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Abstract: To solve the intelligent decision-making problem in the process of UAV air combat, a multi-
dimensional decision-making model for UAV intelligent air combat based on the hierarchical reinforcement
learning architecture is established, allowing the autonomous decision-making of air combat to be
extended from a single-dimensional maneuver decision to a multi-dimensional one including radar switch,
active jamming, formation conversion, target detection, target tracking, interference avoidance, weapon
selection, etc. , so that autonomous decision-making in the main steps of air combat is realized. In order
to solve the problems of state-space complexity and low learning efficiency of the decision-making model
after the dimension expansion, a meta-strategy group is trained and established with the Soft Actor-Critic
algorithm and expert experience, and the traditional Option-Critic algorithm is improved. The strategy
termination function is designed and optimized to improve the flexibility of strategy switching and realize
seamless multi-dimensional decision-making switching in air combat. . The experimental results show that
the proposed method has good countermeasure effectiveness for the multi-dimensional decision-making
during the whole process of UAV air combat, which can control the agent to flexibly switch among
interference, search, strike, and avoidance strategies according to different battlefield situations with the

purpose of improving the performance of traditional algorithms and the efficiency of solving complex
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decision-making processes.

Keywords: UAV air combat; multi-dimensional decision-making; hierarchical reinforcement learning;

Soft Actor-Critic algorithm; Option-Critic algorithm
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Fig. 1 Analysis of the whole air combat process
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Fig.2  Overlapping area analysis of radar detection
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Fig.3 Analysis of our UAVs located outside the

judgment circle
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Schematic diagram of tracking training when the

enemy UAVs are moving and our UAV is fixed
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Table 1

Data of the number of passive discoveries

with or without radar switch in 10 rounds

[a] & N, M N, -
1 16 15 1
2 17 8 9
3 22 12 10
4 18 14 4
5 26 16 10
6 24 10 14
7 21 15 6
8 19 13 6
9 17 15 2
10 20 12 8
25
20+
X
= 15+
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A 10 [
ﬂ
B
5 b
0 > ~ > N
BetaSBMIATEIRIT R BetaBBEHIXFIT
RIRIT RS
22 EJHE AT OGRS 5 1 -1k sl

KIRHS L
Fig.22  Comparison of average passive discoveries

with and without radar switch strategy
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Fig.23 Initial formation
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Table 2 Data of strike and loss within 50 steps in 10 rounds

of formation change

5 N D mES N D
1 1 0 6 0 0
2 0 0 7 2 1
3 2 0 8 0 0
4 1 0 9 1 0
5 0 0 10 1 0
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Fig.24  Cooperative formation striking the target

after formation reorganization
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Fig.25 Our UAV’s search decision when
friendly UAVs are killed
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Table 3 The gap between the current distance and the

edge of the attack zone in 10 rounds

W&  D/m A, /m W&  D,/m A, /m
1 119.3 0.7 6 108.2 11.8
2 114.7 5.3 7 103.9 16. 1
3 100. 2 19.8 8 114.2 5.8
4 118.9 1.1 9 119.1 0.9
5 117.3 2.7 10 119.3 0.7
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Table 4 Combat result
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Fig.28  Algorithm comparison
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