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Manned-unmanned teaming can be a very promising air-to-air combat tactic since it can maximize the advantage of combining

human insight with the robustness of the machine. The rapid advances in artificial intelligence and autonomous control technology

will speed up the development of manned-unmanned teaming air-to-air combat system. In this paper, we introduce a manned-un-

manned teaming air-to-air combat tactic which is composed of a manned aircraft and an UAV. In this tactic, a manned aircraft

equipped with radar is functioning both as a sensor to detect the hostile aircraft and as a controller to direct the UAV to engage

the hostile aircraft. The UAV equipped with missiles is functioning as an actor to engage the hostile aircraft. We also developed

a combat scenario of executing this tactic where the manned-unmanned teaming is engaging a hostile aircraft. The hostile aircraft

is equipped with both missiles and radar. To demonstrate the efficiency of the tactic, we run the simulation of the scenario

of the tactic. Using the simulation, we found the optimal formation and maneuver for the manned-unmanned teaming where

the manned-unmanned teaming can survive while the hostile aircraft is shot-downed. The result of this study can provide an

insight to how manned aircraft can collaborate with UAV to carry out air-to-air combat missions.
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<Table 1> The Specification of the Participants in the
Air-to—Air Combat Tactic

RCS
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Section)
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<Figure 2> The Effect of the Distance between the
Manned Aircraft and the UAV
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® Manned
® UAV
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Shotdown
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0 Missile(friendly) y: 63.693
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M'5_5||9 range turning angle: null
= Active homing shotdown: true

<Figure 4> Simulation in Visualization Mode
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<Table 2> Range of Simulation Parameters

Parameters Range

Distance between manned

aircraft and UAV(d) 0 <d <50, dis a multiple of 5.

UAV’s turning angle(a) 0 < a <180, a is a multiple of 5.

Missile speed(s) 1 < s <4,y is a natural number.
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Angle@) | 5 | 90| 15| 20| 25| 30| 35|40 45|50|55|60]|65[70]| 75|80/ 85] 90

Distance (
0| 209 242| 297| 374 475 599| 7.48| 9.20| 11.17| 13.35| 15.73| 18.29] 20.99] 23.84| 26.80| 29.84| 32.91| 36.04
5| 211] 244 299 376| 477| 601 7.50] 9.21]11.18| 13.36| 15.74| 18.30| 21.00| 23.85| 26.80] 29.84| 32.91| 36.04
10| 207| 239 294| 372| 473| 598 7.48| 9.20|11.17| 13.36] 15.75| 18.31| 21.01| 23.86| 26.82| 29.86| 32.93| 36.06
15| 209 241| 297| 376| 477 6.03| 7.54| 9.27|11.25| 13.45| 15.84| 18.40( 21.11| 23.96| 26.93| 29.97| 33.04| 36.17
20| 211] 244| 300 3.80| 483]| 6.10| 7.62| 9.36|11.35|13.49| 15.89] 18.47| 21.18 24.04| 27.01| 30.04| 33.12| 36.24
25| 199] 211| 264 340| 437| 557| 7.00| 864]10.51|12.58| 14.82| 17.21| 19.76| 22.43] 25.19] 28.03| 30.89| 33.80
30| 197| 197| 235| 3.06| 391 5.04| 639] 7.92| 9.67|11.60]13.69| 15.92| 18.29] 20.77| 23.34| 25.96| 28.61] 31.31
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50| 199] 1.99] 1.97| 197| 225 3.10| 409 516| 642| 7.80] 9.28| 10.84| 12.50| 14.22| 15.99| 17.78| 19.61| 21.44
<Figure 5> Cases of the Shooting-Down and Survival of the UAV with Missile Speed M1
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<Figure 6> Cases of the Shooting-Down and Survival of the Friendly and Hostile Aircrafts
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<Figure 7> The Distribution of Shooting-Down of the Friendly and Hostile Aircrafts
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<Table 3> The Number of Shooting—Down of the Friendly
and Hostile Aircrafts

Category M1 M2 M3 M4
Manned 36.4% 27.3% 18.2% 27.3%
(144/396) (108/396) (72/396) (108/396)

UAV 37.4% 59.3% 74.2% 82.3%
(148/396) | (235/396) | (294/396) | (326/396)

Enem 100.0% 100.0% 100.0% 90.9%
Y (294/396) | (294/396) | (294/396) | (360/396)
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