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Abstract
Geostationary Earth Orbit (GEO) targets’ optical characteristics. Light curve classification was studied

Ground-based optical-electrical observation is the main approach to obtain the
based on the photometry observations of FocusGEO telescope at Lijiang Station from December 2017 to
June 2019. A new classification system was introduced based on the statistical analysis of GEO satellite
light curve features. Moreover, the correlation between light curve classification and satellites’ bus type
was analyzed. Results show that photometric signatures of 197 GEO satellites can be classified into six
classes and each class can be qualitatively explained by the actual satellite structure. Approximately 90%
of these satellites appear to belong to three of six different classes. However, light curve classification has
no significant correlation to satellites’ bus types, but for the satellites with the same or similar bus types
in each class, the light curves resemble each other. The classification system can aid to identify cluster
GEO targets and provide the basis for anomaly detection and physical characteristics research, which is

of great significance for space situational awareness.
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3 D Structure of FocusGEO (a) and physical picture of the equipment (b)
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Fig. 2 Example of a FocusGEO observation original image(a) and example of preprocessed image(b).

Circle denotes the GEO targets
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Fig. 3 Examples of Class 1 photometric signatures

(Light curves of satellites 26559, 39727 and 41380). The

black curves are fitted using the polynominal fitting
method. The sparse data near zero phase angle are due

to the variation of solar declination angle

K 6 s N =200 i<k, TR 27399, 28911,

29163 AFHYIEEERHZ IO LIS o XIS 2k i SLRURR AR
SEBRAEAINL A 0°A7 SE LM S, 2747 AR (52 45



140 Chin. J. Space Sci. =IFAFFIR 2022, 42(1)

= Original curve of 26559
* Original curve of 39727
= Original curve of 41380

+ Fitting curve of 26559
+ Filting curve of 39727
* Fitting curve of 41380

= Original curve of 27399
* Original curve ol 28911
= Original curve of 29163

« Fitting curve of 27399
- Fitting curve of 28911
» Fitting curve of 29163

Magnitude
=
Magnitude
=)

13
13
14
14,
15 | | |
100 75 50 35 0 25 50 75 100 -100 EL 0 50 100
Equatorial phase angle /(°) Equatorial phase angle/ (°)
Bl 4 SRR ] (DA 26559, 39727, K6 5= RIMZRARE R (A 27399, 28911,
41380 FOIETE A FFRIEHEIZE ) . LA 2k 20163 M TE T ADEREMIZE ) . DA 2
KL A X Fourier HEHLE
Fig. 4 Examples of Class 1 photometric signatures Fig. 6 Examples of Class 3 photometric signatures

(Magnitude variation with equatorial phase angle light
curves of satellites 26559, 39727 and 41380). The black
curves are fitted using the polynominal fitting method
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Fig. 5 Examples of Class 2 photometric signatures
(Modified light curves of satellites 29045, 29272 and
35755). The black curves are fitted using the
polynominal fitting method

(Magnitude variation with equatorial phase angle light
curves of satellites 27399, 28911 and 29163). The black
curves are fitted using the Fourier fitting method
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Fig. 7 Examples of Class 4 photometric signatures
(Magnitude variation with equatorial phase angle light
curves of satellites 27603, 32767 and 39498). The black

curves are fitted using the Fourier fitting method
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Fig. 8 Examples of Class 5 photometric signatures
(Magnitude variation with equatorial phase angle light
curves of satellites 28628, 36032 and 37393). The black

curves are fitted using the polynominal fitting method
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Table 2 Comparisons of results of photometric signature classification
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Table 3  Statistic results of bus types of GEO satellites related to our classification
No. TFHIm e ) TEHS M H
1 A2100 USA 25894 26559, 27603, 27632, 28154, 29045, 29272, 32019, 32767 17
35755, 37207, 37481, 37776, 38331, 38332, 40887, 43162
2 AMOS Israel 39237 1
3 AS-4000, 7000 USA 23839, 24957 2
4 HS-601, GEM, BSS-702 USA 24732, 25071, 25462, 25630, 25657, 26388, 26451, 26638, 26853, 27399, 25
27718, 28117, 29648, 32404, 34713, 34941, 38098, 39476, 41380, 41588,
41748, 41879, 42075, 42698, 42950
5 DFH-2, 3.4 China 32779, 36287, 36590, 37150, 37234, 37677, 37804, 38091, 38352, 38953, 39157, 28
40982, 41021, 41034, 41103, 41238, 41586, 41725, 41838, 41869, 42662, 42763,
43450, 43698, 43920, 44067, 44076, 44231
6 DS-2000 Japan 28937. 33274, 37606, 40267, 41836, 42917 6
7 DSCS-3 USA 23628, 26575 2
8 Ekspress-1000, 2000 Russia 39487, 39612, 39613, 39727, 39728, 40258, 40277, 40345, 43432, 43867 10
9 Eurostar-2000, 3000 Europe 26107, 28628, 28899, 30794, 36744, 37393, 39020, 39034, 40147, 43488 10
10 Star-1, 2, GeoStar-2 USA 26720, 27461, 32388, 35362, 36106, 37265, 39460, 39500, 41552 9
11 I-1 K. 2 K., 3 K Bus India 28911, 30793, 37605, 37746, 38779, 39234, 39498, 40269, 40332, 40880, 41028, 19
41469, 41752, 41793, 42695, 42747, 42815, 43824, 43864
12 Insat-2. 3 bus USA 39216 1
13 Milstar Bus USA 26715 1
14 MSS-2500-GSO Russia 27441, 28134, 28707, 32478, 36358, 39375 6
15 Navigator-Bus Russia 41105 1
16 SAST-5000 China 41882, 41911 2
17 Spacebus-3000, 4000 France 26369, 28638, 29163, 29349, 31800, 33051, 35812, 35943, 38107, 16
39017, 39022, 40617, 41944 42691, 42984, 43463
18 SSL-1300 USA 26590, 26900, 27513, 28184, 28364, 28786, 35696, 36032, 37238, 37933, 38740, 39508, 24
40141, 40940, 41591, 41729, 41747, 41794, 41903, 42942, 42951, 43587, 43611, 44048
19 X-SAT Microsat USA 44065 1
20 Yakhta. Russia 37749 1
21 Null Multination 20253, 23613, 28158, 29640, 32500, 33463, 38049, 38070, 40367 15

41121, 41194, 43491, 43683, 43823, 43874

¥ PEFHSRIETUSSTRATCOME HARrGiS, H50 B HAABT A A; Null#s HARFE G AR,
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