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[Abstract]

This paper presents a method for predicting the threat index of combat systems using Gradient
Boosting Regressors and Support Vector Regressors among machine learning models. Currently, combat
systems are software that emphasizes safety and reliability, so the application of Al technology that is
not guaranteed to be reliable is restricted by policy, and as a result, the electrified domestic combat
systems are not equipped with Al technology. However, in order to respond to the policy direction of
the Ministry of National Defense, which aims to electrify Al, we conducted a study to secure the basic
technology required for the application of machine learning in combat systems. After collecting the data
required for threat index evaluation, the study determined the prediction accuracy of the trained model
by processing and refining the data, selecting the machine learning model, and selecting the optimal
hyper-parameters. As a result, the model score for the test data was over 99 points, confirming the

applicability of machine learning models to combat systems.

» Key words: Artificial Intelligence, Machine Learning, Gradient Boosting Regressor,
Support Vector Regressor, Combat Systems
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I. Introduction
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Fig. 1. Defense Al three—stage evolutionary model[3]
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Fig. 2. Warfare Flow
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II. Preliminaries

1. Related works
1.1 Machine Learning in Combat Management
Systems Domain
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Fig. 3. Naval Combat Management Systems[7]
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Fig. 4. Machine Learning Classification

1.4 GBR(Gradient Boosting Regressor)
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1.5 SVR(Support Vector Regressor)
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III. The Proposed Scheme

% ﬁ ‘1: Flg 59.]“ 7]5‘}% Az }E. 1_]_3]46']“93\[‘,]»

oy 3y

HoE} 23 o[

CEERE LEE
T

o=
87t

Fig. 5. Procedure for conducting a study

1. Data collection, analysis and processing
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tlolEE 7t oF 269PH A= Ad/dsto] & 36THH
clojEl2 sk clolelslt AlF clolEle st
2 gojele e7le] 4402 ojolx glom, ¢)g
K42 o&3tch go]EAle Table. 104 ¥ v} 7
o] 77l¢] £/402 o]fojx 9lo, o] & threat_point
= 7} tolelolt). Fig. 62 E|AE to]Eje] S|},
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m\l
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dis; vel| WE_ability inner WF_available_range| under| over threat_point

42123 9117922576568318  -1612.8844531695543 05 999
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-526.8585781577768

999
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Fig. 6. Datasets Sample
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Table 1. Features of datasets

feature Description
Distance of the target relative to this
dis ship
- unit :'m
vel Speed of the target relative to this ship
- unit : kts
. Target’s armed capabilityies
WF_abilit
- y - range : 0.00 ~ 1.00
inner_WF_ Whether or not this ship is within

target armament range
- range : O(=false), 1(=true)
Whether the threat point is the

available_range

under minimum or not

- range : O(=false), 1(=true)

Whether the threat point is the
over maximumor not

- range : O(=false), 1(=true)

Threat Index of the target relative to

threat_point this ship
- range @ 1~999

‘dis’, ‘vel’, ‘WF_ability’, ‘inner_WF _available_range’
£/452 AEAAIM a5t 7Hs 2 AgAIsE 73010,
e, £ 52 AR 7IEC= oF mA9] ArjiAlQl glolok.
AR 2 AEAAS Boll 245 dEs dis, vel o Z382
9] Z2(ex, Mig-21, LYNX, B747, F-16, P3-C) %o} 3k

2 osl £71H91 He] 248 AsIect ol Fig 72

available_range

Track Velocity

HEAA

Track Distance
Databus

Py
==
2
EY

Jx A

]

