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1. Overview and Goals 
The aim of this deliverable is to establish the “Open Plug and Produce Architecture 
Specification” for the openMOS project. This document establish the base to a 
document that is expected to evolve iteratively across the duration of the project 
into the final architecture document (deliverable D3.9), which is due at the end of 
the project. Therefore this document provides the baseline structure and the 
current development of the architecture. The approach followed is based on arc421, 
which provides not only the approach but also the template for architecture 
definition. The idea is that this document will be enhanced as developments and 
decisions are made. In Figure 1 the overview of the approach is presented, 
establishing requirements, preliminary concepts and structures as the basis for a 
good architecture design. 

 
Figure 1‐ Bird's‐Eye Perspective (arc42) 

This document aims at establishing these definitions and setting the foundations for 
the openMOS architecture. This means it provides the intended openMOS 
architecture structure, although not all headings will contain detailed information.  
This document will be a “living document” during the duration of the project. The 
intention is to keep updating this document throughout the project as a means to 
formalize the decisions of the architecture team and development teams. Within 
this chapter the driving forces for the architecture and related decisions will be 
presented. 
 
1.1. Introduction 
The aim of the document is to ultimately deliver an openMOS architecture. 
Therefore it is important to define architecture for the purposes of openMOS.  An  
architecture  is  not  self-standing,  but  needs  to  be carefully  adjusted  to  the  
                                                            
1 http://arc42.org 
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people  contributing  to  the  project,  the  boundary conditions of the project (as 
time, cost, quality), the context of the project, and which goals shall be achieved by 
the architecture and by the project itself. 
The architecture provides a guidance allowing the people contributing to the project 
to achieve their goals under all those boundary conditions. The architecture will not 
aim at specifying everything but rather give guidelines and common definitions 
which will help to channel and govern the collaborative development of the different 
functional components within the project. 
 
Scope of this document 
This document presents the baseline for the architecture for the openMOS project. 
It will provide a functional overview of what shall be achieved in terms of software 
deliveries and responsibilities; technologies will be aligned between the different 
building blocks in order to allow a smooth integration. Methodologies will be 
outlined in order to raise confidence and commitment for reaching the project 
goals. 
This document will describe a large set of different information, which will add up in 
the end to a feasible architecture; to do so, the different items of information will 
be presented as specific and concise as possible; therefore often tables and other 
lean approaches to hold content will be used. 
In addition to this document, the main architectural entities shall be also contained 
in a coherent UML model, which is maintained using the EA (Enterprise Architect) 
software. 
 

1.2. Requirements Overview 
The current set of requirements for the architecture is dependent on the aims of the 
openMOS project, as set in the proposal [1], and the deliverables D1.1 [2], D1.2 
[3] and D1.3 [4]. The conjunction of all these documents reflects the current 
openMOS requirements. Nevertheless, it is important to stress that requirements 
for the project will continue to be refined.  
 
The first step for the definition of the architecture was the definition of the scope of 
openMOS in terms of assembly system phases. The project targets all phases, 
except the Design Phase. These are Build, Ramp-up, Production and Change 
(Reconfiguration) Phases, as seen in Figure 2. 
 

 
Figure 2 – Overview of Production System Phases 

As one can see the Design Phase, despite not being covered in the openMOS 
project, is critical for the system as it provides the bill of equipment and system 
blueprint, as well as the recipes which will be present in the system. While some of 
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this information is expected to be tweaked in the other phases, it is crucial that this 
information exist at the beginning of the Build Phase.   
 
This section will formalize high level requirements for openMOS, establishing the 
expected users, details on the phases of application, main use cases and current 
quality targets. Additionally, the stakeholders and the expected approach for the 
project developments are also defined. This will provide the basic guidelines for the 
developments in the project.  
 

