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Abstract

This study develops an optimization model for UAV-deployed smoke-screen interference against
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incoming missiles by considering UAV motion, smoke-munition trajectories, smoke-cloud diffusion,
and signal attenuation. A three-dimensional Gaussian puff model and line-of-sight integration are
used to evaluate effective shielding, while simulated annealing is applied to optimize UAV speed,
heading, release time, and detonation delay. The effective shielding durations are 4.472 s for the
single-UAYV single-munition case, 6.003 s for the single-UAV three-munition case, and 12.413 s for
three-UAV cooperative interference against M1. For five UAVs against three missiles, the shielding
durations for M1, M2, and M3 are 11.284 s, 7.536 s, and 3.295 s, respectively, with a total of 22.115
s. The results show that multi-puff superposition and joint multi-UAV optimization can significantly
improve overall shielding effectiveness under complex constraints.
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Figure 1. Three-dimensional cartesian coordinate system
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Figure 2. Smoke munition deployment trajectory
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Figure 3. Flowchart for calculating the effective shielding duration
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3 6.939 0.400 7.339 (16848.513, 14.543, 1799.218) 0.000
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Figure 5. Schematic diagram of missile and UAV positions
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Table 5. Joint optimization results for UAVs in problem 4

5. PR AR AR HER

TN T /(m/s) s fe R Zs  ERERAER/s AR R C/m B K /s
FY1 73.011 177.206 0.045 2.419 (17620.353, 8.768, 1771.334) 4.748
FY2 139.247 309.431 9.177 3.643 (13133.778, 21.221, 1334.977) 4922
FY3 111.849 83.544 24.628 2.883 (6346.005, 57.570, 659.275) 2.744
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Table 6. Global cooperative deployment strategy for problem 5
= 6. (R I Fh ER AR

TN ETIS R HE i BB TR EARGE IR I (8] MR C/m
FY1 M1 1 129.668 179.124 0.006 3.708 (17318.437, 7.361, 1732.636)
FY1 M1 2 129.668 179.124 1.433 4.000 (17095.546, 10.768, 1721.600)
FY2 M1 1 140.000 258.522 3.455 6.393 (11725.671, 48.938, 1199.747)
FY3 M2 1 140.000 89.844 22.119 1.072 (6008.860, 246.642, 694.372)
FY4 M2 1 140.000 294.640 2.553 9.972 (11731.081, 406.129, 1312.708)
FY5 M3 1 133.888 117.198 12.647 0.790 (12177.745, -399.905, 1296.944)

R =M A ROERIN R 2 AN 22.115 s, BARMEUMEL RANEE 7 Fros. 12408000, 2N
SHAEG— AR BN AT O A EE 5, TR A R A ALIR) 2 18] 07 BB 22 S5t T2 i J R (R e i 11 o

Table 7. Joint shielding results for each missile in problem 5

F 7. EBARSREKAERER

S A RO X 7] A RO K SN a7 Y i
M1 [3.714,9.717); [16.208, 21.489) 11.284 0.9584
M2 [15.246,20.126); [31.387, 34.043) 7.536 0.9776
M3 [15.675, 18.970) 3.295 0.9843
a1l - 22.115
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