Track Platform

Fig. 7. Data collection, analysis and processing

dis” o 'vel' & BAS] £29 2] UEUlE 470]
of. ‘under’ 7 ‘over’ 4452 AEACIA EAISH:
A@R|59] o] 1~9990]n2 AMM o2 HHsHHS o
FAI57} 10Tk 22 999 Zufd 7 Qo] 12 At
= ‘under’ £410] ZC 1ok A Ao 1 o

o
‘over £449] 749 999&7} U 4L 1, ofd HL 0 o=

_ﬁ
nC

hd
o
=

= u
1~9992 o592 4 QA 'under’, ‘over 4% F7ls}
1

7y ER|S Aol GBR ZRA sl £7d0] 5-a5H]
2 7oz W5ttt ‘WF_ability’, ‘inner_WF_avai
lable_range” £/ Aol 7M1 R4 53 % A2
gzt Beoltt. g B4 Z3E JEs AEAAS 59l
2 7heci,  pAE E S50l o2t
‘WF_ability’ 4/g0]] 0~1 Ato]9] Zfo2 Hojujn wEg
2 ARSEC Aglo] ZEiE0] 2aF AbAR] ot 9f&] &
732 ‘inner_WF_available_range’'@] & 108 AMRE]
0, ofd 4% 0= ARSECY

&g gloleMl £/dE ofoldll 7= Table. 29} ZTY.
21t 4743t “WF _ability” 4/d9] tlo|g|Alo] F-55HA &
23 £ Q= sigion, AA| Holgox 4 Al 2]
uiel A<do] ol 24 AbA2] ¥l Hoj8E o 24
3 Agsreict. giolels S8R 55 ATt ol
+ B& Aol gisl 2o stgohr] HEo|n sl
ABJSHR] A 4G diEE0] ol s &

7t=2 & Lo A+= R2 Scoredf 100 335t R2 ScoreS

3900, R2 Score= 1000] A|HHZfoln, =242
=2 552 7K

- F= glo|g] md MAR2 Score) : F 99.9
- 750K & Hojg 22 H4(R2 Score) : F 97.5

Table 2. The Number of training dataset

The
Feature Number
By inner_WF_available_range property
inner_WF_available_range == 50008
inner_WF_available_range == 298593
By WF_ability property
WF_ability == 69868
WF_ability == 0.9 69655
WF_ability == 0.5 69872
WF_ability == 0.2 69565
WF_ability == 0.0.1 69641
By threat_point property
0 <= threat_point < 200 69782
200 <= threat_point < 400 70540
400 <= threat_point < 600 63194
600 <= threat_point < 800 64667
999 <= threat_point < 999 80418

2. Selecting a model, setting hyperparameters
oAl 21d0] 29 s} o]l w2t &lxe] melo] o
£ 4 glon], el Re SolHE sjojn mztujelel
7ol met 1 5S¢ gebd 4 ik ol Hde) ne
% sjojm} mfeulelg shlslolct.
GridSearchCV APIE A}t GBR 2H9| sto]nf m}
2toje] Axgre shlskcy 22700 stoln metole %
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4749] stolu] mejolEl2 ALGBIGIO, 1 e Table. 3
3 et

GridSearchCV APIE A}23to] SVR R@0] sfoli i}
2hole] ZjAS Slsigict 22740] stoln wetuel %
3Ho] stolm metulE S AFRSIROH, 1 3 Table. 5

Table 3. GBR Optimal Hyper Parameters I+ 7z
Feature Input List O\p/)tilmal
alte Table 5. SVR Optimal Hyper Parameters
learning_rate [0.01, 0.02, 0.03, 0.04] 0.01
max_depth [4, 6, 8, 10] 10 . Optimal
n_estimators | [100, 500, 1000, 1500] 1500 Feature Input List Value
subsample [0.9, 0.5, 0.2, 0.1] 0.2 kernel ['rbf', "poly’] rbf
C [0.1, 1, 10] 10
gamma [0.1, 1, 10] 0.1
7t stolu} watole| 448 Ug-S ofele 2t
- learning_rate: ZF E2|9] 7|0 & A|ojs}= U7 7} sto|m mlefulg] £A44 U182 olefet zith.
20|t} o] gho] AZag wdo] QPYAo|X|TE, O T - kernel: SVRO] A}g&& #H4d 3shrolm|, 'rbf
E2|7} Has. 'linear', 'poly’, 'sigmoid’ % sh}E AMENSH 4 9t 7]
- max_depth: E2|2] X|t}j ZloJo]t}. o] gro] A4 BZEo 'rhf'oltt. ‘linear'= A ClojE{oAQ] EAS

i EI_Eﬂ]O] 13] ixl—aﬂx]n:] y_}ﬂé¥ 7}#}\-]0] 717(1 _/'\_ %13
U AR 3k HlolH o met ofE &

- n_estimators: $AE ©A 3, é E2]9] 7}j4o]Tt.
o] gto] 245 o] EAGHAIY, WA 71s/do] #AIM.

