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Abstract A prior study proposed a three-phase manufacturing AX education model centered on Internet
of Things (IoT) and artificial intelligence (AI) data analysis, based on a demand survey of 23
manufacturing companies in the Cheonan region. However, that model focused on data collection,
analysis, and strategy formulation, and did not extend to the stage of physically executing tasks through
robots and automation equipment on the actual manufacturing floor. With recent advances in
Vision-Language-Action (VLA) models and foundation robot policies, "Physical AI' — artificial
intelligence that perceives, reasons, and acts directly in the physical world rather than merely making
judgments on a screen — has emerged as a new axis of manufacturing automation. This study extends
the existing IoT-based manufacturing AX education model with Physical Al elements, proposing a
four-layer technology stack (Perception-Cognition-Action-Feedback) and a corresponding four-phase
education model. By adding physical execution capability and safety/governance indicators to the
existing model, the proposed extended model provides a foundation for a sustainable manufacturing AX
talent development system that encompasses not only data-driven transformation (DX) but also actual

automation execution capability for regional manufacturing industries.

Key Words : Physical Al, Manufacturing AX, Vision-Language-Action Model, Digital Twin, IoT

0] Y= 20268HAL MALHSHW CHEFHTIH| X|240f 2510 O]RO0IRS.
"WAXKL : 0|25 (leekeunho1004@gmail.com)
HAY 20264 08% 04Y  4HY 20264 08 14Y  AAYEY 20261 08Y 21



64 AMECQIEUESE=EX| HM123 M43, 2026

1. M2

A AG A 2719 2370AL 678= L& HARE
FRFARE EUE [oT-Al 7%, AlZ HlolH 2424,
Az AX Ad 289 3A|(Phase 1~3)2 F4E A%
AX 15 BEE ARSI o REe I 7 &
M(EBt 2.258/58)% 7€ 5 EA= AS] 1
S =5Foen dF 8 WS SEsIGIt=
HolA 2Jej7h At 2y o] RE2 [oT AlA HlolH
—4 frél AT AL EEE 5, AX A Y

B4 g iﬂ‘ﬂ SEoiA Qlof, =& At
1 ES AA Al 222 53 E9fdor Adske o
A= ZZ6HA %9}5} HAE At & HolE
1 tAd AgHDX) Y=E wouh =24 A

5} AdY(Physical Execution)?] #F-L AtjEoz
oFsitt.

g 2025WE Heste] A3AE 4919 FASA
< HAE O|uRE thE = PGP AlOA, 2R-ARe0]
A 5 =94 MAIE Sl @A AAE AL A
P5ok= 'mX]Z Al(Physical AD)'ZE =31 Qe Al
AZBAZH(WERT EARAMEYIF(BCES HAE
Al 'A% ERYA7 X E AAY E98 AAE
Adsto] A B9 AAHE wole MEE AEH
S o= Folst, £7] =Y 7149 AHS-FE -k
A F ARIE AAIRE HE ATH2) Sl A= =3]u]=
ko] 'IX A Al A, AEY A HRY BRuAE
Sl =W AxYGo] AFFE W= QIF Q1Y HE,
u]-Z 7|EmA A4, AIZ QIS AR ol Aozt
= 534 f710] A9s) A= s, HAE AlE
B8 Az g4l oS A7IsHATH3). A =R
WIFR)O] =9 =2 222} 19 g AL Ei
57t AlA Ha $FoR, veshE A3} 9l

7t g ot v]xF Al 83 Aol &2 7/1_1% %
ZHEtH4]

£79]

AT HQkopAl X9 AR}, AFAISDI,
g0l & W71 AAAHT AEARRE, A
7IA=S 2ok o A S4-F A7l
H 34d 94 Alx SBLEHoH, T AvtEY
HL A 2ulERLE S 4 Ao R SR Ao
Wele] SRR 7 2T Y W A 6
J?j% | 2= A Folck. oMt 19 A -
g AYS SHOE YA ol AR E T A
17} A& AL ot of2_t A 93 7Hke wA2

>
O{N'