1.2.1. Main User Roles 
The openMOS users can be grouped into the following main categories:  

 Operators – These users run the system and are expected to interact with 
the system for minor changes or tweaks. The main phase in which the 
operator is involved is the production phase. Nevertheless, this role also 
exists in the ramp-up and re-configuration phases for small tweaks and 
changes to the system.   

 System Integrators – These users are expected to be super users with 
access across all phases targeted by openMOS. The system integrators are 
also expected to provide the outcomes of the design phase which sits 
outside of the project scope. Their main role is to deliver a blueprint for the 
system components, composite processes and products.  

 Engineers – These users build and setup the system, as per indication from 
the system integrators. Their main role is during the build and the ramp-up 
phase. They might be called during production for specific approvals or 
changes when operators are not authorized to do so.  

While these users are expected to have sub-specializations, given the current 
definition of requirements these are deemed sufficient to cover the current level of 
details of the use cases.   
 

1.2.2. Main Use Cases 
The main use cases were established based on the required system functionality at 
each phase of the assembly system lifecycle. The definition was based on the 
description of work of the project [1], prior openMOS deliverables and partner 
discussions. Figure 3 provides an overview of the main functionalities required for 
each phase, while highlighting the inputs required from the Design Phase.  
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Figure 3 ‐ Overview of openMOS Functionalities for each Production System Phase  

In the next sub-sections, the presented functionalities are explained and visualised 
in a general context.  
 

1.2.2.1. Build phase 
The Build Phase has the precondition of the existence of a system design which 
includes the blueprint and recipes for the system. While openMOS does not provide 
support for the system design, it will provide support for the generation of recipes, 
thus a use case for this process needs to be created. This use case precedes the 
main trigger for the Build Phase which is the plugging in of equipment modules and 
workstations. This will trigger a series of cases for which the system components 
are responsible for. The idea is to establish a clear link for the required 
functionalities and who is expected to provide them. It also provides an indication 
of how interrelated all the openMOS components will need to be. Figure 4 provides 
the build phase high level use cases overview.  
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Figure 4 – Build Phase – Main Use Case Diagram  

The use cases always depend on the introduction of a new equipment module or 
workstation that once plugged in triggers a series of events in order to register and 
make all the required functionalities available for the openMOS system. The register 
locally use case has a small caveat, as it will have to implement different 
functionalities depending if the trigger is an equipment module or a workstation. In 
the case of an equipment module, that module needs to register in the local 
workstation. Otherwise, in the case of being a workstation, it will require the 
equipment modules to register to itself.  

1.2.2.2. Ramp-up phase 
The ramp-up phase aims to deliver systems that work according to the required 
performance. This implies that at this phase there are quite a few adjustments to 
the system in order to ensure the system is optimized to deliver on its 
requirements. The main actions on this phase are the adjustment/tweaking of 
recipes, the optimization of the system and testing. It is also important to note this 
is a human driven phase, which includes manual adjustments. In order to support 
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this phase, these need to be captured. Figure 5 provides the ramp-up phase high 
level use cases overview. 

 

Figure 5 ‐ Ramp‐Up Phase – Main Use Case Diagram 

This phase establishes the need for a human machine interface that gives access 
for manual system reconfiguration and tweaking. This needs to be considered in 
terms of the activities of the users and ensure that user activities are seamless 
integrated. The support use cases are expected to be enhanced based on the 
specific ramp-up goals, which will be defined as part of T4.3 and T4.5.   

1.2.2.3. Production phase 
The production phase establishes the core of the openMOS system operation. This 
phase covers the production of products, new product introductions, changes in the 
planning, dynamic system adjustments and storing of production data. The majority 
of the activities here are dealt automatically by the system components. The users 
are expected to have limited intervention in the phase. The users can deploy new 
products, can deploy optimized recipes (thus directly enforcing certain recipes), 
approve recipes or trigger exceptions in the operation. Figure 6 provides the 
production phase high level use cases overview. 
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Figure 6 ‐ Production Phase – Main Use Case Diagram 

The deployment of new products will require a human machine interface, which 
should be in line with the one developed for the ramp-up phase. In fact, the 
deployment of recipes process could be quite similar. It is important to note that 
the system will have the ability to deploy new recipes based on its optimization, 
which will use the production data. The production data is constantly being stored 
in the cloud. One important consideration is that recipes require approval before 
being ready for active use. As such, a mechanism for approval needs to be in place 
to ensure the seamless operation of the system.   

