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ABSTRACT

Purpose: The purpose of this study is to analyze the factors that affect ammunition performance by applying
data mining techniques to the Ammunition Stockpile Reliability Program (ASRP) data of the 155mm propelling
charge.

Methods: The ASRP data from 1999 to 2017 have been utilized. Logistic regression and decision tree analysis
were used to investigate the factors that affect performance of ammunition. The performance evaluation of
each model was conducted through comparison with an artificial neural networks(ANN) model.

Results: The results of this study are as follows; logistic regression and the decision tree analysis showed
that major defect rate of visual inspection is the most significant factor. Also, muzzle velocity by base charge
and muzzle velocity by increment charge are also among the significant factors affecting the performance
of 155mm propelling charge. To validate the logistic regression and decision tree models, their classification
accuracies have been compared with the results of an ANN model. The results indicate that the logistic re—
gression and decision tree models show sufficient performance which conforms the validity of the models.
Conclusion: The main contribution of this paper is that, to our best knowledge, it is the first attempt at identify -
ing the significant factors of ASPR data by using data mining techniques. The approaches suggested in the

paper could also be extended to other types ammunition data.
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Table 1. Input Variables

Category Variable Name Type Description
DODIC categorical item classifier
General Origin of production binary domestic or foreign production
characteristic Ignition powder type categorical types of ignition powder
Production year ordinal year produced
Critical defects rate . . ..
(AmAA ve) continuous fraction of critical defects
o=
Visual Major defects rate continuous fraction of major defects
inspection (F44 v8)
Minor defects rate continuous fraction of minor defects
A2+ v&)
Major defects rate . . .
Input (A7 %) continuous fraction of major defects
Varia - B
bles Muzzle velocity by base continuous average muzzle velocity
charge(A7F &) by base propelling charge
Muzzle velocity standard de-— .
.. . standard deviation of muzzle
Functional viation by base charge continuous

tost (Aot By 272 velocity by base propelling charge

Muzzle velocity by increment continuous
charge(a273F €l&)

average muzzle velocity
by increment propelling charge

Muzzle velocity standard standard deviation of muzzle
deviation by increment continuous velocity by increment propelling
charge(a17deF BF&-2FHA}) charge
Stockpile Content of stabilizer content of stabilizer in

. : continuous .
Analysis Test (A 3Hah) propelling charge




* A Study on Determinants of Stockpile Ammunition using Data Mining 301

Roh et al.

3.2 dv=d

mt

K
ofpy

o
)

—_

X

ofpy
.Lmo
Bo

24

3.2.1 2x¢ 3
CRECE R

[S KN
wa

1A

(DI 24
2 o]

ol A2l

9

) 24

]

R

j .

He 4 gelg7} of

g

=

4l

g

3H(binary) T-

o

ks

412 Hosmer& Lemeshow 7

%1—

S|
A

el

o 2Axd HA8

o
A

#3

A

e 2

0

T

P

3.2.2 9+

tol ElolHE 7ok

2 nhr)E AT

=]
RN

1—0]_

}o} (Choi et al. 2015).

9

W ot} (Choi and Riew, 2016). 2JA}

1 CART(Classification and Regression

=

el
7} A

AAA UF B4 98 o] (binary) 72

q

)

Aol A

)

<
T

3

bz

=L

o} 18]a CART €are

Plese) $440] At HEw

3

N

o

Eq

&,

ol g3t

=
=

Gini index

Bhal=

& o] gl et

Ejm]

g

bl A S 4z

S

5, 49w=e) Al S 8,

o~
T

LI,
i

Ul
=

ojy

i

94 2gs M

E

¥ A EZ(Multi Layer Perceptron ;MLP) U

=

o

= o

N ZLRo|E =0 F7]¢} 95 FH(rescale and shift)3F

o]

=
=

A1 74

ot

iop-

o

F9 ok Jung and Jung(2009)8 =3} =t 7} Zo}

I3l

% A8

[S]

AT BAR

HAl A e

5]

1 el (overtrained) &2

S

& 5 A

HEE b Ag
(overfitting)

2~
nn

s)
=

A 253K underfitting) S %)

S

&

A

e =
=

7}
9 ey wug

T
,ﬁo

ol

A

Aol &

P
T

]
A

}= Asbglel whe} 4

B

, ElolEe}

s

171 o tar sk¢lvkJung and

A 3]

0|

LT e WASZEA G,

13719

B Aol A=

Jung, 2009). u}2kA

B
=

1070, 1578, 2078, 2570, 307}, 357)) 53] Wk

3.2.4 1d H|w

(confusion
A obg WA

A
AT

(e} ==
g2 GJoEF

FROC =+

I
pud

matrix)¢} 212} 3k 214 (Receiver Operating Characteristic curve; ROC 3+4)& o]-&



302 J Korean Soc Qual Manag Vol. 48, No. 2: 297-307, June 2020

(Area Under the ROC Curve; AUC)Z &Hlsl3it) dolHE ¢
2 FEsle E4skih
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Table 2. Results of Logistic Regression

variables description B S.E. Wald DoF sig. Exp(B)
production year vear when an item has | _ a6 | 559 | 365 1 546 | 965
been produced
ignition powder type | types of ignition powder | 2.024 .980 4.263 1 .039#x | 7.566
major defects rate | o0 of major defects | 507 | 123 | 16876 | 1 | .000% | 1.660
(%) of visual test
major defects rate(%) | . v.on of major defects | 415 | 214 | 3.771 1 052+ | 1514
of functional test
muzzle velocity standard deviation of
standard deviation by | muzzle velocity by base 3.02 730 17.149 1 000+ | 20.556
base charge propelling charge
muzzle velocity b average muzzle velocity
, Y OV | by increment propelling | -.268 | .125 | 4.614 1 032+ | 765
increment charge
charge
. standard deviation of
muzzle velocity muzzle velocity b
standard deviation by | . v oY 231 | .695 | 11.040 1 001+ | 10.077
. increment propelling
increment charge
charge
constant term 218.12 | 113.81 3.673 1 .055% | 5.34E94

*p<0.1, **p<0.05, *++p<0.01
-2 log likelihood(-2L1)=75.720, Cox & Snell R*=0.595, Nagelkerke R?*=0.796
Hosmer & Lemeshow test(4) chi’®=6.050 (d.[.=8, p=0.642)
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Table 3. Results of decision tree

input variables significance normalized significance
major defects rate of visual inspection .149 100.0%
muzzle velocity by increment charge .089 59.8%
muzzle velocity standard deviation by base charge .081 54.1%
muzzle velocity standard deviation by increment charge .058 38.8%
muzzle velocity by base charge .048 32.0%
critical defects rate of visual inspection .043 29.1%
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0.9962
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Classification
accuracy(%)
94.68
95.16
93.18
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92.92
92.40

Test data
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Error Sum of
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Table 4. Results of ANN
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Table 5. Comparison of Models
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