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A Study on Generating Meta-Model to Calculate
Weapon Effectiveness Index for a Direct Fire Weapon System

Ye Lim Rhie - Sangjin Lee - Hyun-Shik Oh'

ABSTRACT

Defense M&S(Modeling & Simulation) requires weapon effectiveness index which indicates Ph(Probability of
hit) and Pk(Probability of kill) values on various impact and environmental conditions. The index is usually
produced by JMEM(Joint Munition Effectiveness Manual) development process, which calculates Pk based on
the impact condition and circular error probable. This approach requires experts to manually adjust the index to
consider the environmental factors such as terrain, atmosphere, and obstacles. To reduce expert’s involvement,
this paper proposes a meta-model based method to produce weapon effectiveness index. The method considers
the effects of environmental factors during calculating a munition’s trajectory by utilizing high-resolution weapon
system models. Based on the result of Monte-Carlo simulation, logistic regression model and Gaussian Process
Regression(GPR) model is respectively developed to predict Ph and Pk values of unobserved conditions. The
suggested method will help M&S users to produce weapon effectiveness index more efficiently.

Key words : Meta-Model, Weapon Effectiveness Index, Probability of Kill, Modeling&Simulation, AddSIM
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Ph)3} AHAFEHE(Probability of Kill; Pk) 52 &=}k
FA 9| W H = Frlelal 5 Aol ¥Hgsk=t, of
o F2sh= dlolE7h 7| axpA|golty. B AukR|S
© WIAANY B 292000 AAR, 249 W/
| A= 59 AdgxrdolA EAoA Asis U ¢
EL= 7RsAel Ust &4 33 0 2(Driels, 2004), &
=ollie HEEED AEER gt @A ¢
2] o] 85t= M&SAH A= vl=ollA A3t IMEM
(Joint Munition Effectiveness Manual) Ho|E|2} =ujo]]
A JMEM 2] wet gakst dlojd 55 F7]a
A= ARgRITE o] HlojEl= AlRETF ol Al
Zagh A7k vjgo] wWol Aawy] wro] U5 =
F7IA AR} A0l gt S dlolelvte] SR EGIch
E3H FAE 2200149 tlolHE AilstuE, A F - o
7] 59 F7HAQ 84 aaF 1eshy] ffsiMe Hi
7Fe] s shof| HAGo] A8 ofof qith of=gt g
£ F5517] 8l e FIAA M&SE 83t
H7I 2R AlEgo]doR AJEhE tlo[eE AEsh= W
Ho| JFE31 ITH(Choi et al., 2017; Anderson, 2004;
Chulsilp, 2014).

F7I4A M&SE &85t ZEH7FER AlEdolde
WY Ao FEke wA= dYHpet O s Y
S, WA TR RE 90 S5 xaole] 7t ez
of

i)

ek MR AT NSRS ARG, e
o] WALE g WaE T ARl BRI AL A
=

S 201, F7IAAL 27 ] A T917F 1,000 m
elollAl 500 m T2 AlEekE= ) 71Ee] ALt
Al o2 dEigiel it AIEES AbEsh] Sl 3t
el Algdlold o] 87E: &, A W] oF
ot} =0l MAEE wulth EAAZE] 754
o2 STV HER, HE W] 2oto] gt Fr)a
A5 ARtk ofetEel Qlok w2 =2ollA
€ Algdold 23 vie R vetids A4St of
£ Z83to] r1aAeE Altshe e Ak

4t
Hl-§S Eol7] S8l AlEdolde] o - 54T A
oA Ak A4 Bde onjgitt & dAolAe
F7AA 54, 4z, @420 59 Aol gt
HSeEL ASEES ASshe HEede 222
3| A= DI Logistic Regression Model) 7}-A|9F &
A2~ 3] X2 (Gaussian Process Regression Model; GPR)
o AT B ARIATE AP} AR B
= Ay o] tigt AlEdleld AiE v e ® weke

[ 24 IEEINERTISECIEISV

9e wER AP BAsH

 =Re] 22 slze) BrlETAIS A
HEe] AT e S AL A, 354
bR BT PR AL HE A
oS A/ 4 479 ooloh BAES et
2, 71& AT

2.1 JMEM 243tE 7Alit U

BAF MESE B4 1A A | Hajg wel
s7] Slal chopl AR 240 that 2o\ ETA|2E
Qlefkath, oIl B o)A Ao of
31 ThiFARANSLE(Single Shot Probability of Kill)& |4~
ook gro=, WAL ESHEY A 7H] AR, ‘2
P, ‘& T 5 FIIAAY B4 e o] digt
19] HseEdt 9o 138 HEES & FH=E
Sk EA -2 LollA otk ofsh AV Al Ab
ol AAE7| a2 A HE(AWAM; Army Weapon
Effectiveness Analysis Model)¥} AL/ 95 Folch9
A ARG Sfat o] B2 Hlole] A Rl
COSAGE(Combat Sample Generator)+«= Z1} go]g]o]
izt Al==F =ol7] $18f IMEM d|oJEL: JMEM =}
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Aol tigt oA 59| FIFE A= DA, dubyo
= Ao AXE F/dste] 2t AR Falol 1 Fol F
W3 o) 240 sl FrgF AL 4dA A= 22
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Table 1. JMEM Process

