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We examine the historical development and technological advancements in manufacturing systems engineering
and production management. We provide an in-depth analysis of the evolution from mass production systems to
flexible, mixed-model production systems, highlighting key innovations and shifts in industrial practices. We
further discuss current trends in academic research, and explores future issues in manufacturing and production
management. Additionally, we outline considerations for the future of education in this field to ensure alignment

with industry advancements.
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Mass Production Systems
* Repetitive Production of Identical Items

+ Diverse Assembly Lines
(Automotive, Electronics, Home Appliances)

1913~
Automotive Assembly Lines
» Conveyor/Hanger-Based 1980~
s AT EREETET )| FMS/CIM

Manual Work +CAD/CAM+NC Ma
« Gilbreth’s Motion Study

(Therblig) @ Work Improvement

1890~ Work Management
Steel Industry
+Taylor’s Scientific Mamagement

+Time Study=»Work Assignment/Wages * MRP/BOM, Prod.

Labor Division
*Specialization
Standardization
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Mlxed Production Systems
« Setup/Batch Production/Lot sizing
* Random/Cyclic Mix, Cell Lines
+ Transfer Automation
(Modular Conveyors, AGVs, Robots)

Lean
JIT/Kanban

New Mfg. LinesManless, High Mix Flow Lines)
- Semiconductor/Display, Battery, Bio-Medidine, ...
Machine+PLC+Automated

Material Handling System+ — m (RL/AL |
Optimization

LAN+Factory Network+

WL Modeling/Simulation

Manufacturmg Information

LS g s
Spinning Mills e hine IRarE/DIE Layout De5|gn Anomaly Detechon/PM
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Mass-Customized Production Sys.
+ Order=»Design=»Production=>Delivery

+ Digital/Online/Manless
* Smart/Autonomous

Smart/Automatic
Design/Development

Humanoid Robots
Autonomous Transfer

Digital Twin
Design/Engineering Knowledge Mgt.
¢) Integrated Product/Engineering Modeling

Product Planning/Desgn/
Develop. Mgt.

i, o vl o e e
Motorized/Mechanized IS NHISA ] Probabili E.m. SiX Sigma_ oy plexity/Variability/Uncertainty

Manual + Mechanized | N¢- ngg%:t';gf‘ess Digital Design(CAD/CAM/CAP)/Flexible Mfg.

Digitalization/Smart

Generative Al/
Humanoid Robo
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Table 1. Application Potential of Generative Al to Manufacturing Systems and Supply Chain Management(Achenbach et al., 2024)

Application Area Application Examples Conten'ts Der.lvmg Interaction
Generation | Insights
Create product concepts and engineering drawings to reduce R&D J
and prototyping times
Product : : ; . I .
Discover new materials by testing to define their fit and function
Development . . v
as alternative raw materials
Predict product-market fit with qualitative consumer/market data v
Planning Develop production plans based on available materials, equipment, J
and resources
Production | Discover new supplier profiles across sources v
Planning and| Pre-screen, summarize, and extract clauses of interest across J
Procurement | contracts and assess risks
Automatically action ERP exception messages to achieve optimal
inventory levels
Create employee training videos and maintenance troubleshooting J
role-plays
Write standard operating procedures and policies and J
automatically translate documents into other languages
Identify hazardous working conditions and notify key stakeholders J
Production about required precautionary measures
- performance, Automate root cause analysis to identify root causes of quality J
maintenance, and health | nonconformances without manual data analysis
and safety Predict exact machine failure modes and automatically develop J
intervention plans
Adjust production orders in real time based on IoT, RFID, and J
order-tracking data
Receive performance updates, priorities, and advice from Al J
chatbots
Automate route design, using routing algorithms to reduce cost J
and lead time
Provide updates on shipments and delivery times via chatbot J
interface
Generate and verify required documents for transportation v
Supply chain . B . . N B
- warehousing and Prov'lde lnterz.lctlve virtual assns.tant. for drivers to augment typical J
logistics services provided(eg, route navigation)
Improve yard management processes based on sensor and camera J
data
Optimize warehouse design to streamline order-picking routes v
Automate materials reordering to minimize stockouts and J
inventory levels
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Statistics,
Probability,
ML/AI,
Optimization,
Math.

