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ABSTRACT

The application of artificial-intelligence technology to weapon systems, is difficult to use in military
applications for such reasons as killing or wounding problems, ethical problems, and field environment
considerations; therefore, more-sophisticated techniques and development are required for testing and
evaluation. There is an increasing demand for advanced weapon systems that incorporate new
technologies, such as artificial intelligence, and for electrification, and a new paradigm that can confirm
and verify the performance required for field operations is required. Therefore, through case studies on
digital twins, a plan for field testing and initial operational capability in future weapon systems was
developed. Five development directions were identified, including policies and systems, organization,
establishment of infrastructure, and utilization plans, to establish a field test and initial operational
capability. In addition, studies on economic ripple effects and cost-effectiveness were conducted based
on application cases of digital twins in the private sector. An optimal method for users to safely verify
performance by utilizing the digital twin method to overcome the difficulties of testing and evaluating
weapon systems with new technologies from the time when the weapon system requirements are
determined to mass production is proposed.
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3) SARIA el BRI ot AlaE 100 AR, 2012; ST BRI ST BRI,
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4) SLESAA A SLESAAANRIGQ011). FHF7 1A 3587 ARk, Sy A S S
AH7IRRR2011). A7 w717 A7 A 7RA(<b.
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AA|, G R BAEY A o] AREAE] e e ¢ gl Aol digk BUkek Al 2§t
of SRR ARSEE Bk &7t wvkel W g 5919 71, 290 9wk ARaL 5o Ay of
ol st F77t etk 32 AP AE] URbARI ARE $H oA o] HRbARl gl YT
e Brre, A5 54 ] Al Bk AAEHY e U8 AFE SAS Bk R gt
HE AES ATl AFSH = Uakel AR 22 A4 B35 ok A ES gttt 1A
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8) Heather M. W, Daniel J. P., & John W. D. (2021). Test & Evaluation of Al-enabled and Autonomous Systems: A Literature
Review. IDA, 12-13. Retrieved from https://testscience.org/wp-content/uploads/formidable/20/Autonomy-Lit-Review.pdf

9) AREAZIEF7FATP)2020). ICT R&D 71EZEW 20250 QIFAIS - SW - AHF3AEA)  hitp/iitpke/
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10) = 1(2021.5.10.). <7 CIXHEWA o> 7P ALEf| Thokst A3t 28 [0 F A3 o5 715, Available
from https://bemil.chosun.com/nbrd/bbs/view.html?b_bbs_id=10002&num=15185.
11) https://3dprintingindustry.com/news/u-s-army-extends-digital-twin-project-to-aircraft-tanks-and-vr-training-177842/
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n] T2 AA AE Fd7] A 9 ZREER] Y OAYELS HTHoR AT
OAEENS EEEE}?J Azre] == AR H G- glo] 7] HIAES 38 les &7,
T AA e 71E lg=e] AdAIE 7 BEE RiEs Zlo] 23T 3o AR F1T)]
Boeing-Saab ET-7 Red Hawk A E £#H7|= HAHES 7|&S AME-3Ho] Figure 13 72o] o7

& A s,

UAHEY FAAGS AR, AlEA o] 788 ArfEAE S EAolA oA Be
2, Al e dolEsteto] QIEAl S F3ll w4 F 4k A3 FES Fole
Algshs EFECITH) Z, GIS 7|6k g Rl 4

s ARoE AA] TAlo tf3-3 7H T
WEol & BANA el R txd EQ 243
343 9JtH(Table 1) 13 o] YAYEY 7|ke] Algdd dele dge
ol e AE 2w STk O e @ AaEa 7

o 24 W MRS A Ase B8 4 Ak

12) FEIEH2019). AIE 2PFEAE] 57F APEA] ASAIE. hitps:/smartcity.go.kr/2019/02/28/%ECY%84%B8%ECY%
A2%685-%ECY%8AYA4YEBY6A T%88%ED%8AYBS%ECY8B%ICY/EDY8BY%B0-Y%EA%B5%ADYEA%B0%680-%ECY8
BY%9CYEBYB2%94%EBYs8F%84%ECY8BY9IC-%EC%8BY%9ICYEDY496%89%EA%B3%84%ED%IAYL8D/

13) AR EE2021.94.). TIXHES 2493} ek A|14xF H R EZA 2R 913]. hitps://www.korea kr/common/download.do?
tblKey=EDN&fileld=196107993

