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Regional coverage satellite constellation optimization algorithm

fused with genetic ant colony algorithm

HUA Bing, WANG Peiyuan, WU Yunhua, CHEN Zhiming

( College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract; In order to optimize the design of satellite constellations with specific area coverage and intensive revisits, a design scheme of

regression orbit and co-subsatellite point trajectory constellation was adopted, and a method to optimally solve the satellite constellation orbit

parameters by integrating genetic ant colony algorithm with the weight ranking coverage of key areas in specific area was proposed. The design

requirements of the regional coverage constellation were analyzed, a regression orbit coverage area model was established, the optimal orbit root

number was calculated by using the genetic ant colony algorithm, and all the constellation parameters were solved through using the co-subsatellite

point trajectory constellation solution algorithm. The simulation results show that the optimized constellation meets the coverage time and revisit

frequency requirements for the area target, and provides focused coverage and revisits of important locations in order of weight, which verifies the

feasibility of the algorithm.

Keywords: importance weight ranking; constellation optimization design; specific area coverage; genetic ant colony algorithm
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Tab.1 Weight ranking of important place

Fl b 5 AU o
Hr 1 4.57
H 5 2 4.12
H#r3 3.76
Hr 4 9.80
H#rS 8.98
H % 6 9.69
H#5 7 8.88
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Fig.2 Satellite coverage area
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Fig.3  Overall plan of constellation design
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Tab.2 Weight ranking of important place in

simulation experiment

I 5 Ea )i R AE
Hbr 1 16.02°N;113.34°E 5.23
Hbr 2 18.67°N;109.56°E 4.17
Hir 3 4.02°N;108.99°E 9.53
Hir 4 4.01°N;116.03°E 9.09
H#r 5 9.98°N;112.99°E 8.52
H¥r 6 10.03°N;119.03°E 8.04
H¥r 7 5.81°N;117.33°E 8.86
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Tab.3 Experimental simulation parameters
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Tab.4  Satellite initial orbit parameters

Bl ()
TR i n u TR i 0 u
Sat_01 173.00 296.28 Sat_25 121.60 21.56
Sat_02 188.04 70. 66 Sat_26 136. 64 155.94
Sat_03 203.08 205.05 Sat_27 151.68 290. 34
Sat_04 218.12 339. 44 Sat_28 166.72 64.72
Sat_05 233.16 113.82 Sat_29 181.76 199. 11
Sat_06 248.20 248.21 Sat_30 196. 80 333.50
Sat_07 263.25 22.60 Sat_31 211.85 107.88
Sat_08 278.29 156. 98 Sat_32 226.89 242.28
Sat_09 293.33 291.38 Sat_33 241.93 16. 66
Sat_10 308. 37 65.75 Sat_34 256.97 151.04
Sat_11 323.41 200. 15 Sat_35 272.01 285. 44
Sat_12 1876 338.45 334.53 Sat_36 el 287.05 59.82
Sat_13 353.49 108.92 Sat_37 302.09 194.21
Sat_14 8.53 243.31 Sat_38 317.13 328.60
Sat_15 23.57 17.69 Sat_39 332.17 102.98
Sat_16 38.61 152.08 Sat_40 347.21 237.38
Sat_17 53.66 286.48 Sat_41 2.26 11.76
Sat_18 68.70 60. 86 Sat_42 17.30 146.15
Sat_19 83.74 195.25 Sat_43 32.34 280. 54
Sat_20 98.78 329. 64 Sat_d4 47.38 54.92
Sat_21 113.82 104. 01 Sat_45 62.42 189.31
Sat_22 128. 86 238.42 Sat_46 77.46 323.70
Sat_23 143.90 12.79 Sat_47 92.50 98.08
Sat_24 158.94 147.18 Sat_48 107.54 232.48
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Fig. 6 3D modeling of co-subsatellite point Fig.7 Satellite constellation ground coverage
trajectory constellation map in the 2D space
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Tab.5 Statistical table of revisit frequency of important places unit period

H bnith 5 3H20H 3H21H 3H22H 3H23H 3H24H 3H25H 3H2H bRUEZE
H#Fr 1 606 601 600 601 599 602 601 2.06
H#r 2 509 504 504 505 504 504 506 1.73
H#r 3 896 889 890 889 890 889 890 2.37
H#r 4 847 841 841 842 841 842 840 2.14
H#r 5 813 805 804 807 803 806 804 3.12
H#r 6 798 793 793 793 794 793 792 1.81
H¥5 7 825 818 818 819 818 818 818 2.42
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Fig. 10 Key target revisit frequency results
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