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ABSTRACT

This study aims to suggest an improvement plan for the army branch system considering the
development trend of weapon systems through a case analysis of the vision and major weapon systems
for each army branch system in ROK army. In the future, with the development of science and
technology, hyper-connected networks based on artificial satellites would be built, and mosaic warfare,
which integrates multiple domains simultaneously, and weapon systems capable of performing all-weather
multifunctional battles across land, sea, and air would emerge. As a result, the common areas of the
Army, Navy, and Air Force would be expanded, and the division of each army or branch itself would
become ambiguous. Hence, it will be inevitable to move away from the branch operation concepts that
have been operational untl now to seek the concept of jointness or integration. To study this
phenomenon, based on the Korean Army Vision 2050 published by the Army, the transition process of
the current Army branch system and the cases of vision and major weapon systems for each branch
were analyzed. The results of the analysis confirmed that although new advanced complex weapon
systems are being developed for each branch, relatively little change has been made to the system. In
particular, with the advent of hybrid drones and inteligent autonomous combat robots that can
simultaneously perform “Surveillance, Reconnaissance - Decision — Strike” , it is expected that the area
of expansion and mutual redundancy of combat functions will be further deepened. Therefore, in
connection with the development of the weapon system, we will seek a solution to improve the Army
branch system in the future and clarify the implications for the Navy and Air Force in the future.
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<Table 1> Eight major areas of defense strategy technology

@D Autonomous and Artificial Intelligence-based Surveillance & Reconnaissance
@ Hyper-connected Intelligent Command Control

@ High speed and superpower Precision Strike

@ Future driven and stealth-based Platforms

(® Manned and Unmanned Combined Combat Performance

® High-tech-based Personal Combat System

(@ Cyberactive Response and Future Protection

Futuristic high-tech new technology

# source: Department of Defense (2019). 2019~2033 Defense Science and Technology Promotion Policy. p. 29.
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<Table 2> Hyper-connected network—based Intelligent weapon system

@ A Trance Super Soldier who transcends human limits

@ Intelligent Autonomous Combat Robots to replace combatants

(@ Powerful and sustainable Energy Weapon

@ Hypersonic Weapons that destroy the strategic center of the enemy

® A new concept of Non-lethal Weapon that paralyzes the enemy’s will to fight
® Maneuvering and Fires equipment upgraded with advanced technology

@ Intelligent Surveillance, Reconnaissance, Command and Control System
Support System for long-term independent operation

# source: Army Headquarters (2019). Army Vision 2050 ('19. 12. 10.). p. 81
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<Table 3> Vision and Major weapon system for each branch
Branch Vision Major weapon system

Construction of a high-tech
Common |science army  with  super—
intelligence and hyper—connection

Manned and Unmanned Combined Combat System
=> Single Platform for convergence and complexity

Drone Bot (biomimetic), Unmanned armored
vehicle, Warrior Platform, Laser and Electronics,
Stealth

Advanced science-based infantry

Infant . . .
lantry driving future innovation

A leap forward in "SMART;
artillery
Artillery * Synchronized, Modularity,
Artificial intelligence, Remote
& hi-technology, Training
Leading the future battlefield,
core mobility for ground warfare
Armor * Armed with advanced science
and technology in multi—
domain battlefields

Drone Bot (biomimetic), Unmanned Artillery,
Electromagnetic Gun(Rail Gun), Integrated Radar
(Air Defense+Artillery), Intelligent Fire Control
System, Stealth

Drone Bot, Unmanned Tank, Rail Gun, Laser Gun,
Non-lethal weapon, Stealth

Eliminate the threat of enemy
manned and unmanned aerial
Air Defense | vehicles, long-range artillery and
ballistic missiles within the
operational area

Drone  Radar, Laser anti-aircraft weapon
(Unmanned), Intelligent air defense C2A,
High-Power electroMagnetic weapon(HPM),
Electromagnetic Gun(Rail Gun)
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All-weather reconnaissance Drone, Autonomous
Advanced and elite information |[Robot  (biomimicry, cyber/electronic  warfare),
Intelligence |leading the future army | Long-endurance  stratified Drone, Infiltration
battlefield manned Drone, Intelligent autonomous monitoring
sensor
Advanced scientific engineering | Drone  (biomimetic), Underground exploration
Engineer that _can SU.DDOIT er}gir_leerin_g for | Robot, Mine.detection/removal Robgt, Unrpanned
multi-domain, multi-dimensional, | obstacle clearing Tank, Passage clearing equipment,
all-weather Laser explosive disposal
Information |Implementation of informatization | Hyperconnection—based Communication(AI+ICBM),
& that can ensure the execution of | Cyber Operation
Communicat | network—-centric integrated | * Artificial IntelligencetInternet of things, Cloud,
ions operations Big Data, Mobile
The Next Game Changer of the |Drone Bot, Super-Intelligence Complex System
Aviation | future joint battleground, "Army | (man & unmanned complex), Aviation Laser Gun,
Aviationy Non-lethal ammunition, Stealth

