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ABSTRACT

Due to economic changes and population growth, the facilities in military need to be changed,
and in particular, ammunition depots for wartime occupy a large number of sites, so management
policies need to be improved, The Ministry of National Defense is presenting the design of
the underground ammunition depot according to the guidelines, but concrete improvements
are needed in consideration of wartime preparation. Our study aims to explore the importance
and priorities of how to utilize the technology of the 4th Industrial Revolution necessary for
smartization of underground ammunition depots for implementing Defense Innovation 4.0, To
this end, the present study conducted an AHP analysis based on the criteria (guard, safety,
environment, logistics system, equipment facilities, and life management) to be considered as
a smartization plan for underground ammunition depots, and the need to apply it in the
relative importance of Al, loT, big data, cloud, and robots was confirmed, As a result of the
analysis, this paper has shown that it is necessary to strengthen the safety and guard—related
systems of underground ammunition depots in the future, and to monitor the condition of
ammunition using loT and Al and pursue efficient operation, This study provides practical and
academical considerations for future research, priority determination and policy implementation
using the 4th Industrial Revolution technology are required for the effective construction and
operation of smart underground ammunition depots. Subsequent studies need to expand the
underground ammunition depot in consideration of the characteristics of the weapon system,
taking into account the safety and availability considering the total cycle,
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(Table 1) Examples of underground and ground ammunition depot (based on 10,000 tonnes)

Underground Ground—based
ammunition depot (AD) ammunition depot (AD)

. Approx, 75% less than
f 8) -
Safe distance ground—based AD

Temperature 14~16 C -6.6~23.1C
Storage Relative 40% (Operation of the constant 40% (Operation of the constant
condition humidit temperature and humidity temperature and humidity system)
umidi
v system) 50~90%(Natural conditions)
Ammunition life9) 14.8 years (48% 1) -

6) UFA, WL, 165, 952012, H21) v el quid 9012) seble B wATF
7]<, 400, 80-99.

7) olefd YT-E HEHL 9l Aol FYAIols TR FA(ASP Ammuition Supply Point : FE F2ho] AL
Bk APEh et ST PO Bepef)ol], Aol Bepgelct Zue] hulsto] eriAelE
Shasjol St opafat oIk 004 B FEE, TP ik 000 3 FES RAS HRshu 9.
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Qlxet Fo] 7bse Ao|chKim, 2022a). Atk A5y hopaie] 29 Sl 9 chalato] wet
SA A pefol ©h2 SurA B oH Qlel 9 Ahu] £A1] 917 (Lai, 2020)0] Tl stel TropA
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wojof gk, AAPgE o) AE skt A AR 2L a7 En, ol % gu] oA

17t 7HssHE S Qh-(safety), K QH(security), 5 %H(integrity) AH ol A
AutESE SR8 |okd A o]t(Ahn et al., 2020).

3.1 AHP 83 A3h4 wopn Antest wok Y8 1% 29T A8

B AT 43 A8 714 48T Aok shobae] Antest ore B 919 oieke
AA317] 93l AHP(Analytic Hierarchy Process) 7|2 &3} th o|ggt AntESE 4317 ¢
g oot A Al ZE7hsE 43 AR E R VleR SR A EIAINE EYE AL HdoH,

T, 22 2T0C /) MRSt A 714 Hobs /|20 A|ska sebue] AntEs}
Q3 Hoke APAL U8 EU2 A (Guard), 7 (Safety), 2+73(Environment), EF37|
(Logistics system), AH]dH](Equipment facilities), <~ 32](Life-cycle management)®] 67] Fof= -
wololrt. e okl 215 Wyl 0 AWM, FUE, AgAe ol AR e Fxstel A

27} oA4d 52 Ba ARG 2R =EslrhTable 2)(Kim, 2022b).
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Final Goal ‘ The Smartization of Underground Ammo Storage using the 4th Industrial Revolution Technology‘
Criteria | Guard | | Safety | | Environment| | Logistics Sys.| | Equip, & Fac.| ‘ Life manage ‘

>
>
>
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a (1§ (5 ||& o s |3 |2 222 2 ||z ||5||% ||8 ||& || ERIE-
o 2 |5 2 @ s*| = 2 || = 2 3 £ F £
2 E |32 22|28 2 = = = ||e 2 5 |3 3 = |3
= e = e 2 ||§ £ = |l g |la ||5 ||B g |2 (= 28 |2
AHHHIHHHEHIHB HEE H A SIRE
slz(8 |3 (8|=(a|®||2||5|2| ||8|5|E||E|g(5g||5!%|:
Sub 2178 |a g || R £ ||3 g ||8 % g5 s 2 ||z
Criteria E g |5 @ = —AliE % i ] E 5 =18 ||= s g ||m
o £ = = = =] = = =
2 SE|E| |55 8 ° 25 |I3
= 3 g 3 = ]
g - E e =
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E a
2 o
Alternative Al Big data IoT Robots Cloud

