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ANN-based Evaluation Model of Combat Situation
to predict the Progress of Simulated Combat Training
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Abstract

There are lots of combined battlefield elements which complete the war. It looks problematic when

collecting and analyzing these elements and then predicting the situation of war. Commander's

experience and military power assessment have widely been used to come up with these problems,

then simulated combat training program recently supplements the war-game models through recording

real-time simulated combat data. Nevertheless, there are challenges to assess winning factors of

combat. In this paper, we characterize the combat element (ce ) by clustering simulated combat data,

and then suggest multi-layered artificial neural network (ANN) model, which can comprehend

non-linear, cross—connected effects among ces to assess mission completion degree (MCD ). Through

our ANN model, we have the chance of analyzing and predicting winning factors. Experimental results

show that our ANN model can explain AMCDs through networking ces which overperform multiple

linear regression model. Moreover, sensitivity analysis of ces will be the basis of predicting combat

situation.
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1.2 Artificial Neural Network (ANN)
rot v HolH
=R

[

=

=

k9
hi

AIATR

o
=

Preliminaries

Related works
1.1 Military Power Assessment

1.

a
—
1o

‘.mo

hv s
(=N

= 7
&

[11] & 71

[12], 9== #=[13], Y=

173 % (Multilayer perceptron) 7|

A
Tl

=

Al
f=it

—_

s

=3
-

x

N

=
=

Fo} sopnt olje} F4) o

o7

Plo

THEL] A
Alell Stk

L

L

s

°

oA A%

22 oo}

?_

o

Setting Parameters of Simulated
Combat Training

Bl $AR AAAQ A

il
o A .
—_
< X
= = o
o @ @ o R
a 2 o o o @ =
.= 2% R 2 o B @
< £ a = = 20 <
Q. T £ © @ Ly o
£ S o = a = =
S o5 5 = fogr=] @
&3 2 g 25 £
8 >3 g & P a
=2 & £ = T E &
=1 s 5
= = < < =
-
> c - E o @ T
o 5.8 B Zo s o 528
o S ® 258 > S ER
E 23S © .2 5 = mymu
s B G 28 ® ‘5 @ ®
h®a FE8S = g 52
L7 T L7 T oD o o @
o

(
|

Combat power evaluation methods

Stationary
evaluation
Dynamic
evaluation

1.

Fig.

evaluation method —
(quantitive)

Combat power

I

X
el

|
p g

HEEE 24289 A

S

QA (Combat Element; ce ), A3}

=
-+

3 AFEEE 7 B0 4277 Aol[4]H

5

a1 4

o

Bk

A 4~(Mission Completion Degree; MCD )&}

3

g

]

[e]

]

o=
T

4], 1994 Rand 17+
(JICM; Joint Integrated Contin-

=
AR

(o2 ]

1 d

1

=

o] 1960 tHHE m=ollA 5

Il
&1

o)
X

NF
B
!

o7
"

Ho

=

gency Model)



ANN-based Evaluation Model of Combat Situation
to predict the Progress of Simulated Combat Training 33

