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Space target synchronization association method under distributed star sensor

Huang Qiushi, Zhang Yasheng, Feng Fei

(Aerospace Engineering University, Beijing 101400, China)

Abstract: The distributed star sensor can be used as a monitoring platform for space targets. Multiple star sensors are needed to be
associated instantly in the star map. The space target in the star map is a small target with no features (e.g., texture and color) , which
cannot be solved by the classical target association algorithm. Based on the correlation of polar geometry constraints, a space larget
synchronization association method under the distributed star sensor is proposed. The epipolar geometry constraint can describe the
intrinsic projective relationship of multi-views, which has been widely used in image matching and stitching problems. It is applied in the
target association field in this study. Based on the measured data, the association experiments of 300 star maps are carried out. The space
target association probability can reach 90% and the feasibility of the algorithm is verified. The reasonable reference value of the
associated threshold is proposed and various causes of the association error are analyzed. Monte Carlo is adopted to estimate the maximum
probability of misjudgment. Experimental results show that the proposed method has an ideal association effect under the influence of
jitter, measurement deviation and several interference points in the operation of the star sensor.
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Fig.1 Epipolar geometry constraint
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Fig.2 Scenario of star sensor observation space target
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Table 1 Satellite orbits elements at the moment of association

Yy P> L7/RT:] PA I ﬁf@ﬁ B
o R/ Wi K& W/ A/
(*) (*) (*) *) (*)
Satl  6977.61 0.00 34.97 354.42  71.76  39.773
Sat2  7470.86 0.02 63. 36 328. 65 7.22 144. 69
Sat3 6978.84 0.00 35.08 115.16  83.19  336.96
Sat4  6995.72 0.00  98.096 124.52  189.66 234.47
x2 EHRBEAER
Table 2 Technical indicators of star sensor
Sy E| ST-APS2-2 S B U
WM/ (°) 20%20 2x2°
SRR 1.024x1 024 512x512
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MRS (Z) /(") 40 40
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35 (u0,v0) /pixel
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Fig.4 Target association result between star maps
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Table 3 Summary of target association results

B
Htr Star map Star map Star map Star map
1 2 3 4
GEO1 (164,106)  (135,471) (255,255)
GEO2 (256,255) (433,255)
GEO3 (170,398) (354,241) (135,377)
GEO4 (313,70) (280,434) (371,348)
GEO5 (255,256) (435,112) (253,381)
GEO6 (157,289) (351,196)
GEO7 (64,420) (254,256) (56,310)
GEO8 (190,202) (376,59) (232,313)
GEO9 (365,297) (490,354)
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Table 4 The average distance from each group to

the epipolar line

TR R/ pixel TS/ pixel
F 4(a) 1.387 3.874
4(b) 0. 796 2.467
F4(c) 1.183 4.354
E 4(d) - _
E4(e) 3.895 7.677
4(f) 0.237 5.328
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Fig.5 Influence of different threshold values on the

associated error rate
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Fig.6  Relationship between the maximum false positive rate

and the number of simulations under different threshold values
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Fig.7 Geometric relationship between space target

and star sensor
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Table 5 Multi-star sensors collaboratively solve

space target positions

BEUERSR T F4 S GEO1 A%5/km GEOS Aa%5/km
X =-39 354.21
1&2 Y=15132.08 \
7=64.05
X =-39 346. 97
1&3 \ Y=15 141.37
7=842.42
X=-39357.15 X =-39 337. 81
1&4 Y=15 116. 90 Y=15 139.01
Z=63.10 7=845.82
X =39 365.25
28&4 Y=15 120. 68 \
7=62.39
X=-39352.8
3&4 \ Y=15 130. 21
Z=844. 06
X =-39 358. 87 X =-39 345. 86
SEH{E Y=15123.22 Y=15 136. 86
Z=63.18 Z=843.87
X =-39 359. 89 X=-39 347. 14
SR Y=15125.76 Y=15135.49
Z=64.30 Z=844. 10
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