Step Task

Intelligence collection/production

Target geometric model development

Vulnerability data development

Effectiveness indices or lethal areas generation

[ T I S B O R B S R

Damage calculation/estimation




ZME| R7IMAS RI1ERRI: AMS 2fet HEIZE MAUE 7

JMEM " E0) A AERE dlole= 14 45l
&34 2K Circular Error Probable; CEP) S48 oF
F spHol ) we] %) B AUklo] A
FA} 2743} Bko] & @ X Aiming Error), T18]1l B
9 2(Ballistic Error)o] tjgt Heke A&-FALS 22| F7]
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of w2 o] Fasir} & A= ARtE o= IMEM
Aol whef AMYEES AR STHAlo A 259
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S B3It
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2.2 ey ok
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= 32| AM4l(Mobility or Fire Kill; MorF)) AHAIEHE-S
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A4, T 5o A7} FasithLee & Kim, 2013).
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Fig. 1. Example of vulnerability data

Yaw = 45°

2.3 AddSIM 3.0

2 ol Ak AdehE Alkks flel A2
HE 7|4k A A% )37 (Advanced Distributed Simulation
Environment; AddSIM)2- &-83}%Ic}h AddSIME F7]
AAY de H Bit= BAS 5= FAA sEAE
gold Az EYolg, AMAN= AR wel 7714
A wds sk Alue|es A4, ddste] dis
gholgl 4= QItHOh et al., 2014). AddSIM WA 3.00]|4]
= 2159 A5 s 77144 BSM(Base System
Model)& Edjo]olz AlFstal qlom, FH=o] X3
% 7 EE AlSTeEN AlRE 5 FIAA At
HEAL X YsttH(Lee, 2020; Lee & Oh, 2019).
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B+ 61z, +.+ By,
€

b 1+ Byt By + ot By, (1)
(&

p,  FER4TL 10] @ BFB(EE HTIE B8)
B, : mA2E A%

2.4.2 7F-AIQE ZE2AA 3] EA(GPR)

GPR-Z H]AF 3|70 AM-E|= 2| =85(Supervised
Leaming) 7| % St Q134144 weluch chsl
A AT 4 glom AULATI] BErhe 4o] 9ol
ofe] ool AT Ytk GP BIL 439} 2ol
5 (Mean Function)®@} 3&AF 3t<=(Covariance
Function) 2 9=, o] ] ¢J9je] = 7 Xo} X2 2
4k AXYsL7] 913k -84 #'d(Kernel) = RBF (Radial-
Basis Function)?} Matern 5 t}F3t $59] sk} A
25 4 QltRasmussen & Williams, 2016). 4] (3)9]
kX, X*)2 Matern g4 02, skgo] o upe} &
40 BAE 243 sto|muetule)(Hyper-parameter)
&1 13} v gro] 24Er}. 319149 smoothnessE 27
St v7F F3di7F =W RBF Ad 3 SYsixich

sk 23} 0121 dolelo] ohet Hrt Aol )
2 glolgo] tigt A2 E Akekozn Q28 9
ejzlol] o Aagre 22 4 ot

F(X) ~ GP(m (X),k(X, X)) 3

m(X) = Elf(X)]

k(X X) =

1 2v Y 2v

I () P AL PR}

l . length parameter

v : smoothness parameter

d(z;x;) @ xi, xj2] Euclidean distance

r : ZHulgk(gamma distribution)

K, : v E ZH= W Alg(Bessel function)
3. 9 A

AR Fig. 291 o] (1) Alvz|e 214, (2) Al

[ 26 JEEINE=RISECIEISV

gl A3, (3) dlofe 24, (4) dlofE Bike wEth

3.1 AlLfE2 ZHd

AU e 2 DAl A= Algdlol el Fofshs
7IAA ElololE A7 HAAIell wiAlskaL A& ol
Aol AR 2713k AAT o] 27]gkele w714
ALl &4 Qo AFPEL} H7|HE 5 2R
ot A E7E Zbdy 3249 HIEES A
HalMe &4 F7IAAL w712 g wsEt
Ed 0017} Hix|Elojof s, EAofi= FeFdH|olE7}
A g ofoF i,

