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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—ACKEF algorithm can improve the
accuracy and stability.
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SVD-ACKF (adaptive cubature Kalman filter based on
singular value decomposition)®-7% . # Sage—Husa %
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Fig.1 STK simulation scenario
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%4 2023.780 m, M KRR T A Q1E 16 0 B iR 22 R

53.378 m,,
2500

----- Eular method

L — Improved Eular method
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Fig.2 Comparison of Eular and improved Eular method

T B SVD-ACKF %3k 19 1 fig 'iﬁrﬁ
CKF 5835 X6] 3t 000 M 75 9 1R P 5 4 2 60 2 000 e
e R PE S S A 22 B ﬁé%é}ﬁﬁ%ﬁﬁ
LS AR ZE B R = R i &0 #EAT X5 L2 B, An e 1 B
R o BOULIN KA i E] (] B 7=1.0 s, IS 1T 200 5245
RBOTE

x1 =ZMHEEBR

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, N T RR
() B0 3 BT , X 300~420 s BEAT RIS CKR , IS
B A2 RMSE 81 T3 2, AT LLE 25
Mg 7 8 R 1 52 4 L RN A, CKF 3803 10 52 JIORG B
WA S0 FEE W 725 T SVD—ACKF 309%  Horp | G (iK1
1 5.951 m, & HURE R 0.062 m/s, 4B RS 45 1)
FEPE S HAE A 22 5 KT, SVD-ACKF Bk B A 0
o P10 A IR B RN SR R S S B He R e R B
32.750 m, & HORG B 0.208 m/s, 24 I g S 4 A
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(a) Comparison of position RMSE
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_ ——SVD-ACKF
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~ =

> 2 o3l

= =

8 60 % oas)

= 2 gl T
20t = 300 340 380 420
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(b) #BF RMSE [t#

6000

5000

//
‘l
\\ . L
300 340 380 427/

\ "
~_ /

1000 1

Position RMSE/m
IS
o

Position RMSE/m
) w ~
o o o
S & S
S & S

—SVD-ACKF

'\‘ =====CKF
0
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t/s

(a) L RMSE H.#
(a) Comparison of position RMSE
200

----- CKF

_ — SVD-ACKF
‘v 160
E
2 120 ’

1 A
> >
= 80 2 0.af
2 3
L = 0 s L
> 40 > 300 340 380 420

00 50 100 150 200 250 300 350 400
t/s

(b) % ¥ RMSE H.4¢

(b) Comparison of velocity RMSE
[ 3 CKF 5 SVD-ACKF 5k 4F 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 (165 3)
Fig.5 Comparison of CKF and SVD-ACKF (condition 3)

3500
----- CKF ~ B AR 3T 4]
000 T CKE 7 2 300~420 s fL EF1EE RMSE F151&
£ 500 Tab.2 Mean RMSE of position and velocity
m
w2
= 2000 g during 300—420 s
~ o 100F A
= 2 ol "
21300 20 Condition  Alsorithm Position  Velocity RMSE/
21000 Y I & RMSE/m m/s™!
i < L L
500—M PR CKF 35.4375 0.2266
) P — = Condition 1
0 50 100 150 200 250 300 350 400 SVD-ACKF 41.3883 0.2887
t/s
. . CKF 76.292 3 0.508 4
(a) fi# RMSE [£8 Condition 2
(a) Comparison of position RMSE SVD-ACKF 43.542 4 0.3005
2000 CKF CKF 4031.842 8 11.5955
- ——SVD-ACKF Condition 3
2 160 SVD-ACKF 43.6713 0.306 2
=) .
E 120 z0s8
£ )] ISie N >
o 3 ok, M5 EL LA A 22 KB, it CKF Bk 2 & L H#E,
2 30 g [T— . s ;
B e Il SVD-ACKF FikA A e Puks B, Horp,
4 302 : : o . ey .
40 SR 30 380 420 ENHEEE R 43.671 m, EEREE N 0.306 m/s, ZE I,

0 50 100 150 2()IO 25I0 30IO 35IO 4(I)0 Eimuﬂ%ﬁmﬁ%%ﬁ%%ﬁiﬁﬁ%m%ij(HTJ"
- s CKF 5535 1 5 HURS BE A W B AR S 2= & 1, 1 SVD—
(b) HJE RMSE L%
(b) Compai . ACKF FE R EPURT EELERF(E 43 m 7y, BUHZH
omparison of velocity RMSE
ETT S G R RORS W, FA FRBTE S By

& 4 CKF 5 SVD-ACKF 3% e (5 00 2)
Fig.4 Comparison of CKF and SVD-ACKEF (condition 2) ZEHE %%%W{E £ El lﬁMﬁE o
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3R = AF B, SVD-ACKF 823 1R, 1945 1E
EanlE 6 Frs, o] LAE H, = FRAS [R)1E G0 56 B4 0 4
A4 SIS T Rl — %l , BAWIR, B T— 8w,
E— 2B U T SO RIE A R AR BRI,
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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
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DU 75 29 TR 5 S R 25 0 M AR KR, bR e

CKF B8 08 HURG BE B i A, 2 B e 350 i i
SVD-ACKF 5812 i 7 045 SR 0T s 0 M 75 e 1R e 1)
BUE A BUR, E PR FEEHF7E 43 m 247, BEiZ 5
LA AR I R S P T 2 R R R 4 B Y 1 3
HEJT o
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