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ABSTRACT

Modeling of fighter pilots, which is a fundamental technology for war games using
defense M&S (Modeling & Simulation) becomes one of the prominent research issues as
the importance of defense M&S increases. Especially, the recent accumulation of combat
logs makes it possible to adopt statistical learning methods to pilot modeling, and an
HMM (Hidden Markov Model) which is able to utilize the sequential characteristic of
combat logs is suitable for the modeling. However, since an HMM works only by using
one type of features, discrete or continuous, to apply an HMM to heterogeneous features,
type integration is required. Therefore, we propose a dPCA-HMM method, where dPCA
(Discrete Principal Component Analysis) is combined with an HMM for the type
integration. From experiments conducted on combat logs acquired from a simulator
furnished by agency for defense development, the performance of the proposed model is
evaluated and was satisfactory.
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Table 1. Summary of pilot modeling studies using HMM according to their purposes, methods,

and data types

References Purpose Method Data type

Hayasi, 2003 Attention detection HMM Discretized position of eye
movement

Andersson and Aerial-mission HMM Discretized speed, altitude,

Pettersson, 2004 | recognition

and maneuver activity

Mori and Landing approach Combination of linear Continuous flight sensor
Suzuki, 2010 control model regression model and HMM data

Tervo, 2010 Intent recognition HMM Discretized flight data
Lowe, 2014 Navigation model HMM with a modified Continuous trajectory data

likelihood function

Choi et al., 2014 | Hypo-vigilance HMM

detection

Continuous brain signal
data
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Fig. 2. Overview of the proposed dPCA-HMM method
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(a) Discrete HMM

(b)Continuous HMM

Fig. 3. Examples of discrete and continuous HMMs with two hidden states
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Fig. 4. Snapshot of a simulation

Table 3. Examples of behavior variables in
terms of their names, classes, and

meanings
o TR | HF o|o|
Velocity Fast =g ZJ}
Slow =3 44
Fire More =4 Jtsd &7t
Less =4 JtsMd Zda
Turn More grsF Mak Z2t: St
Less HHeF Mk 2t 2
FAE EEAHAT FAZHOE AN FTFHY

Ho+= Table 33 Zo] &£¥Ho =71 2 74,
224 JhsAe 27 9 A, wEk JAE Zr o

[e} -
Z7h 2 a7t Aok

Table 2. Examples of status variables in terms of their names, types, and meanings

AEf HE & Ef o|of
DestinationDistance Pl &9 EI*IIE—'?'—EPI el
TargetAltitudeDifference ALY ME7|et Elel & X0
TargetDistance ALY ME7|et EfAel He|
TargetExistance O] AH&d ME Bt =X o7
Velocity =y HE719 &5
BVRCapability o &t ME7|2| BVR(Beyond Visual Range) M & 7l oi &
WeaponSelection o] &ted M SHE 2712 &/(Gun, Short Range Missile,
Midrange Missile, None)
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Table 4. Four experiment settings according
to the number of hidden states n,

and the length of input sequence I
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Table 5. Average, miminum, and maximum
number of iterations of EM algorithm

o H = F 2=k | ZcHgk
Velocity | Fast 21.0 6.0 59.0
Slow 12.8 50 27.0
Fire More 10.0 40 36.0
Less 7.0 40 20.0
Turn More 6.5 5.0 11.0
Less 8.8 50 25.0
o 11.0 48 29.7
5
3 x 10
g
= 1r
50 |
- -1 ! — Scenario 21 |
_ - Scenario 8
2 ‘ ‘
0 5 10 15 20 25

The number of iterations

Fig. 5. Log likelihood of scenarios 21 and
8 according to the number of
iterations
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settings of the seven models

Model Average accuracy
HMM(cf) 0.45
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