- Construct spatial players, damage assessment
players, and environment

- Define variables and their variations
to be observed

(1) Scenario
Development

1

+ Evaluate Ph
- Trajectory of spatial players

- Evaluate Pk/h
- Kinetic energy, Shaped-Charge
- Target vulnerability

(2) Simulation
Run

+ Preprocessing
- Normalization
- Significance test
- t-test, F-test
+ Meta modeling
- Logistic Regression
- Gaussian Process Regression

(3) Data Analysis

{
(4) Ph, Pk

Prediction ‘ ‘ + Predict Ph and Pk using meta-models

Fig. 2. Analysis Procedure
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sk o) BHeghe ot B AT vkt 35
o] Fory elolEof thet meelo] A48 2l
&17] $18tol, SsoluAek) @ gereto] tzt & 714
FH &R T4 QAsKE Ao gigt HokEol
£ COVART Zzsioz YAksigich

T aHAGE AA] G A e g v
9} 7 WIEHISIE Table 29} o] LAJato] % 3x15x5x
2x5 = 2250 719 AUE]QE AWASIF o, 2EeA}
oF e o alof Tt e Whdsly] ) AlE el A
2003] WHE A|HsGCE B O] YL WASHE] 9]
A2HE ARS} AlMZke] HARES 7|20 R A4t

o, R FEOR ISl Fh9 e 4@t
.
Table 2. Experimental design
variable level
target yaw angle (°) 0, 45, 90
range (m) 1000, 1100, 1200, ..., 2400
angle of sight (°) 0,1,2 3,4
temperature (°C) 20, 30
wind velocity (mv/s) 0, 5, 10, 15, 20

3.2 Nl 43

SIAE 2R Altel et R71AAS} E2jo] i
A AR ) B 3 AL 1R At ool 9
=7t AR el 9% BAE A TS
AT F B WA B 344 A w3
g PAst] BAINE ARl

AEAR SANA A A yaw 2tk A3
(M, F, MorF)el ute} k2 Hepielolelt 588k 3
AL 90°% 7120R thYFIE B AT 0%, 45,
90°2] 99| FHopyelole S Bashsick

FHopgelolel 57 217]) AA(Celh= FA5oI3)
o) Aze] 271wt o] Aol 2=ch ok
7t Eeololi= BAIAZL WREE AAE At 3
Ao} AHHES Ak B APolAE ARl 37)
MO AR AE S| 918 A @3 2ol 5
3 A2 el BAEe) B 7bke 9119 F 2
Aol QS B Yol WES JEBEsN] HyeAES
Aelsict

| ot

O
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8 8
Pozri‘"rozpi
Pk: i=1 i=1 (4)
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81y + D,
i=1

P ARl SslEE
no i AR B AllY A

0 @ o] YA A%

18 : Bl ASIERS, thZbAl waEe] A

3.3 Hlojgl B4

3.3.1 S-S A3t

AA e Ao M= EPu40] theyr) Wigkmd o] A
ol uAE G glolr] At Arsks Akt
Ha-Fd Aqrshs A (5)ol wet ZF WaE 4o,
Zoizk 1 Alo]e] gk zhe = wWslel.

X— Xmin
X — X ©)

min

)(normalizvd = X

max

3.3.2 ER s A9

et E o] SRs= At e 2 TAo] 2w
7t &2 YAl foulet Y vAE Ao AA
ek o= YR o] GEilof| npeh ZE RS
Batol| BAF LR foulgh zpo|7p A=A g3
O g o]FofZint. Wt} sk WHETt F 7HA] 4=
2 2= 73 Student’s t-testE AlSYstaL, Al 71A] o]

= KT
o) S8 M 7 BARAANOVA)S A3l
L U EEEE T PR LTS

Fig. 19] Fopdu|olEolq T2 g 7tz
2o HAE A, MEFoR0 HAE Aozt &
o 2= Table 33} Lt

Table 3. Result of Mean Difference Test

variable azimuth elevation
remperature t=00 t = -0.044
P (p = 1.000) (p = 0.965)
_— F = 127.0956 F = 128.940
g (p < 0.0001) (p < 0.0001)
ko of sish F =00 F = 1438.755
angie ot s1g (v = 1.000) (p < 0.0001)
wind veloci F = 7281.835 F =00
vy (» < 0.0001) ( = 1.000)
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2o A7) 220A taest A B3 A4zo] 0
o o, LEi folnje Gk mAA] eoleh Fetest 2
3} A7l g9l aze] mE ojuldt GRS vl
Hom|, AMZEE T7fel, FEHE Wzte] fonlgt
& vl Wb A, A7 B4 vlehme)
Eguis Ao,

3.3.3 2X|A¥ 3HEY

gho] 4o BE=A9] o FE A58 e =
ALE SAREAS Aottt BAAE IHEAL
Python3.59] scikit-learn T7]x]& o] -&-3}o] AAlstITh
Al Al ek HA Ad SRR -] foug o
e A= AAE, B9 7E SHHSE, o)X
R BFoRE THHSE ARSIt

