
 
 

 

  

Abstract— The work presented in this paper intends to 
clarify how the Evolvable Production Systems (EPS) 
paradigm has been used to develop a robotic assembly cell 
based on a fully reconfigurable robot. The work includes 
some detail of the multiagent architecture based on coalitions 
of assembly modules and how this was successfully used to 
implement the control architecture for EPS.  Finally, it will 
introduce the issue of unprdictable behaviour as an approach 
to dealing with dnamic conditions, and how this may be 
addressed. 
 

Index Terms—Assembly systems, multiagents, agile 
shop floor. 

I. INTRODUCTION 
According to the results attained by many roadmaps 
[1],[2],[3] one of the most important objectives to be met 
by European industry is sustainability, which is multi-
faceted: including economical, social and ecological 
aspects. The obvious conclusion to this holistic problem is 
that future manufacturing solutions will have to deal with 
very complex scenarios. The truly interesting 
characteristic of this conclusion resides in the word 
“complex”. Although often used, the basic essence of 
complexity is that it may not be fully understood and 
determined in all its ruling parameters; however, we seem 
to continue to build production systems based on known 
functionalities and predicted operational scenarios. This, 
to the authors, remains a rather disturbing factor. 
The fact remains that all the major problems of 
manufacturing companies are related to uncertainty, not 
predictable issues. First of all, it is very difficult for 
companies to predict the type and range of products that 
will have to be developed. Other uncertainties regard the 
production volumes and lifespan reached by these future 
products, the expected sales volumes, economic 
fluctuations, etc.. These aspects all have to be balanced 
against a backdrop of current production, which has to be 
quite profitable in order to sustain the future ventures. So 
the inevitable questions should be: do we have a 
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predictable profit return from our production environment, 
and do we know how it is performing? 
As long as we produce in low-wage nations at relatively 
high volumes, the answer will be close to yes (in the short 
term). However, this solution is drastically complicated by 
the fact that most products do not run in high volumes and 
long lifecycles, which is a recurring theme in almost all 
production-related articles: the trend was, is, and will be 
towards mass customisation. Therefore, the dream of 
being able to produce unlimited number of variants from a 
cost-effective and rapid set-up production system remains. 
Albeit the enormous efforts made in the 1990’s by 
Flexible Assembly and Manufacturing Systems, followed 
by Holonic [4] in the late 1990’s-early 2000s, 
Reconfigurable Systems [5] and other approaches, the 
dream of cost-effective, high-variant assembly remains 
elusive. One of the reasons may lie in the fact that one 
cannot solve unpredictable scenarios with a focus on 
predictable functionalities. Nature does not. Nature does 
not propose an evolutionary change based on a single 
factor, nor does it do so by selecting a single motivating 
factor. Living organisms evolve by proposing a variety of 
solutions, but this is done in ways that are not yet fully 
understood. Yet the adaptation is guaranteed. 

Based on this pre-conception that it may be more 
realistic to assume that a production environment is not 
fully predictable, and that we should not focus entirely on 
the required functionalities alone, Evolvable Assembly 
Systems was proposed in 2002 and has, since then, been 
developed and tested to emerge as a production system 
paradigm (see EUPASS, A3 projects [6], as given by [7] 
and the results exhibited at international fairs, Hannover 
2008). This article will also present practical 
implementations of the EUPASS theoretical devlopments 
in the some more recent demonstrator achieved during the 
IDEAS FP7 project. 

II. EPS BACKGROUND APPROACHES 
The essence of evolvability resides not only in the ability 
of system components to adapt to the changing conditions 
of operation, but also to assist in the evolution of these 
components in time such that processes may become self-
X, x standing for one or more desirable properties of a 
system subjected to a variable operation condition such as 
reconfigurable, tuning, diagnosing, etc.  
Evolvable systems have characteristically distributed 
control, are composed of intelligent modules and are open 
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in architecture. The technical and architectural aspects of 
the evolvable system development are supported by a 
comprehensive methodological framework. Evolvability 
being a system concept, it is envisaged to address every 
aspect of an assembly system throughout its life cycle, i.e., 
design and development, operation and evolution. The 
work has been and being implemented through large 
European research projects. Furthermore, integration of 
legacy modules has been addressed in the methodology.   
It has, to date, resulted in several demonstrators (see Fig.1, 
Hannover Fair 2008; Fig.8) and offered methodologies 
and architectures in support. This paper presents current 
developments and applications. Evolvable systems are 
meant to provide systems solutions that outlast several 
generations of product variants.  

