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Figure 1 (Color online) The basic maneuvers of UAV.
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TAML x (m) y (m) z (m) 0 (rad) ¢ (rad) w (rad) v (m/s)
red, 1000 1000 10000 0 0 0 240
red, 1000 2000 8000 0 0 0 250
red; 1000 3000 6000 0 0 0 280
red, 1000 4000 4000 0 0 0 270
blue, 5000 1000 10000 0 0 T 270
blue, 5000 2000 8000 0 0 T 280
blue, 5000 3000 6000 0 0 T 290
blue, 5000 4000 4000 0 0 T 280
2 EAERIT B ANAIGE R
Table 2 Initial conditions of red and blue sides in case 2
T x (m) y (m) z (m) 0 (rad) ¢ (rad) w (rad) v (m/s)
red, 5000 1500 6000 0 0 0 240
red, 6500 1200 6000 0 0 0 250
red; 6700 1200 6000 0 0 0 280
red, 8000 1500 6000 0 0 0 270
blue, 5800 2000 6000 0 0 0 270
blue, 7500 2000 6000 0 0 0 280
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Table 3 Parameter setting of ECPIO algorithm
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Figure 4 (Color online) Effect of population size N, on ECPIO

algorithm.
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Table 4 Parameter setting of the ECPIO algorithm
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Table 5 Minimum value of objective function
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Figure 9 Mixed strategies Nash equilibrium of red and blue sides.

F 6 HEhENERE
Table 6 Maneuver library

I n, b ETRS n, y
1 0.8 —45° 9 1.4 45°
2 1 0 10 2 —45°
3 1.2 45° 11 0.8 0
4 1.4 —45° 12 1 45°
5 2 0 13 1.2 —45°
6 0.8 45° 14 1.4 0
7 1 —45° 15 2 45°
8 1.2 0 - - -
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Figure 10 Red and blue UAV sides’ flight trajectories. (a) Top view;
(b) surrounding view.
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Decision-making of multi-UAV combat game via enhanced competitive
learning pigeon-inspired optimization

LEI YangQi' & DUAN HaiBin'”’

! Bio-inspired Autonomous Flight Systems (BAFS) Research Group, School of Automation Science and Electrical Engineering, Beihang University,
Beijing 100083, China;
2 Peng Cheng Laboratory, Shenzhen 518000, China

Decision-making of multi-unmanned aerial vehicle (multi-UAV) combat game is a crucial problem in the field of unmanned aerial
vehicle combat game. In this study, an enhanced competitive learning pigeon-inspired optimization (ECPIO) algorithm is proposed to
handle decision-making of multi-UAV combat game. Firstly, a six degree of freedom UAV model is adopted and situation assessment
between UAVs is designed, the payment matrixes corresponding to two players in combat game are calculated. Then, non-cooperative
game model is selected, the problem of multi-UAV cambat game decision-making is transformed into optimization based on the
mixed Nash equilibrium, and ECPIO is adopted to calculate the optimal solution. ECPIO preserves the obvious advantage of pigeon-
inspired optimization (PIO), which has fast convergence rate. Our proposed ECPIO can reduce the probability of optimization results
trapping into local optimum by introducing enhanced competitive learning strategy. Finally, ECPIO is compared with the basic PIO,
basic particle swarm optimization (PSO), competitive particle swarm optimization (CSO) and opposition-based learning particle
swarm optimization (OBPSO) by a series of comparative simulation experiments, and the experimental results verify the feasibility
and superiority in solving the decision-making of multi-UAV combat game problem.

multi-unmanned aerial vehicle (multi-UAV), combat game decision-making, pigeon-inspired optimization (P10),
enhanced competitive learning
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