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However, existing smart manufacturing frameworks primarily emphasize data
integration and system architecture, limiting their ability to support operational
Keywords:

execution and organizational learning. This study proposes the AI DX Factory
Operations Management (FOMs) Cycle, an execution-oriented framework for
Manufacturing AX. The framework consists of five pillars: FOM-Assist,
FOM-KPI, FOM-AI, FOM-DX, and FOM-PBL, integrating manufacturing data,
KPI management, Al-driven analytics, execution, and learning in a closed-loop
FOMs cycle framework structure. An FOM Code-based model standardizes 4M (Man, Machine, Material,

Manufacturing AX

Al transformation

Digital transformation (DX)
Al DX FOMs

Digi-log and Method) data, while Digi-log enables the capture and reuse of tacit shop-floor
knowledge. Comparative analysis with existing frameworks and scenario-based
applications demonstrates that the proposed framework effectively links data,
Al-based decision-making, execution, and learning. The framework provides a
practical foundation for Manufacturing AX and contributes to the development of
execution-centered smart manufacturing systems.
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Table 1 Technical Comparison between DX and AX

Categor DX AX
gy (Digital Transformation) (Al Transformation)
Key focus Data collec.tion, storage, Datajdriven judgmenF,
and flow improvement | reasoning, and generation
. H Al
Role of | Humans make decisions UImans approve £
. suggestions or establish
humans by analyzing data .
advanced strategies
Industrial . . . Execution that maximizes
Foundation for intelligence
stage data value
Success Data integrity and High-quality training data
factors connectivity and optimized algorithmic
(IT/OT integration) models
PN B SR Ao tlofy 28] A F-

2ntEAE = [CT 7Hte 2 whAs) g
A 90l mED glon, 4M tlolel T REI} A5 At
727 AAS] vlgoleks FAE 7T olol] wizt Al% 4l DX
£ ol tlole] 7] Beh 22 HHE AYStE AE AXD(AI
transformation)22] Zgto] Q3 H T DX} Hlolg
FH0lZH, AX+ tlolE &85 58 /M FET Al
Az o=t

ool DXt AX9] 7]&4] ol Table 13} o]

DXeF AXE S 27, Q0] o, Al T, 41T 89 3
oA Apolg HRIth DX+ A= tlojele] 753 9AZ 4
s, AX Al 713 92224518 59 A3 715
AAHS AUt 24 T2 Hojsitt. Al DX FOMs Cycle2

o1} o7ds] mUE

Al

DX9} AXE AsH: Ad F419] 29 Zeglaolt =3t 7]
T 2niEAZR 2V AAE slojel-AE-R ARk 7t
AT HE2z 129 BAgts FAS 71X, RAMI 4.09}

IIRASL Z+2 7|2 ZH YA FA| glojH
719 ont Alg 1 gk 3o}
FBHA] FRIHE 7,

oo B 1= AjFste] BA|H S 7|uto g doly $3
(assist), KPI, Al 24, A3)(DX), st5(PBL)S S Al DX

FOMs Cycle Z#JQ]2E Attt & ZQlela= tlolg-

E5 72 Aol

¢ dAUSS SE3 1

w
rir

1_
T

AFSRS14S Aot AR 328 o) A2 29 A 14
2 BEHa, Hold 77 A Aol 7HsE AR AX TEL
232 Ptk 5] 4M dlolHet 4%t ABS B Hold 7
2 47, S-Pillar $3 A 7%, 390 GAMEY Bse B
WO B NS %8 BEE Y,

1) AX+ 71E & ZoplA BUH At EAIA] G ez

AZBZOIN AIZ BE3le] Hlold 7 B, olZ, 273k M)
7B

3 LPHAR Heel= Y o2 Manufacturing AXE A 03tk

229

BRI EPCE

Eaa 2 9u AA L
22 2 YA+ tlofE

RAMI 4.0, IRA%}
7lofgiont, o
% mAY

Z0 =H
o ¢

iIZ!
T
%
>
ol
|
ok
ol
[
i
iy
=2
>

R
>
o
rlo
)

g

>
2

fift
A
o ™ g

8
w2
4
:
S

)
1o

AS o=, toE Eg
Algiat &4 o2 A4
X FOMs Cycle |AZE Aot Ae
gtk AE ZH YA Assist-KPI-AI-DX-PBLE
5-Pillar 7]¥t9] closed -loop 725 %3 A2 23 3]
S B, A4 Aae] 15 Ax AX 7L .
Eﬁl 1 Qs FOMs Aol ZIslol AxHge] TS 2k