 
Fig. 1. First EPS/EUPASS system, Hanover Fair 2008 

The overwhelming reaction to current production 
problems has been to attempt to develop extremely 
flexible assembly machines. In the late eighties and early 
nineties, the general trend in precision assembly was to 
develop Flexible Assembly Systems (FAS) and Flexible 
Automatic Assembly (FAA) cells (or Hyper Flexible 
Automatic Assembly, [8]. The goal was to have general 
flexibility, but the actual assembly processes were not 
studied in depth, therefore resulting in unstable / non-
robust or badly adapted solutions. They were fairly 
adequate to many different product types, but failed to be 
very performing in any domain. The high cost of such 
installations was another heavy problem, especially for 
smaller companies. As mentioned earlier, reconfigurable 
and Holonic systems have not solved this either. 

 
Fig. 2.  Adaptability decreases with complexity 

Flexibility, instead of the actual assembly process, has 
been the core issue of most of these developments. As 
shown in the Fig. 2, the lower a component is positioned 
in the hierarchical structure, the more flexibility is 
necessary to ensure a certain flexibility to the whole 
system; this means even a system with low flexibility 

needs a very flexible control: this may imply that FAA 
solutions also failed because they never provided 
flexible/agile control systems!  
The second issue is that flexibility does NOT imply 
learning: it is, basically, only the ability to adapt to one or 
more conditions without incurring major structural 
changes. However, this term has been widely abused and, 
due to the inability to adapt to certain conditions, has led 
to a variety of clarifications: capacity, capability, 
geometric, dynamic, static, etc. In fact, more than 90 
different definitions exist, which is a testament to its 
inability to solve the underlying issue: it is not possible to 
foresee and counteract all conditions that may influence a 
production system which is not only open but also 
inherently complex. EPS approaches the topic with a set 
of fundamental philosophies: 
1. Optimised functionality: the assembly equipment is 

kept as simple as possible by deriving small, 
dedicated, process-oriented modules. The detailed 
production processes are derived from product 
aspects. Each ruling process is a potential system 
module. This structured approach (ontological) 
results in system modules with a limited and 
dedicated set of skills (functionalities).  

2. Optimised orchestration: the control system needs to 
be the most agile aspects. This is achieved by 
adopting a multi-agent based, distributed control 
approach with embedded controllers. The modules 
are self-configuring. EPS is not based on 
predicted/fixed operational constraints. 

3. Adaptability: adaptability and not flexibility is the 
underlying driver: the society of modules will be able 
to learn and change their skills (functionality) or, 
when this is not possible, request the adoption of a 
new module. This modularity allows for stepwise 
upgradeability and economic flexibility (it is cheaper 
to change a module than modify a system).  

4. Robustness: the equipment is dedicated, small, and 
includes an own processor. Some modules (robots) 
may even be reconfigurable. The control system is 
goal-oriented, and the system is process-oriented. 
This results in a dedicated system based on an 
adaptable concept with advanced interfaces. 

 
Note that within EPS there is a fixed link between the 
product characteristics and the production system 
modules; hence the changes may be suggested at product 
level before engaging in a system development [9]. 
Fundamentally, EPS suggests that true adaptability can 
only be achieved if the lowest building blocks of a system 
are those that exhibit the highest rate of 
adaptability/evolvability. As the clustering of components 
increases in complexity, so does the agility/flexibility 
decrease. Hence, in order to build truly adaptable systems, 
one must begin by considering the control architecture and 
the ruling conditions it is to operate within: EPS assumes 



 
 

 

unstable conditions. The only other approach which 
attempts to deal with complexity is Changeable Systems 
[10], and initial collaboration has been established. 

