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Situation assessment for unmanned aerial vehicle air combat based on
anti-reasoning rules decision tree
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(Key Laboratory of College of Aeronautics of Engineering (Air Force Engineering University) , Xi’an 710038, China)

Abstract; For the multi-parameter, nonlinear, and real-time problem in air combat situation assessment, an
approach is proposed based on a mnovel structure of decision tree. Ensuring the basis for the assessment of the
situation includes obtaining the information of the warring parties and the state parameters of the unmanned aerial
vehicle(UAV). The enemy was used as the input of the decision tree and four kinds of situation results as the
output of the decision tree, which provided a theoretical basis for the rationality of the result of the UAV situation
estimation. According to the state parameters that affect the attack area of the air-to-air missile, by comparing the
same state parameters, the magnitude of the evaluation index value of the UAV and the enemy aircraft were
obtained, and the corresponding indicators of the air combat situation classification were designed to meet the rapid
response requirements of the situation assessment. The rules of the air combat situation classification were
established to be inference rules of the decision tree. Finally, anti-reasoning rules were proposed for undeveloped
branches in the decision tree in order to improve learning under unknown conditions. Extensive simulations,
including one-to-one, one-to-two, and two-to-two air combat scenarios, show that the computing time of the
proposed method was 5.39 s and its accuracy was 80% , while the computing time of the Bayesian was 11.63 s and
the accuracy was 60% . The results indicate that the proposed optimal method has faster assessment speed and
higher accuracy than the traditional Bayesian network.
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Fig. 1  Air combat situation classification
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Tab.1 Data collection of air combat situation

i’ T T T, T, T, T, Ty Tq k), E, E, E, e
1 0.32 0.46 0.64 0.47 0.62 0.38 0.75 0.49 0 1 1 1 S,
2 0.84 0.56 0.51 0.64 0.38 0.46 0.81 0.29 1 0 0 1 S5
3 0.29 0.62 0.59 0.68 0.74 0.16 0.58 0.62 0 0 1 0 S,
4 0.34 0.62 0.56 0.47 0.82 0.67 0.48 0.51 0 1 1 0 S3
5 0.65 0.39 0.59 0.43 0.61 0.68 0.52 0.37 1 1 0 1 S,
6 0.46 0.35 0.84 0.61 0.34 0.52 0.19 0.27 1 1 0 0 Sy
7 0.51 0.68 0.29 0.46 0.72 0.61 0.59 0.35 0 0 1 1 S3
8 0.65 0.28 0.64 0.82 0.61 0.59 0.72 0.60 1 0 1 1 S,
9 0.52 0.81 0.16 0.42 0.49 0.68 0.57 0.86 0 0 0 0 S,
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Fig.9 Anti-reasoning rule in SADT

5 G5 HLEY AR/ m S/ (mes™") B/ (°) ffiifa/ () WA/ ()
TAML (9 000,300 ,6 000) 300 0 15 8
75| L (5 000,3 000,4 000) 300 0 0 5
1V1 T AL (5 000,8 000,2 500) 300 15 130 12
Y2 L (6 000,7 000,2 500) 320 -20 45
T ML (5 000,500,5 000) 300 6 -75 6
TEAML (3 500,3 000,6 000) 320 13 36 26
gl FAL (3 000,100,5 000) 400 35 160 13
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2V1 FHL (4 000,200,7 000) 300 10 25 40
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Tab.3 One-to-one classification results under two methods

Jrik 1vl(a) HERN L/ %o S 1vl(b) HERN /% B [E]/ s
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Tab.4 Two-to-one classification results under two methods

Fig. 11

Ttk 2vl(a) HER B/ % i JH)/s 2vi(b) R/ % I JHl/s
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Tab.5 Two-to-two classification results under two methods

Ttk 2v2(a) R L/ % A fi)/s 2v2(b) HERBE/ % M E] /s
UAVI1 S3.84.54.54 .55 80 7.85 S5.55.5;.5, .5, 80 7.92
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