2 9sta, o]& 4M(Man, Machine, Material, Method)
clolels} KPL2 QUASte), Al /4 4 s} A o2
Aoz o]ojz|aL ThA] By Aoz SAEE et LFA

& AAR
olE f13l @ 4M tlolEie}t AUA F3 S YR vlofE 1=

A7), @ BloTEKPI-AI-AI -8/ 0.2 o]ojx|= 5-Pillar 23]
A 7%, © obad esed B3 Y B AN En
‘{":_]‘j]o z=9 o:]:rL LH-Q-OE /\-12-]'6 9&1:]-
1.3 o7 g9 & dif

(1) A7 49

2 ATE Y AR FA710S PR A B4 AR AX

T A Aol 2H
o1} tlofg €&} 9r
& 3
At H9l= 4M 719 B9 tlofE] & AAe Fig. 1, Table
29} Zro] FOM code(*“{\}"é(lOOO) 317}5(2000) E2K3000),
B AHTH4000)S 2Y A 7=
3= éﬂ%ﬁl—AI—"e‘ﬁé*—ﬂ%Eﬂ HFz
o o 4%

DX+

8 2

A
h

lo

‘6‘1—

T A

rt

Az dole9] 453 SAR oo, AX:



Beom Tae Kim et al.

1100 i

(total)

200

(Product) e

£ _— Machine
aching Material
e Method
1400

‘‘‘‘‘‘

Fig. 1 FOM structure and analysis components

Table 2 Management status by FOM code

No. FOM Code Function Feature
Total production
performance (1100) Real time
Product production securing
| Productivity| ~performance (1200) Data data
(1000) Equipment production vauiSitiOn rellablllty
performance (1300) on-site
Worker production focused
performance (1400)
Total downtime
status (2100) Data
Product downtime Data integrity
Downtime status (2200) processing | real-time
2 ..
(2000) Equipment downtime & connectivity
status (2300) Integration |core of data
Worker downtime governance
status (2400)
Total defect status
(3100)
Product defect status Al-driven
(3200) decision
Defects | Equipment defect status Analytics makn}g
3 (3000) (3300) & KPI-driven
Optimization| analysis
Worker defect status core areas
(3400) of AX
Factor-based defect status
(3500)
Total non-conformity
status (4100) Execution
Product non-conformity -oriented
status (4200) closed-loop
Non- - . form Execution structure
4 | conformity Eqmpl;lgltugczlgzgo)omty & on-site
(4000) Feedback |implementati
Worker non-conformity -on and
status (4400) performance
Factor-based non-conformity improvement
status (4500)
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Table 3 Patent status based on FOMs

Patent/
. . Title of i i
NO Application No. itle of invention
L | 1020100087109 Method for.const.ru.ctlng a new
factory using digital factory
Method for establishing optimal
2 1020100101492 production scenarios in a
digital factory
Optimal production planning and result
3 | 1020110079020 | verification system for digital factory
reflecting real-time factory conditions
Production capacity management system
4 | 1020130113609 | for digital factory reflecting real-time
factory conditions
s | 1020210052334 Smart factory FOMs pagkage? and m@thod
for smart manufacturing innovation
Organic 4M big data integration,
multidimensional analysis, and
6 | 1020210185496 decision-making process/method
utilizing smart manufacturing
FOM system
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Table 4 Terminology definition and role in this study