RS

N

e = o oo oo
rﬂiéﬂdﬂ_&i

L?Z

d

N

-

AL 78S Az Bgo] 45T 4
BIAL, 0)F &
o 58 ke o U}?iﬂ(ﬂ A e

1% A8 Al 842 Fslol, dlold 24E o
%aa AR ofeEE B BEL Aty oS
Hekokit Az@ARol 283 I3t FAA 1
Aiske Aolch, A% SIS chest 2tk 3, 14
A19] At 71 AE(Q1A- -2 S
1 7| 2dyko] A4 9 3 9o A4S st =
A, 715 39A o] w2 Al SAE F71RE 4
(Phase 1~4) &4 1S nde AAgct A4, Zet-of
A A99] AFE 542 g HAE Al 48 Alue
Q9 gAY AT ZEHS ARG WA, &4 1)
33t A R(KPDE ALABe F2l4 AR AFF A
4 e W9 2 =22 F 78R H4HEH, 2
Bolde HAE Al T4 ol24 g AJATE, 3
Aol 4 Hlo] AAE, 4ol Hetbort A8
Pote, SAolMe B 243 7davks, ogolM=
AH A, 7NN AEE HES

2.

i

AT

2.1 OXE A9 7HEdt 71E AH

WA Al= 7HEh LiDAR, 2 A4 58 B3l &
2|2 3+74S QA|(Perception)dtal, W5 Thego]A
mes 7|gko 2 A%S Wk (Cognition)shH, 25 Hf
Y& olHuU AEolsAE B3l AAl Fs(Action)&
sYste AAZ FodcH2]. oyt S8 HUske
HA 7]&o] H]A-Ao]-35(Vision-Language-Action,
VLA) Z2dojt}. Ma et al.(2024)2 VLA ZEg JHt]
E Al(Embodied Al) ¥l AAZHCZ A3t M=
o] Ao} =E-S B3f, VLAZ} A2 HAF-<1o] A|A]-
W5 AL Shte] Q9o Fetoan 2ol
Ztodo] Ak g A2 Qo] duislet 2~ glee
o2l Liu et al (20242 dHt= AIE Al
Brain-Body-Cross modal Sensor'®] ABC Zd=Z
zsfelo] Aolul Bkt B AAE HEshe 7144
o IHIAE AAsIR (5], Xu et al.(2024)2 TH2H|
old md 7|¥t 2REAL WY HrE RstHA A
d A A& Al DAzt AAH-QHAAd AkS xSt

ArH6). Hole LEE A4 2] FHAE gt A




HE AX S5 QI3t IXZ Al M 20| RH3t 917 -woLOR HEEES F402- 65

T 1 GE VIA B A7k 5| o]Foj 1 Y=
g, Guan et al.(2025)2 24 o}7|Elx-01x] E4-Y5
A-sls A2ke] o] 74 Fol A VIA 583t 71HS A
AHog HEstATH7-9]. AGA A= NVIDIAZL H
& FHxolE EREZ 93t /NEE muold ndl
GROOT N1& ¥#3H= 5(10-15], HAZ Alo] Ty
dFotle 28 FF 2do] 485yt wiEA Y=
Atk

2.2 71Z loT 718F HIZ AX wls RRQ| 71Xt oHA|

At XY Az7|F WA 22 FAKCronbach's «
=0.87)% 531 71& %2H2.41/5.0), ©lolH =k
(1.87/5.0), AX A H3K1.63/5.009] o2 I 7
o] AgpeE gRlstaL, oo th-gok= 394 Phase 7%
9] W8 2d-S ARISHATH]. Phase 1(IoT-Al 71%)2
[oT of7|8lA|e}t AlAM-AA] Al, AI/ML 7|2& OF4l,
Phase 2(A1% Hol8 4= HlolH 3 -A143}kd=
. Iixha-;qe Phase 3(AX M;ﬁ ;H_Q_)‘L:_ _/';u]—E_ﬁ_JiE
g A4, dRAE EY, PP Al &8, AX 2EEH 57

L 717k sk Y1807 A3l o] mEe 2
3 gy wae

_ﬂ_g'_—r
E5)] &7 AL fd2uro} A
A AARE BS|AL Q10| R AP Mt A =
gtelo] gutslof] Aol glom, Ay & ol dAR
A A dlole7t BAstE SIS Aldt okgE &
A7} FEoRe AH2, o B Phase 3 'AA 4
/0] YRR LRIENE WALk ek FHolet
L AE) s3] vEe glon], 2Rolut AEst Ay
£ o Ang Seldos Tt 4 YL 6E
o] PAHoR mFEo] A ke Motk do]
g o zﬂ(z 48)7k AX Hek A 7(2.47)°0 g
QAo AWER 245 BN 9P
of et 7&1 At} tf-g w42 thFoix|A| ghglrt.

