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Air defense firepower task assignment based on improved chainlike
multi-population genetic algorithm
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(1. School of Astronautics, Northwestern Polytechnical University, Xi’an 710072, China; 2. Shaanxi Key Laboratory
of Aerospace Flight Vehicle Design (Northwestern Polytechnical University) , Xi’an 710072, China)

Abstract: In view of the threat of enemy air attack and the efficiency of solving the task assignment problem of
medium-scale air defense firepower, a chainlike multi-population genetic algorithm ( CMPGA ) with superior
performance was proposed. First, an improved air defense firepower task allocation model was established, which
comprehensively investigates the threat degree of target and the interceptability judgment. The target threat degree
was studied in terms of the threat factors such as the height, speed, range, and relative distance of the target. The
time constraints, space constraints, and performance constraints were considered in the interceptability judgment,
which was integrated into the kill probability to simplify the constraints of the model. Then, the CMPGA algorithm
was proposed to solve the optimal allocation scheme of medium-scale air defense firepower. The algorithm utilized
the strategy of limiting the number of repetitive individuals in the population, the cross mutation strategy of
individuals with similar fitness, the deletion strategy of partial optimal solution when falling into local extremum,
and the transfer strategy of the current optimal solution in the chain link. Combining the advantages of multi-
population parallel search, the algorithm could speed up convergence speed, maintain the diversity of population,
and avoid falling into local extremum. In the simulation of standard test function and the application to air defense
firepower task allocation problem, the proposed algorithm was compared with several typical optimization
algorithms. Results show that the CMPGA algorithm had advantageous performance and could quickly find the
optimal solution with high probability, which indicates the effectiveness and superiority of the algorithm.
Keywords: air defense firepower task assignment; genetic algorithm; chainlike multi-population; diversity
maintenance ; hierarchical selection
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Fig. 1 Relative position of fire unit and target
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Fig.2 Population stratification
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3 30 35 3 000 350 225 4 000
4 35 30 2 000 450 225 6 000
5 40 25 2 000 450 225 6 000
6 45 20 2 000 450 225 6 000
7 50 15 2 000 450 225 6 000
8 55 10 2 000 450 225 6 000
9 60 5 2 000 450 225 6 000
10 20 -45 5000 250 135 800
11 25 -40 5000 250 135 800
12 30 -35 5000 250 135 800
13 35 -30 1500 500 135 8 000
14 40 -25 1500 500 135 8 000
15 45 -20 1500 500 135 8 000
16 50 -15 1500 500 135 8 000
17 55 -10 1500 500 135 8 000
18 60 -5 1 500 500 135 8 000
3.3 (hEZR

B 25 K 455 43 B () R4 48 28 2 [R] Bl H A5 A1 2k
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Tab.6 Comparison of results of 100 runs of four algorithms
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Fig.9 Simulation results of 100 runs of four algorithms
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Tab.7 Optimal allocation scheme

KITHIG Sy H bw KITHIE 3 H bR
1 16,17,18 5 4,13,16
2 3,6,12 6 2,9,11
3 1,17,18 7 2,8,10
4 5,14,15 8 4,7,13

N BEARUL Y] CMPGA B33k P Wi Sy PE B, 70
S 4 Bl 3L s 17 H AR ek Y A2 Ak 4
K 107K

L B EEm EUR N
AR Mk R WEL
CMPGA 80 %5 200 0.478 018 0.51231 0.477 49 97
MPGA 3005 300 0.485540 0.54069 0.477 49 55
BDPSO 500 500 0.484 998 0.52025 0.477 49 48
GA 500 500 0.489 856 0.53094 0.477 49 41
0.56 |
054
E 0.52
0.50
i
0.48
046 | . .
0 50 100
(b) BDPSOH %100k 15 B 45 51
0.56
0.54
i i
% 0.52
'R 050
=
¥ 048
0.46 |
0 50 100
(d) MPGABLVE 100k 1 E 45
2.0
—— CMPGA
—— MPGA
— GA
150 —— BDPSO
&
%
g
= Lof
0.5F
0 200 400

10 BRIBITERITLE
Fig. 10  Comparison of single run results
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Tab.8 Comparison of single run duration

RIEARE RMEEMEE B UGBTI R/
CMPGA 80 %5 200 12.479
MPGA 500 =3 300 59.056
BDPSO 500 500 21.647
GA 500 500 32.482
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