Statistics and Application 475258, 2026, 15(7), 336-352 Hans X
Published Online July 2026 in Hans. https://www.hanspub.org/journal/sa
https://doi.org/10.12677/5a.2026.157172

ETiEfg - RURNRESEZNERE T
T EHE R R B A5

Fisfl, RAFFL, & HY

'mERFHE S g R, ar B
‘AR LW EHSRIVEE S, i B

Wk H . 20264F6H29H; FHHEM: 20264F7H21H; KA HH: 20264F7H31H

HE

DR ) A B B 3228, RTREERERA . RRGRMBRANEREG TR, AN
FIBURAT A BRI TR, M RELK RS LG R RMESSTR . ASCHSRBIER. £,
BHZHE. ZHHRERSHSENNE RS HERG R, WEELRMEETRE. X TEsh%S
JURIAIRE J7 i SR A B B A R K N 1.39 s, S SE bR 1R7124.68 5. KA BIHEIHIIEM
BN =B, ERT K ATE6.455. SIARBHBNERT, KIEGA-SARSHEIH=HIIHF
FH, BIERET13.15 s, RBHBE R RIES9.5%. AN T BB =T R RO,
EE 2 BRRAKME, RALI32.54 sHFHERET K, AP FEFT RS RARAR S E.
X 5in

JERTIE, hRBUIRRS, B - SAURKREHEZ, BERAR, TANHFEL

Study on Cooperative Launch Strategy of
Smoke Jamming Bombs Based on GA-SA
Hybrid Algorithm

Qinhang Li1, Ziyu Zhao?, Ke Zhao?"

1School of Mathematics and Statistics, Yunnan University, Kunming Yunnan
2School of Business Administration and Tourism Management, Yunnan University, Kunming Yunnan

Received: June 29, 2026; accepted: July 21, 2026; published: July 31, 2026

EIREE

BB BN, BT, X T BB R JOR S BRI R P U RIS BT R ). S SR,
2026, 15(7): 336-352. DOI: 10.12677/52.2026.157172


https://www.hanspub.org/journal/sa
https://doi.org/10.12677/sa.2026.157172
https://doi.org/10.12677/sa.2026.157172
https://www.hanspub.org/

Abstract

In modern warfare, precision-guided weapons pose increasingly severe threats. Smoke jamming,
leveraging its cost-effectiveness and high efficiency, has become an important defensive measure.
Coordinated delivery by multiple UAVs can effectively enhance jamming performance, yet traditional
experience-based strategies are inadequate for complex combat scenarios. This paper focuses on a
progressive sequence of scenarios—single-bomb shielding, single-UAV optimization, single-UAV multi-
bomb release, multi-UAV coordination, and multi-UAV multi-bomb countering multiple targets—
and establishes quantitative optimization models for systematic investigation. Using kinematic equa-
tions and geometric judgment methods, the baseline shielding duration for a single smoke bomb is
calculated as 1.39 s. After optimization via a genetic algorithm, this duration is extended to 4.68 s.
A time-interval union timing method is adopted to optimize the release strategy for three smoke bombs
from a single UAV, achieving a total shielding duration of 6.45 s. By introducing weighting factors
for critical engagement phases and employing a GA-SA hybrid algorithm, three-UAV cooperative jam-
ming achieves a total shielding duration of 13.15 s, with a critical phase coverage rate of 89.5%. For
the high-dimensional optimization problem of five UAVs with fifteen smoke bombs against three in-
coming missiles, a hierarchical optimization method is employed to solve the problem, ultimately
achieving an effective shielding duration of 32.54 s. This can provide technical support for the for-
mulation of multi-UAV cooperative smoke jamming strategies.
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Figure 1. Smoke jamming bomb delivery coordinate system
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Figure 2. Position visualization for Problem 1
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Figure 7. Optimal and average fitness convergence for Problem 4
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Figure 8. Schematic diagram of effective occlusion on the timeline
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Figure 10. Distribution map of shielding periods for three missiles
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Table 4. Parameter sensitivity analysis table
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