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Virtual-Constructive Simulation Interoperation for Aircombat Battle
Experiment

Dongjun Kim - Yongjin Shin - Kyeong-Soo An - Young-Gon Kim - II-Chul Moon - Jang Won Bae'

Simulations enable virtually experiencing rare events as well as analytically analyzing such events. Defense

modeling and simulation research and develops the virtual and the constructive simulations to support these

utilizations. These virtual and constructive(VC) simulations can interoperate to simultaneously virtual combat

experience as well as evaluations on tactics and intelligence of combat entities. Moreover, recently, for artificial

intelligence researches, it is necessary to retrieve human behavior data to proceed the imitation learning and the

inverse reinforcement learning. The presented work illustrates a case study of VC interoperations in the aircombat

scenario, and the work analyze the collected human behavior data from the VC interoperations. Through this case

study, we discuss how to build the VC simulation in the aircombat area and how to utilize the collected human

behavior data.

. Artificial Intelligence, Dog fighting, Air Warfare, Reinforcement Learning, VC Interoperation,
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Table 2. Common experimental setting

Initial .blue Shoot T,N,P Blue Speed Red Speed Max
location . .
Distance Control Range Range Acceleration
(North, East, [m] Range [m/s] [m/s] /s
Down) [m] g [m/s”]
T 0-1
Basic Setting (0,0,0) 800 N 0.3-8.0 50-350 240-240 50
P -05-0.5
Table 3. Combat scenario by initial locations
" . In1t1a'l Red Number of | Number of Sh09 ! Collection
Initial Red Location Attitude Human Replication Bearing Data
(North/East/Down) [m] (Roll/Pitch/Yaw) Subiects erpSub'ects Anglet Traiecto
[radian] ) p ) [radian] yectory
Scenario 1 (3000,0,0) (0,0,0) within 0.2 297
Scenario 2 (3000cos#,3000sin9,0) D (0,0,0)2 30 10 within 0.2 257
Scenario 3 (3000,0,0) (0,0,0) within 0.1 79

oot
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E= 9% TNP ghs A7geith &3 o)t 71419 S,
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TNP A %5 Virtual AlE#o]E|of] AEs}L, Virtual Al
Edolel= mlE] A TNP #9jz HgdH Aos 4
Tf2tste] Constructive AlEdo|Elof] LRIt T2 HE
£ 0014 1 Afo]&2 A3}, No| H$l= 030041 8 Afo],
POl H9l= -0.5914 0.57} Hek T 71419] 7M5=E
275k, N} Pt 71A|9] A3] &5 A7grith
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Table 4. State definitions recorded during experiments
(which can be used in reinforcement learning)

No. State Variables .\/anal?le
Dimensions
| Player Position on NED coordinate 3
(North, East, Down)
2 Player Position on Opponent coordinate 3
(North, East, Down)
3 Opponent Position on NED coordinate 3
(North, East, Down)
4 Opponent Position on Player coordinate 3
(North, East, Down)
5 Player Attitude on NED coordinate 3
(Roll, Pitch, Yaw)
6 Player Attitude on Opponent coordinate 3
(Roll, Pitch, Yaw)
7 Opponent Attitude on NED coordinate 3
(Roll, Pitch, Yaw)
3 Opponent Attitude on Player coordinate 3
(Roll, Pitch, Yaw)
9 Player Velocity on NED coordinate 3
(Velocity of North, East, Down)
10 Player Velocity on Opponent coordinate 3
(Velocity of North, East, Down)
1 Opponent Velocity on NED coordinate 3
(Velocity of North, East, Down)
12 Opponent Velocity on Player coordinate 3
(Velocity of North, East, Down)
13 Player-Opponent Distance 1
14 Line of Sight Angle from Player to ’
Opponent (Yaw, Pitch)
15 Line of Sight Angle from Opponent to 5
Player (Yaw, Pitch)
16 | Bearing Angle from Player to Opponent 1
17 | Bearing Angle from Opponent to Player 1
Total 43
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