# source: website data of the branch school and the field survey ('20.8.10.~14.)

Integration Advanced

(Modularity)

Science-Army

Manned &
Unmanned
Combined
System
(Single Platform)

Vision

Major weapon system

<Figure 1> Keywords of each branch’s Vision and Major weapon system

Table 3eA AAISE B2pE v A3 =8 77471 Figure 13 2o A 3877 - 72l
SEAA(SY 2HFH)E THCE vIYE dinlsta gioh AA ¥astud Fo FUIAA T S
A atele] A S sl A ZokE AT ‘= FAAA, 2RTE SR ¥
FAA 543 el mA= Gl 23S T BA8IH

qE 5o, B2 AANAE, B4, WE, @oF ot 5 Ve HE st FokellA &85 glo
Al 7ls& 9T ERARJA Vs FHe T AL B 2T w80l Vs & - 59E VA
5 FEE Bdek gtk 53], B BE Wil o] He FUIAIAIR Aeridatar o]



A study on the improvement of the future branch system / Yongsik Park 9

IR FRAG QA QS 4E FBo] MAT 5ol For, ofF FEACR A
W 88 Wk gleks BAEe] BEET AT ABASI A TS )ik AR
58 A6 Salshs BeHE SRS ou 549 st R BRaA AL 2 o
nahs Zlo] ol S SR WAREIN ARA WEE Fak Aol AR el 9ot

o, ARk AR, S, WE 5O FOAA(ZRE TN} AbsE ) BEA Eahd
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3.3 S HIAALD
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(Table 4). 16M7] o]ddl& tiF QIzte] & - Z - & 55 o] &3 A= H(#h)e] Jejglon, 16
A7) o] R H8t7|s vk o7 thekst R AAIEe] s o] Wy AlEA FEE vpte] ¢

<Table 4> Changes in branch according to the development of science-technology and
weapon system

Period Before 16C 16~18C Early 19~20C 20C Early 20~21C Late 21C
Science . Electricity Artificial
technology Alchemy | Gunpowder | Steam engine and Aircraft Computer Intelligence

Bow, . Intelligent
Sword, | Navy/Army Rifle, Tank, AL Unmanned
Weapon Cannon Machine Gun ..
System Spear (Bombardme (Position Bomber | Precision Weapon System
(Manpower nt War) War) (Blitzkrieg) | (Network War) | (Unmanned
War) Robot War)
Branch Infantry, Artillery B Armor Cyber 9
(army) Cavalry (Navy) (Air Force)
* source: adapted from Song (2013).
SR - ol A AEIS U BRPNS 5] golgks S PIFA PAOE Rustel 91 2FEAS
5*1011 TR ehEns AABes, 8 7 H2 ¥4 58 Wk AVIER =91 20200 12, 02

https://www.korea.kr/news/pressRelease View.do?newsld=156424449).
10) I D AFHE FRE TR 2107 o WA Ake 2L S-S o WAl s kS arestod
Aekstr)Zl 2oz A Akl o= TP AR s s Fshe Alde oJuleiti(Song, 2013, p. 111).
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267, 4w

EER IR
5 3z )

<Table 5> U. S. Army Basic Branch

. . Operational . Information
Function type Operations Support Force Sustainment Domination
Infantry, Artillery, Armor, Engineers, Signal Logistics,
Air Defense, Aviation, Military police, g ’ Adjutant General,
branch . . . Military . . Cyber
Chemical, Special Forces, Psychological Intelligence Financial
Operations, Civil Affairs £ Management

#source: Kansas Army National Guard (2021).

