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Module 1: Advanced Science for Industrial Process

Lesson 3: Smart Manufacturing Concept

Course 3: Smart Operations Management



Module 1 (Adv. Science for Industrial Process)

Lesson1: Operation management strategy in industry 4.0 context

Industry 4.0 framework, concept, theories, tools and techniques. 
Discussion of their impact on modern operation management in 
strategic level. 

Lesson 2: Smart product and co-created design concept 

The smart product and co-created design concept and tools. 
Applying product design tools to design smart product that correspond 
to business strategy in modern digital environment 

Lesson 3: Smart manufacturing concept 

The smart manufacturing concept such as cyber-physical 
systems, computer integrated manufacturing and automation in order to 
design the high levels of adaptability production process. 

Lesson 4: Smart operation concept 

The enterprise-wide and cross-enterprise integration of the 
physical and virtual worlds. The design of smart production planning 
system and supply chain



A holistic view of manufacturing

B. Esmaeilian, S. Bahdad and B. Wang (2016) The evolution and future of manufacturing: A review, 
Journal of Manufacturing Systems, 39, p.79-100



Classification of manufacturing systems

B. Esmaeilian, S. Bahdad and B. Wang (2016) The evolution and future of manufacturing: A review, 
Journal of Manufacturing Systems, 39, p.79-100



Evolution of connectivity in manufacturing

A. Kusiak (2019) Fundamentals of 
smart manufacturing: a multi-
thread perspective, Annual Review 
in Controls, 47, p. 214-220



Definitions of smart manufacturing

IoT agenda: a technology-driven approach that utilizes Internet-connected 
machinery to monitor the production process

Wiki: a broad category of manufacturing that employs computer-integrated 
manufacturing, high levels of adaptability and rapid design changes, digital 
information technology, and more flexible technical workforce training

I-Scoop: the fully-integrated, collaborative manufacturing systems that 
respond in real time to meet changing demands and conditions in the smart 
factory, in the supply network, and in customer needs.

https://internetofthingsagenda.techtarget.com/definition/smart-manufacturing-SM
https://en.wikipedia.org/wiki/Smart_manufacturing

https://www.i-scoop.eu/industry-4-0/manufacturing-industry/



Reference architecture model Industry 4.0

M. Resman et al. 
(2019) A new 
architecture model 
for smart 
manufacturing: A 
performance 
analysis and 
comparison with 
the RAMI 4.0 
reference model, 
APEM Journal (14) 
p.153-165



Hierarchy levels

https://ec.europa.eu/futurium/en/system/files/ged/a2-schweichhart-
reference_architectural_model_industrie_4.0_rami_4.0.pdf



Hierarchy levels

https://ec.europa.eu/futurium/en/system/files/ged/a2-schweichhart-
reference_architectural_model_industrie_4.0_rami_4.0.pdf



Life cycle and value stream

https://ec.europa.eu/futurium/en/system/files/ged/a2-schweichhart-
reference_architectural_model_industrie_4.0_rami_4.0.pdf



Six-layer architecture

https://ec.europa.eu/futurium/en/system/files/ged/a2-schweichhart-
reference_architectural_model_industrie_4.0_rami_4.0.pdf



Smart manufacturing ecosystem

Y. Lu et al. (2015) 
Standard landscape 
and direction for smart 
manufacturing systems, 
IEEE International 
Conference on 
Automation Science 
and Engineering, Aug 
24-28, 2015. 
Gothenburg, Sweden



Hierarchical architecture of smart factory

B. Chen et al (2018) 
Smart Factory of 
Industry 4.0: Key 
Technologies, Applic
ation Case, and 
Challenges., IEEE 
Access, 6, p. 6505-
6519



Smart manufacturing architecture

M. P. Papazoglou and A. Elgammal. 

(2017) The manufacturing 
blueprint environment: Bringing 
intelligence into manufacturing, 
IEEE International conference on 
Engineering, Technology and 
Innovation, Portugal



Smart manufacturing architecture

M. Moghaddam et al. (2018) 
Reference architectures for smart 
manufacturing: A critical review, 
Journal of Manufacturing Systems, 
49, p. 215-225



Smart manufacturing architecture

https://www.i-
cio.com/strategy/digitalization
/item/inesa-a-journey-to-
industry-4-0



Concept of smart manufacturing enterprise

A. Kusiak (2018) Smart manufacturing, International Journal of Production Research, 56(1-2), p. 508-517



Smart manufacturing technology

A.G. Frank et al (2019) 
Industry 4.0 technologies: 
Implementation pattern 
in manufacturing 
companies, Inter. J. 
Production Economics, 
210, p. 15-26



Big data in manufacturing

B. Esmaeilian, S. Bahdad and B. Wang (2016) The evolution and future of manufacturing: A review, 
Journal of Manufacturing Systems, 39, p.79-100



Six pillars of smart manufacturing

A. Kusiak (2019) Fundamentals of smart manufacturing: a multi-thread perspective, Annual Review in Controls, 
47, p. 214-220



Data technology in smart manufacturing

A. Kusiak (2019) Fundamentals 
of smart manufacturing: a 
multi-thread perspective, 
Annual Review in Controls, 47, 
p. 214-220



Smart industry readiness index

https://www.tuvsud.com/en-sg/resource-centre/stories/smart-industry-readiness-index



Smart manufacturing books
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