14) o, ogks], 718, 771, Hakeo2)). tAE Eds &8¢ Ante AR A, srdarastsA| eker)AL
33-38.  https://www.dbpia.co.ke/pdf/pdfView.do?nodeld-=NODE10582637&google]PSandBox=false&mark=0&useDate=&ip
Range=false&accessgl=Y &language=ko KRé&hasTopBanner=true
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<Table 1> Promotion status of public sector using digital twin

Field Promotion Status

(Seoul Metropolitan City (S-MAP)) Establishment of a platform
for analysis—based urban architecture administration, tourism,
and public relations services such as traffic and weather
data

City

(Korea Water Resources Corporation) Development of element
technology for digital-based safety management of water
resource infrastructure and pilot establishment of digital
platform

Safety

(Korean Western Power) Real-time diagnosis and failure
prediction system construction demonstration that analyses
vibration, temperature and speed data for wind turbines in
Hwasun Wind Power Complex

Energy

(Aerospace Industry) Utilization of the digital twin platform
in the design engineering and manufacturing process for the
development of the next-generation Korean fighter jet KF-16

National
Defense

OAYES #d A5 Avuy AHENAY FPRE 43 28-S T3 =A 14, Al
e 7R T e 23E Tt dE Bl FEEA] A E(Lee, Kim, & Lim,
2020), 2~PFEAE] Adde] 2 EeH(Noh, Park, & Myeong, 2022) 52 #AI8H3i )

s, A Shere] UAEES F8uet AT 249381 o2 AAolt) dF AT 43}
Ay OAYES 7|8 T o S0 FIAA AyATHE Aol o2& Al
N AAle YALEL A817 v 9] FAAA ZAE T-5(Shin, Choi, & Park, 2021) &

Utk Qokshd, 71E ATE FE AANEI AAle] FobE Fa glon, gAY EY
83 FTok I0C] gt A= w5t Ao},

i)
ik

15) 2472021, Y ES 9 7MIAAMR, XR) 719F 743k, 2021 jgHEESHS] 7Skt 3.

16) A4A, B3k A8+t HYE, AAH2021). 421 AT TAHER Ve w3 o E8sk s,
5132, 132-143. https://www.dbpia.co.kr/Journal/articleDetail?nodeld=NODE10622513

17) A2 78], o139, 7234k o) A7(2018). TIAE E 7)49] kol 28wkl Fwkabr|<: 475, 108-117.
https://www.dbpia.co.kr/journal/articleDetail ?nodeld=NODE07524183



8 MTI=AT H5SH H3=

L 47 54 %8 2 8%

ARATE v F9A WsE
gk lek, webd 2 A7 g Fie
} 3

r]I
o2
o
4
N

AA #E FTeF I0CE FAA o2 wkgshA] X
Haksk 27)AA S FT 9 10C] 2ieks A4 st
DA AFER T WS ARET aE WS S ARIE EYE AsS A0 oldlsta
FARE vpetato] iAol F 3k Aeuels TE&sHs d & 3etHGerring, 2006; Yin, 2003). 5
3], &5 Al 2] A7]o] 282 Aoy Agnlel st Ag 9 7} 7]5=o] e A o} o
FEE A o) AHElE sk, FT 9 10C] 888 A] F e sk Fr717nE FE50U<etks A

gty o g AHEAS %8 FT 9 I0CE el AdFn] @ ubdo] o3k dAxje)

IFH -2 Ak Table 2).

>
ol
o

<Table 2> Overall procedures

Problem statement and Case Study Development of future direction and
Theoretical review expected effectiveness
_, *FT/IOC case _,  *Present establishment of FT and I0C
+ Research background analysis model
- Diagnosis and Necessity - Digital Twin - Analysis of economical ripple effects
utilization status and cost-effectiveness

A 10C % FT #& Qzehs obx] oph glow, e 7554 2 Aot upebA
I0C B FT Q1zeh= A9 Qlzepe] ol s #86tef T0C = FTE 2% 34, A%, 24, 5,
A, WS A T
H] - o] #E ARG
AA A BB s dAdES e o

A, Agstel Al JAHELS P56t A7]sel tist Al B F7hE dnldt o= 4

24, NP A -3

’

£ A7 olF ZEEE] AA 9 AP RH tAEE S FEes Zo] niEA sk HAHE
A& 8 FEF7] 29 e A2" TFHo] destth B4, vl sl dinlg 2/
Ei kgl