—]OO

2.3 UL mX|E Al Hx M &

d2o]EQ] 20261 AR A Al w2ZH Az
7199 DA Al =9 AF HE-2 202549 9%cllA 24
W 22%2 F B o]t S71% Aoz HyEH, o]F4]
2EE B9 HE FHER-AHA] 59 AHI7F Ak
UtH13]. WEF-BCGY] WAl ojulE, EAE 5 27|
= 7149 A =ERQ] R4 Akl Ak g
¥, Y] eHFolgrt 25 glaYMdoR GRS &
A7t S AEVIR Ao 5 YAt 23

7] Wo et u%zl;q Al E% ek Zﬂ loPﬂH, e
o] Al 42 As@2E 71EA(2024~2028)"°] 2030
W7k Alz-AfH|A Bok 25 1007 o B, HURE
AYele 80% TS EBHEZE st 2 A5kt
(8. T3t TCS9 2 A mEE 2AF HiA A27]
9] 68%7F o7ds] A dAlel HEe ler, #HAA
ANARTE] 59, Hloly lze), 1 A Aol =it
o] 8 A= AL Qloj[15], & ATt AlFsk=
WS 2] oS T

2.4 il_-|0|- |-A xlO‘-I X-"IO'I Ekl

AQMAI APJHAHAHISDI 5 719 AR
EA O AaS o]0l B A s|uto] FAo]
Qom, HARE- M7\ 7| A AEARE-247}
F 9% YF7H 7PsT A A cAIIEA 24o)
X053 Qlek. B3] At 5 HAof= Au}EnﬂE
H}Eiﬂ./\u} Enla]Es A4 Hekilelo s sl
slgwdele] A 7 AZEo] gle], oou
o x]A Al 7|8 X535} Au|9] giFr AlZZo] E A
£ Ak ohA 94 -2 AYe FHeR o
o] AAPRE B DAL O AT
Ao, AEARE 9 A7) A% F47190] B
3 Sick. ol HSkobt A th]]] AAA ]
T FEYARzo] BRI, Al HMRIEA Z*;omb
27 mAEe 7K1 glol, mAE Al 453 A
Y P AT A9 55} mdg GA]o x@%

3. IR Al Hg 23 BY A7
3.1 g Wy 2 HA =Xt
E A3 A4 gAFAl 223y 2oy B2 2}
&3t PoCY AF TlolEle] 7|¥et 454 HE A7t
oflg}, E4l By A9 mdo] 237 S E3f Aj
22 IE HIE TES= AAATdesign science

research) 429 4

Aol QA FAE The v B



66 AIEQIEUgSE=EX| HM123 M43, 2026

2 XY= A, a2 Aot gF
R2[11E 24 A=E AAESH, 7|2 3594 Zdo| b7
x] %@- %ﬂx% Moﬂ crla): 010:10 /l ’3]-ME]- Eyﬂ
VLA-JHIT EAL B =4 AH|o] =&([2-6]7 WEF-=
ujeidTd T Y AY A (7,818 AESH 1A
ALY 7& 19849 A A8 5L Fstarh
AR, A 7|& FH/AE 71 BE9 39 Sk
AACIR -1 )0 mFst 445 71& A=
49 WJ S BEZ ALl WA, sUH EEER
A S AH16,1719F =A] QEAFEZEISO/TS 15066[18],
SEAA SR T AFHA] AR FA[191F x5
A5 8 AvEe, AY FHE HY, FH-AHEA
AEE A ogt oj2fet A dA= E3
27 Agol 7|Wst Ao 7, Aot ndlo] w8 gyt
534 AAlsk= KPI 4t BFd/d2 ob4 AA| w-&at
7 Golut @FPoCE &9l ASHoE HFHA Lok
o= HEY AE At o] A T AF AY
2 5.28%} 7304 FAHoRE =o3ith

