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Abstract: In view of saturation attacks of anti-suicide unmanned aerial vehicles(UAVs) in the marine environment, this paper
studied the cooperative countermeasure strategy of sea-air cross-domain unmanned platforms under the condition that the
number of targets far exceeded ours and proposed a cooperative algorithm combining improved genetic algorithm and coalition
formation game. Firstly, according to the attack and motion characteristics of the sea-air cross-domain unmanned platform, the
cost function was designed by combining the maximum and minimum strategies. Then, the genetic algorithm was improved
according to the task requirements, and the crossover and mutation processes were guided and restricted. A feasible
countermeasure scheme was generated by improving the efficiency of the genetic algorithm. Finally, the coalition formation
rules were designed, and the coalitions reached Nash stability via changing members between the coalitions. The
countermeasure scheme could still be continuously and stably optimized for many operators. The simulation comparison
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experiments show that the proposed strategy is feasible and superior and can provide a reasonable and efficient countermeasure

scheme when the target is subjected to a saturation attack. This can provide a reference for research on large-scale cross-

domain unmanned swarm combat.
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5 Z5%RiE

SCHRAR T — R 1) [ A XOC A B Ay
F18 18 2 5 SR T N P ) o SR, T A R TGS
AXTANUEAFT G BT BB IR A T

KT IRNRGE 4R

RMAE A 24 T AMU RN 1, 37 5 b T4
A S B B AR METE 5 BRI (8] N S B
PR T5 58 o SCHORE SOt i A9 e A S0 S I T 1
MG, KU TR R R 2 AR Z RIS
Pl o S A A SR A I 18] A is AR T

235

sxwrxtxb.xml-journal.net


http://sxwrxtxb.xml-journal.net

2024 4F 4 KFEANRG 4 532 %

HA P, 7T LR G i T 52 2 5 T il
RPN KR E N E P W YN KR L& F T
L HE Ry HA AR B S iR 255

RARSCH PR A AE—EBE B3I T AR
S 7 58 B S, (ELRE R 51 R0 iR SR,
AT 4 ) T SRR S AR RO I, ORI R
Kl 77 S 9 Az i T o 5L 5 B WU 5 %L
i R A i B 7 A S S AR AL, I PR IR 2R
B A 75 58 B S SR 2 SEPRR AL IR,
X ALSE N —Br B S E R AR, SO TS
Yy St BRIk, AR SE PR R R, T E AR &
I 55 2N AR A X A AT A

Pt

[1] BR%, 22KE, PN, 4. LR RB T AMLETE R

R LS R A (0], TR B4, 2021,
16(11): 1113-1118.
Chen Shitao, Li Daxi, Sun Peng, et al. Analysis on the
development and influence of intelligent unmanned aeri-
al vehicle cluster in U.S. army[J]. Journal of CAEIT,
2021, 16(11): 1113-1118.

[2] JordanJ. The future of unmanned combat aerial vehicles:
An analysis using the three horizons framework[J]. Fu-
tures, 2021, 134: 102848.

[3] Kiick D M. Unmanned vehicle mission-level autonomy
applications to the littoral combat ship[J]. Johns Hopkins
APL Technical Digest, 2012, 31(2): 175-178.

[4] WG, sk, EHRIH, 5. BrkiE X2 Mt Rk

14 Bl 25 K JAT: 55 43 BELT]. W 7R 15 ol K274, 2022,
54(6): 19-27.
Tang Junlin, Zhang Dong, Wang Mengyang, et al. Air
defense firepower task assignment based on improved
chainlike multi-population genetic algorithm[J]. Journal
of Harbin Institute of Technology, 2022, 54(6): 19-27.

[5] Hua X, Wang Z, Yao H J, et al. Research on many-to-
many target assignment for unmanned aerial vehicle
swarm in three-dimensional scenarios[J]. Computers and
Electrical Engineering, 2021, 91: 107067.

[6] HWEEE, A A, B, 45, HT 5 A -BHHE K

W2 B Brk g B AR R0 [1]. RE LR S FHR,
2023, 45(11): 3516-3523.
Chang Xuening, Shi Jianmai, Chen Chao, et al. Multi-
stage weapon target assignment method based on the in-
tegrating of Hungarian and simulated annealing al-
gorithms[J]. Systems Engineering and Electronics, 2023,
45(11): 3516-3523.

[7]

[10]

(1]

[12]

[13]

[14]

[15]

Ramirez-Atencia C, Camacho D. Constrained multi-ob-
jective optimization for multi-UAV planning[J]. Journal
of Ambient Intelligence and Humanized Computing,
2019, 10(6): 2467-2484.

Ye F, Chen J, Tian Y, et al. Cooperative task assignment
of a heterogeneous multi-UAV system using an adaptive
genetic algorithm[J]. Electronics, 2020, 9(4): 687.