(Figure 1) Hierarchy structure of the analytical hierarchy process (AHP) model

3.1.2 AHP 4873 2
AF-0] MR ehe Bofo] ARAF(10W o]4) U

o 42} Ard ey w9 7)) Uik ol ES
7 0% 209e AFTL < 9%k dhore] Pl

=
7}5=2]+= Expert Choice & 132 0|83} A A7}, RI(Random Index) o] 0.1
olsh 9t Aol shrEglen] Ao Hopie] AvkEs PHE flaA W R4S 1
Fas5H A= ACE YETHw=0.415).
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o FEEE %
EFAA0.090), F7(0.069) 02 EZE| Ak Table 4). HF Fo] et £ 7HEAE 29 A
skl ghobio] AAE Aol sroke 19y BAR A Mol welw

pd

=
SoR AA BB

R = = T
ol & = Qlo] BAILE AAlo = Rt AAE SAIRE 432 & 4= QUthe.g, Lee & Son, 2022).

(Table 3) Summary of results obtained by AHP analysis (weight)

Alternatives

L L. (4™ industrial revolution technologies)

Criteria Sub—criteria Big
Al data IoT | Robots | Cloud
Total 0,279 | 0,243 | 0.269 | 0,103 | 0,106
Fire detection (0,451) 0,328 | 0,148 | 0,334 | 0,112 | 0,079
Prevention of loss (0.202) 0.299 | 0.204 | 0,802 | 0.108 | 0.087
(Soa.f:lt'g; Alarm evacuation (0,183) 0,312 | 0.131 | 0.842 | 0.128 | 0,087
Storage Rules (0,164) 0,178 | 0,37 | 0,237 | 0,074 | 0,140
Subtotal 1,218 | 0,726 | 1,247 | 0.451 | 0,359
Intrusion detection (0,509) 0,361 | 0,159 | 0.283 | 0.134 | 0.064
Access control (0.209) 0.252 | 0,334 | 0.186 | 0,080 | 0,149
guf,;;l) Automatic response (0,190) 0,893 | 0.199 | 0.224 | 0.129 | 0.055
Tracking management (0,092) 0.237 | 0,808 | 0.251 | 0,091 | 0.113
Subtotal 2,224 | 1,418 | 1,94 | 0,794 | 0,627
Ammunition condition management (0.419) 0,208 | 0,346 | 0.269 | 0.062 | 0.114
Life—cycle Integrated ammunition history management (0,330) | 0.220 | 0,408 | 0.118 | 0.064 | 0,190

management — - —

(0.155) Ammunition Life prediction (0,251) 0.210 | 0,475 | 0.118 | 0.061 | 0.136
Subtotal 0.607 | 0,391 | 0,603 | 0,215 | 0,185
) Integrated control (0,640) 0.256 | 0.267 | 0,284 | 0.069 | 0,124
E;‘;ﬁ::" Wired and wireless network (0,193) 0.234 | 0,217 | 0,317 | 0.091 | 0,142
(0.093) Failure prediction (0.167) 0.256 | 0,411 | 0.161 | 0.061 | 0.111
Subtotal 1,097 | 0,875 | 1,204 | 0,375 | 0,451
Integrated Visualization (0,300) 0.185 | 0,349 | 0.208 | 0.079 | 0.179
Logistics | Storage space management (0,263) 0.282 | 0,282 | 0.220 | 0.102 | 0.115
system Input output management (0,222) 0.176 | 0,858 | 0.221 | 0.098 | 0.148
(0.090) | Logistics Automation (0,215) 0,212 | 0.242 | 0.204 | 0,190 | 0,151
Subtotal 1,74 1,864 | 1,853 | 0,654 | 0.893
Temperature and humidity management (0,607) 0.326 | 0,226 | 0.284 | 0.085 | 0.079
Environment | Working environment (0,244) 0.226 | 0.177 | 0,249 | 0.245 | 0,104
(0.069) Air conditioning system (0,149) 0,412 | 0.141 | 0.261 | 0.095 | 0.091
Subtotal 2,292 | 2,267 | 2,386 | 0,330 | 1.076
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3%, W] 71 Aol RFHBE fA] AAEkE A5 HHT 5 U=
RS 1% Belol Fa4E QNS Ao tehgrh TeA A4 4HAY EoR
k13

