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Improved artificial bee colony algorithm for satellite-ground cooperative
observation planning problem

SONG Yan-jie', SONG Bing-yu', XING Li-ning"!, JIA Ye?, CHEN Ying-wu'

(1. College of Systems Engineering, National University of Defense Technology, Changsha 410073, China; 2. Unit
32036, Chonggqing 401320, China)

Abstract: Satellites and ground observation resources can use their respective loads to complete tasks such as disaster
forecasting, environmental monitoring and target discovery. Ground observation resources can cooperate with satellites to
complete observation tasks and improve task observation effects. The planning algorithm allocates numerous observation
tasks to limited satellites and ground observation resources for execution, which can improve the observation effect. It
is a challenge to obtain a mission execution plan for satellite and ground observation resources at the same time. This
paper studies the satellite-ground coordinated observation planning problem (SGCOPP), constructs a mathematical model
of mission planning, and proposes an improved artificial bee colony (IABC) algorithm and a satellite-ground resource
coordinated time selection algorithm (SGRCTSA) based on the characteristics of the problem. This algorithm improves
the process of initial population generation, colony optimization process and individual elimination process to enhance
its search optimization ability. A large number of experiments verify the effectiveness of the proposed IABC algorithm
to solve the SGCOPP. Results show that the IABC algorithm performs better than state-of-the-art algorithms, which can
provide technical support for cross-domain collaborative observation research.

Keywords: satellite and ground resource coordinated observation; planning; improved artificial bee colony; optimization
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input: task set T, satellite time window set TWg,
ground observation resource time window set TWg,
ground observation resource planned task set T,
population size Np, maximum generation Gen,

individual elimination threshold &;
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output: solution.
1) initialize all parameters in IABC;

2) P, < initial population generation (Np,T")

3)solutiony < generate initial solution (F)//generate

a solution;

4) 1_best, g_best,l_worst <— update the best
solution;

5) for gen = 1 to GEN do

6) for each employed bee do

7 use employed bee optimization;

8) end

9) for each onlooker bee do

10) id < use roulette individual selection (P);

11) use onlooker bee optimization;

12) end

13) [_best, g_best <— use SGRCTSA algorithm
(P)l/generate the scheme and obtain the current optimal
solution;

14) scout ¢— generate a scout bee;

15) P < use optimal individual elimination;

16) if [_best > g_best then

17) g_best < [_best;

18) else

19) A=A+1;

20) end

21) if A\ == & then

22) P < use the worst individual elimination;
23) A = 0 //reset parameter value;

24) end

25) end
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BiE2 WM.

input: population size Np, task set T’

output: Py

1)fori=1to Np/2 do

2) individual; < random generate individual//
generate employed bee

3) end

4)fori = Np/2+ 1to Np do

5)  individual; < individual;_y, o//cover the
individual

6) locationy,locationy <— random choose two
location in//generate onlooker bee;

7) exchange locationy, locations in individual;

8) end
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WU 77 AR KRR L B XE DAAS B — AN L AT s L
SELF A5 L. TRl b, AT 208 1 B B A0 A 1. Dl
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*1 PRESERTHEEER

IABC GA

ALNS NS

scenario HA
Max Ave Var Max Ave Var Max Ave Var Max Ave Var
100-1 682 681.0 2.00 676 667.6 40.71 678 674.0 6.22 670 655.4 93.38 632
100-2 682 680.4 1.60 674 665.4 46.27 680 672.4 24.71 676 662.6 111.16 632
100-3 680 680.0 0 674 673.0 1.11 676 674.6 0.93 676 672.6 8.04 662
200-1 1392 1379.6 38.04 1358 13358 267.07 1364 13432 168.18 1360 1328.8 479.29 1350
200-2 1354 13420 48.89 1302 12922 80.40 1324  1301.0 12644 1306 1280.4 305.60 1310
200-3 1450 1441.0 35.78 1412 1397.2 85.51 1424 1405.8 95.51 1418 1388.6 567.16 1422
300-1 1898 18652 241.07 1840 17882 58440 1828 1790.0 808.89 1844 1789.8 1564.84 1744
300-2 1880 18552 16640 1802 17726 20893 1828 1789.6 478.04 1810 17652 725.51 1780
300-3 1834 18042 171.07 1740 17184 262.04 1754 17178 36929 1722 1689.0 540.67 1718
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*2 PEARGETHEERER
TIABC GA ALNS NS
scenario HA
Max Ave Var Max Ave Var Max Ave Var Max Ave Var
400-1 2124 20780 531.56 2006 1961.0 1025.11 2000 1962.0 926.22 1982 1911.6 310560 1878
400-2 2256 22232 52640 2180 20924 1193.60 2154 2095.0 946.00 2116 2049.6 3263.82 2030
400-3 2150 21054 747.60 2046 1991.6 882.49 2072 1996.8 1764.62 2036 19772 163573 1946
500-1 2252 2209.6 61493 2140 20782 122973 2108 2031.6 322471 2056 2007.8 3197.73 2202
500-2 2450 23984 45849 2276 22424 781.16 2302 22512 982.40 2266 2179.8 248396 2230
500-3 2548 2489.0 84822 2422 23456 132071 2430 23344 3083.38 2430 23462 226529 2408
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600-2 2660 26334 34138 2526 2476.8 608.18 2556 24744 2056771 2470 24052 2397.51 2508
600-3 2662 2614.0 979.56 2560 2476.0 122844 2502 24334 244627 2528 24052 5389.51 2318
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TIABC GA ALNS NS
scenario HA
Max Ave Var Max Ave Var Max Ave Var Max Ave Var
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