Liao W, Wei X H, Lai J Z. Minmax fuzzy deterministic
policy gradient for zero-sum differential game: Take pur-
suit-evasion problem as example[J]. Journal of Intelli-
gent & Fuzzy Systems, 2021, 41(1): 1069-1082.

Tanuja L A, Kanth R J. Multi labeled imbalanced data
classification based on advanced min-max machine learn-
ing[J]. International Journal of Innovative Technology
and Exploring Engineering, 2019, 9(1): 1776-1778.
e, Bk, AR, 45 BT A UM - AR SR B
i B AR 4B BT [J]. FE AU R 2 A R (LR R
fi2), 2021, 41(1): 68-74.

Ma Jinhui, Yang Yu, Li Cunhua, et al. Research on
weapon target assignment problem based on cross en-
tropy-genetic algorithm[J]. Journal of Nanjing Normal
University(Engineering and Technology Edition), 2021,
41(1): 68-74.

FEDRB, TN, S, S5 T kot AR S A R 2 AL B
7 22 H AR S0 B2 75 3 (0] TR AL BF ST, 2018, 35(9):
2597-2601.

Wang Qinghe, Wan Gang, Chai Zheng, et al. Multiple
targets assignment of multiple UAVs’ cooperation based
on improved genetic algorithm[J]. Application Research
of Computers, 2018, 35(9): 2597-2601.

KA. B VETZR B A DI 9t S —— B B AT UL
il M B VA ST R (0], b Ui g 22 2 4, 2011,
32(4): 53-59.

Zheng Shiyuan. Advance study on cooperative game the-
ory: Review on study of formation mechanism and stabil-
ity of coalition[J]. Journal of Shanghai Maritime Uni-
versity, 2011, 32(4): 53-59.

Wk, X T HI, 500 4E. 56 T4 VEER MY 2 TEANLIT
KB XA )], 56 T A 3k, 2014, 33(1): 49-55.
Chen Xia, Zhao Mingming, Xu Guangyan. Multiple
UAV operation strategy attack-defense confrontation to
ground based on cooperative alliance[J]. Ordnance In-
dustry Automation, 2014, 33(1): 49-55.

Yang X M, Luo H, Sun Y, et al. Coalitional game-based
cooperative computation offloading in MEC for reusable
tasks[J]. IEEE Internet of Things Journal, 2021, 8(16):
12968-12982.

RIERE: K H)

236 Journal of Unmanned Undersea Systems  sxwrxtxb.xml-journal.net


https://doi.org/10.3969/j.issn.1673-5692.2021.11.006
https://doi.org/10.3969/j.issn.1673-5692.2021.11.006
https://doi.org/10.1016/j.futures.2021.102848
https://doi.org/10.1016/j.futures.2021.102848
https://doi.org/10.11918/202101056
https://doi.org/10.11918/202101056
https://doi.org/10.11918/202101056
https://doi.org/10.1016/j.compeleceng.2021.107067
https://doi.org/10.1016/j.compeleceng.2021.107067
https://doi.org/10.1007/s12652-018-0930-0
https://doi.org/10.1007/s12652-018-0930-0
https://doi.org/10.3390/electronics9040687
https://doi.org/10.35940/ijitee.L3718.119119
https://doi.org/10.35940/ijitee.L3718.119119
https://doi.org/10.3969/j.issn.1001-3695.2018.09.008
https://doi.org/10.3969/j.issn.1001-3695.2018.09.008
https://doi.org/10.3969/j.issn.1001-3695.2018.09.008
https://doi.org/10.3969/j.issn.1672-9498.2011.04.011
https://doi.org/10.3969/j.issn.1672-9498.2011.04.011
https://doi.org/10.3969/j.issn.1672-9498.2011.04.011
https://doi.org/10.3969/j.issn.1672-9498.2011.04.011
https://doi.org/10.7690/bgzdh.2014.01.015
https://doi.org/10.7690/bgzdh.2014.01.015
https://doi.org/10.7690/bgzdh.2014.01.015
https://doi.org/10.7690/bgzdh.2014.01.015
https://doi.org/10.1109/JIOT.2021.3064186
http://sxwrxtxb.xml-journal.net

	0 引言
	1 问题描述
	2 代价函数设计
	2.1 由机动性能差异造成的代价
	2.2 由位置差异造成的代价
	2.3 由打击和防御能力差异造成的代价

	3 CFG-IGA方法
	3.1 适应度函数设计
	3.2 初始反制方案生成
	3.3 联盟形成博弈优化

	4 仿真实验
	4.1 场景设计
	4.2 可行性验证
	4.3 优越性验证

	5 结束语
	参考文献