=2
whokg Shusli, whofital V)] o7t Bele) 71491 AgetoH B HASRP)E B2
g7t o]Foj Aok & Zlo|the.g, Ahn et al,, 2019)
(Table 4) Weights and priorities with 6 items of final goal and criteria
Criteria Safety Guard life-cycle Equipment | Logistics |\ p oo rment
management facilities system
Weight 0.415 0.177 0.155 0.093 0.090 0.069
Priority 1 2 3 4 5 6

2818 EloF1l AULESIE 9J3) 43} AFYE Y 7|& AL HRolo| B3F 2L el Pt
(Table 5). Q1EA%(0.279), AHEIEH(0.269), ¥]E]0]E](0.243), ZE}2-5(0.106), 2H(0.103) &0
Agof ek oA o] Fasirhar Q14 ‘RIEP- 53] &9 SAeS sigshe AL IoT, Hgo]
H3ith. ol loTS $a) shobphe] 7oA
S sl ag dolel ske] Al el
& 4 9lthie.g., Choi, Kim, & Chang, 2022).

(Table 5) Weight and priorities with 4™ industrial revolution technology application

Criteria Al IoT Big data Cloud Robots
Weight 0.279 0.269 0.243 0.106 0.103
Priority 1 2 3 4 5

3.2 wopd gt

Table 62 ~nHE |3} grobi 758 913t Z47ke] 7% 9 Ay 2 7}%@ M 753
Z ™
[e)

o Gk Fol 712 4% AT 7142 APESHATh R, HiGsafety) F-EOIA 10T 2§
Vg SAT TR FAF A4S A0 Uehith o2 Sof LTAFRAHY) 7142 2 4
tho] Qe A Ae] HEste] 2o welzk Wask 71wl A4 shAEA, Auel, BAA 5

o Tt AAZE &A@ Z=7H4 tjg-o] PR STHKim, Ahn, & Park, 2021). 3L, gheFo] ¢bA 2 ¢l

Ty v Tl IR N |

e (storage rules)E A IoT 7|e& Foff Trofaf ghofARey Adukol] tigh oot dlolg 3

12) Ammunition Stockpile Reliability Program : %%} BFeFo] AR 7154, oA, A 52 B719) ko] Au] - 7= -

]
b Ll 00 O o 1
A

S B9l BB AU AR ABsiel Hote] NS Shisb] Sl sk $AN Bk A2

(¢}
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3 E5 s vroly el Belrl AT g Hof HE QI T, Al 7]v
519 eokie] AR 9 ow] A AE) FHL 0T 7|uke R o] AAZE ZAAA FEo] A
sy]ojof shul, X|%58 ) <13k 2 ojn] B ol 71k, A A A8tE wheka Yol 4 et
ol Q1919] ok Tlm B AE AFRA T 5L Axskolth B3, A5y Boknt A3t 4P
4o Ay 34 5o ofF dEu Ak 52 U] T 20 dajE o] 4ol W 4
e A A58 Y A T JAPA Shels Aol FasWang o, 2021)
£, AA(guard) ok FEE AIIBAY) 7142 Besto] YARA} AEHES Ay,
EI 1&9} NS @Astel age) 2 Bl ol el BT o3 ASelold LAG B A
AH

(scientific boundary monitoring

System)a T=9ste] "l 71uke] QIF A5 &85t o) 19 o|w|A] ¢14](Lee & Son, 2022;
Choi, Oh, & Sohn, 2020)2 F3f <5 o] A& Ao 2 AW(tracking management)d}il &%
Al(access control)dt= A% ¥eE F=8HL QL

o} oldl AAS BEI] THORAM )R

YR QA A W AR WA 2o BT 4
H

ol Hie ME 9 AR 227 Basith ojd SHolM & Aol ol AEvE2 defr
SUAFE AR E G Sl defriol Aol Zhsslor st AstAld &9 A2 A
ol A7 Aol W3 AL A HE GPSE AAT 4D 4 e HEHASH 44 HZATL
AEZH O 2 FYEofof At S AABIATE vk, ol d AF - AR HAAAlE ol Yot
+ =¥ D-Cloud AHE -gsto] o|fof B HEI} mFEA] =5 foly A7 a&3
O pE|Eofof 5t 5 o] Ae o WY - Qe Hi+fE dlolE AlEZE 845 F

