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Optimization of pseudo-stochastic pulse parameters in LEO orbit

determination and forecasting based on genetic algorithm
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2. School of Space Science and Technology, Shandong University, Weihai 264209, China)
Abstract: To optimize the pseudo-random pulse parameters in reduced-dynamic orbit determination, a genetic
algorithm-based optimization strategy for pseudo-random pulse parameters is proposed. The applicability of this
strategy is analyzed using GRACE-FO satellites, and its effectiveness is validated by comparing it with the
traditional empirical pulse parameter determination method as a benchmark. The results show that the proposed
strategy improves the orbit determination accuracy for the GRACE-C and GRACE-D satellites by up to 38.5%
compared to traditional methods, achieving a peak single-day accuracy of 11.5 mm. In terms of orbit prediction,
the optimal accuracies for 1 h, 2 h, and 3 h predictions are 27.9 mm, 52.1 mm, and 72.7 mm, respectively. The 3 h
prediction accuracy for GRACE-C and GRACE-D improves by an average of 46% and 23%, respectively. The
strategy yields the most significant error improvement in the A-direction, while its impact on the C-direction and
R-direction is relatively smaller. These findings provide a reference for improving both the accuracy of orbit
determination and prediction.

Keywords: low-earth orbit (LEO) satellites; reduced-dynamic orbit determination; orbit prediction; pseudo-
stochastic pulse parameters; genetic algorithm
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Tab.1 Data processing strategies for low earth orbit satellites

fil S o2 B/ SH filp B Rk
LI 1 25 7 A2 o H B2 AL A
KA 8] B 10s
Lk e B A 1°
PURIIES €L GNSS A KA 2 IE PCV K igs14.atx R CMFEUE
BRI EE S8 WL T
PR P e P A
Bk 55
[ MERS T R A S
Rk S5 EGM2008 150 B
=R JPL DE405
E3E LN FES 2004
EeoipaL kil AL IERS 2010
e A A IERS 2010
PN S Macro #57
KA FEAAY DTM 94
LTI TRUIE S A.C.RJ7

2 PhREALRR o S BT

ARSI AL FAR R A | A S 1k
P2 A A 00 4 R AL BE R R
A RA R R0 . QISR B
PGy H AR ] BEURE Y R PE S 5 i, BEA A 8OHL
eGP, TE2 28 WM. ARk,
PRI IR A 323 ) v R B R 3

5 LEO BB 12 L B4l O BEBIL Ik v 2 500 1
RS g L RF S B U/ GNP 1B R £ ST VA B
4 28 0 AR R A R A A o 0k SEBELAE 1)
IRFDRE, FOREN BRSSO — T R,
A, CHIR =AT7 [l (O REHLIK th 2 8O 5 — 41 1%
ffeieht, FF (6) FriE i HAR R ECK IS
PRIE N, 4 b A $2 b R XOE AR 2 i HE )
TR CA T R, B2 8 B Rk AR A2 T3
B L AR FR A AL o A — AU i 52 SURI7E S
VELERGHT R AR, R FIRS S O) B SR A T A e 4
T B IO R B e ) 50% M S AR, DA £ K
e e HE L T 5 AL T 2 Ry R A o S8 SRR S
BRI YRR FPRE SR A BERLIE 5 Z TR,

HIREL
P [BEE (g
X o4y ocs o N EEI R S S B B

A, C. RITINIRZE; o ANFFEREEE; o, BNIL
BN /&8
FUbR s BT LS i Dy BEA LK b A PfE , JHE

DN, TS R R, DU R, E B L
ESMERRT RS o ek B A A e LA 1.

e s .| ( GRACE-FOE GPSHE™
(ot tmbayLk S 5 RE) ﬁm%%mﬁ i

PaRENE RN R4

SEURE
PR

A — AR A

LEOAH# HLiE

HUB TR
DU i L RPN
Fig.1 Genetic algorithm process
WEA M SET T A TR R G E 2
TR S B oK - HRBOL ARG BE 5 TS AR A i
T, GaBIESHAERE SMK R, 22
B RR, mAHE R 100, 225 R
0.03, FRIERRECH 10, WS Jy % 22 AR i
DL L RE AL RN T 0.1%.
3 ERA
Ohy B8 UEAR S 488 3 A% SR A0 A SR s 1) A A
T S 56 5% W T g LEO 7 B0 K FU4 1) % EE 43

Mr. Rig—. RAEELKSHD:, KA. C. R
AT AR RE ALK o S B B R 905 SR

TTITRERAREZZR (BAREM)

P31k . https://fxky.publish.founderss.cn



% 4

AN, 5 R T R KA T 2 B8 TRARAA K AURR AP A kAL 455

T AR kA TR AR B BE ML K v S F
HAE. EE20247H27HE30HRED
GRACE-C. GRACE-D [ 2%k, &M DA
SR | AR TR A S LA e GNSS KE% 77 i
AT R, LLIPL &A1 GRACE-FO K % #h i 1
e =BR[N
3.1 BEEREXRERER

L 2022 4E4f5 209 K GRACE-C/D T3 & Wil i Bt
ok I By - RE R vl ik IN i QUL 2 G X A= X
PSS RN 2 s o B AR, H
PR PREE S 3 T B R 2 WA, DAL RE S
B AMmAeg R, 210w ENFMmE,
GRACE-C, GRACE-D /2 X} 1 19 H 5 ok B3y ik
FISCR A, F ISR By H bR R B 2 B A
23.7mm, 24.1 mm. #2022 4F5 208 K 255211
REGE I RE R RS R, 5080, BEHE
TRAE 10 WAEAR L PR N ¥ T sE B s e s, ERHAE
A RS S T AN

1éé4567I8‘91I0
AR B
(a) GRACE-C /&2

I 2 3 4 5 6 7 8 9 10
BRI KL

(b) GRACE-D DA
Fl2 LA GRACE-C/D T A ikl st £

Fig.2 Genetic algorithm optimization convergence curve of
GRACE-C/D satellite orbit determination
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Fig.5 Comparison of orbit extrapolation accuracy of GRACE-D satellite before and after optimization
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