B9, 5o W9 KT WAL B K30 AEE EQistel ool Msel AU A4
27 Wk 5 melshol wWas) ghov, VlEwalel Rk Wy - 1 - 7t 38 - 4w
A AR PE - §TYT F &) W FRek Yok 2ol vlsio] ) RRE 44, 43
A9 5 A28 sl V)5 FPEL A2 PIE LAY B - AT FAsa 9
L 5k 9, @ 7 ARYTe Az w9 -0 29 5 W 99 A8e AReE
Vg Aolet @ 4 Gl 0263 056l 27 W 5t A Bale] Al ke ol

<Table 6> The transition process of the combat branch of the Army

Step 1 Primordial Period Foundation of 14 branches
P ('45~’61) * infantry, armor, artillery, etc.
Step 2 Maintenance Period infantry, artillery, armor, engineer, communications
g (’61~"71) = Classification of combat branch
Step 3 Period of seeking Foundation of the Intelligence and Aviation branch
. self-defense ("72~'90) |=> Classification of combat branch
Step 4 Period of modernization |Foundation of air defense branch(’02), Communications
P (91~) (= Information & Communications, '05)

* source: adapted from Park (2008).
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KIDA 13572174 A5 (Park, 2019)9} Bt We W& 48 A3}, Table 79 20] &
T AFEE TelME ZARl S A AR aefste] BAbe 58 38 BHHE A
Aehs 5 A7 W AFH T YSITE webs SE g dE 5715 st Wt By
= WAk T WL P Ao yehd oy gwehs A @49 431 ARS] S AItE gtol
fol A Alet 7lwe] 5] A4 e 4 Sl Bk AAHolaL SHAlHR) WA =
9 ol Aaghe & 5 Stk

<Table 7> Branch change according to the degree of military specificity and expertise!?)

Degree of military specificity and expertise

Branch change

The military specificity of the new equipment
and technology, and the expertise required to
perform the job are all high

Birth of a new branch and army

Air Force, Cyber (US)

The military specificity of equipment and
technology is low, but the required expertise is
high

New military occupational specialty rather than
branch

UAV (Drone), Aegis fire control, Space weather

High military specificity but low required expertise

Branch integration

Logistics (Integration of Transportation, Supply
and Quartermaster)

Both the military specificity and the required
expertise are low

Replaced by civilian or artificial intelligence

Management of military lodging and welfare
facilities, food supply, etc.

# source: adapted from Park (2019).
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Reconpgﬁéance i Attack Drone Support Drone ETransportation Platform Unmanned
i . i{ Communication, | | ! Drone(mounted) :
: Surveillance & Lethal || protection, | | i rootfype i Integrated radar  ii Manned
: reconnaissance non-lethal i operational i | ! Track type it (Artillery+Air Defense, etc) it (un)Manned !
{ (target acquisition) : | i i continuity support | | | Wheeled i Laser(short/middle/long-distance)  : :
i i i ty support : | i Wheeled type ! / i Unmanned
e T EE i : . it Cyber(electronic warfare)  i! :
| | | Flying type i Stealth i (autonomy)

Hybrid Drone | l |

Surveillance/Reconnaissance- g i ————————— g

Decision - Strike - Support ¢ Intelligent autonomous combat robot :

* Manned * Unmanned(remote control) — i Sinale Platf i

Autonomous Unmanned(intelligent) ( ingle Plat orm)

<Figure 2> Development system of Hybrid Drone and Intelligent autonomous combat robot
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<Table 8> Needs to improve the future branch system

D Improved classification of weapon systems for Drone and Unmanned System (Robot) capable of
exhibiting complex functions

@ New branches related to Drone and Unmanned System (Robot) in consideration of expertise, etc.
based on the improved classification of weapon system

@ Considering the trend of weapon development that is being integrated or unified with each other,
Integration of similar branches and Unification of branch system
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<Figure 3> Unification into Unmanned Robot Weapon System via Integration of
Drone and Unmanned System

12) B4 A3t B SRR Eel wiadslo] gl alE PR S4Bl
S A $12 Ae I Sal Wi, e RS S SRS A Wk 35

S8 HR7)52 welehs 540 Qla) o) 5% FIAAR EFohs Ao A, o) F T
Wk TR el vk web 59 5719 SA4S e AR 1A 1% il dRE
oje} AAZ HIAA MAE Thseid 5 3tk



