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Abstract Real-time monitoring and anomaly detection of satellites in orbit are conducive to ensuring
the safe and stable operation of satellites. In order to solve the problems of poor fineness, low efficiency
and limited grid points when selecting the optimal clustering hyper-parameters through grid search in
the process of detecting satellite anomalies using cluster analysis, the selection of clustering hyper-param-

eters is transformed into a single-objective optimization problem. And based on the heuristic search abili-
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ty of intelligent optimization algorithm, a hyper-parameter adaptive optimization clustering algorithm

UMOEASsII BIRCH is proposed. To verify the effectiveness of adaptive search, tests are conducted on a

satellite telemetry data set and a public data set. Using grid search as the benchmark, the clustering al-

gorithms based on partition, density and hierarchy are selected respectively to compare the F1l-score of

anomaly detection and the algorithm execution time in adaptive search and grid search. The experimen-

tal results show that the proposed adaptive search overcomes the contradiction between fineness and effi-

ciency in grid search, and is not limited by grid points. Besides, adaptive search outperforms grid search

in the Fl-score of anomaly detection, and has a significant advantage in execution efficiency.
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Table 2 Parameter settings of UMOEAs-II
IR IR EL FFEA/ N R AR 3 ESHATR SR
UMOEASII_MeanShift 120 5 2 quantile [0.01, 1.0]
n_samples (500, 2000]
UMOEASII_K-Means 200 8 1 n_ clusters (2, 1000]
UMOEAsII_DBSCAN 1600 22 2 eps [0.2, 1.0]
min_samples 2, 160]
UMOEAsII_BIRCH 2500 36 2 threshold [0.001, 2.0]
branching _factor (2, 200]
T, RERIAEE IR ESEA S
®3 MEERMNKISHAEE
Table 3 Parameter combinations of grid search
LA HEBA TR S BRAEE WERLK P R
MeanShift quantile (0.001, 1.0) 0.025 120
n_samples (500, 2000) 500
K-Means n_ clusters (2, 1000) 5 200
DBSCAN eps (0.2, 1.0) 0.02 1600
min_samples (2, 160) 4
BIRCH threshold (0.001, 2.0) 0.04 2500
branching_factor (2, 200) 4
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Evolution process curve of evolutionary algorithm
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Table 5 Parameter settings of UMOEAs-II
TRV AL FHERAN ) A Jig HESHA R SRR
UMOEASIT_K-Means 200 8 1 n_clusters [2, 1000]
UMOEAsII DBSCAN 1200 22 2 eps 0.1, 1.0]
min_samples [2, 160]
UMOEASsII_BIRCH 1600 24 2 threshold [0.001, 2.0]
branching_factor [2, 200]
x6 MEERNASHAS
Table 6 Parameter combinations of grid search
AIEAFR SR S EEF HRLK o A% 1
K-Means n_ clusters (2, 1000) 5 200
DBSCAN eps (0.1, 1.0) 0.03 1200
min_samples (2, 160) 4
BIRCH threshold (0.001, 2.0) 0.05 1600
branching_factor (2, 200) 5
F 7 HENAER
Table 7 Algorithm test results
Fl-scoretfli{H Fl-scorefz 251H Fl-scoreXJ{f Fl-score )i % BRI T E] /s
K-Means 0.5965 0.5348 0.5674 2.6505x10 * 1091.75
UMOEASII K-Means 0.5965 0.5965 0.5965 2.3406x10 ' 681.86
DBSCAN 0.4639 0.4470 0.4571 4.7600x 10~ 1443.58
UMOEASII_DBSCAN 0.4671 0.4671 0.4671 4.6800x10 " 1299.00
BIRCH 0.6139 0.4865 0.5379 3.8275%10 ° 2944.44
UMOEASsII  BIRCH 0.6415 0.6415 0.6415 0.0000 1351.90
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