BEX|AE DHEA Adt 349 yaw 7} (0°, 45°, 90°)
Z}zto)| tigt 2R A 3R ER 4] (6)1} Zom, A7t
S5 W] 9o 2d diEgtat AR B A
SE(YT S/ ATNESIR) S vlastylet 1 Ay e
A3 Au|E o235 AT 0.947, 0.929, 0.9769]
I, R*ZFE 0.973, 0.929, 096302 ZAAE 3|7md
o] WEEESZ Ao 53 ERlskdich A (6)°l
A AAE, AR S5 SoR HSEE J3s Eol
A= AL & 4 Uk

logit(Ph)(0°) = 2.117 - 0.231x%& -

2345x A7) - 0.417xA| Az}
logit(Ph)(45°) = 2.140 - 0.232x3<: - (6)

2.668x A1) - 0.313x A4z
logit(Ph)(90°) = 2.117 - 0.231x%& -

2.345x A48 - 0.417x A4z}

3.5.4 79N ZRAL H7RA

7F-AIQF ZRAM|A S HEAL Python3.59] scikit-
learn T7]X]E o] &5}%.2H, Matern AL sfo]wut
ZolE ] 27|12 1 = 1.0, v = 1.55 43t =
o] GEAS AZ5] 93l 80%] HolEl2 ssakaL
20%9] dlo|el2 H=dl= wAH3(Cross-Validation) &
102] wrEsisic

Fig. 3-& APAE]7} 2000 mQl - F&3} Al4lzto|
tigh dlolE e} Wiehdle] oS Az, HlolE7} nlAdY
Aoz wg(fitting) = & & 4= Atk Fig. 304 “x”
2 27)89 A2 29 E-of AMH HlolElo]aL, “e”

[ 28 JEEINERISECIEISV

2 175 ge A% ol A8H Holeg ouat
o, 7h9Ajek e Bj7melo] Eal Ylolel ohet
2% dolH® SAsH dzshs A& g 4 gk

Kernel= Matern(length_scale=7.69, nu=1.5), alpha= 0.0001

- constant variables -
Range = 2000

x training dataset
e testing dataset

0.0

0.2
Wo.q 06 44
'nd\/Eln;,igy : 10

Fig. 3. Surface plot of Gaussian Process Regression

et o] At S tlolEAle] gt RMSE
(Root Mean Square Error)E 103] W2 AXksE HA45k
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o] 0.01 Fr=YS Hol 7RAIQE Z2A|A J)rdo]
EEES dEshe vEedE 28 4 e 23
ok AAE dAelA 27iE FHeHdulolE = g Hjs]
7179 Fak 1ol wkeh Afol3t QFARS BT Table 4
o] P(PKh > 0) 2o Fepgulolele] A WA iy
aj5} WPAs WA AT Z0® KERo] SCRh
o Al S} R B4 nglon), g &
TEHE7F e 2AKEL, SChHETE &2 27(KE2,
SC2)0) ST} 2 AL 2 4 ek AU
P15 AHME 54 Eo] 9l Qo] oo 85 0
o] gh& 2 542 wgow, KEI°| Aol oM
glolel 9] o] 001917
SAe AFE Bt

3.4 Ph, Pk GI=
2228 ARy} 7ReARQE Z2AA 3| Edo
P2AS YIS o Yot EES 44 HSYE
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Table 4. RMSE of Gaussian Process Regression model

t;%st m‘izl}j;gj:m datymlfege P(Pkh>0)| RMSE
M 0.0288 | 0.000796
KEI F 0 -
MorF | 00288 | 0.000794
M 0.715 0.0107
KE2 F 0.658 0.0109
) MorF | 0794 0.0110
0 M 0.266 0.00805
sc1 F 0 -
MorF | 0266 0.00856
M 0.432 0.00810
sc2 F 0.548 0.00856
MorF | 0655 0.0122
M 00282 | 0.000920
KEI F 0 -
MorF | 00282 | 0.000956
M 0.703 0.0114
KE2 F 0.575 0.0176
) MorF | 0758 0.0160
® M 0.285 0.00883
sc1 F 0 -
MorF | 0285 0.00877
M 0.396 0.00913
sc2 F 0.451 0.0128
MorF | 0.549 0.0144
M 00641 | 0.00317
KEI F 0 -
MorF | 00641 | 0.00319
M 0.776 0.00966
KE2 F 0.601 0.0132
) MorF | 0.849 0.0151
% M 0.307 0.00799
sc1 F 00116 | 0.00818
MorF | 0307 0.0112
M 0411 0.00871
sc2 F 0.497 0.0104
MorF | 0593 0.0124
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