s clock error.
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Fig. 1  Satellite position error and ephemeris error

R B bR F GPS B, PR 248G 2 gL
SEIEE S GPS I, LS} I AT GPS I # e — L2 (S
6] R SRR R IR % GPS B B RT3 F I 14 s,
1.2 BEfhiRE

6=k 1 ~12,14 5 TR M) R T AR 2 dnsh . AR
P TR T #E a9 8h 22 28007 LI A4S 2 1A iR A T &
GEntEl AR 22 . TS R R 2R TR RS R
B 25 ZRUORVRG B 0 2 A AR AN — 3R], p Bk R &
Pirbir 22 28, v LIRS 2 TR B AT XTF BDT 1)
Bh2s T GFZ N A (ARG % 5L 101 vb () b 25 J& A6 F GPST
BB 2, R, 5 24 —Af R =%, 1k BDT 5 GPST [1]
W RS 2 . ASCRAM TSRS eIt E M AN
Feph 2z SRR eh 22 0 2z R TR — i 2 i LA
B 25 (B BT BB AR A% 20 0 R Gend 22, % 2
5 RGN AR B BL % B i s
1.3 ZTEESIREIL} R RBROZMSHT

T AL S TR S ), Be b o b S R iR
T B[] B 5 R 5

XU TR R p, #E4T 4 WUEIE, AR AT 2 LI H] 5
BDT (w2 t, , an=(2) Urin .

c-t, =p, -

(x,—x)" + (y,-y)" +(z.-z,) +c-8t -1, -T,

(2)

K (x,,y,,2) BREEIAE, (x,,y,,2,) EHEEL

g, &' S TURSNS BDT fyfw22, ¢ e, I, B2

SER , T, ARHREER

X (2) Al TR A7 R 2 4 I WA 2 Ml LAV B

B Sagnac Z R ACIE B AR ZE I & BIMIEREE
TS M B M Lt e B R B 25 S, o



5510 ] 23 [R5 1R 22 X0F b 3 B ] 52 F) 52 ) -1675-

LEE RITIREM R iR 22 L M sagnac 00 2 IE , db
Sp2E j%% Xfir_lfi’lﬁ %E’J%”ﬂﬂﬂﬁw)ﬁﬁmo

S, . =8, Fe S —c s+

(xi,hrd _xu)z + (yi,hrd _yu)z + (zi,hrd _zu)2 -
(x[,igs _xu>2 + (yi,igs _yu)z + (zi,igs _z“)z (3)

2 SWRER

ASCR AL 1 B P kIR T 1GS A BRE R G
CDDIS( crustal dynamics data information system ) [ % ,
BRI EHE R GFZ Sy Hr O A WOAE 2 7 i, AR i
SERGHE 3BT AL 2 DX 2R G Y B TR A L D 1R 2 5 I
T

FEVEAG IR By, RS 1 ~ 14 S5 T EKT %2
PRk B D, B AAS SR TAEE 1 ~14 5 T
S A5 A 55 152 28 X6 B (] 2 0 A 52
2.1 DEEHIRE

ASCRIH 2015 45 17 H ~6 A 3 HRL3b)#%
BIAEEREDTTA T ENEDRZE B/ 2 ~4 R3]
Stk GEO-1 . 1GSO-1 il MEO-1 0L Y7 8152 X 1 T8
P PR R . 1 FoR A DR B PR ZE 5
HREEIHA.

T 1 ] LLE W 6 I R 4 DA A B iR E
Xl P B A5 R B2 /T 3 ns GEO T IGSO A
P22 IREHL L s A X F MEO T1A K, GEO T A R M
RIS B, FARJL S GEO T A /Y & BUrs B X F
MEO 1 1GSO LA, {ELJ2 Xf F P 7 AR 5 i Ay 32 222 10
B B R R M A i, GEO P& (42 1n] 15 25 AH X 1] 1]
ik g/, 534k, GEO T Byl = & MEO TLA
B 1. 66 A5 ARIRISAET , BT i 3 8 e U1 1] 152 26 X 5[]

1

0

SRR ZE/m

¥ by,

-2
489.0 4895 4900 4905 491.0 4915 4‘)2 0
Jest- 704

K2 db3)- GEO-1 AL iR
Fig.2 Ephemeris error of BeiDou GEO-1 satellite
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Table 1 RMS of BeiDou satellite ephemeris error (m)
BES 1 2 3 4 5 6 8 9 10 11 12 14
RMS 0.61 0.72 0.82 0.88 0.68 0.69 0.51 0.64 0.65 0.72 0.54 0.55
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KIKENT 24.2 ns, 7 HERIZ SRR 2RI R G £ 2
B IR ZE LG O, Al B TR M EBEk 22 T Rg 2
p ML & B R S IR I R AR RESE, JEk GEO DA
Ph2ER 2 BENL I SR /N, 7E 3 ns LLN ;LS 1GSO T K

Bh 2R 2L BENL YL B He oK, U
HiAth 1IGSO TR 4 22 1R 22 BEHL I Zh 7E 8 ns LI ; MEO
TR EIRZRILE SHAE 5 ns LI,

0r

AR

30
489.0 4895 4900 4905 4910 4915 492 0
JesbJA/)4

SEEPR ZE /s

Bl 7 dEsk MEO-1 TLA ) ki 2
Fig.7 Clock error of BeiDou MEO-1 satellite

6 5TE, 9.8 ns,

K2 A EHRENFITSH

Table 2 Statistical parameters of Beidou satellite clock error (ns)
PREE 1 2 3 4 5 6 7 8 9 10 11 12 14
RMS 24.2 5.3 3.4 2.0 8.0 11.1 17.4 15.2 8.0 8.5 15.0 14.0 7.0
HE 24.2 -5.0 -3.1 1.3 -7.7 5.1 16.3 13.7 -3.1 -5.7 -14.2 -13.1 -5.3
std 1.3 1.8 1.4 1.5 2.3 9.8 6.1 6.5 7.3 6.2 4.8 4.9 4.5
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