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Figure 1 (Color online) Schematic diagram of air defense resource
allocation problem. (a) Target interception schematic diagram; (b) target
interception time diagram.
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20 IR SE ARSI ) B ) R Tl TE o AR
21 UpdateRadar_Channel();
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Figure 3 (Color online) Chromosome coding schematic diagram.
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4 Scheme = Parameter.data; / JRIZH T RESER
5 if sum(Launch missile)>0
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7 for i = 1:NTarget
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9 e E SR NE R et S e

10 maxP = max(Scheme.p(i));
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12 if curP < maxP
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14 Release(Radar_channel, Launch_missile);
15 else

16 Continue

17 end if

18 end if

19 CurScheme = Scheme(i);

20 CurScheme = sorf(CurScheme);
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23 RadarFill(); //3ENATEEH B RS
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25 NewSolution = UpdateScheme();

26 end for

27 end for
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29  if NewSolution.objs>Solution.objs
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31 end if
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12 feasibleInd = Selectind(Scheme,BestSol,i);

13 CurScheme = Scheme{i}(feasiblelnd);

14 else
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16 end if

17 CurScheme = sort(CurScheme);

18 for j = 1:numel(CurScheme)

19 ConstraintJudge(); //F6 2R

20 RadarFill(); /% FNBATE & E g~

21 IEF M HAMETT B A5 &

22 NewSolution = UpdateScheme( );

23 end for

24 end for

25 end for

26 end if

27 if NewSolution.objs >BestSol.objs
28 BestSol = NewSolution;
29 end if

RSRLRDA#[E, HAMSE 058 &RIEARIRELS0, F
FER/INA20, 22 XMEAH0.5, 28 A2 80.2.

4.2 FPMERERIIE

AR SCAE = MpAS [ A ) 5545 S X AEA-RSRLRD
SRAAE T A5 31 (¥ A 5 FCAR 3R R4 B AR HEAT T XS LL.
Horb, Brfg SIEAEA RSN E A IZ47200K, H201K 45
BT EIME (Ave)s BB (Best) FIT- 25 3R fift i 1) (1) 3k
7508, BeAk, N7 S N LSRR T B 22 R, I
T GAP{H "% 7R AEA-RSRLRD 5 % b 8035 2 [i] (1) 2
B, GAPI AT H AR FR. FHIREIRL,
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Table 2 Example information
U 5 Fhrk = R N - L s
e SEHE i HiE R
INFO-SO 10 4 20 2 1
INFO-S1 24 4 20 4 1
INFO-S2 24 4 40 4 1
NS INFO-S3 24 6 24 5 2
INFO-S4 24 6 48 5 2
INFO-S5 24 8 32 5 3
INFO-S6 24 8 64 5 3
INFO-M1 60 8 56 7 1
INFO-M2 60 8 112 7 1
- INFO-M3 60 10 60 8 2
INFO-M4 60 10 120 8 2
INFO-M5 60 12 72 8 3
INFO-M6 60 12 132 8 3
INFO-L1 100 14 98 14 1
INFO-L2 100 14 168 14 1
- INFO-L3 100 16 112 16 2
INFO-L4 100 16 208 16 2
INFO-L5 100 18 144 18 3
INFO-L6 100 18 198 18 3
F3 HExR
Table 3 Algorithm comparison results
GA ALNS IGA-SOM AEA-RSRLRD
5 Avg  Best T (s) GAP (%) Avg  Best T (s) GAP (%) Avg  Best T (s) GAP (%) Avg Best T (s)
INFO-SO  8.15 896 0.66 19.67 8.61 9.19 0.58 16.70 884 942 0.69 13.82 1027 1073 0.55
INFO-S1 ~ 15.59 16.51 2.23 21.36 1691 1824 1.69 9.87 16.44 17.80 2.39 12.60 18.45 20.04 1.13
INFO-S2 2233 2295 226 31.84 2541 27.00 1.74 12.05 2451 2630 229 15.07 29.03 3026 1.03
INFO-S3  19.56 20.54 1.78 13.18 20.79 21.55 1.42 7.87 20.18 21.27 1.81 9.28 2272 2324 091
INFO-S4  23.94 2559 2.18 18.16 2497 26.01 1.67 16.25 2439 2581 2.19 17.16 29.50 3023 097
INFO-S5  23.48 25.05 247 13.92 25.51 2646 194 7.87 2477 26.33 249 8.40 27.63 28.54 1.08
INFO-S6  26.31 27.59 244 27.14 27.47 2828 1.92 24.01 26.65 28.36 2.42 23.68 34.66 3507 1.06
INFO-M1 29.43 31.85 5.24 33.01 3545 37.88 4.48 11.82 34.83 3690 5.58 14.81 4145 4236 352
INFO-M2  34.60 35.88 5.85 62.88 45.61 47.02 4.82 24.30 4427 4737 6.08 23.37 56.64 58.44  3.22
INFO-M3  31.97 3345 533 27.64 3691 3837 4.34 11.28 35.59 36.89 5.39 15.75 41.69 4269 3.07
INFO-M4 3830 39.57 5.93 48.74 4525 4898 4.78 20.15 4436 46.28 5.99 27.16 5797 5885 297
INFO-M5 40.54 41.86 5.16 31.49 4491 46.30 4.11 18.87 4393 4572 5.18 20.37 53.65 55.04 2.52
INFO-M6  47.07 49.40 5.77 38.11 51.86 5329 447 28.04 50.69 52.87 5.78 29.04 66.65 6823  2.59
INFO-L1 ~ 37.59 39.03 9.53 42.50 46.95 48.19 10.61 15.40 4597 48.13 11.75  15.57 5456 55.62  6.16
INFO-L2  38.78 41.78 9.87 64.05 51.89 54.15 1295  26.56 50.44 5335 1241 2847 67.12  68.54  6.00
INFO-L3  45.33 46.42 9.65 28.50 51.20 52.37 10.18  13.90 50.67 5233 10.02 1398 5820 59.65 6.74
INFO-L4 5092 53.44 10.83  39.69 57.84 60.64 1039  23.10 57.41 6037 11.00  23.65 73.08 74.65  6.05
INFO-L5  50.79 52.13 10.43  28.30 56.06 57.76 10.04  15.79 54.77 5599 10.71 19.45 6533  66.88  5.87
INFO-L6 5249 5326 11.10 41.11 56.79 58.66 10.06  28.10 56.73 59.97 11.12 2532 73.07 7515  5.77
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B 5 (MEHCERE) INFO-SOE I F4f B ke H4FE. (a) AEA-RSRLRD; (b) GA; (c) ALNS; (d) IGA-SOM
Figure 5 (Color online) Optimal Gantt charts of four algorithms under the INFO-SO example. (a) AEA-RSRLRD; (b) GA; (c) ALNS; (d) IGA-SOM.
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Table 4 Experimental results of the stability of the example