Programming,
Queueing
Theory,
Modeling &
Simulation

3. S45AT 34

Manikas et al.(2020)<
Management) 2] 67| =8 A 'd (Journal of Operations Management
(JOM), Manufacturing and Service Operations Management
(MSOM), Production and Operations Management(POM), Interna-

Manufacturing

Innovation
Methods

Tae-Eog Lee - Hyun-Jung Kim - Tae-Sun Yu

Prod. Planning/
Design/Development

Manufacturing Innovation Areas

Procurement/Logistics/

Manufacturing SCM

P\lew Product Technologie#

Process Innovation H Bar Code, RFID, Product Code

Technology ——
i - utomation

Innovation ‘ New Concepts/Design | _ NC/CNC, Robot, Conveyor, AGY, AS/RS, PLC, LAN/Internet, Fieldbus

| = NLRERh RO L OSSR B AT SRS, SN NETRES IEER S |

Product Design/ ‘ Waste Elimination H Supplier DeveIS%al;nent Program l

Management Development Innovation | | - Work Mgt., 5, JIT, TPS, Lean, ... (SDP)

System - VE, CE, DFM, TPDS, ... Quality Innovation Inventory/Logistics Innovation
Innxtlnvation - SPC, Taguchi - VMI, Cross Docking, CPFR, ...

= UCLY) S TN, o | Strategic Procurement l

Information
System
Innovation

Partnership

Collaboration/

Product Development

Information Sharing

[ Mgt. Info. Sys. (ERP, CRM, DW, ...) |
CIM/Digital/Smart Mfg.

Logistics Information Systems
-POS, Bar Code, EDI

-Order/Delivery Tracking

CAD/CAM/CAPP

Forecasting, Inventory Mgt, Order Promising, -Order Management
PDM/PLM Prod. Planning, Scheduling, Quality/Yield Mgt) g
FMS

Mfg. Info. Sys. (MES, MCS, POP Demand -Warehouse Management

| Mfg. Line/Sys. Design(LOB, Layout, ...)

Digital Mockup, 3D Model, Simulation, Digital Twin

Information Sharing, Risk and Profit Sharing, Collaborative Planning/Decision

Innovation Long-Term Strategic Partnership
Human Innovation Mind & Culture, Social Campaign
Resource

Innovation Technology & Innovation Methodologies Education

Figure 2. Manufacturing Innovation Areas and Methods

K]

X33k OM(Operation

tional Journal of Production Economics(IJPE), International Journal
of Operations and Production Management (IJOPM), and the
International Journal of Production Research (IJPR))$] 1961~2017
of WHEH =% 21053719 ==& LSM (Latent Semantic
Analysis)(Landauer, 2002) 2 -4 3} 11 <Table 2>} 22 7| 9] &
=& EFstel oMo 8 AFEopd WS o W3S <Figure

Table 2. Major Keywords in OM Publications(Manikas et al., 2020)

Cluster Topic Label Top 5 Weighted Terms
1 Capacity Management capacity, flexibility, decision, uncertainty, demand
2 Flexibility technology, flexibility, capability, plant, productivity
3 Forecasting forecast, demand, error, accuracy, inventory
4 GT/Cellular manufacturing cell, formation, group, cellular manufacturing, family
5 Inventory inventory, policy, order, item, demand
6 Job shop scheduling rule, control, dispatch, shop, job
7 Layout layout, facility, location, storage, vehicle
8 Line balancing line, assembly, station, buffer, balance
9 Machining tool, path, surface, feature, operation
10 Maintenance maintenance, failure, cost, policy, rate
11 Optimized scheduling job, sequence, setup, batch, cost
12 Product design product, design, assembly, component, market
13 Project management project, resource, activity, network, risk
14 Quality chart, control, monitor, shift, control chart
15 Service operations service, provider, operation, logistic, network
16 Sourcing supplier, selection, purchase, criterion, order
17 Supply chain design chain, supply, supply chain, network, risk
18 Supply chain management price, retailer, manufacturer, contract, profit
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Figure 3. Publication Trends by Subject Area(Manikas et al., 2020)
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