—

4 MTI=LAT H4d H3=

Az sk lvks AollM, Eea £ FRJAIAAE 71sd 3, & FAAAR =3A17
= A2 afAolA Foptt mebA 7 o] Flsh v FAg AAlste] EEe FAAA S} T
S RS FRIZR FIIAAR EFallof shtkFigure 3). Ao 02 E&8 1HA] - AZE5H B
A W3 5 5d)s U437} 7hest s Bdshy] wliEel o= 54 FIAA7E ofd 35
HE LIAAR BRHels Zo] ettt

w o
2
Ho
=
e
>
R
[

£ 283 Sold Holuh cEuue

NAA BFe} AAG SRS UAROT & - Fol B3k AA 7
Q= Wz o) Walsh A 2 stthFigure 4). @A AR BEAIS) 950

ol EHH O BEe] 8] FT FARL FHOR EE &8

o ey A g relae] B AR Y B 52 %

A aeste] Ad AMIS TAEE T, HEET] FF0| of

=
i o)A Az SEYIE $HAH0E ANT Aot vk £

ri

Fu

o o E
o <o

f
<
i

I =V 1)
)

o
bl

o
Eh)

[
o U = S

lo,
i

(T N o .
ro
1
rO
ol
ae)
X,
il
E

! Surveillance & :|: _Complex  !|! Autonomous :

| Reconnaissance : ;(addition of striking,i 1 { (Integrated into :
function . {(Target Acquisition): |, AECEIOR ) 11 ¢ RObot B |
Manned &
Unmanned
Manned Manned Unmanned .
Drone anne (Un)Manne anne Combined

Combat System

branch’ : Drone operation :

branch i i 1{ Unmanned |
E(“°"'°gf’}'i'g55i°“ed§ j Drone branch ; : Robot branch !

...........................................................................................

AR, 718 BIEFE ol AL 71s HIE @AACR Sk, vdE A= FAA
o] FEFo] FriEar FAstE AL Qlof FRIRR WIS VIE R WAHAAE ddspA Aok &
CHFigure 5). AA Al HIpEE Bk Qe FAAAL 2RE o ¥ake 7] SA40] sty
THE T WEo R st gtk &, Be WA e Al 71k skl ] - AR(RAES), @)
olA gl WApEH T - AAE A g

1O
b2 7152 BEE RAAA, A 5T deld 2 YEAA 5
<

ofell A Al W3} 3 &8ss FIAA 750l

gh



A study on the improvement of the future branch system / Yongsik Park 15

A S R E}EW g welol] AlE o] e ASIEAl, AR, 71E, 3, HE, A5A
g 56t AFFse THOR FVIAA T8I AAlE] AL 7s HakE Sdeke #HAE
7B estt ol F el ¢AHCR AR - V)% - 3 - T FUAAE S8 5 F7IAA
WA 2= M2 18] 5)o] 7]}.4 AR - 7% . 39 - 935 V)5S e A Vsl w E
wtok gtk R, we7)E Ay 9 FEE doeld 58 4TS 7L e 9 =Y
F9 545 aelste] dAA R WAAAE shtE SEe S ATARR Béer)i el s}
AlAk goh ohil, A S Edte] V1€ 86k Wike ARSTIE ARSAIA ALyt

=

FU

current future |ntegration of
branch functions

Classfication of branches by function

T orE Command

C
Contro ontr o
——————— " Opegrationl
i Intelllgence‘l I Performance]l
1 Maneauverl Sustainment
: ) i
1 F 1 r e = |@

Susta inment

Expansion of

current future common areas

<Figure 5> Classification of branches by function and Unification of branches

= AT 9 SAEE Aol A 45‘7154 S 2060 52 #skEE ol A
o BIpE v o FAA B IAA G S4S '8}01 vlel S HIpA Al Rt )
Aelks AAslvh=d 71 delkel ApEA S Ay ME‘r.

AA, & Aq= v 2o A% L%LF’Jr 43‘71’“ el W}% St et ] v ey
ﬁ?%(K]DA)ﬂ ?ﬂ’ah%/\ AT

=)
%
E
&
2
X
1o
;‘S =
E
ko
it
Sl
e
)
v
r
2
=2,
>
J&"
i)Y
)
1o
1o
N
30,
v



16 MTI=LAT H4d w32

=4, old AbelEA AyE dEoto] §39] v AvfEL ] Bl FTre] uhE v Fof 9 A
WA ofof] WapAAS] NS Al]bstthe AellA AFA Rl AAF o] QL

o g Bol, ¥AAAE T SR A WTelN ) B3} ¥ W} Ahssiths 54
< aefste] aEARl FUIAA GRS e =23 FAAAE Y
I Sl %rﬂ © Oﬂ EH?;} ooq7ﬂuo ]q,:g } A