Ay, 4=rg ¥k2](Life-cycle management) -oF= §HoF] A s 7[7F 59 e, &8 X 7|& =
2 Foll e & °lD4 A7erere] A= Adn o-g A QE(Chm Bae, & Kim, 20055 I3+ §hefo]
g5y, © HMFJ ghofarg oS 24 S A HlTo]E(big data) @.ﬂ% Tagh a4=
QlA)staL %E} ) 53] A7t Ao HholE Zas A8t HAF A=, weF HAF 9 ]
A&, Xi%%‘%“d?cl JB7F AR 5o TS Horpy oSS 913 Al dagE e 2

YA, Aste §©ekile] AnfESE LS 9|3t AHu|AdH|(equipment and facilities) H-ok= W A
2 AH S AARE BUE S WSt SN SEEAe A SAY SOl B ToT

714:9) A g3t ghoke] Suake] o)2 W Hlole el WS Sl Hlgoly V& 48% Ha

13) TR, 71200, ToT 71 HE3H 3 25 9120 Al AR A Akl SSHEAIRtlACROMEAD, TISHT 4

A1, 25-30.

14) N1 709, YAR020). T 2o} wlele] v+ - - [H7, o) 4] 0 wORS Fuleh(Il). Tyt
7], (498), 120-133.

N
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Ko gIehaL Qalshs Aoz Uebylth. sig Rofet WA A7she] 27 Adogistics system)
FUE B BRAFL Q2B QA Welol A go] /Y Eubael Ao et
stk AE) QnRE BE, Z1, 0% WEA 5ol 0271714 257 A Hofo] A $7wE 4
529] v} $57h Bot 3L 91, ofo] uet £7 wlgolee] FRe} FEE chepaAT gk o]
wal AlA Se] 22 ZeARERAA 5 4% ARAA) F48 42E wholy Jeg

2
E'_
T

=]

L

283k &80l a5t Choi et al(2022) 4= o] Tofai /WA 74 7IRE A%
A&}, 3D 7|Rke] At el 9 AN EF A To AvtE "eFERAA 5 ek AA
staom, s eke st ARE & 5 vk B 2 o RS Qe AntE =W
Al A wE @ ARS A A HEEE, RFID) TET ZED) SR LE =
FUF aE&Ye Aasted 7198 ¢ de Aol

o= 23} BteFal B 317 (environment) HofE Atu B, 2|3} 2|l o] EAJAF Wa|F 27t
O 8 A3t diulste] AHjH R FAlRG o] AgtE (o] : FAl FFA) HIEAA Folivt T4
thdo] WA 4= 9lth(Lee, Choi, Kang, Jeon, & Ahn, 2019). ZLejA] A5 QlE|Hof 23t ARIIE
& AutEShE Thofil 53 &8 SHolA et 27 o] vl Fashrkal Faskal it
53| gefe| o] aas) ApelofA] ghefal 2Rk} Aiehd FAREE oy el wheke] st 41F
A FEE S8 gefa Yo grled £ - 5 52 AARICR #YE 5 Qe Al% TS
AEe 71edEe dade A AA A7EEEe A, Asteef Alde S o A%
7 AR T W 571 e Adehy] /e PVC "HIE AR s A 9oz HES 5ol
Aux] Pr2 935t Whaog 4A QoS 1este] F23IthZhou, Teo, & Cai, 2017).

(Table 6) Summary of alternatives evaluation obtained by criteria and sub—criteria
using 4IR technologies

Criteria Sub—criteria Al Big data IoT Robots | Cloud
Fire detection 0,328 0,148 0.334 0,111 0,079

Alarm evacuation 0,312 0,131 0,342 0,128 0,087

Safety Prevention of loss 0,299 0,204 0.302 0,108 0,087
Storage rules 0.178 0.371 0,237 0.074 0.140

Total 1,117 0.854 1,215 0.421 0.393

Intrusion detection 0.361 0.159 0,283 0,134 0,063

Automatic response 0,393 0.199 0,224 0.129 0.055

Guard Access control 0,252 0.334 0,185 0,080 0,149
Tracking management 0.237 0,308 0.251 0.090 0.113

Total 1,243 1,000 0.943 0.433 0.380

15) T54, A43(2020). AnE EAl9] ool dpA| =T, A18005(20-17), 1-9.
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Criteria Sub—criteria Al Big data IoT Robots | Cloud
Integrated ammunition history management | 0,220 0,408 0,118 0,064 0,190