e EHE BRI OHENE (%) bRiEE
INFO-SO  10.27 10.73 2.77 0.27
INFO-S1 1845 20.04 2.88 0.52
INFO-S2  29.03 30.26 228 0.65
L INFO-S3 22.72 23.24 1.44 0.32
INFO-S4  29.50 30.23 1.44 0.42
INFO-S5  27.63 28.54 1.46 0.39
INFO-S6  34.66 35.07 1.08 0.37
INFO-M1  41.45 42.36 1.09 0.44
INFO-M2  56.64 58.44 1.62 0.89
. INFO-M3  41.69 42.69 1.37 0.55
INFO-M4 5797 58.85 1.07 0.60
INFO-M5  53.65 55.04 1.40 0.73
INFO-M6  66.65 68.23 1.41 0.92
INFO-L1  54.56 55.62 0.81 0.43
INFO-L2  67.12 68.54 1.66 1.09
_— INFO-L3  58.20 59.65 1.07 0.61
INFO-L4  73.08 74.65 1.25 0.89
INFO-L5 6533 66.88 1.28 0.82
INFO-L6  73.07 75.15 1.42 1.01
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Figure 6 (Color online) Iteration diagrams of four algorithms under
representative examples. (a) Algorithm iteration diagram under INFO-
S4 example; (b) algorithm iteration diagram under INFO-M4 example;
(c) algorithm iteration diagram under INFO-L4 example.
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Adaptive evolutionary algorithm for air defense resource allocation
optimization

XING LiNing', LUO TianYu', LI Hao', GONG MaoGuo' & WANG Rui’

! Key Laboratory of Collaborative Intelligence Systems, Ministry of Education, Xidian University, Xi’an 710071, China;
? College of Systems Engineering, National University of Defense Science and Technology, Changsha 410073, China

As an important issue of combat equipment-target allocation problem, the air defense resource allocation must continue to adapt to the
dynamic changes in the battlefield. How to coordinate multi-combat equipment units in the complex battlefield environment and
reasonably allocate air defense resources, and propose the more flexible and intelligent allocation strategy to maximize the equipment
system efficiency and become the core issue that needs to be solved at the moment. A mathematical model for allocating air defense
resources was developed. This model factors in different elements, such as tracking through multiple radar relays, using multiple
missiles to intercept the same target, and prioritizing targets. By joining together the computational efficiency and customization
benefits of heuristic rules with the wide-area search advantages of evolutionary algorithms, a new adaptive evolutionary algorithm has
been created to address this problem in steps. To enhance the speed and capacity of the algorithm’s search, the first missile allocation
plan is assigned to the target during the iteration phase, and the method of resource release and replanning has been introduced to
enhance the quality of the current scheme. Then, after the iteration, heuristic rules are used to allocate multiple missiles to the optimal
scheme based on demand. Through numerical simulation experiments on examples of different resources and different scales, it is
verified that the algorithm has the advantages of solving time and solving accuracy. It can effectively solve the problem of air defense
resource allocation.

air defense resource allocation, re-planning, adaptive evolutionary algorithm
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