—

9_‘(‘

o,

o o FUE
AR

1o

o _hj

ro

il

o

—d

N

2

)

o 4 847 e %9 W, A FAAA ) )

Aelel e Wk A6l €A 5 e 1ok < s Figure 6). |2 $18] 7)
ANAA BHE NEoR BE F #5 $aH 0w Adati Btel ojat 4435
A 41 715S Bael e $8d) 0¥ WAAAS wirofo} .

off it
-lﬂ e

Unmanned

Robot
branch branch

Unmanned
Robot

Branch by Unification
function ofbranches

Weapon system branch
classification(additional) New branch optimization

<Figure 6> Phased branch development system

Acknowledgements
We would like to thank Editage (www.editage.co.kr) for English language editing.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the research,

authorship, and/or publication of this article.



A study on the improvement of the future branch system / Yongsik Park 17

Reference

Army Headquarters. (2019). Army’s long-term strategy beyond the 4th industrial revolution;
Army Vision 2020.

Chang, J. O. & Jung, J. Y. (2020). A Proposal for Korean armed forces preparing toward Future
war: Examine the U.S. Mosaic Warfare' Concept. Maritime Security, 1(1), 215-240.
https://www koreascience.or.kr/article/JAKO202011065910009.pdf

Chung, C. I. (2018). Ways of Military Strength Transformation of Korean Armed Forces for
Maximization Cross-Domain Synergy. Korean Journal of Military Affairs, 4, 97-133.
http://www.dbpia.co.kr/journal/articleDetail ?7nodeld=NODE07610305

DARPA. (2020). DARPA Tiles Together a Vision of Mosaic Warfare. https:/www.darpa.
mil/work-with—us/darpa-tiles—together-a-vision-of -mosiac-warfare

DTAQ. (2014). Beyond the horizon of unmanned tech. http://www.riss.kr/link?id=M13369854

Editorial Department. (2021). First attack drone in the military, introduced as new civilian
technology: self-destruct drone, rifle aiming and shooting drone, small reconnaissance and
strike combined drone contract. Defense & Technology, 503, 12-13. http://www.dbpia.
co.kr/journal/articleDetail ?nodeld=NODE10507535

Joo, J. Y. (2020). A Study on Multi Domain Operations in U.S. Army. The Quarterly Journal
of Defense Policy Studies, 36(10), 9-41. https://doi.org/10.22883/jdps.2020.36.1.001

Kansas Army National Guard. (2021). Personnel - Officer and Warrant Officer; Commissioned
Officer and Warrant Officer Career Management Program. KS SOP 600-100-1, 2-3.
https://www.kansastag.gov/AdvHTML_Upload/files/KS%20SOP%20600-100-1_15APR21
pdf

Kil, B. O. (2017). Study on the High-tech Weapon Systems based on the System of Systems.
Journal of the Korea Association of Defense Industry Studies, 24(1), 28-41. UCI :
G704-SER000001543.2017.24.1.006

Kim, C. Y. (2016). A study on the military use of drones in preparation for future warfare
[Doctoral dissertation]. Chosun University, Gwangju.

Kim, J. S, Park, S. J,, Cha, J. H, & Kim, Y. C. (2021). Future Tactical Communication System
Development Plan. Journal of Convergence for Information Technology, 11(6), 14-23.
https://doi.org/10.22156/CS4SMB.2021.11.06.014

Kim, K. N. (2020). The Fourth Industrial Revolution and the ROK’s Defense Innovation Tasks.



18 MTI=EAT H4d H3=

Korean Journal of Military Affairs, 7, 113-143. https://doi.org/10.33528/kjma.2020.6.7.113

Lee, K. R, Jung, M. S., & Park, S. H. (2020). Future Army Super-Connected New Concept
Weapon System. The journal of Convergence on Culture Technology, 6(4), 663-667.
https://doi.org/10.17703/JCCT.2020.6.4.663

Mead, W. R., & Kurzweil, R. (2006). The Singularity Is near: When Humans Transcend Biology.
Foreign Affairs, 8(3), 160. https://doi.org/10.2307/20031996

Ministry of Science, ICT and Future Planning., Korea Institute of Science & Technology
Evaluation and Planning. (2020). Science & technology foresight 2016-2040. Jinhan M&B:
Seoul. ISBN: 9791129015945[v.2] 93550

MND. (2019). 2019~2033 Defense Science & Technology Promotion Policy.

