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Flexible lead-time management and visibility are vital in the batch-based contact
lens industry. This study addresses data-field disconnection in small and midsized
enterprises (SMEs) by proposing a FOMs -based operational intelligence

framework, validated at Company K. By integrating QR/PLC signals into 4M
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datasets and utilizing the delay ratio (DR) index, “data-disconnection delay” from
mold searching was identified as the primary bottleneck (45.8% of downtime).
This transition from experience-based guessing to data-driven precision
highlights the critical role of asset tracking in mitigating systemic delays.
Optimization reduced the average lead time by 26.0% and its standard deviation
by 51.6%, significantly enhancing delivery reliability. This research demonstrates
that data visibility and bottleneck control make effective digital transformation
possible for SMEs without massive capital investment. Furthermore, the

standardized DR index provides a scalable diagnostic tool for diverse manufacturing
environments to achieve sustainable operational excellence.
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Fig. 1 FOMs package composition and mechanism
Eska, A AR Aol sk Tlolelzt &9 7HAAE &
Heot ARA AAH O R o]ofR[A] Rk AP B3] EAITH
o4, ol2igt $#AIE FE3}] i8] £ Aol smart-Factory
Operation Management System (FOMs)Z 7|4to.2 3t tjo]E
o Az 3 ¥ AAE AL FOMs= A 79

9 ) AA=EE AAROR Qs

3

Z Al

d

N
p

fol

_l

P

oZ
[

AT, FOMst AdH] 9] A

=

joi ot dlu wx of

N
R}
=
1o
do

7 KA HlolER AR 4313
3 574 Alololl st tlAlE Al Hl7h
sl Alojsts S 4. of

st} 714 Sdolct U7t 5

N
Mo ool =

R P
&% e O R A0 > o

0|

Mo rot 1o
Kul
9,
T

N

rr
P

A

ry
=2

k?_lf
olX

ol
r

=k

L

!

Fig. 1 smart-Factory Operation Management System (FOMs)
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Fom-Logic For 4M Integration & Analysis
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Fig. 2 Schematic framework of sequential stagnation causal
structure
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Doo Won Park et al.

Table 1 Academic differentiation between conventional operations
management methods and FOMs (proposed model)

FOMs
Cat MES / APS TOC OEE
Ategory (proposed)
L Individual Weakest | Single asset | Integrated
Analysis unit work 0Cess utilization | 4M Flow
performance pr
Post-event . . Dynamic
. tatic | Operat .
Bottleneck ID|  history San:l s(i):d . cerlﬁc delay ratio
verification 4 (DR)
. Disconnected | Virtual Equipment Physical
linkag
Data linkage records simulation |signal centric | -digital sync
Core Data Throughput m(ials‘;lgtual 1;;@
value digitalization | Maximization s .
optimization |  stability

T2 HEM: FOMs 7|8t & XI55t
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Fig. 3 Architecture for data-driven operations management via
FOMs integration

Table 2 FOMs-based process operation data code system

Category | Code Description | Management objective
Value-added | #1000 | Tormel production | Output and throughput
activities volume management

Equipment stoppage | Analysis of bottlenecks

i 2
Downtime | #2000 and idle/waiting time |and downtime root causes

Occurrence of Analysis of quality loss

Defect #3000 .
product-level defects | and rework requirements

Process deviation | Monitoring of process
from standard stability and abnormal
conditions states
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Table 3 Comparison of operations management methods

Conventional operations
management

Data-driven operations
management (FOMs-based)
Focused on end-to-end
process flows

Category

Analysis
object

Focused on individual
process units

Based on
fragmented/isolated
metrics

Data
utilization

Based on integrated 4M
data-sets

Localized or partial
visibility
Experience and
intuition-based

Holistic and comprehensive
visibility
Empirical and data-driven
evidence-based

Visibility

Decision
making

Proactive
(real-time bottleneck control)

Reactive
(post-event correction)

Response
style
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Fig. 4 Research framework and phase-wise optimization flow
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Doo Won Park et al.