3.2 B A %
B A7E 71E 299 4 /) 44 9HGa 0
4, V% BRH, A5 SIS ASTHA, e &

X

7HA] QA s AR, 82 AYPJ(Physical
Actionability)' o]c}. dlo]e B3} M2k S=gofA 1A
A A1, EEHE XO|ETF B EE-AECIEA 5
ol AAE AYEE SPoke AR 1S HAE &
Aot &4, QA AW (Safety & Governance)'
ojtt. TCS ZAMIA A7 U2 44%7F WA 2 Al A

of tist AP JLZRE Pals| AHOo5HA] &5t Juk= A
o] X A= uvle} Zol[15], E¥o] ETFoZ AlF-AH|
o AeAgsts v A 71T FAaA ol gk w
So] IHor gAHT.

33 MXH Al 712 A

& a2 7|& T4 [oT-Al Hlo|g mfo]=Zale]
Qo] 'QIR|(Perception)-HHCognition)-AH(Action)-
&3HFeedback)' 9] 441% 4411?4 Al 71& A®S A%
StcH2,3,7]. Figure 12 o] €3 1125 Z4|sIet Zlo]
], Table 12 Z} AZ9] &4 7]%3’4' Az % &

o AEgt Aot Q1A A2 7IE [oT A4l 3D
AXE ool 29 X B4 Ql4lsty, &
VLA 23} mh2dold 25 Jag 53] A

Ag
A&7

H]
= A

vjot 7 mEl 2 ElofEE AARIeR Este], Al
gold AollA HAFE 25 T2 @R HAstA wt
95l= Sim-to-Real AolE x| Y3ttt

Perception Cognition

| VLA Models, 1
30 Vision, LIDAR, _ Foundation Boet Polcy
(e.g., GROOT)
I
\ —
n,
4

[Fig. 1] Physical Al Technology Stack: Perception-
Cognition-Action-Feedback Loop

Cobots, AMR,
Industrial Humanoid

Action |

N

3.4 2ty BY AX: 3HANAM 4HAZ
B 77} 71& 394 BEL 597} obd Aok 4

AR SR DAL 7164 DA% BRI 2AR
o] M 4 Uk 7148 2ARE, 338004 A
A AAZBAL 714 28jo] QIA|-Tet-A-3tke] 474
AZoz FAEN: 42 £ 4 Uk o F A4 B

AEL 7]1& 249 Phase 1(IoT-Al 712)Phase 2(A

Z Hlojgl &4l ofu] tigEef ey, 43 A
@32 5% 294 3 =& ASHALES 76
ol tiSshe S dAe 7IE ZEol EASHA
& wef A& ASS 71EPhase 3(AX A
28l @3] F71ske FAGEA FA)S FRehd,
e soleke A9 B A 25 24 AEs A
Folzh= oh¢l A3 FFo] hte] Phase ol EA1=
ol e AR Heol WY A sHS T

(Cognition) A9 AFEE<Q ¥hH, 23 Z}E??: A5y
(Action)-$=8HFeedback) AlZ0] Z3td AEEo|ng,
71 AEY AS T FPEe A4 S dee
Phase 3(WAZAI 7|12 4 2% 5% AP+ A
815)3 Phase 4(AX-TAZAl A 18 B 439
27§ Phasec|™, o]o] wa} 7|& 35tA/ol] AEs] 174
PhaseE F7I5t 494 227 &5}

IEEH TAZE, 7€ ZE9] I 74 BA(1]0A
Hloe F(742.48)7 AX ek A=K (F2.47)2 olv] A
gEQoY, 2R 22 5 B Ay g gt
AT o]FojA|7] gotrh= FS & & itk & V&



=
[
>
>
sy
02
o
Ho

3t XZ Al M8 20| 23t

[l

017 -ZOHORY HIZEYS ZAO2- 67

Phase 39| '2&' drl= AAF O M w] &
|7 Zoly glon, RS
o= Eko] g5 A7 dFHe :
Kolb(1984)9] AAeE oo T2y AHER 24
AEF ol HL(F Z2AE)S A2 2 sk
o|FE TSR, o]& St PhaseE 07| HTt
HE AR sk 2ol g5 Holof f-Esit
S5TA oo ®E MESeHA] g2 AL, JAA-wd A
(Phase 1~2)0] 7|& RHojA oJu] HFH Fxo|EZ
WHEY A54S fAT eVt 9, AY-&3