The exception handling is a use case that requires quite a bit of detail, however at 
this stage the focus is the system operation and therefore this will be detailed in 
the next iteration of this document. 

1.2.2.4. Re-configuration phase 
The re-configuration phase enables the possibility of generating new recipes by the 
users. These changes can range from minor tweaks, which could be deployed 
directly into production to system reconfigurations that might require a new build or 
ramp-up phase. Figure 7 provides the re-configuration phase high level use cases 
overview. 
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Figure 7 ‐ Re‐configuration Phase – Main Use Case Diagram 

The main point of these use cases is the ability to trigger the other phases 
depending on the level of re-configuration. 
 
1.3. Quality Goals 
The quality goals for the openMOS architecture were identified by the architecture 
team. These result from technical discussions in conjunction with industrial 
requirements and project objectives. The identification of the goals was considered 
critical for the decisions made in the development of the architecture. 
The first step in the formalization of the quality goals was to clarify the project 
concepts, definitions and targets. Figure 8 provides an overview of the discussion 
topics, namely the definition of cloud, standardisation of interfaces and protocols, 
level of targeted product customization and measurable KPIs.      
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Figure 8 – Overview of Considerations for Quality Definitions 

 The consideration of these aspects led to the following classification of quality 
goals: 

 Performance – The system performance should not be compromised due to 
the introduction of openMOS concepts. The architecture should avoid, where 
possible, the adding of overheads that will affect performance. The cloud 
should be used for heavy computations and appropriate methods for 
deployment of solutions should be catered by the architecture with minimal 
impact on performance.  

 Interoperability of tools and services – The architecture should provide 
clear interfaces for seamless integration of internal and external tools. This 
establishes the need for clear and transparent definitions of the interfaces, 
but also the use where possible of existing protocols. The architecture 
should also be aligned with industrial standards as this will facilitate this.     

 Ease of use – The architecture should provide clear guidelines that make 
the entry to openMOS system easy for any software developers. 
Additionally, the architecture should set rules and guidelines for openMOS 
components that establish ease of use as a key requirement, e.g. general 
good practice, good documentation, user friendly interfaces, simplify where 
possible, non-intrusive interactions with user, etc.  

 Agility – The architecture should enable system agility for both new 
products and system changes. The ability to deliver a plug-and-produce 
system should not be compromised by any of the performance 
requirements.    

 Determinism – The architecture should ensure that the behaviour of 
openMOS systems always occur in a deterministic and transparent manner 
at the system level. This is critical as visibility into dynamic systems is 
considered to be paramount for the success of these systems. At the device 
level, both behaviour and time determinism should occur.   

 Scalability – The architecture should cater for the scalability of systems 
without impacting any of the previous goals.   

 Extensibility – The architecture should be developed considering potential 
future growth and extensions to other systems.  
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1.4. Stakeholders 
The development of the openMOS architecture will be driven by the project 
stakeholders. Therefore it is important to identify the consortium stakeholders and 
their expected interactions, to ensure a clear development strategy. Additionally, in 
order to facilitate the integration of all project developments into the architecture, 
an architecture team was created. This section provides the overview of the 
consortium stakeholders, architecture team and the communication guidelines for 
the project developments.    
 