- subsample: Z} E2]oj|A ARES ABEO] H]go|T}
o tol o o el 2] g

stolu] stetoleld Qapy selg
49} Attt learning rate?t AU @ (max_depth *
n_estimators)?] 3fo] 245 &, B} Baas 29
9] A&z} obxlS 201519 00, learning_rate’} &=
245 Eelo] Apo] GRe A WL s

o?_‘ ro

Ao EerS T Adsol £ %S Hos wWHs
‘sigmoid' = AASIK] Uk mHAsH] GridSearchCV
HIAEOA AAsHICE.

- C 24 Fao] A BES At Lol

A2 A2 W2 QLS §l8sh, 2 2 A2 QAN &
ettt wHo] 2Adat A5 Atol9] Egfoleens &
Fshe 528 a4ao.

- gamma: T1bf, ‘poly’ & ‘sigmoid’ 29| A4-0]

o], gammazt 242 345 dlolele] gaRlo] ARIL, &
242 Aojlct,

sfolm mteolEld S5 Ak Table. 63t 2o, A

oo=2
subsample® @A HolElA|H 2] 9 Fi sfojny AU BRI gs Helstgon], @A Hels
melulE} opde apoleteinh. Al i@} lojejer  OfOIH METIENE Gl Sjuzh glrhal westoint
7r0 X o:]?ﬂ oFrO. o o Eg]o A 5
ee A Om; - delse] 25 29 12 8% Topie 6. SVR fit results
S Wo] jh3-S &9lstich - t
yperparameters
kernel C gamma X2 S
Table 4. GBR fit results rof 0.1 0.1 29.60
rbf 0.1 1 29.60
hyperparameters R2 rbf 0.1 10 29.60
Il I T e e ———r
0.01 10 1500 0.1 99.9449 rbf 1 10 29.66
0.01 10 1000 0.1 99.9442 rbf 10 0.1 26.79
0.01 4 500 0.1 97.6394 rbf 10 ! 26.78
0.01 10 100 0.1 86.0545 rbf 10 10 26.78
0.04 10 1500 0.1 99.9365 poly 0.1 0.1 17.50
poly 0.1 1 17.50
0.04 10 1000 0.1 99.9388 Soly 0 10 1750
0.04 4 500 0.1 99 6356 boly . K 18.40
0.04 10 100 0.1 99.8816 boly 1 1 18.40
0.01 4 100 0.9 75.0275 boly 1 10 18.40
0.01 4 100 0.5 75.0287 poly 10 0.1 15.30
0.01 4 100 0.2 75.0018 poly 10 1 15.30
0.01 4 100 0.1 75.0450 poly 10 10 15.30
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3. Training models

&k0] scikit learn APIZ A2sIgion, 27f ol
(sklearn.ensemble.GradientBoostingRegressor,
sklearn.svm.SVR)S A85t0] A2 H]wstgict 3.19]
APl Azt o] dlolel 2, Y L ARlstel st
Zon, stojm mehojeEs 320 BIH  ZXY
GridSearchCVE E3fl A&st sto]n mitulelS A5t
At 2Hl ot50] 4% 2 AFE Ssh AR stolm ot
2P E ol oA SAlo AIe8Eict.

IV. Test Results and Evaluation

1. GBR

ol GBR shao] Aol B oA, wel Folch

Yot @AHRMSE) : 6.515831562802117

- 29 H4R2 Score) 1 99.95946458178291

RMSE @Alo g2 HtQALS 1311, R2 Scorez ZH
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Table 7. The Number of discriminatory data

Range Count

Errors < 10 67290

10 <= Errors < 30 1687
30 <= Errors < 50 401
50 <= Errors < 70 238
70 <= Errors < 100 98
100 <= Errors < 200 6
200 <= Errors < 300 1
300 <= Errors 0
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