2 Sim-to-Real Zo| T4 shit9] gk5 Alo]ER
5] AgEo] Y== Aol yteo]
% A9 35]8 g5 559 HEE op|E £ 3L
oot

Table 2& 71& 293 & 299 Xolg Q9K
Aotk &4 Zdl2 7]& Phase 1(IoT-Al 71%),
Phase 2(A= dHlolg EA)E fA5k=, 7]& Phase

NN

(Table 2) Comparison of Existing Model and
Extended Model

Catego Existing Model (2026, Extended Model (This
gory K.-H. Lee) Study)
) 1oT data Data analysis + physical
Educational ) . execution
collection/analysis, AX v
Scope . (robots/automation)
strategy formulation -
included
4 phases (Understand —)
Phase 3 phases (Understand —) Analyze ) Physical
Structure Analyze -) Apply) Intelligence -) Integrated
Application)
Core loT sensors, cloud Al VLA mOd?‘.S’ collgborat\ve
; robots, digital twin, edge
Technology platforms, generative Al .
computing
Competency diagnostic | Above + robot utilization
Performance - ™
- score, field application rate, defect/safety
Indicators . -
rate incident reduction rate
23 manufacturing firms in | Cheonan-Asan industrial
Target ;
S Cheonan (demand complexes, incl. new
cope ; -
survey) national mobility complex

3(AX AA #A-8)S 'Phase 3: TA|EA Al 7|2
E&'F 'Phase 4: AX-TXZE Al AA 289
2 B35t} A2 Phase 394= 52 =2

299, VIA B9 28T A A4 A, A4 A
9 7N AR 22, P4 B9 BI04 S5s

H, Phase 4°14& 3o 7|49] AA 21
23 253} PoC(Proof of Concept)E 431l ol&

AX R S35t}

{Table 1> Physical Al Technology Stack Composition

=SS
= @A

Table 32 &d 404 WS 2EO| AR 125 A
Algt}, JA 1S 7|7 303, 712 B9 2453 o
H] 2% A3 @4 PoCE H 6+(H A2 AL 712 &
A7t F7HE A B AAe 7189 old—E A~
£ 3PANA ol—EA-EYE AsI—Ee AA
2L 9] 42 =T, Phase 39 AL AlEH0lA
H|ZF(3:7)3 Phase 49] 7|9 <(Figure 2) Extended
4-Phase Manufacturing AX Education Model@%
HZ(2:8) Bl TR E 25 Ad 4 ggol &

SfEE F2E FAIY Figure 2& °J2et 484 2

ZF tHA| 9] k& OlAIE L AISHSE Ao
Manufacturing Application 94— - 1“7:“‘4 e HZ“ = E‘]Q}“‘ ~ ]q—
Layer Core Technology
Example
3D vision, LIDAR, tactile | Component position/shape
Perception sensors, loT sensor recognition, equipment
fusion vibration anomaly detection Phase 1 Phase 2 Phase 3 Phase 4
Wh 16 Wk - Wk 15:22 Wk 2330
VLA ‘ 16 We7-14 k1522 W 233)
- . Task planning from
(Vision-Language—-Action) natural-lanquage ’
Cognition | models, foundation robot instructions dgfec%t e FlﬂdstAI gatnul\acl:irt\pq :Phys\c?\A\ px‘gzhy‘slc:at\Al
policy (e.g., GROOT), , de yp oundations ata Analytics Qundations feld Apalcation
. reasoning
edge inference
Collaborative robots Precision screw Inderstand Wil Aopy&
Action (cobots), autonomous fastening/insertion, o tegrate
mobile robots (AMR), material transport,
industrial humanoids inter-line logistics [Fig. 2] Extended 4-Phase Manufacturing AX
- S . Virtual verification before Education Model
Digital twin, simulation -
; field deployment,
Feedback (Isaac Sim, Gazebo, Sim—to-Real transfer
o o S
MuJoCo) learning 3 5 J-_|,—"‘='|' I:Hg 7‘:' ?JEEI' g!‘él'
o mdlo] B oL 71E man $UsA A
el EAT Qe ggA, A% A Y A,
A SHBE 26k, 2R HaYAAX AHHE §