1.4.1. Communication Structure and Rules 
The main guidelines for the communications in the openMOS project follow the 
general European project approach. The work is organized into tasks, which fall 
under a work package, which fit in the overall project. Therefore, for every effort 
spent in a certain task, there is a line of communication: 
 

Partner → Task leader → Work package leader → Coordinator 
 
However, this approach does not take into consideration the need to respect the 
overall architecture, which is critical to ensure the integration within the openMOS 
environment. Moreover, the individual developments need to adhere to the overall 
architecture goals, which target the delivery of the integrated project objectives. 
Therefore, further communications need to take place to ensure coherent 
development across all tasks in the project. Toward that end, it is proposed the 
creation of a communication rules table (Table 1) to ensure the information is 
correctly distributed.  
  

Table 1: Architecture and Software Development Communication Rules 
CR When… Then… 
CR1 …the definition of a data exchange 

class or an API is being altered 
…all partners using this class and the 
architecture team need to be informed  
positive feedback is required 

CR2 …the UML diagram or further 
global definitions are altered 

…an architecture team member needs 
to be contacted in order to integrate the 
altered definitions into the EA model. 
The EA model shall be changed only by 
Architecture Team 

CR3 …the technology choice of a 
software component is affected 
(i.e. language, 3rd part 
component, external interface) 

…the architecture team needs to be 
informed 
 

CR4 …any 3rd party component will be 
used within a software component 

…the architecture team needs to be 
informed 
positive feedback is required 

CR5 …any changes to interfaces, 
protocols and services   

…the architecture team needs to be 
informed 
positive feedback is required 
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1.4.2. Consortium Stakeholders 
Within the openMOS consortium, each organisation has its own interests and 
motivation to be involved in the project. These views are also representative for the 
wider landscape in which the openMOS system will have to operate. Hence all 
development partners need to be aware of these different perspectives when 
developing components within the project. 
The following list groups all the openMOS stakeholders into their main roles: 

 Industrial End User Partners (Ford, Electrolux, SenseAir) - These 
partners would like to use the outcomes from openMOS to use within their 
production facilities. Any development has to be compatible with their 
existing regulations as well as software and technology landscape. Reliability 
and a clear support and maintenance structure are required. 

 Component Development Partners (ASYS, Afag, Elrest) - These 
partners expect to get tangible developments out of the project which can 
be turned into products within a certain (rather clear) time. Well-defined 
functionality and reliability are highly appreciated. Gaining distinct added 
value against market competitors is an objective. 

 Scientific & Research Partners (LU, LIU, KTH, FORTISS, UNINOVA) - 
These partners are following-up with certain visions, how production could 
be handled in the future. They want to gain competences, which they can 
use for further research and/or industrial projects. Publications are an 
objective. 

 Research & Technology Development Partner (FORTISS, UNINOVA, 
INTROSYS, HSSMI, MASMEC) - These partners are interested to develop 
new technologies and industrialise proof of concept work developed by the 
scientific and research partners. Their focus is on providing new solutions for 
their industrial partners/members. Consultancy and technology transfer are 
important points. Publications can be an objective. 

 Technology Provider Partners (Inotec, MASMEC, We Plus, HSSMI, 
INTROSYS) - These partners want to gain technical competences, which 
could be sold to further customers as products or services. Consultancy and 
technology transfer are important points too. Dissemination of their 
competences is an objective. 

 Dissemination and Exploitation (All) - Within a European project there is 
a strong requirement (part of the contract!) to do a sufficient amount of 
dissemination and exploitation. The European commission is strongly 
interested and relying on this. Dissemination is to spread project results to 
further companies (and lies therefore not necessarily in the interest of some 
partners). Exploitation shall motivate project partners to exploit the gained 
competences themselves to gain added value. Therefore, promoting 
dissemination and exploitation is a very meaningful task. 