Table 5 Comparative analysis of smart factory implementation

Terminology Definition Role in this study models
.. Digital transformation through . C Proposed
DX 1 . ] Establish ategory RAMI 4.0 IIRA SMRM
(dlglt.a the collection, connection, and S.t ablishing data FOMs cycle
transformation) |. . . infrastructure -
integration of manufacturing data . Operational +
. . System | Functional .
An execution-oriented operating Advancin Perspective | Architecture structure model AI-d11Yen
AX (Al system through Al-based g execution
. . . manufacturing
transformation) judgment, reasoning, and . Integrated
o operations
optimization Data Data FOM
handli Layered  |Platform-based f do-based
An integrated operating system | A means of andlng ow code-base
Al DX applying Al to a DX-based | implementing model
data environment AX Decision i el o lzl-l?a.sed
An operating philosophy and " 1mitex art1al 1mitex ecision
suppo! o
framework for defining, The theoretical g
FOMs ana.lyzing, executing, an.d foundation of the Operation |\ 1uded Weak Weak | Closed-loop
learning from manufacturing framework management management
bl
provems AL | Not explicit | Partial | Limited Core
A multidimensional classification Integration component
FOM Code system for standardizing Data structuring . Real-time
. o System Functional o
manufacturing data Strengths  |Standardization| . . . optimization
integration clarity .
A knowledge asset that structures Oreanizational & execution
Digi-log tacit knowledge from the & e Static Lack of Lack of |To be validated
. learning asset Limitations . . . ..
field into data architecture operation | execution | empirically
Learning and
PBL Problem based learning dl.ssemlnatlon tOf 23] A B Tk +9F FA Al FF(operation-
improvemen _
results centric execution framework)o|tt. 7|2 AnfEdED] 2L
A7t Hold a4 E AlLE S S A o] mRE Wi,
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Fig. 3 AI-DX FOMs cycle concept framework
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Table 7 Comparison between traditional smart factory and
AI-DX FOMs

Traditional
smart factory

Data Collection &

Category Al DX FOMs

L. Data-driven autonomous
Core objective

Visualization decision-making
Stage Informatization Intelligentization
Characteristics "Visible" Factory "Self-thinking" factory
ERP / MES /
Data . / S FOM-Code based data
Equipment data
Connectivity Low High
. . . Analysis &
Usabilit I - ted - .
sabflty fquiry-orietie Prediction-oriented
Operation . o Automatic feedback-based
Real-time monitoring .
method operation
Improvement . Proactive prediction +
Reactive response .
method Auto-improvement
Structure Unidirectional Circular (loop) structure
Decision-making| Manager's experience Al + Data
Analysis level Simple statistics Prediction / Optimization
R .
esponse Slow Real-time
speed

Worker's role System user Knowledge generator

Know-how |Low (Tacit Knowledge)| Automation through PBL
Organizz'ltional None Continuous learning
learning structure
Nature Reference architecture Execution framework
Focus System structure Operational process
Applicability Theory-centered implemenzteil:n—centere J
Flow Data — monitoring Assist >KPI Al
DX—PBL
Characteristics| Disconnected stages Organic circulation
Result Partial optimization |Total (global) optimization
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Table 8 Example of data mapping for machining processes
based on FOM code

Process Data Item 1200(?: Purpose of utilization
CNC . . . .
machining Production quantity | 1200 | Productivity analysis
CNC . . . .

. . |Equipment downtime| 2300 | Downtime analysis
machining
CNC . . .
machining Defect quantity 3300 Quality analysis
CNC Operator information| 3400 Operator lmp act
machining analysis
CNC Non-conformance 4500 | Root cause analysis
machining cause
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Table 9 Performance metrics

Metric Definition

Productivity Output per unit time

Defect rate Ratio of defective items to total production

Lead time Time required from order to completion

OEE Overall equipment effectiveness

W
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Table 10 E

xpected effects

Quantitative effects

Qualitative effects

~ 0,
.. 15 .ZSA) Establishment of data-driven
Productivity | potential for .. .
. decision-making system
improvement
20 ~ 30° .
. o Enhancement of on-site
Defect rate | potential for . o
. execution capability
improvement
10 ~ 20°
. 0 . 0% Organizational learning and
Lead time potential for .
. knowledge accumulation
improvement
10 ~ 159 .
. % Establishment of Al-based
OEE potential for .
. autonomous operation system
improvement
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