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Optimization design of emergency observation constellation .
application of ATK secondary development technology

LI Mingming'?®, GUO Shuai'”* |, ZHU Yuehe'” , LIANG Yangang'® , DONG Min'* | XU Xiaosheng'”
(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;
2. State Key Laboratory of Space System Operation and Control, Changsha 410073, China)

Abstract; Due to the limitations of the number of satellites, scale and manoeuvrability, it is difficult for the existing earth observation
constellations to respond quickly to emergency needs of a high degree of randomness. In order to meet the demand for rapid design of emergency
earth observation constellations, an emergency earth observation constellation design method was proposed. Based on the secondary development
and coverage analysis function of the ATK( aerospace tool kit) , a one-dimensional data hierarchical clustering method was adopted to group ground
targets, and then the differential evolution algorithm was applied to optimize the restricted Walker subconstellation configuration for the target
groups, and finally the restricted hybrid Walker earth observation constellation was generated . Simulation results demonstrate that the method can
rapidly generate emergency constellations compared with conventional Walker constellations and violent optimisation results, and minimize satellite
deployment quantity while ensuring the effective completion of the earth observation mission.
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Tab. 1 Orbital elements of restricted hybrid Walker constellation
RS DEMS a/m e /() () w/(?) 77(°)
S1 6 878 137 0 54.366 594 25.479 001 O 0 216. 845 900
S2 6 878 137 0 54.366 594  115.479 001 0 0 306. 845 900
TR
S3 6 878 137 0 54.366 594  205.479 001 0 0 36. 845 922
4 6 878 137 0 54.366 594  295.479 001 O 0 126. 845 922
S5 6 878 137 0 158.032 028 182.171 742 0 0 196.757 012
TR 2 S6 6 878 137 0 158.032 028  302.171 742 0 0 316.757 012
S7 6 878 137 0 158.032 028 62.171 742 0 0 76.757 012
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Tab.2  Orbital elements for violently optimized constellation

TGS a/m e i/(°) () w/ (%) 7(°)
S1 6 878 137 0 124.266 464 183.483 124 0 67.101 624
S2 6 878 137 0 44.861 618 272.773 059 0 343.610 959
S3 6 878 137 0 54.089 417 118.513 571 0 350. 827 137
sS4 6 878 137 0 22.959 001 30.990 311 0 232.305 538
S5 6 878 137 0 42.551 237 169. 825 075 0 222.662 524
S6 6 878 137 0 23.819 923 184.460 090 0 334.869 282
S7 6 878 137 0 150.745 513 169.589 592 0 204.359 542
S8 6 878 137 0 122.510 923 127.487 527 0 26.750 702
SO 6 878 137 0 164.791 278 283.611 425 0 298.504 452
S10 6 878 137 0 19.910 891 178.359 914 0 171.310 220
S11 6 878 137 0 137.678 793 231.078 638 0 292.267 584
S12 6 878 137 0 59.115 867 27.059 327 0 216.697 317
S13 6 878 137 0 122.005 861 325.885 799 0 173.423 067
S14 6 878 137 0 120. 697 685 50.286 592 0 128.548 518

S15 6 878 137 0 137.615 047 271.509 208 0 4.376 981
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Tab.3  Orbital element for single Walker constellation

TEHmS a/m e i/(°) W (°) w/(°) J7(°)
S1 6 878 137 0 52.393 031 299.571 197 0 0
S2 6 878 137 0 52.393 031 335.571 197 0 36
S3 6 878 137 0 52.393 031 11.571 197 0 72
4 6 878 137 0 52.393 031 47.571 197 0 108
S5 6 878 137 0 52.393 031 83.571 197 0 144
S6 6 878 137 0 52.393 031 119.571 197 0 180
S7 6 878 137 0 52.393 031 155.571 197 0 216
S8 6 878 137 0 52.393 031 191.571 197 0 252
S9 6 878 137 0 52.393 031 227.571 197 0 288
S10 6 878 137 0 52.393 031 263.571 197 0 324
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Tab.4  Algorithm performance comparison
o FRAIPER 7 Walker 22 B Walker B JEMEILTT 1% RNACTT %
FEERESR AR

7 10 i 15 i 7 10 i 15 i 7 i 10 i 15 i
B A AR/ s 2396 3136 1826 kK 348 77 deme R 14 571
IR E VB s 21313 17703 10919 26989 19623 15904 28549 26855 20 666
Y B K E IR A/ 14999 12985 7438 16868 11505 10384 23333 19419 15869
15 d PR K E Y5 A/ s 16336 14237 9833 23093 14199 14799 33993 28542 20605
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