Life—cycle |Ammunition condition management 0.208 0,346 0.269 0,063 0.114
management | Ammunition life—cycle prediction 0.210 0.475 0,118 0.061 0.136
Total 0.638 1,229 0.505 0.188 0.440

Integrated control 0.256 0.267 0,284 0.069 0.124

Equipment | Wired and wireless network 0,234 0,217 0,317 0.090 0,142
facilities | Failure prediction 0.256 0.411 0.161 0.061 0.111
Total 0.746 0.895 0.762 0.220 0.377

Integrated Visualization 0,185 0,349 0,208 0.079 0,179

Logistics Automation 0,212 0,242 0,204 0.190 0.152

Logiftics Input output management 0.176 | 0.858 | 0.221 | 0,097 | 0.148
sy Storage space management 0,282 0,282 0,220 0,101 0,115
Total 0.855 1,231 0.853 0.467 0.594

Working environment 0,226 0.177 0.249 0,245 0,103

Environment Air conditioning system 0.412 0.141 0.261 0.095 0.091
Temperature and humidity management 0.326 0,226 0,284 0.085 0.079

Total 0.964 0.544 0.794 0.425 0.273

=
i
i
p =)
o
o

9] 2o FAAAE F7F A WA, S AT 240 B3 5o welt a7HT 9
th 53], AAlo] Thulg ToF e GEo] Hokn ATjHo R We XS Aaska 9, F,
g 5o PHOR BOF Aol ofe Tl AMo] Basteh TeA Bopie] AEE
Srokut paiste] Selibel SR SO Wl kg a7 E A|Ao] wek A5k gokn 7
Hasd AANEE AN QOLLe A4 Ao s sepeg o] U 9§ 2w e
s TAskE AR BAG Wat ek

QT Sl A 400 T BHOF W AR M RO ORI AA A AN S5 A
Srore] Su QAT A W B QA el Bt QP T Fol AL, A B
BB 22 AU Aok Gekne] AvtEsh Weke AUt AE Y V1 BES B TAe
L BAS £ gtk 53], £ Al RF 449 A5k gopue] w67 7|5 B 4%
AIEE 7% 80 $A9 AL 93 B AL ] AEEALL AHP BAOR tol
2 ANk B ALY AHP EH A, 47 AEE 7142 A4 A5 hepa AnpEs)

16) B7A-$(2024.03.08.). NATO 714S Ea) 2 Aalaetorn 12 pdukat ket 4]1981(24-9), 1-10.
17) =H}(2022.08.29.). 20229 % Ajalate] AJaiA .



36 MT=FLAT M7H MiE

QPO AL IoT, Mglo]d, FeHPE, 2 L0 2§ Bao] B SHENE Selstict. o)
9 ATATE TEI ARA e et P

G5 A5k Bopn AntES TES SHHOR hHl(safety) T 7 Alguard) Lofol 4 LA
BeA2E TESh AEAAIE AL, B L Bl S AA 519 B ZAL 2
S QR SALA A HA LT, GOPHAUSIIA LT, A5 CCTV, Al 7|49 G447 5
2 A a7t UekKim & Cho, 2020). EF, ThoFe] AehS AAZ BUEPT > UwS Bof
3} ORI Ujio] IoT 2 Al 7|48 & §3ho] Broke] ApAstE QlAlska JRS +75te] Topo]
o ATPA) SR WEl S fASoRE Holth. ol E So Trokn o] A4S B3 Fa Tof 3
2 9 glol] 7]yt A5g AHA H(Choi, Kim, & Chang, 2022), A% Bieke] DBSHE 53 7
AP, AT B 549 A5 SHARn, Kim, Kim, & Park, 2020) Shoppheloh 2-8-9) S&4E A
0 5 9 Aoltk. o2 Ful M) Hopoll A 714& FUt] Ag - BEF 1A A5G o
oFaLo} R A Aol IoT 7]40] 71Ukt $5A B FEafoke Aotk g HuE Efw nE
Apulo] Bt A Aok BUHPD FAT 5 9o, ol2A HTH YRS 2ol B 2

! : i

—L
NAAL Balsl 7]4a A28 8o Q3% A (Kim, Joo, & Joo, 2023)3 A=y ] 9=
g F7IAA SA@ AR, S8 S)= AU g Aeg,
Jung & Lee, 2017)0| A A]318 &l

ki FZo] WA 7|4d A4S AT ot Ak F, ]
AA Q] FeH71E et AFE 2Z fA57] Yl Brhaall A7) AT AT 5
(Shin, Choi, & Park, 2020y B4o] T @4z xdtsto] shaar Wa 7} gt
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