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The Drone factory

« SWE-factory/Learning factory within industry 4.0
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System of Systems (SoS)

CHALMERS

The distinction between a system and SoS lies in the meaning and significance of ‘gathering together’, teasingly
hidden in the meaning of

Boardman, J., and Brian J. Sauser. 2006. 'System of Systems - the meaning of of', 2006 IEEE/SMC International Conference on System of Systems Engineering: 6 pp

Developing a SoS, especially one involving a number of legacy systems, usually is a far more complex job than
developing a stand-alone system.

Carlock, Paul G., and Robert E. Fenton. 2001. 'System of Systems (SoS) enterprise systems engineering for information-intensive organizations', Systems Engineering, 4: 242-61.
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Levels of Interoperability
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Table 1
Grand-Challenges for the Manufacturing [ndustry of the Future.

H. Panetto, B. lung and D. Ivanov et al./Annual Reviews in Control 47 (2019) 200-213

Challenges

Business

Knowledge

Applications

Communications (ICT)

Grand-Challenge 1.
CPPS-based Manufacturing
Plant Control

Grand Challenge 2.

Resilient digital manufacturing
networks, collaborative control
for Industry 4.0 and
cyber-physical supply chains

Grand Challenge 3.
Cyber-physical
System-of-Systems
interoperability

Grand Challenge 4.
Interdependent networked
systems and data analytics for
decision support

Servitisation

Short lead-time to market
Data-driven performance
management systems

Business and strategy
models

Strategic risk management
Customised supply network
control

Customised flexible
process-based services

Integration of business
information

Ontology mapping and
matching

Consistent enterprise-wide
decision-making structure

New networked model of
business

Al and data-driven
business

Risk and operations
management through
analytics from Big Data

- Biological transformation in
manufacturing

= Digitalisation of production

« Business processes and
operations in supply chains

« Core competencies in the
supply chains

« Sharing principles and
operation rules

« Interoperability of models
and processes

+ Shared ontology

- Explicit knowledge

- Knowledge management

system

» Modelling of
interdependencies

» Dynamical analysis

« Behavioural pattern
identification

= Mass customisation
Big-data analytics

» CPPS-based human
interactions

Simulation models for
CPPS-based manufacturing
control

Collaborative software
solutions

Simulation software for
resilient and data-driven
manufacturing systems
Tools for monitoring and
control of disruptions in
the supply chain

Modular and reconfigurable
systems

Component-based software
solutions (Plug-in/Plug-out)
Symbolic artificial
intelligence and software
agents

Agent-based simulation
software

Cobots and new Human |
Machine Interaction with
Robots

Tools for monitoring and
control

Building resilient systems
Prescriptive and predictive
modelling

Risk analysis and control

.

« loT-enabled manufacturing
Cloud services

Smart manufacturing
objects

Reliable communication
networks

Broadband

Wireless applications
e-Work, e-Manufacturing,
and e-Logiscs

Standards

Interfaces and mediators
Interoperability

Service buses
Technologies for
collaborative learning

+ Open platforms
+ Interactive applications
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Panetto, Hervé, Benoit lung, Dmitry lvanov, Georg Weichhart, and Xiaofan Wang. 2019. 'Challenges for the cyber-physical manufacturing enterprises of the future', Annual Reviews in Control, 47: 200-13.



Enterprise interoperability

Interoperability can be defined as “the ability of two or more
systems or components to exchange information and to use
the information that has been exchanged.” (IEEE)
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Pathway to factories of the future N
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Factories of the Future - Industry 4.0
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The Drone Factory
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Enterprise System of Systems
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Level4 and 5

* Interaction and interoperability between Human-Robot teams
« LCA and re-manufacturing

 Technologies for collaborative learning

» Machine learning and cognition

» System of systems and enterprise interoperability

* CPPS and real time optimistaion
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