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Autonomous navigation method based on landmark

and pulsar measurement
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(1. Beijing Institute of Control Engineering, Beijing 100190, China;
2. Science and Technology on Space Intelligent Control Laboratory, Beijing 100190, China)

Abstract: Mars probe after brake automatically enters around a large oval orbit, requires the ability to
independently determine the position of the detector, speed navigation information. A new autonomous
navigation method based on landmarks measurements and X —ray pulsar measurements was proposed.
Aimed at the elliptical orbit when brake passing through atmosphere, the landmarks—based navigation was
used at perigee and X-—ray pulsar—based navigation was used at apogee. According to the principle and
measurement of pulsars and landmarks navigation, the extended Kalman filter (EKF) was designed to get
the navigation information. Under the existing navigation sensor level, the integrated navigation system
can get near the perigee 100 m, 1 km far from the apogee of the navigation accuracy. Simulation results
show that this method was a promising and attractive scheme for autonomous navigation of Mars circle
satellites.
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Tab.1 Mars landmarks position

Position/

Landmark 1
km

Landmark 2 Landmark 3 Landmark 4

X 1049 333.608 732 393.415 402204.918 -3 057.301
y 2798 109.723 2 872 843.745 2921 081.159 2 941 803.732

z 1615273.975 1658 415.888 1 686 610.996 1698 501.0




146 bk T A2

% 44 %

UL 3 T ik wh A2 BO531 421 . B1821 24 Al
B1937+21 , I £ HH7 i ] 79 10 min

FrFR 08 2 8RR T ok B AREROE 530 5 =
51 3 MR BHOG S, i 5 40 000's, T‘f@J{ﬁE/n
WK 2~3 Fiw,

3.5x10’]

3.0x10F
2.5x10°F
2.0x107F

1.5x10°f

Probe distance/m

1.0x107r

0.5x107F

0 L L . .
0.5x10° 1.5x10° 2.5x10* 3.5x10"
Time/s

I T 8

Fig.1 Nominal trajectory

1.0 —
X:2.611e+004
0.9r Y1

0.8
0.7f
0.6f
0.5
0.4
0.3
0.2
0.1

Visibility

0.5x10* 1.5x10* 2.5x10* 3.5x10°
Time/s

2 Bfi bR AT UL PR
Fig.2 Landmark visibility

16000
14000
12000}
10000} - :
8000} MR :

300
o,

6000 200 e ]

100 e f
4000 il
2000

0
k 2.4x10° 2.6x10°

0
0.5x10* 1.5x10* 2.5x10* 3.5x10*
Time/s

& 3 M0 o i 22
Fig.3 Position RMS

Position RMS/m

B2 25 0 T KR Rl A 0T DL L AE D5 B 24050 s
R 8 00 4 L B i A 1, JF A B A 0 B B A
R Z BN A S AT 8 5 2 26 110 s 5 Bl bR 2
NGRS e (R QUL S W S I T e VR o o

AR E R 2, I 3 Al LIE 2, 24k B Rlids Al I
J5 , B A Bl bs 15 B0 22 S A 1 22 38 W /0N RS JEE K B

100 m &, 768U K SR kb 2 5008 1R 22
TE 1km w2,

4 —n 1@

WEIT T — P 5E T Rl bR A X5 £k Bk b 2290 8 18
BEAGE A FESNH L, Nk RE T kih A S
T 5L F JUAT 22 A7 09 P 3 RS kS Bl AR O 2 T AR

e eI KRR 4 A BB AR 00, 500 E 1% 22
15 100 m B3 9 5 75 v B I8 B bk o 22 S 0 E AL IR 25

Lkm B9, %775 A F K R R
A ESAEAE T

PN RN

S E M

[1] Li Jianguo, Cui Hutao, Tian Yang. Sensors relative
calibration method for landing navigation based on feature
matching [J]. Infrared and Laser Engineering, 2014, 43(1):
267-273. (in Chinese)

A, HOAG E, HBH . EE TR AR DTG Y % Bl AT R B
AR A HEST IR [T, 2050 5 3OE T2, 2014, 43(1): 267-273.

[2] Hanson J E. Principles of X -ray navigation [D]. Stanford:
Stanford University, 1996.

[3] Gibbs, B P, Uetrecht, D S. Analysis of GOES—13 orbit and
attitude determination [C]//Proceeding of 2008, AIAA
SpaceOps Conference, 2008.

[4] Sheikh S I, Pines D J. Spacecraft navigation using X —ray
pulsars [J]. Journal of Guidance Control and Dynamics,
2006, 29(1): 55-56.

[5] Sheikh S I. The use of variable celestial X —ray sources for
spacecraft navigation [D].

Washington:  University — of

Maryland, 2005.



