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4.1

GPA 1 2 3 4
. 5, 950 10.592 52 5.526 28 9.432 62 2.205 47
0.1 o 1148 3.664 93 1.951 08 9.164 78 7.044 77
1. ’ 1382 5.783 33 3.734 72 8.783 78 5.902 85
2. GPA ’ 1652 5.945 33 4.443 68 6.068 75 5.342 78
PMPS , GPA
1976 6.003 52 5.234 77 5.901 17 5.446 63
, 5% ,
3 2588 5.6526 5.635 17 4.739 9 3.100 87
7 . ’ 3326 3.23872 4.103 77 5.601 88 0. 687 97
Table I Moving variance 3854 1.67653 3.026 87 5.775 12 0.687 97
4826 1.43817 0.116 47 0.201 32 1.108 15
1 B 3 1 6 608 1.042 58 0.120 38 0.214 13 0.626 57
104 10 334 0.272 52 0.030 28 0.211 93 0.462 27
167 12 602 0.197 32 0.024 12 0.211 07 0.357 33
194 38.730 33  25.143 13  18.300 65 10. 190 97 14708 0.094 3 0.022 32 0.177 25 0.203 43
203 16.318 22 26.239 62 25.975 77 10. 667 07 16 976 0.058 3 0.032 12 0.124 33 0.096 37
284 17. 694 98 24,474 68 22.525 18 10,315 17 17 786 0.067 87 0.030 05 0.035 53 0.015 73
302 18.378 83 19.096 13 25.835 93 9. 460 03 X
410 29.406 77 19.107 97  25.063 77 2.783 33 Table 2 Grid independence verification
437 36.249 65  33.463 73  20.025 03 5.775 67 Y
536 40.551 83  28.910 17  4.927 67 4.336 87 1 2 3 1
608  23.768 07  30.287 68  4.882 03 4.764 37 10 334 13.9 25.43 21. 4 8.93
734 18.520 83 19.036 3 6.338 87 4.734 22 20 621  14.7 25.15 21.13 9. 46
896 13.679 57  18.597 92 12.262 1.972 25 23780 14.71 25. 34 20. 91 9.52
3 PMPS GPA
Table 3 Relative error of PMPS and GPA
1 2 3 4
512X512 0.530 612 245 0.532 007 952 0.575 485 092 0.582 452 431
1024%1 024 0.291 156 463 0.291 848 907 0.338 854 709 0.347 780 127
2 048 X2 048 0.147 619 048 0.143 538 767 0.187 884 524 0.197 674 419
4096 X4 096 0.068 027 211 0.062 425 447 0.102 697 586 0.113 107 822
8 192X 8 192 0.026 530 612 0.019 880 716 0.058 211 074 0.068 710 359
16 384X 16 384 0.005 442 177 0.001 988 072 0.035 021 297 0.045 454 545
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Table 4 Parameters of existing constellations or sub con-
stellations 5
/km /(%) Table S Constellation configurations
GPS 20 180 24/6/1 55
GLONASS 19 130 2/1,//3/1 64 1 1 584/'198//1 9 1 584/48/1
Galileo 23 222 24/3/1 56 2 1584/176/1 10 1584/44/1
Beidou 21 150 24/3/1 55
3 1584/144/1 11 1584/36/1
Telesat 1248 45/5/1 37.4
4 1584/132/1 12 1584/33/1
Globalatar 1 400 48/8/1 52
5 1584/99/1 13 1584/24/1
Tridium NEXT 781 66/6/1 86. 4 ’ ’
03b Mpower 8063 70/1/1 0 6 1584/88/1 14 1 584/22/1
OneWeb 1200 588/12/1 87.9 7 1584/72/1 15 1584/18/1
8 1584/66/1 16 1584/16/1
6 PMPS  GPA 8 PMPS  GPA

Fig. 6 Calculation errors between PMPS without paral-
lel computing and GPA for different constella-

tions

Fig. 8 Calculation errors between PMPS without paral-
lel computing and GPA for different constellation

configurations
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288 288/24/1 1 008 1008/24/1
360 360/24/1 1 080 1080/24/1
432 432/24/1 1152 1152/24/1
504 504/24/1 1224 1224/24/1
576 576/24/1 1296 1296/24/1
648 648/24/1 1 368 1368/24/1
720 720/24/1 1 440 1440/24/1
792 792/24/1 1512 1512/24/1
864 864/24/1 1584 1584/24/1
936 936/24/1
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Fig. 10  Calculation errors between PMPS without par-
allel computing and GPA for different number
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11 PMPS
GPA
Fig. 11  Time consumption of PMPS without parallel
computing and GPA for different number of
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12 PMPS GPA
Fig. 12  Relation curves between multiple of increase

and order of magnitude of number of satellites
of PMPS without parallel computing relative to

that of GPA at given accuracy
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Efficient algorithm for calculating coverage of mega-constellation

LYU Linli"?, XIAO Xinxin' , FENG Guanhua'?, LI Wenhao'?' *

1. Institute of Mechanics , Chinese Academy of Sciences, Beijing 100190, China

2. School of Engineering Sciences . University of Chinese Academy of Sciences. Beijing 100049 , China

Abstract: A new coverage analysis approach, Parallel Mercator Projection Superposition (PMPS) , is proposed for the de-
sign and construction of mega-constellation. In this method, the image superposition is applied to the Mercator projection
map of the constellation coverage area to conduct coverage calculation. The method breaks through the correlation constraint
between the grid number and satellite number in the traditional Grid Point Approach (GPA), and significantly reduces the
sensitivity of computing consumption to the satellites number. Given calculation accuracy. as the number of satellites increa-
ses. the ratio of PMPS calculation consumption to GPA’s gradually increases, and eventually tends to a limit value, which is
positively correlated with the number of GPA grids. The simulation results show that in the global coverage analysis. when
the number of GPA grids is 4 orders of magnitude and meets the specified calculation error, the efficiency of PMPS without
parallel computing can be increased by 1 to 2 levels relative to that of GPA. When the number of GPA grids is larger, e.g. »
at 5 orders of magnitude. the efficiency of PMPS without parallel computing is expected to be increased by 2 to 3 levels rela-
tive to that of GPA.

Keywords: mega-constellation; Parallel Mercator Projection Superposition (PMPS); coverage analysis; Grid-Point Ap-

proach (GPA) ; global coverage
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