III. IMPLEMENTATION 
The current implementation of an Evolvable Production 
System (EPS) at KTH is represented by a MASMEC cell 
with fully reconfigurable robot. All the robot and 
peripheral equipment modules have embedded controllers 
and the system is run by a multi-agent system [11],[12]. 
Note that this is a further development when compared to 
the “4th station” demonstrated at the EUPASS project end. 
The setup is able to assemble two completely different 
products, both of which are washing-machine components. 
The robotic cell is reconfigured from cartesian to parallel 
kinematic robot in 10-15 minutes. The 
evolvable/adaptable behavior will be detailed later.  

 
Fig.3.  The reconfigurable and evolvable assembly cell 

Masmec cell has been realized with two different software 
agent architectures (Configuration A and B) represented in 
Fig. 4. 

 
Fig. 4.  Masmec cell software agent structure 

Using the multi-agent technology every MASMEC 
module has been quite similar to an EPS Module where 
the Skill concept has been replaced by the Behavior 
concept present on each agent. So each behavior present 
in MASMEC modules is a particular task that can be 
performed when a particular event, like TCP/IP message, 
reaches the agent. 

Besides the Masmec cell implementation, EPS consortium 
has been working on other fundamental aspects: The EPS 
approach resides on an established methodology [9],[13] 
which consists of well-structured actions defined by a 
Reference Architecture, RA [14]. 

 
Fig. 5.  Example of agent interaction for configuration A 

The RA exploits a specific ontology to derive the skills 
required to be implemented within each module (Fig. 6).  

 
Fig. 6.  Examples with EPS ontology 

The EPS reference architecture, ontology and knowledge 
model [15] have all been well defined in earlier 
publications. Of particular interest are the Emplacement 
and Blueprint file solutions, which enable other module 
providers to create EPS-compatible modules: this means 
legacy equipment may be modified to become an EPS 
module. 

IV. EMPLACEMENT AND BLUE PRINT LANGUAGES 
The Emplacement Concept is the descriptive grand total of 
a technical entity that integrates all aspects in relation to 



 
 

 

geometrical, mechanical and functional points of view. 
Emplacement Concept represents a comprehensive 
description of all aspects of a module functionality 
including all implications from product side, from process 
side and from interaction with other modules. This 
comprehensive approach includes all relevant data about 
the module and implicitly the system which has to be 
realised [16]. 
The Emplacement Concept consists of the development of 
two description languages: Emplacement- and Blue Print 
File-formats. In order to effectively gain access to the 
module descriptions the format needs to be electronic (i.e. 
computer accessible), open and supported by generally 
available tools. Therefore eXtensible Markup Language 
(XML) was selected as syntax, because it is a well known 
text based format and supported with a number of tools 
and technologies. This is appended with XML Schema 
specifying the semantics of the proposed file formats. The 
openness is achieved by making these schemas publicly 
available (Emplacement WS, 2009). In the Emplacement 
Concept every HW module has associated the electronic 
description, which is called BluePrint File. This file offers 
the virtual representation of the (details) module, its 
process capabilities and interfaces it uses. Every module 
provider is responsible for providing this description of 
their module. At the same time every Blue Print File is an 
instance of one Profile of an Emplacement (see later). An 
Emplacement is a description of a metamodule, which is 
controlled by the user group (see later). This offers the 
standardization and harmonization over the interfaces, 
processes and properties the module shall supply. 
At the early system design phase the Emplacements can 
assist the making of the User Requirements Specification 
(URS) and search for modules with suitable processes, 
interfaces and parameters. The module user can utilise a 
Reference Architecture and/or System Architecture 
guidelines to limit the available Emplacements and 
Profiles e.g. by including only those Profiles into the 
selection, which are implementing the desired interfaces.  
The Emplacement (EUPASS std, 2008a)1 file specifies the 
following kind of content about a module: 
∗ Terms and definitions 

• Abstract model of the device 
• Interface standards used (and their purpose, 

optionality and variants) 
• Properties related to business, environmental, and 

technical aspects (name, unit, range, etc.), but NOT 
the values. 