68 AIEQIEUgSE=EX| HM123 M43, 2026

(Table 3) 4-Phase Physical Al Extended Education Model
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[Fig. 3] Physical Al Implementation Roadmap for Cheonan-Asan Manufacturing Sites

AR g0l AR W FYAES S
o2 HIH-AAAT 29 A 23 FA|2F AMR 7|3F
&Aool 4l g Higeltt. olAIA|-ml ]
g A2 A 21-Ad= 549 AT HLeE 1
Sto], HAE Ed Aol $4E S35 AlEdelAst
& 25 meuEE @l wrgske Aol Aol
7A-EE A2 -2V 4014 AL Bl 7]k
&4 oleF HXS dE=E &5 Aol fAasith

~
o
pV

=

F Az@EAl gt oA d Al 482 930l
J5E dAH R Stk
Zz]sict. 19A(PoC AF, 3~671DolAe &
19 1~ dides 9d A 99 25 2
oCE St 7|& o|£5(2026) BE9] 8%
A AL E8oto] thd 389 I At V& A
S XS] 29 A T AL 6~1270 ) A
£ PoColld A5H 222 BAS A 38& B/t ¥
Ao R Fhibsty, YA EQ 7|9 94 RYEHFY
AAE 53t 3PAER] B8, 12~2470 )l =
E0] 28 A4S gl ool Beok, 7|E AntEY
E2 MES-SCADA AlA®F WA Al Alo] A&
AsTit. 4GA(APERER]-gX]E Al 83, 2471Y
o]0l A Hetuj el IVMIGHA] 5 A =
A ARIGAE gigoz, A dARE FxFE Al Q1=
ZHEE A, QA HFHE, 5G/AHDE st 1gs
Y AntEUEYE AS3It Figure 32 o149 404
AL ZEWe TASRE Fo|tk,

SR N
o 2
olN
S
o
o,
o
a0
e}
o

jus)
—-

N

L 19 L AL
o

g

o

A AANIS o Agat FAHozE 3A, 712
A AZAY AX 53 ALY AT AAstel
Phase 3~4 W8Il PeE U&7 7|9 @%
PoCE Aot EA, AHIIHARLTT 5 A
AR el Feiste] A% Ty 719S wEe
3, 2% 59 4 27] B4 Hue geish] 94
F2MAY| Y] AHESY TEAIY U 22 G A
2541 AT QAT A, A 24 Fo Wt

Jegele] SbRIRA] 9% o 79e s
A7) WANE WAL Al Az} DA AR,
FHIIRAZE A9 WA Al 450 A ATL FHE
= g

d

5. RAFA I Itz

5.1 7IE 2 Ci| I

3y mde /) BEY 28 74 4
WA ok WAE ASRORA o2
£ BAO, 2218 49 WAS YAHOE ERFO
# ElolE] Ju WEOlA B2 H AP 7R oloj]
A AXS] HA) AEE SHTTHE oA 8L A
drk £ 712 mdo] oA gokd Qb AL
A NUTORH, o] WA Aeh-Hvlsh 45
B3R YOI BT S U VL A B

& A= AAE A=

el

_1

=

A o
AEEE

w

fot

oft
oL

1}
B

o
& |

_;?In
h

rr

5.2 Mat X[E(KPI) XA

Table 5= 7|2 299] KPlo| E21% 437 g
AEE F71510] AGAS AYS HojZ)h sk Ay}
gooll= 7|2 Al FF Atk H4o] Tsf 232 22ZHVLA
g gF Addo] ALEY, @4 F8 Jgoj= 7|1E F
o

% 4880l tls] 2% PoC 7FsET EFE H4E0]



70  AMEQIEHUgSE=EX| HM123 M43, 2026

(Table 5) Extended KPIs Compared to the Existing Model

Domain Existing Model KPI

Extended Model Added KPI

Learning Outcome
more

Al competency diagnostic score up 30% or

New: robot operation / VLA utilization competency diagnosis

Field Application months)

Field application rate 60% or higher (after 3

Robot PoC utilization rate 70%+, defect rate reduction 15%+

Safety & Governance (Not applicable)

Zero cobot safety incidents, accountability guideline established

Employment / Job Transition or higher

Employment/job-transition success rate 70%

Added placement rate into new roles (robot technician, AX
consultant)
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