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Abstract Detection of the anomaly associated with the working status of satellites is an important part of space
situational awareness and is an effective methodology to improve the efficiency of satellite surveillance and ensure the
normal operation of the satellites. Due to the fast speed of low-orbit objects and the obvious change of observation
geometry, the application of historical observation data is limited. In this study, an anomaly detection method is
proposed based on the dynamic time-structured distance by combining the geometrical relation of the Sun-object-
observation station, the orbit characteristics of the satellites, and the photometric relation of the space objects to
quickly detect the working status of the satellites. Finally, using the proposed method, some photometric data of
Fengyun, GPS and Tiangong at seven working status are simulated. The results indicate that the accuracy rate of
abnormal detection with respect to the working status of the space objects is more than 90%, verifying the

effectiveness of the proposed method.
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Fig. 1 Schematic of observation geometry
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Fig. 2 Low-orbit objects observation. (a) Track of subsatellite point;

(b) observation geometry of different windows varies with time
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Fig. 3 OCS curves of space objects at different observation geometry. (a) Three-axis stabilization; (b) spinning
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Fig. 12 Abnormal working status detection of Fengyun. (a) Abnormal pointing; (b) abnormal rotation
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Fig. 13 Abnormal working status detection of GPS. (a) Abnormal pointing; (b) abnormal rotation
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Fig. 14 Abnormal working status detection of Tiangong. (a) Abnormal pointing; (b) abnormal rotation
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Table 2 Anomaly recognition rate corresponding of each working state

Anomaly recognition rate /%

Working state

Fengyun GPS Tiangong Average 1 Average 2
Type 1 92.43 72.97 80.00 81.80
Type 2 77.83 70.27 88.11 78.74 84.68
Type 3 82.70 78.92 90.81 84.14 (type 1 to type 4)
Type 4 88.65 100 93.51 94.05
Type 5 98.38 91.35 99.46 96.40 07 06
Type 6 98.92 96.22 99.46 98.20
(type 5 to type 7)
Type 7 100 97.84 100 99.28
Average 91.27 86.80 93.05 90.37
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