• Specific requirements for interfaces. Which 
standards, how many occurrences, type and class of 
the interface 

• Specific requirements of skills (i.e. capabilities) 
∗ Activities: 

• Classification 

 
1 http://www.eas-env.org/ 

• Link to process ontologies [17] 
• Input & output parameters, their types, ranges, etc. 
• Test procedures 

The Blue Print File (BP) is an electronic specification of a 
real implemented module (EUPASS std, 2008b). The file 
is created and supplied by the vendor of the module and it 
is supposed to travel along with the module throughout the 
module’s lifetime. The syntax of the BP is XML and the 
semantics are specified with the XML schema published 
by the user group. The content of the BP file needs to 
respect the Emplacement and Profile specification of 
which it is an instance. Two kinds of validation can be 
performed for the BP files. The syntax and semantics of 
each file can be validated against the given XML schema 
with standard XML validation methods. In addition to this 
the content of the file can be validated against the 
Emplacement and Profile it is implementing [18].  

 
Fig. 7.  Emplacement concept and usage (EUPASS std, 2008a) 

Some differences between the Emplacement and specified 
BP include: The BP is giving specific values for the 
properties named by the Emplacement. Only the interfaces 
and skills which really are implemented and available 
from the module are present in the file. In case of 
interfaces the Emplacement specifies only the type and 
amount of occurrences. The BP gives detailed information 
about the location and orientation of each interface 
instance. The BP addresses the dynamics in case the 
interface instance moves with respect to the origin of 
module, etc. The Blue Print File specifies the following 
kind of content about a module: 
∗ Generic module information 

• Vendor information 
• Mass and centre of gravity, inertias 
• Properties with given values related to business, 

environmental, and technical aspects 
• Images and CAD files 



 
 

 

• Interface standards used (and their purpose, 
optionality and variants) 

• Interfaces. 
• Which standards, how many occurrences, type and 

class of the interface 
• Location and orientation of interface instance 
• Parameters for dynamic (moving) interfaces 

∗ Skills:  
• Name and descriptions 

• Classification 
• Link to process ontologies [17] 
• Input & output parameters, their types, ranges, etc. 
• Calibration procedures 
• Test procedures 

 
Figure 7 shows how module providers can retrieve data 
about the Emplacements and use the Emplacement and 
Profile for development of his module. 

V. CURRENT AND FUTURE WORK:  
The a-priori prediction of all required operational 
functionalities that a system will need to perform is 
possible in very few (simple) cases. This fact is closely 
linked with the failure of Flexible Manufacturing Systems: 
to build and set up a multi-purpose machine that tries to 
cover a wide range of functionalities when the future 
requirements are unknown (or wrongly predicted) was 
proven to be inefficient (waste of time/resources and low 
performance). There are many factors influencing the 
production environment and one might be more successful 
reacting to unpredictable changes if one focuses on 
building easy adaptation/evolution mechanisms for 
systems rather than trying to predict and plan everything. 
Unpredictable events arise from shop floor (failures, 
quality of product, etc) and strategic level (adjust volume 
of production, produce new variant of product, etc) and 
these unpredictable events cause production to stop, often 
demanding re-design/re-programming of systems which 
brings enormous costs to the company. In order to tackle 
these problems, recent production paradigms rely on 
modularity to facilitate/empower the systems’ 
adaptability/agility; however, this alone is not enough to 
solve the problem. Our way to design/build systems is 
changing but is our way of building diagnostics and 
learning systems? 
The implementation described in the previous sections 
represents the first step towards attaining Evolvable 
Assembly Systems: truly re-configurable modules with 
embedded control that evidence autonomous behavior to 
react to disturbances. Despite significant advances, the 
idea of having systems that can autonomously adapt their 
behavior to cope with unpredictable situations still needs 
massive research effort especially in the area of artificial 
intelligence (self-diagnosis, self-learning, self-
organization, etc).  

