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Fig. 1 Basic principle for landmark navigation
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Fig. 2 Diagram of spacecraft navigation system
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Table 3 Initial orbital parameters of spacecraft
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Fig. 4  Error curves of landmark navigation without calibration

AR S 1AL IR R, i ABKF S AR B o
MATT BN RSB EAE R, X IlE
HE O 22 2 HOEAT Al 1, R At 45 RO B A T
ZEICNAME A9 BURTR A K R A A0 A T 1R 22 i 25
KIS FTN .

WRAE 07 A5 RAES 3 I A 22 B L
HERE S A AR M AR SR G PERE, 5 100 B o O
ZEREUE RGBT I ABKF I R A T A e 2 25 A
ZATRMEIIEKF . 5 rpoRE Al TR 22 i 2R S AR 2
WIS IR ZE A IRV A, KRBT IS8 BT 14
S

BT, 51 ANGNSSHEMCHLI I &EAF S, &b
PR+GNSS"H & ARG, MRIGA SR 2N ik ik,
FEHE T “Bli bR+ GNSS (5 S5 it A SIZ it ] 12 B M i 22 AR AL
Ja s AEHEATGNSSTE, Al TS 2 100
EBRER R ZEAME DRI R bR ML 2R T 1 L 3
AT RRUEAL, 3 BITR A8 58 LA A TR 2 Hh £k
K6 o



#
E
>
T
=

o S Plibn T AUR G B I O 22 2Rl T 65

10*m

10*m

0 05 1.0 15 20 25 30 35 40 45 50

<.
~

10*m
=

i

| g

Pt
Pt

ZEII B R YL E R X R 2

0 05 10 15 20 25 30 35 40 45 50
il /d
(a) PrEAhTFiRZE

Xl e i/
(ms™)

1.5 20 25 3.0 35 40 45 50

(ms™)

YA VR 7

1.5 20 25 3.0 35 40 45 50

R/
1

.,
s
s71)
(=)

15 20 25 30 35 40 45 50
IR Ta]/d
(b) MBI
K5 ERAEEI T IBER SR 2 2R

Fig. 5 Error curves of landmark navigation with self-calibration

R TIEREE N, X T AR AT D B A O 2 A
B FE e 22 e, DASCRE T “Fifibs + GNSS” 5 Bt
B P v e ZE AR IR 3R O, K dE i B A
PN E ST R (Root Mean Square, RMS) iRZE
HGNERS Y. B g T &, 3T Rk +
GNSS”{5 5 fil-E S ot ) & v s ZE AR J 5 (A it o
FRAETT 1) W & AT L E AL, 75 REIL B8 T &
F O 22 B AR HE I S E ARG S

5000
0 F}: =
H
i
=5 000 : : :
0

05 1.0 1.5 20 25 3.0 35 40 45 5.0

5000
0 \: ASizeessy SrmeEi iy o 5=
l'/
=5000 ¢ . . . g
0

05 1.0 1.5 20 25 30 35 40 45 5.0

YL B R 2 /m XE LB 2% /m

£ 2000

Hd

oK

i 0=

i:_{

g 20—
0 05 10 15 20 25 30 35 40 45 50

R TE]/d
() frEAGIHRZE

o = - = - o= - . e

Xk J5g i 2/
(m-st)
& o
W [} wn
T
L}

0 05 1.0 15 20 25 30 35 40 45 50

Y R 7/
(m-s™)
S o
W (=} W
?\\ = -
[}
I

0 05 1.0 15 20 25 30 35 40 45 50

Zih iR R
(ms™)

0 05 10 15 20 25 30 35 40 45 50
] /d
(b) JHPEAN TR
Bl 6 5 RmlG R 5 I B FR S0 15 22 28

Fig. 6 Error curves of landmark navigation with information fusion
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Table 6 Initial orbital parameters of Mars probe
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Measurement Reference Bias Parameter Estimation Method for

Landmark Navigation Systems

XIONG Kai"*, GUO Minwen"*, HUANG Xiangyu"”

(1. Beijing Institute of Control Engineering, Beijing 100094, China;
2. State Key Laboratory of Space Intelligent Control, Beijing 100094, China)

Abstract: The measurement reference bias caused by the relative installation error between landmark sensor and star sensor is
one of the primary factors degrading navigation performance. In the space environment, positioning error of the landmark navigation
system is increased due to slow time-varying measurement reference bias caused by deformation of sensors and their brackets. To
cope with this problem, a parametric model for in-orbit calibration of time-varying measurement reference bias was proposed. Based
on the model, a parameter estimation method for measurement reference bias was designed. Using this method, celestial landmarks
and stars on the celestial sphere were observed with a landmark sensor and a star sensor respectively to obtain the line-of-sight (LOS)
measurements of the landmarks in the inertial reference frame. Then the measurements were processed with a navigation filter to
estimate the position and velocity of the spacecraft together with the measurement reference bias parameters in real time. Numerical
simulations demonstrate that the proposed method effectively mitigates the unfavorable effect of measurement reference bias,
significantly improving the positioning accuracy of the navigation system.

Keywords: spacecraft; landmark navigation; measurement reference bias; parameter estimation

Highlights:

e A parametric model for time-varying measurement reference bias calibration of the landmark navigation system is established.

e A parameter estimation method for measurement reference bias of the landmark navigation system is presented based on the

parametric model.

e [t is demonstrated via simulations that the unfavorable effect of measurement reference bias on navigation performance is
mitigated effectively with the presented method.
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