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demonstrate the practical applicability of FOM-based 4M analysis for evaluating
logistics automation.
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Table 2 Comparison of AGV and AMR features

Table 3 Comparison of MES and FOMs

Feature AGV AMR Feature MES FOMs
Navigation Fixed paths Autonomous navigation Primary  |Production execution and| Integrated factory
(magnetic tape, QR) (SLAM) objective shop floor control operation management
Flexibility Physical m(.)diﬁcations Software-based Management | Production tracking and | Comprehensive 4M
required map updates focus quality compliance | operational optimization
Obstacles | Stops or limited detour Real-tnnz dynamic Data scope Process Integrated manufacturing
avordance P execution data operation data
. Restricted to Highly adaptive to )
Adaptability static layouts dynamic environments Analytical Process and Integrated 4M system
— - — perspective | production lot-centered perspective
High infrastructure Fast with minimal
Deployment dependency infrastructure changes Utilization Monitoring and Decision support and
Mass production Hich-mix. low-volume purpose traceability management | operational optimization
Suitability produetion, ghmix, ow™
repetitive lines manufacturing
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As-Is: Manual Logistics To-Be: AMR Logistics

Material Material / Material | Logistics Material |
Storage Pallet Storage Call Pallet
Return Area System Return Area
A A

! : i

Operator >
(supply and return handling) AMR Return
¢ + ! Transportation

A

Manual Material / ! AMR
Transportation RP?"“ ! Transportation
eturn N

I
I
Packaging Line f-=-=-=--+

— Supply flow (forward) -=---» Return flow (reverse)

As-Is To-Be

Operational Characteristics Operational Characteristics

+ Operator-dependent logistics + Call-based logistics operation

+ Manual material supply + Automated material supply

and return and return
+ Combined production and + Separation of production
logistics tasks and logistics tasks

Fig. 2 Comparison of as-is and to-be material supply and return
logistics processes
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Table 4 Definition of 4M factors and analysis items

4M factor Definition Analysis items
Operator activity Logistics task time,
Man . . .
information workforce size
. Response time, operatin,
. AMR operation P P &
Machine . . status, stop/error records,
information .
recovery time
. Material logistics . .. .
Material . g Material waiting time
information
Logistics process Manual material handlin,
Method g p. €
information step count

Table 5 Data description and utilization

Data category Data item

Purpose

Workforce data .
workforce size

Logistics task time,

Analysis of operator
workload and
workforce utilization

Response time,
operating status,
stop/error records,

recovery time

AMR operation
data

Evaluation of AMR
operational performance
and stability

Material logistics
data

Material waiting
time

Evaluation of material
supply responsiveness

Call information,
operational process
information

Logistics
process data

Analysis of logistics
process changes and
standardization
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Data Sources

As-Is ‘

Operator Data

To-Be

Operator Data

Logistics Call Data

Material Logistics Data
Manual Logistics Process Data

AMR Log Data

Material Logistics Data

Data Cleaning & Preprocessing

* Missing / Duplicate Check  « Outlier Review

Temporal Alignment & Data Standardization

« Time/Period Alignment + Data Format Standardization

4M Data Mapping

¢ Machine « Material + Method

KPI-Based Descriptive Comparison

Fig. 3 FOMs-based data integration and analysis process
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Table 6 4M data classification criteria

4M factor Data category Analysis items
Logistics task time,
Man Workforce data & .
workforce size
. AMR Response time, operating status,
Machine . P P & .
Operation data |stop/error records, recovery time
. Material logistics . .. .
Material 5 Material waiting time
data
Logistics process Manual material handlin;
Method & P J
data step count
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Table 7 KPI definition and evaluation purpose

Table 9 AMR operational characteristics

KPI category KPI Evaluation purpose Item Result
. . Evaluation of operator AMR units 2
Logistics task time, - - —
Man workload and workforce Response time — AMR available Within approx. 30 s

workforce size e .
utilization

Response time, operating | Evaluation of AMR

Machine | status, stop/error records, | operational performance
recovery time and stability
. . . . Evaluation of material
Material Material waiting time .
supply responsiveness
. Evaluation of logistics
Manual material _ £ .
Method process simplification

handling step count .
& step and standardization

Table 8 Man factor performance comparison

Item Before After

Workforce 18 13

Logistics task time (min/person) 105.8 0
Pallet usage time (min/person) 552 80.8
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Response time — Both AMRs busy Approx. 3~4 min

Approx.

Recovery time for communication failure
Yy 0.5~3 h/case

24-h available
operation / Standby
when no request

Operating mode

Note: Response and recovery times represent observed operating
ranges during the stabilized operation period.
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Table 10 Material waiting characteristics

Table 11 Method factor process comparison

Item Before After

Approx. | Within approx. 0.5 min

Material waitin
atertal waiting time | 3 0 | when AMR available

Material waiting time —

- Approx. 3~4 mi
both AMRs busy pprox. 3~4 min
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: z Operator Operator z
As-Is Line Material b»l Forklift > Re-transport | Material
Operation Receiving Handling to Equipment Usage
Material
i o AMR .
Line Receiving at AMR : Material
To-Be Operation AMR Waiting Call ™ Tragsp(_)nallon ™ Usage
Area to Equipment

Fig. 4 Change in material handling process before and after
AMR deployment

Table 12 Labor-cost-based economic analysis

Table 13 Labor-cost-based sensitivity analysis according to

workforce reduction

Reduced | Annual labor | Labor-cost-based | Labor-cost-based
workforce | cost saving ROI payback period
3 persons lllKg\i?l;ion 12.9% 7.75 years
4 persons 1411;11\')léion 17.2% 5.81 years
5 persons 185K§\i)l$ion 21.5% 4.65 years

Item Value

Reduced workforce 5 persons

Annual salary per operator 37 million KRW

Annual labor cost saving 185 million KRW

AMR investment Cost 860 million KRW

Labor-cost-based ROI 21.5%

Labor-cost-based payback period 4.65 years
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Table 14 Comprehensive 4M evaluation results
4M Factor After (To-Be)

Man 13 persons / 0 min

Before

18 persons / 105.8 min

Machine Manual logistics AMR-based logistics

Material Approx: .36 min Within approx. O.f'% {jnjn"1
waiting approx. 3~4 min

Method 2 manual steps 0 manual steps

“ When an AMR is available.
® When both AMRs are busy.
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