Nam, D. H., Cho, S. G., Im, T. H., & Lee, D. J. (2020). Mosaic Warfare of the Fourth Industrial
Revolution: U.S. military innovation direction and implication for the ROK military.
Journal of National Defense Studies, 63(3), 141-170. https://doi.org/10.23011/jnds.
2020.63.3.006

Park, ]J. (2008). Foundation and Development of the Republic of Korea Army. Military
History(68), Institute for Military History, MND, 169-208. http://www.dbpia.co.kr/
journal/articleDetail ?nodeld=NODE06508152

Park, J. W. (2015). The Action of the Reliability Enhancement in Test and Evaluation of the
Weapon Systems. Journal of Applied Reliability, 15(2), 108-123. UCI : G704~
SER000010073.2015.15.2.007

Park, M. (2019). Changes in branches according to technological development. DIB (Defense
Issues Briefing) 2019-20, 3-4. http://www.kida.re.kr

Park, Y., Glenn, Jerome Clayton. (2017). State of the future; The Millennium Project. KYOBO
BOOK: Paju. ISBN: 9791159096099 03320

Song, Y. P. (2013). Introduction to Military Science. Chungnam National University Press.
https://www.nl.go.kr/NL/contents/search.do?pageNum=1&pageSize=30&srch Target=total
&kwd=2%6EA%B5%B0%EC%8226AC%ED%95%99+ 26 EC2%69E2685% EB% AC%B&#!

Y
°

20214 068 22¥
2021 108 18¢Y
20214 11€ 26Y

o

Y

o

Al X

oot
ox od 4>
e

Jor
ne



19

A study on the improvement of the future branch system / Yongsik Park

i e T I T RAS T s oM
=:F BhE S MERESE D
AHM o il o K Mool ®l 35 ® W B rH 0

Ez @ e T e = TV I
mn - pa O B - g |

< N om S KR g oW F0 o RO
2 = = || o =Rl < & 5 2 <
I-MOO. O_ =_._._Oomw_x_._._.__u.__x_|4Ha_|lA..H_l.~HM_.ﬂ._.__lo__OIr._
m. — o_EWﬂewmo_Eg%MoJWomﬂmw
T o R I = = = o] —_
nrw. .. An AﬂmMoﬂ_lA.A.l_MoMmWn_l.__xEAT_ﬂ.IM
B s lo A A T
3 .m_._x ﬂcﬂ_:z%%%mﬂ%Mﬁyﬂ
P I R T S Ny S s BN T
£ o E__= lo_Em._m_Mmm_,_.._m_._LML::Muo
= OLI_I HM...A%'OHAOO_"_.O“_L__OO_H_._._
h 4 E_“_._ﬂUATﬂ_._._oH o w s =
H_o_n =_ 3 . Ta®kkE Mo 3
Jl;._“_.___. ST @ By I0 g M
< Sl g B0 ¥ L Rl o3 = M0

* T F S © R uo @y .
= U % R PRFD kT
- &l o S
=< o T oo r M2 2wl g
— g = ool om0 ow R g T

- .gl = ol Lo o LH &4 L N o0
3 L R

— T s (e} Ly s g
: AT b ES TGO e WKy S
2l R = N N R
- v m_ma_m____ﬁm_.m@o@_q_ﬂ__loﬁo_a
o == = ST AR XY e g Koo
<3 o N K= DT WmE 8 oWk

t: o — Z BB gs s o o o T B
i = O E- xmmm___:_.__ﬂomunw.:_m:_a
;< G oo IR ol
i - | == B V- I g
oF ¢ W = 10 ol rH = m_# M O ol ol —
5o R o_u_n m_._.._Ex*o_.._oE._lurdq_u.__.Mop

: - =) = 0| oll j1 T = m
Lﬂm_ﬂ_m m rH o_u_u_lA.l_v._.o o ’CORC ~J = _/W_._ H_.__uA
g O 1o 20 % an&l g B 0T KO g
oIz [ 3 ___ﬁEwon_M%nEM.ﬂr,__o_%_@m
e M THr g uza e O
o O O ojon 20 MR W MO BRSO
MV H T WR oM & o I T AT K

=
>N

A HER

E|

Q!
o

=
S

x|

=
—_

E|

{s}
o

=Hsls
=
, pys-jihoon@kw.ackr, https://orcid.org/0000-0002-2354-9296

FIIAA,
;

L

o
=

S I, S22 H[E 2050, =%

A} sich.
2

ZHof

* (MAXR








