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Application of SVD-ACKF algorithm for real-time orbit

determination in optoelectronic theodolite
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Abstract: An adaptive cubature Kalman filter algorithm based on singular value decomposition (SVD-
ACKF) was proposed for orbit determination by optoelectronic theodolite when unknown or inaccurate
noise statistics lead to low precision and divergence of filter. First, Sage—Husa maximum a posteriori and
its improved form were used to estimate noise statistics online, and SVD instead of Cholesky
decomposition in was used order to improve the stability of numerical calculation. Then, the mathematical
model of orbit determination was expound, compared with the Euler method, improved Euler method was
used to disperse the orbital dynamics equations with J, perturbation. Finally, the simulation results show that
improved Eular method can achieve a higher discrete precision, and SVD—ACKF algorithm can improve the
accuracy and stability.
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Fig.1 STK simulation scenario
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Fig.2 Comparison of Eular and improved Eular method
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Tab.1 Three conditions of simulation

Three conditions Measurement noise covariance matrix

Condition 1 [10 000 6.85x107% 6.85x107]

Condition 2 [20000 3x107° 3x107°]

Condition 3 [50 000 3x107* 3x107*]

SRE BRI B R ANE 3~5 Fias, AT RR
() B0 3 BT , X 300~420 s BEAT RS CKR , IS
B A2 RMSE 81 T3 2, AT LLE 2520
Mg 7 8 R 1 5 4 L RN, CKF 3803 110 52 JIORG B
WA S0 JE W 725 T SVD—ACKF 809 Horp | G (K 1
1 5.951 m, & HURE R 0.062 m/s, Y5 g RS 4 1)
FEPE S HAUE A 22 5 KT, SVD-ACKF Bk B A 0
o P10 R IR B RN SR R S S B He R e R B
32.750 m, & G B 0.208 m/s, 24 I g RS 4 A
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(b) Comparison of velocity RMSE
3 CKF 5 SVD-ACKF 54} H (141 1)
Fig.3 Comparison of CKF and SVD—-ACKF (condition 1)

(b) Comparison of velocity RMSE
5 CKF 5 SVD-ACKF 5%t e (16 3)
Fig.5 Comparison of CKF and SVD-ACKF (condition 3)
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) P — = Condition 1
0 50 100 150 200 250 300 350 400 SVD-ACKF 41.3883 0.2887
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Fig.6 Eigenvalue of noise estimation matrix in three cases

3 Eigenvalues of R 3 Eigenvalues of R 3 Eigenvalues of R

4 4 &
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