One important aspect that distinguishes Evolvable 
Production Systems from other production paradigms is 
that EPS not only focuses on the ability of the system’s 
components to adapt to changing conditions but, also, puts 
emphasis on the overall evolution of the system over time. 
EPS takes a bottom up approach relying on the stack of 
modules’ simple skills to accommodate more complex 
assembly operations. Hence each module (robot, gripper, 
conveyor, palette, etc) is abstracted as an intelligent 
module agent and the whole system can be viewed as a 
collaborative network of agents. The number of intelligent 
modules varies from system to system and should be 
easily changed endowing the global behavior of the 
system to change by adding/replacing modules [19]. 
In EPS approach, intelligent modules form a dynamic 
network in order to establish cooperative actions to cope 
with changing production requirements. Due to the 
dynamics associated to EPS approach current models of 
diagnostics, learning or even business become inadequate 
and there is a raise of interest in developing alternative 
solutions that can cope with the evolution of the system 
suiting each current state. 
An agent-based architecture that supports an emergent 
diagnostic model has been proposed by [20] showing 
promising results for dynamic systems such as EPS. 
The exploitation of collective learning and emergent 
behavior is one of the most important goals of EPS 
towards achieving autonomous intelligent modules that act 
as a dynamic society to tackle common goals (production 
processes). Complexity handling and Bio-inspired 
behaviors are currently being studied with the purpose of 
supporting EPS in this task.  

 
Fig. 8.- the IDEAS Pre-Demonstrator 

More work is currently undergoing under the FP7 EC 
project IDEAS (NMP-246083) such as: 

• Definition of a standard multi-agent architecture 
• Set of Self-organization and emergence mechanisms 

to be used in support of evolution, configuration and 
adaptation without reprogramming 

• Investigation and specification of semantic rules and 
methods for the creation and validation of complex 
skills and their emergent properties 

• Develop adaptive control algorithms, etc. 
In January 2011 this project actually demonstrated a small 
assembly cell (Fig.8) run on multi-agent, distributed 



 
 

 

control. The cell was re-configured “on-the-run” 
successfully (a video is available). The next step will be to 
develop an industrial version at an industrial site. 

VI. FINAL REMARKS 
Meeting the requirements of constantly changing 
environment and market conditions became a crucial 
factor in a production environment. Since complexity and 
dynamicity of the environment is very high, foreseeing of 
future conditions may include considerable amount of 
limitations and assumptions. This leaves substantial room 
for unexpected behaviors in the designed system therefore 
it is highly probable for such systems which are designed 
to meet a portion of future states to fail. This approach is 
valid for the production environment as well. Unless the 
main characteristics of a production system  embraces true 
adaptability which is founded on adaptable distributed 
control, unpredicted behavior of future cannot be handled 
profoundly. On the other hand, the desire of optimality 
and high resource utilization of companies resulted in 
systems that are composed of specialized machines and 
equipments to specific products or product families [21] 
which caused difficulties in adaptability in the long term. 
Evolvable Systems, with the characteristics of (1) process 
oriented modular structure (2) reconfigurable modules 
with fine granularity and (3) embedded intelligence at 
component level, are highly adaptable to new 
circumstances and rely on a distributed heterarchical 
control structure based on multi-agent systems to achieve 
this purpose. The key issue to deal with unpredictability is 
to handle it in an opportunistic way, i.e. there are not only 
problems/disturbances to handle in a production system 
but also opportunities for improvements that can be 
exploited. Diagnosing and Learning systems play crucial 
role at this point enabling the exploitation of emergent 
behavior and therefore becoming an important backbone 
for EPS. Major improvements on these systems will highly 
support EPS in its pursuit of adaptable systems that can 
help coping with complex unpredictable environments. 
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