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Self-organising Evolvable Assembly Systems –  

A Solution for Agile Manufacturing 
 
Tomorrow's manufacturing systems need to be highly responsive and agile to cope with 
increasingly dynamic production conditions due to frequent changes in product requirement, low 
volumes of production and many variants. There is an accrued awareness among industrial 
suppliers that industrial systems need to be quickly reconfigurable, have to follow a plug and play 
approach, avoiding time- and work-intensive re-programming and maintaining productivity also 
under perturbations. 
 
Evolvable Assembly Systems (EAS) (Onori 2002) offer a solution based on a modular concept. A 
few simple robotic modules, which can be combined in many different ways, are cheaper than 
one very sophisticated all-including robot. CoBASA (Barata 2005) is the shop-floor control 
approach which is the basis for EAS.  Agentified EAS modules carry local intelligence and self-
knowledge thanks to tiny controllers and unifying software wrappers. Every module offers simple 
skills. It spontaneously engages into coalitions with other modules in order to provide composite 
skills. Product orders are represented by agents as well. They bring their generic assembly plans, 
describing which parts need to be assembled in which way.  
 
CoBASA and EAS clearly ease the task of re-configuring and building new assembly systems 
each time a new product order arrives. However, the initial configuration of the modules, their 
positioning into an appropriate assembly system layout, their monitoring, adaptation to production 
conditions and reconfiguration in case of failure are still done manually. To overcome this 
limitation, we are adding self-organisation to Evolvable Assembly Systems. The agents will be 
able to spontaneously assemble to create shop-floor layouts and transform generic assembly 
plans into layout-specific assembly instructions, which define the concrete executable movements 
of each module.  
 
MetaSelf (Di Marzo Serugendo, Fitzgerald et al. 2008) is an architecture for self-organisation and 
self-adaptation. Policies and metadata are exploited to monitor and guide the system towards the 
user-specified goals.  We are currently joining MetaSelf with CoBASA. Policies guide the 
automatic shop-floor layout formation at creation time as well as system operation at production 
time. At creation time, the modules select the partners they need to fulfil the requested tasks, and 
at production time they monitor themselves and their neighbours. An educational shop-floor 
model, as shown on Figure 1, is used for illustrating case studies and first trials with self-
organisation.  Figure 2 shows real EAS modules (grippers and axis) gripping and moving 
marbles.  
 
Results so far include design (Frei, Di Marzo Serugendo et al. 2008) and architecture (Frei, 
Ferreira et al. 2009) of Self-Organising Evolvable Assembly Systems, as well as the development 
of a specific ontology and on-the-fly creation of coalitions (Frei, Ferreira et al. 2008). We have 
made considerable advances on the concept level. Our current efforts are focused on the design 
of specific self-organising algorithms for spontaneous creation of the assembly layout and 
implementation of policies for adaptation to production conditions. 
 



 
Figure 1: Educational Shop-Floor 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: EAS Modules  



 
Onori, M. Evolvable assembly systems - A new paradigm? 33rd Int. Symposium on Robotics 
 (ISR), Stockholm, Sweden, 2002. 

Barata, J. (2005). Coalition Based Approach For ShopFloor Agility. Amadora - Lisboa, Edições  
Orion. 

Di Marzo Serugendo, G., J. Fitzgerald, et al. (2008). MetaSelf - A Framework for Designing and 
Controlling Self-Adaptive and Self-Organising Systems. BBKCS-08-08, Technical Report. 
London, UK, School of Computer Science and Information Systems, Birkbeck College. 

Frei, R., G. Di Marzo Serugendo, et al. (2008). Designing Self-Organization for Evolvable 
Assembly Systems. IEEE Int. Conf. on Self-Adaptive and Self-Organizing Systems 
(SASO), Venice, Italy. 

Frei, R., B. Ferreira, et al. (2008). Dynamic Coalitions for Self-Organizing Manufacturing Systems. 
CIRP Int. Conf. on Intelligent Computation in Manufacturing Engineering (ICME), Naples, 
Italy. 

Frei, R., B. Ferreira, G. Di Marzo Serugendo, J. Barata (2009). An Architecture for Self-Managing 
 Evolvable Assembly Systems. IEEE Conference on Systems, Man and Cybernetics 
 (SMC'09), to appear. 

 


