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Orbit Determination for FY-4 Satellite Using Two-Way Ranging System
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Abstract : In order to meet the high-precision orbit calculation requirements of China’ s new-generation geostationary
orbit satellite, FY-4, the ground tracking system has been designed with a multi-station dual-frequency two-way ranging
mode. The ionospheric and tropospheric processing methods in signal propagation medium correction are presented in
detail, and the dynamic orbit determination strategy of the FY-4 satellite is given. During the normal period without orbital
maneuver, the dynamic orbit determination method is adopted. The RMS of the measurement noise is better than 0.5 m.
Through the analysis of track overlap, the accuracy of the normal period is better than 20 m. During the unloading period of
the momentum wheel, the method of estimating the empirical force is adopted, and its orbit determination residual is better
than 1 m. The multi-arc data processing shows that the proposed method satisfies the high-precision orbit tracking in the
two-way ranging mode of geosynchronous satellites.
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Fig. 1 Methods of two-way range tracking
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Table 2 Perturbations and strategies of orbit determination

ZHR B
B s

finid

RERALHR FR J2000 .0 RERAE AR 2
HhER AL R ITRS s [l A A5 2R
% FEEAY IAU 1976
- W4 ) ST H DE40S
= =il
RHRE 4 et A (51
- SPfiF S 15 ( Kaplan,1981) |
225 B4 S ( McCarthy, 1996)
3k 2 I TERS2010 A0 715 [ 40 18 18] e 1
2| 11 JGM70 x 70( GEO #H7 % 10 x 10)
N {453 JPL ) DE405 Jij %
SRS RSB Box-Wing
N . s SR E B IE H H 52 R
St b R S 94
T SCH X 18 Mo Rk v — AR L
295 RTN J5 1a) % AH -5 = A A iR 4L
ST QR J3fif i 5 fie/ I — Tt Ab # e Bl
(R A 3 3o FLINSBR
FRor e KSG ( Krough-Shampine-Gordon ) f14#%
M R G

4 KIMEPRPEEZ ST

H T Xz 05 LR R ZE DT — K m e EH
#, T RKIVE A B T — K. X B 04 2017.
2.13 19:00: 00( UTC) 3] 2017.2. 14 7: 00: 00 ( UTC)
W) I A e 4 R

ZEHL (Precise orbit ephemerides, POD) &% 2= 11l
3R,

x£3 HUEHERE
Table 3  Residuals of POD

3k BRI PURIIES€/a s HfH
Jbz2 0.70028 14096 -0.5465
AT 0.48363 13651 0.21753
LEARG 0.37726 14253 0.07425
Il 0.57959 14200 0.26261

K2 e sk 2z o alad 2 KR 7 i, 5k
2= —JRARAE P ARG

AT HATHUEE SR, £ 4 AT 0 BUkAT
BB BT IR 55 45 N ], 2 BRI R AT 4% 9B
BuatiE. 6 h Bl , A 1 h HihEE,

B3 ~5pil2ah T 4 9B 3 MLEE S
TE RTN A8 b5 228 B BUIE 22 53 LU, LG i+ 45 2R
K SPR,



274 W 5541 %
2.0 e 0 —R
15t : AEAST —_—T
: : s & @A £ 5fF N
1.0 ‘ ST ﬁ
05 | 0OF
g ! e o e e e o o e e —
~ 0 B =l - 1 1 1
fﬁ i F 00:00 00:15 00:30 00:45 01:00
[ 4 I N 53
-1.0 1
-15 2 ! ~
2.0 &
44
02-13 20:00 02-14 00:00 02-14 04:00 20174F i
7]/ H - AL/ 43 (UTC) 3 . . .
00:00 00:15 00:30 00:45 01:00
K2 RKilEpskzk I/ (/N 43
Fig.2 Residuals of long arc POD
? i IS ORBE3 —4 BT ok
4 B ER R Fig.5 Orbits overlap comparison between pass 3 —4
Table 4 Timetable of POD
- — 5 PEHESSLIT
B FEUG B[R] S5 [A] .
Table 5  Orbits overlap statistics
1 2017.02.13 19: 00 2017.02.14 01: 00
HEIME R/m T/m N/m E/m
2 2017.02. 14 00: 00 2017.02. 14 06: 00
1-2 0.4811 1.4654 4.4309 4.6916
3 2017.02.14 05:00 2017.02.14 11: 00
2-3 1.8708 9.901 16.2523 19. 1224
4 2017.02.14 10: 00 2017.02.14 16:00
3-4 0.236 3.3718 3.1952 4.6512
10
p—
— A HUEEF T, BB EAE 10 ~20 m,
=
= N
5 -
= 5 HERHBMEANEHTIKE
—_— -. ----------------- /[\
000:00 00:15 00:30 00:45 01:00 J—LZ IEI_?:E[EET,— L %Lﬁ;%it—l:tii/ L {J\
BRI/ (/N 53 i e E 3, X B LA 20170214 H R i 47 BcE o
B Br, R Sl 8 B0 B RS 15 min, H w502
- LESA 1Y 17:38 (UTC)
e H T 2yt A 0 A ) X LT 7 A B R R, AR

-3
00:00

00:15 00:30 00:45 01:00
RGN )

K3 9Bl -2 BB S A

Fig.3  Orbits overlap comparison between pass 1 —2

0
i
- ——
= N
210 o s e e e —
=i
20 1 1 1
00:00 00:15 00:30 00:45 01:00
/(7N 3
%103
1.0
— R

= T
R N
=
= 05
#
o

0 == 1 1 1

00:00 00:15 00:30 00:45 01:00

R Ta)/(7NF 43 )

K4 9iBr2 -3 PLBE S

Fig.4  Orbits overlap comparison between pass 2 —3

%T XA ) A

TR, U E LR A R R X LA

PEATLE RS PRI i A . R 6 4 T Bl
LityilE=w IR BIER T N E e

6 DA E A PE

T B

Table 6 POD pass during momentum wheel unloading
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