Table 4 Functional definition and calculation logic of FOM
management codes for lead-time analysis

Table 5 Granularity analysis of molding setup time(#2000) for
bottleneck identification

Code Management | Academic definition | Data calculation
Item & analysis target logic (logic)
Pure processing time T value
#1000 Value- ion based on the standard | = 2 (Standard CT
product cycle time (baseline). Output)
+
#2000 downtime S ) T ;hangeover
and initial setup. —Armep
Flow stagnation resulting

= +
#5000 | Quality Toss from the occurrence of | T loss = T rework

defects and necessary | (Reject x Unit CT)
rework.
Operational Denlzy;ﬁjllducedl > T_abnormal =
#4000 SUPPY T starvation +

imbalance or unexpected

bottleneck stagnation. T breakdovn
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(molding) FA2] X Y(input) QRIE A7EE= AJHS
ANAHo=g Aon zZE Wi 9 24 ZHLS gesty SAE
T YL QRIAES] YAEE AT F 74 &2 Azt

(& we)o Hefih

DR) A& =Ygt
ol
=

[

i

LTtotal = Zl (Tproc,i + Tsetup,i + Tqueue,i + Tabn,i) (1)

Root cause of
visibility gap

Sub-factors of Time Ratio
delay (min) (Yo)

Mold search &
Internal movement

Lack of digital location

496 45.00 tracking data

Mold mounting &
Physical clamping

Manual labor intensity

353 32.00 and lack of standard

Sequential heating and
trial-and-error setup

Warm-up &

. o 253 23.00
Trial run waiting

Critical factor determining
the overall delay
ratio (DR)

Total

. 110.2 min| 100.00
setup time
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Step 1: Check
P nec Step 2: Analyze

Quantitative Identification of
Bottlenecks based on Delay Ratio
(DR)

Root Cause Analysis via FOM
#2000 Data Decomposition

Step 3: Act
pi Step 4: Plan

Implementation of SMED

. Performance Verification of Lead-
Optimization and Mold Pre-

time Reduction (8.2d — 6.1d)
preparation System

Fig. 5 PDCA-based bottleneck analysis and lead-time optimization
process
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Table 6 Summary of performance metrics and empirical
verification based on company K

Performance Calculation method | Empirical improvement
metric (variable) result (actual)
Lead-time Ratio of lead-time Achieved 26.0%

reduction rate improvement reduction
(LTRR) (Before vs. After) | (8.2 days — 6.1 days)
0,
Delay ratio | (#2000 + #4000y / | 0% bottleneck
. reduction via setup
(DR) Lead-time total e
visibility
. . R« rtai
Process stability | Standard deviation e(.iuced uhiee a{nty and
. . . improved delivery
index (0) analysis of lead-time L
reliability
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Doo Won Park et al.

Table 7 Quantitative data-driven process indicators and bottleneck
identification results

Value Setup/ Operational Delay
Process . . .
stage -added Wait abnormality ratio
g (#1000) (#2000) (#4000) (DR)
Molding 55.0% 31.5% 13.5% 45.0%
Demolding/
SO | 812% | 11.4% 7.4% 18.8%
Hydration
Inspection 87.5% 52% 7.3% 12.5%
Sterilization/
0 67.8% | 22.4% 9.8% 32.2%
Packaging
Equip. Aver. | Bottleneck
Pr e . Bottl k
SE;Ce:S utilization WIP index Ostaetn:C
. . . u
g (Ui) (WIPi) (BIi)
Molding 82.4% 152.0(ea) 291 Primary
Demolding/
crmolcing 71.5% 12.5(ca) 1.01 Normal
Hydration
Inspection 68.0% 4.2(ea) 0.61 Normal
Sterilization/
Crzaro 752% | 45.0(ca) 158 | Secondary
Packaging
Delay sub-factors Rati};) (%) &‘Visual Root Cause of Bottleneck
roportion
Mold Search & Internal 45.8% Information Downtime: Lack
Movement [ of digitalized location data
Mold Mounting & Initial 32.1% Manual adjustment and
Setup [ — physical clamping constraints
Initial Trial & Pre-heating 22.1% Sequential temperature
Wait [ — stabilization wait time
Total Setup Time 100.0% Cmica][f)ﬁ;;rs:&:?;;ng .

Fig. 6 Granularity analysis of setup downtime (#2000) for
bottleneck identification
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Table 8 Process-level improvement actions and contributions

Factors Improvement Reduction
Baseli ..
(#2000) aseline action Optmized |t
Mold search QR-based digital
49.6 . 42
& Movement min asset mapping & min } 91.5%
(#2000-A) Tracking
Mold Setup tool
mounting & 353 standardization 28.5
: : . 1 193%
Clamping min & Layout min
(#2000-B) optimization
“Z?rrimaﬂ_urzn& 253 Real-time PLC 134
iy ; data-linked : L 47.0%
waiting min re-heatin min
(#2000-C) P &
Digital SMED
Total 110.2 s 46.1
ota. setup 0 & Visibility L I 58.2%
time min . min
synchronization | —
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