2 B QRS TEGel Aes wAME EHlE A, dAPEAS TEE] S
QrekpEe o Azsel tie 4 4, 2D, 3D AR 4% Jurt Besit oz
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QAL y %‘
w0 Az W FA GAl Fes
O] AA AR ES SRS Table 331 o] 0] AF B FAHE §I8 Sl et
A2 W A%, 24 9L BY, A TE 5 ) QRRelE e

<Table 3> Detailed tasks for digital twin promotion

Field Tasks
Policies and Law maintenance, Budget acquisition, Data collection and accumulation,
Institutions Civil-Military cooperation (Multi-departmental collaboration)
Organization and Fostering expert for the development of the evaluation support team,
Arrangement acquiring specialized personnel and installing specialized training course
Infrastructure

Technology development, Facilities and equipment, Standardization

Establishment

YA RAYTED S BE AA el M FoF AYOR OAYEAS ol g
10C % FT& 13} 9297} Basieh 4, 7leh 43el oig 371 472 Batod A4 208

A sksto] WHedalok & Zolth. A W RE UAYEAS 75 - BE 015— s1a) A
QA 227 A L9 %Alé}O% 3 AR 98 e
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=

Al gl 37EE A HAEEY AAl 7ES S NS 7 W ARARTE FAS AR
olth. 1ejA 2 A= AIFAIY UAHESY FHAR 9L G 2 FA 2 tAEES ARSIt
Bz o] F7IAAL 5A4S agste] stk AlEA e HA-HESY FEe] Ao HE o
= 493 F 1909 o] FAESITHS) (Table 4). HAHELS el Bldlol8, A5 (AD, AH:

o o oo

Fa, AANA 5 vl A 7% Aesdnk ANE AT B, ol JujE /o 4
A EA OFLE Gu B, AR WHE RorE WMo ¥4 BUS PEsHe A

18) https://www.mk.co.kr/news/economy/view/2018/04/251489/
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<Table 4> Building digital twin of Sejong smart city

Subjectivity Sejong-si, ETRI
Budget 19 billion won (annual average 4.75 billion won)
Magl)nrtiiizmh City data standardization, city modeling, artificial intelligence simulation

Progress and plans

Sejong-si and ETRI MOU signed in 2017, Digital Twin development
Commenced in 2018, Digital Twin establishment completed in 2021, Digital
Twin policy experiment implemented in 2022

AN A OAEED AR @2Q02DE B9 AR AHehE 214 1541 o9, 22
23089 AT F 38504 o golrk ©S] AR FAF Tl Ao AT gRLe] wh

g} Arolsht, A3t 30 99 ~100 9 FEO|tHTable 5).

<Table 5> Status of digital twin projects of government departments
Buddha Name Contents
- Digital Twin-based disaster safety management platform development
(R&D) (20-'24, KRW 29.4 billion)
- Establishment and demonstration of Digital Twin system for Anyang and
Ministrv of Busan city underground joint conduits (21, KRW 8 billion)
Sciencéyan d - Digital Twin integration for watershed management such as dams and
ICT rivers platform establishment (21, KRW 3.5 hbillion)

- Demonstration of Digital Twin integrated control and disaster management
service for old multi—facility ('20, KRW 9.9 billion)

- Demonstration of Digital Twin for manufacturing industry, facility safety,
and port logistics (21, KRW 16 billion)

Ministry of Land,
Infrastructure and
Transport

- Establishment of Digital Twin national territory
- 3D spatial information (41.2 billion won)
- MAP with precision (16 billion won)
- Computerization of underground facilities (33.5 billion won), etc.

Ministry of Trade,
Industry and Energy

- Establishment of renewable energy Digital Twin and eco—friendly
transportation empirical research base (R&D) (21, 6.8 hillion won)

Ministry of Oceans
and Fisheries

+ Development of ICT-based port infrastructure smart disaster response
technology (R&D) ('21~'25, 3.8 hillion won)

- Establishment of ship and marine Digital Twin centers (R&D) ('22~24,
10.8 hillion won)

19) A4z} A RZA12 993202196,

&

e AVIQHRole] 1 THE B9l B3 2

RSy RSN

i

e 20, 294



Digital Twin and Future Weapon / Kim, Gakgyu - Jin, Kangkyun - Cho, Yongju - Won, Kyoungchan 11

