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Research of Satellite-to-satellite Passive Locating and Tracking
with Bearings-only Measurements

LI Qiang GUO Fu-cheng ZHOU Yi-yu
College of Electronic Science and Engineering National Univ. of Defense Technology Changsha 410073 China

Abstract Regarding the problems of singularity while using classic orbital elements in satellite bearings-only passive tracking
and the lack of physical meanings in measurement equation$ variables and their corresponding coordinate transformations a new
satellite-to-satellite extended Kalman filtering EKF tracking method with bearings-only measurements in J2000. 0 ECI frame is
put forward. An explicit definition of the variables and their coordinate transformations in measurement equation are submitted.
Moreover the state propagation stage state transfer matrix and measurement Jacobi matrix are deducted in detail. Performance is
contrasted and validated through simulated data from STK6. 0 with various initial state errors and angles measurement errors.
Simulation indicates that it is possible to passively track low earth circular orbit satellite e =0 by a high earth orbit satellite
quasi-geosynchronous orbit satellite with bearings-only measurements. When the angles measurement accuracy exceeds the
average angles changing magnitude the convergence time and the tracking errors rapidly decrease. Moreover the method also

shows resilience to varying initial state errors.
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Tab.1 Orbital elements of the two satellites
a km 42 000 7171
e 0.1 0
i 120 30
Q 30 75
w 45 60
TS 0 500
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Tab.2 Access time table from HEO to LEO

Access Start Time UTCG Stop Time UTCG Duration s
1 00: 16: 54.65  02: 38: 00.39 8465.734
2 03: 04: 09.36  04: 09: 38.01 3928. 653
3 04: 46: 45.01 05: 47: 50.40 3665.393
4 06: 27: 12.34  07: 27: 41.39 3629. 054
5 08: 06: 46.74  09: 08: 27.38 3700. 632
6 09: 45: 08.38 10: 50: 38.31 3929.931
7 11: 20: 17.27 15: 20: 0332 14386. 048
8 15: 36: 00.99 16: 47: 30.67 4289.677
9 17: 21: 37.38 18: 24: 12.01 3754.633
10 19: 02: 56.71 20: 03: 09.57 3612. 860
11 20: 42: 58.01 21: 43: 21.74 3623.730
12 22: 21: 06.83 23: 26: 06.24 3899. 405
35 200 ~ 46 800km
3
oy, =0,=0. I mrad X,
100 100 100 0 0 O " 200 200 200 0.1 0.1 0.1 " 500 500 500 1 1 1"
r km 7 km/s 3 100 0.01 5 5 5 0" 1
1 200 SEP

3
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Fig. 1  Curve with various initial state errors Fig.2  Curve with various angles errors
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