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The Drone factory
• SWE-factory/Learning factory within industry 4.0
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In-house Logistics

Final Assembly

Quality Assurance

https://my.matterport.com/show/?m=qvT2J4QxcJQ
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System of Systems (SoS)
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The distinction between a system and SoS lies in the meaning and significance of ‘gathering together’, teasingly 
hidden in the meaning of of.

A  typical  SoS  is  characterized  by  having  no defined permanent end state; i.e., the SoS continues to evolve  as  
time  passes,  even  after  the  original  target architecture is achieved. It usually is subject to annual budget 
variations and  has varying baselines, some of which  are  well  defined  and  some  of  which  are  not (usually due 
to the annual budget variations). The typical SoS evolves slowly over time rather than through wholesale  capability, 
swap-ins and  the  total SoS often is heterogeneous, with individual systems tailored based  upon  the  particular  
site(s)  to  which  they  are deployed.

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.

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
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Levels of Interoperability
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Panetto, Hervé, Benoit Iung, Dmitry Ivanov, Georg Weichhart, and Xiaofan Wang. 2019. 'Challenges for the cyber-physical manufacturing enterprises of the future', Annual Reviews in Control, 47: 200-13.
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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
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The Drone Factory
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EBOMCAD

Digital Thread@Chalmers University Sii-Lab

Manage and link 
CAD/BOM/Visualization for a 

modular EBOM structure

CAD eBOM

PLM: BOM Transformation, Digital Process Planning, Change Mgmt
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PLM: BOM Management, Family Management, Req Mgmt

Plan product families, manage 
options and generate variants for 

multi-year product structures.  

Concurrently Develop Mixed-
Model Assembly Process Plans, 
AR for visualizing process plans

Associatively Transform EBOM 
to MBOM and EBOM to 

SBOM with Options and Logic
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Load-unload stations Automatic kitting Manual kitting

RFID-reader

IO-Link master

IO-Link

Component list (TCP/IP: .json) 

Smart-glasses

RFID-wristbands

QR/Barcode scanners

Buttons

Light indicators

IR-sensors

Voice recognition

WMS 
(Python-based REST-server)

Remote robot control 
and path planning

Information conveyance

Confirmation methods

Recognition

Manipulator

Coordinates 
(TCP/IP) 

Task (TCP/IP: .json) 

Task (TCP/IP: .json) 

I/O (CAN) 

Synch via WMS 

Joint positions 
(TCP/IP) 

Task 
(TCP/IP: .json) 

I/O (CAN) 

I/O (CAN) 

I/O (CAN) 

Order information (TCP/IP: OData) 
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System of systems
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Level 4 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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