=

o g 8B 7, S HARES A 7 A0 dds o g 5
1T Uk A, S A7 15 59 10C 2 FTE AAlshal ok &4
AA) QARES 75 8182 F71AIA 9] 3o et Aolsitt, AR, AlEolE o] Al e} v
o}‘ﬂ A AlEEOIE = A 55 w8 fAsteh WA, Al A &
woll wet A E = Aok oA, HEEE ‘371iﬂ74194 Ilee L e, FEE
4 %L*é A= E 1 }0% M ez eskalnt 3/ 79 dis F71AAIg qAEE
4 FEel 285 082 Table 63 2.

i)

<Table 6> Estimated cost of digital twin in construction by types of weapon systems

Category Weapon systems Estimated cost
A Helicopters, Tanks, Selp-propelled guns, etc. Billions to 10 billion won
B Armored vehicles, Combat vehicles, Unmanned Robots, 100 1o 1 billion won

Attack drones, etc.

Reconnaissance drones, Shared weapons, Fire extinguishers, Thousands to 100 million won

etc.
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<Table 7> Academic programs for professional manpower

- Cyber security, Virtual Reality, Program Development (Computer Engineering field)
Network Integration (Convergence studies)

- State of the art robots (autonomization, information convergence majors)
- Information Convergence, Data Convergence, Sensor Convergence,

- Artificial Intelligence (various field of study)
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<Figure 2> Development of digital twin technology
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<Table 8> Examples of solution using digital twin

Enterprise (Solution) Main Contents
Through real-time data collection/processing/ event
GE detection of equipment built by GE, such as aircraft ’ v
(Predix) turbines and power and power plants (wind and % PREDIX

hydropower), analysis and remote action.

Receive data through sensors attached to facilities in|* /{ :

SIEMENS . . ..
. factories, such as manufacturing and logistics, and
(MindSphere) . e .
analyze by connecting facilities in real time.
Dassault 3D modeling and simulation of all stages of a product,

such as design, production, regulation, and requirement,

(3D EXPERIENCE) such as manufacturing, logistics, construction, and cities.
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<Figure 3> Application plan of digital twin in the military field

V. ZdEs}
5.1 %A1 sk

d7F F-Aeto] FAA adt 5ol AlgtAolet vIZk Lokl YAHE
F3E AAE 5 dek(Table 9).
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<Table 9> Effect and application of digital twin in business field

Field Main Contents

(Siemens) facility production process 11 seconds — 8 seconds,
Manufacture | (Dassault) robot productivity 15% 7,
(Maserati) vehicle development time 30% |

Ener (GE) wind power generation 20% T,
&y (New York hydroelectric power plant) operating cost $2.25 hillion |

Distribution (Unilever) $2.8 million in logistics operation costs |,
(Greece) 2 hours unloading time for ships |, CO, emission 8% |

AP TIAHEQ ] A8 a3E B, Az wofolA] An|AAtag o JEAIzro] T
AL Aol FH ST ol|A] ok B Rke] st 2YHE Aadks 2t Qi =
woke] GNI 9} st ARt So] dEE Zo® Yt VI9S UAHELS T - A Fofd
AEed HAsh Ar 2gdS 9 RYEY S Az MuastE 9 7]%—% Edskar vk
Az okelld A5 adE Bt U] - &7 5 theket Ajlel A A bt mSd S

20) FAFAEE, “OAEES B3} dEk, Al43; RSN AS 3], 2021.94.
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<Figure 4> Economic effects through digital twin

5.2 HlE& o &=

HAHEY A&E A GAY Aok AlE AAFE FA 257 T (life cycle) Huke]
AA 1 gy v AEsiA A8 5 vk Alldak RS 48] 202D ofehd AAE

713 AR ER A8 5yks Table 103 2tk &0 $47]& Al 5L 37k 7 ZddAlel
A yehdes vl ol 3vke 99 34 e Zlolt.

<Table 10> Effects of digital twin application (from Consulting firms)

Firms Main Contents
Optimized the entire supply chain, including inventory status, logistics and
BCG material flow, and inventory status, reducing inventory by 5%, cost by 10%,

and improved profits by 3%.

It is possible to reduce product launch time, improve quality, and reduce costs
Deloitte through facility performance analysis and design & process change prediction
throughout the entire life-cycle from design to maintenance of the product.

Improved efficiency by 20-25% by virtually designing, simulating, and testing

Mckinse . .
Y logistics warehouse operations and flows.

Figure 5014 AIAIGE vhel go] A, &7 9 A5 E S0 A 3Hds A4t &
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<Figure 5> Cost effectiveness of digital twin application
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21) RAND(2020). Military Application of Artificial Intelligence, p. 57.
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