1. Combat Element (ce)
AEQ A AT Qe GAS 2981 R AERA Azo

2O FF7F BaL OFe a7 kAl A, 42

=@Hol4] ga A2 Adso] gvka B 5 gick. v} o]}
o] 24 7153 AT QA7) 23T} srjahs RoAETH L
3 BAF 9 Aol tha ofele A9k 9lon, 53] 4
A R Anol thg Rols FAl A4 melHEEad A
ap7]ell AlgHeTh tihy RJHFEHA 7I5HE BE ARE
& AEse] 34 JPeshn A5eE AFRLE FE 49
2170 a7k deElon, o Aake i 13 2
Table 1. ce analysis result for the battalion
(O: Count when observed)
ID ce Category Unit | Cycle
X01 # of radio comm. Command int 0
X02 Duration of radio comm. & Control | time 0
X03 # of information resources . int 5min
Information - -
X04 # of information elements int 5min
%05 Duration of overcoming time 0
obstacles
Movement
%06 # of persong\ damage when int 0
overcoming obstacles
X07 | # of firing personal weapons int 0O
X08 # of supporting artiliery Fire int 0
weapons
X09 | # of enemy casualties by X08 int (0]
X10 |# of casualties harmed by NBC . int O
- Protection -
X11 # of devices harmed by NBC int O
X12 | # of casualties (Commender) int 0
# of minor injuries .
X12a (Commender) int 0
X13 # of casualties (Officers) ‘ int 0
X13a | # of minor injuries (Officers) Operation int 0
Support
X14 # of casualties (NCO) int 0
X14a # of minor injuries (NCO) int 0
X15 # of casualties (Soldiers) int 0
X15a | # of minor injuries (Soliders) int 0
X16 Temperature . int 5min
- Climate - -
X17 Rainfall int 5min
2. Mission Completion Degree (MCD)
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Table 2. Conversion Table of Mission Accomplishment Index

MCD Battle situation Adjusted by survival ratio (sr)
1.0 Reaching objectives 0.9 when sr < 00%
0.9 Reaching final trenches 0.8 when sr = 00%
0.7 |Reaching intermediate trenches 0.6 when sr < 00%
0.5 Reaching front trenches 0.4 when sr = 00%
0.3 Starting with H-hour 0.2 when sr = 00%

0.1 Commit preparation fire 0.0 when sr = 00%
0.0 Reaching stand-by point -

V. Proposed Model : ANN-based
Mission Completion model
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V. Experiment

1. Experimental Setting
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y = 0.32831 X01 - 0.37270 X02 - 0.06111 X05
+ 0.06377 X06 + 0.23255 X07 - 0.19878 X08
+ 0.22076 X09 + 0.11128 X10 - 0.01173 X12
- 0.22079 X13 - 0.17913 X14 + 0.25432 X15
- 0.10360 X16 + 0.22361 X17 + 1.03323

Table 3. Multi-linear regression modeling result

Variable Regregs'ion Stangrd t-value p-value
Coefficient Deviation
'ng[ 1.03323 0.16806 6.14803 0.00866
X01 0.32831 0.20802 1.57825 0.21261
X02 | -0.37270 0.23803 —1.56574 0.21538
X03 NA NA NA NA
X04 NA NA NA NA
X05 | -0.06111 0.09562 -0.63915 0.56818
X06 | 0.06377 0.08246 0.77341 0.49563
X07 | 0.23255 0.21970 1.05850 0.36751
X08 | -0.19878 0.10889 -1.82546 0.16542
X09 | 0.22076 0.19344 114123 0.33662
X10 | 0.11128 0.11743 0.94764 0.41322
X11 NA NA NA NA
x12 | -0.01173 0.15058 -0.07787 0.94283
X13 | -0.22079 0.25036 -0.88190 0.44277
X14 | -0.17913 0.19720 ~0.90836 0.43066
X15 | 0.25432 0.19816 1.28339 0.28951
X16 | -0.10360 0.10602 -0.97723 0.40053
X17 | 0.22361 0.17453 1.08123 0.29017
=48 AR AFEQ A X03, X04, X119 AA d)

4
olH X7 002 v i 4w Aol A A9 9]

o} Zxpe] EFELARE 0.0910, AHrEE 3o|m, 27 AA AT

(Adjusted R-Squared)¥ 0.3211, p-value: 0.39542%t}.
w7k vl =9 MAEE 0.21894% A% I}
B AFAAY wLe WA LU W] 58S 574
pglom, 1 g % 49 Zrk
Table 4. MLP modeling results by hidden layers
Hidden) 5 6 7 8 9 10 | 11
Layers
MAE | 0.587 | 0.466 | 0.709 | 0.208 | 0.673 | 0.299 | 0.254 | 0.257
Hidden
Levies c(4,4) | c(5,4) | c(6,4) | c(7,4) | c(8,4) | c(9,4) |c(10,4)|c(11,4)
MAE | 0.220 | 0.124 | 0.203 | 0.131 | 0.405| 0.233 | 0.333 | 0.170
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