 Coordination (INTROSYS) - The coordinator of a European project acts as 
a representative of the European commission. The coordinator is responsible 
that the objectives within the description of work [1] are implemented as 
project results. Doing so, the coordinator will concern about the aims of all 
industrial, scientific, research, technology and dissemination and exploitation 
partners, as contradictory these might be. 
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2. System Scope and Context 
 
2.1. Business Context 
The motivation for the openMOS project is that European Manufacturing Industry 
has to become increasingly agile to compete in the global economy. OEMs need to 
be able to produce premium quality on demand. Traditional manufacturing models 
which are based on large production volumes and continuous improvement become 
increasingly difficult to sustain. Ever smaller lot sizes are required to be able to 
achieve short lead times for an increasing range of products and variants. High 
variety and flexibility is traditionally the domain of manual manufacturing systems. 
Repeatable high quality on the other hand, is the strength of automation systems. 
The root cause of many warranty issues for high quality products can be traced 
back to manual work. While automated systems are appealing to achieve high 
productivity and quality requirements, their sensitivity to change is becoming 
increasingly a bottleneck to substantially reduce lot sizes and allow more frequent 
change-overs. The traditional approach to engineer out variation is no longer viable 
in many cases. The system integration effort and operational complexity for flexible 
automation systems on the other hand, increases exponentially with the number of 
product variations [1]. 

Plug-and-produce automation systems that allow easy change over and 
reconfiguration based on predefined process capabilities and fast integration 
methods, are much less sensitive to larger numbers of product variants. This is 
because their complexity and associated cost only increases in roughly linear 
proportions. Hence, allowing highly automated systems to better cope with large 
numbers of product variants and frequent change overs, compared to traditional 
methods [1]. 

 
Figure 9 ‐ Overview of key challenges addressed by the openMOS project [1] 

The concept of plug-and-produce within the manufacturing automation domain is of 
course not new. In fact, a substantial amount of public and private development 
effort has been invested into this topic on European and National level. Despite 
these efforts, there is still little concrete evidence of commercially viable plug-and-
produce systems. Plug-and-produce requires common standards which are 
notoriously difficult to achieve within the highly competitive and diverse 
manufacturing automation community. The vast majority of component/ devices/ 
machine manufacturers and system integrators are SMEs. Therefore, plug-and-
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produce can only be achieved by placing specific SME requirements at the 
forefront: solutions by, and for, SMEs [1]. 

To date, the majority of industrial solutions have been created by major 
corporations and target large companies. This is particularly true for the digital 
factory as well as integrated planning & scheduling systems. However, the “new 
industrial society” will have to rely on fundamentally new technologies and 
approaches, ranging from fully interchangeable system modules to new, fully 
integrated business models. This will not be achieved by modifying and/ or 
updating existing systems: successful future solutions will have to be designed by 
SMEs and for SMEs on the basis of an entirely new approach to industrial 
production [1]. 

2.2. Technical Context 
The innovation targeted by the openMOS project is a common, openly accessible 
plug-and-produce system platform which allows all stakeholders in the automation 
system value chain to come together and jointly develop and exploit solutions. 
Hence, the openMOS project is proposing to integrate well established plug-and-
produce system concepts from many years of research in this field, into industrial-
relevant technology platforms which have emerged in recent years. The openMOS 
consortium has been carefully chosen to bring together representative industrial 
and technology development organisations to demonstrate the technical and 
commercial viability of plug-and-produce in three key industrial sectors: white 
goods, automotive and electronics [1]. 

 
Figure 10 ‐ Overview of key elements of the openMOS Innovation Action [1] 

The openMOS project is inspired by other successful open source development 
platform initiatives such as ROS Industrial2 or AutomationML3 which have attracted 
a large group of contributors and is slowly finding its way into many products. The 
ambition of this project is to create a similar technology platform for the wider 
automation community focused on the needs of SMEs [1]. 

                                                            
2 www.rosindustrial.org 
3 www.automationml.org 



 

 

21.

The openMOS objective is to build systems that are based on tools and equipment 
designed by SMEs and for SMEs. In order to achieve this, the underlying philosophy 
is to change the way in which one designs and builds automation systems: at 
present automation systems are built as prototypes and optimised as they are 
brought up to volume [1]. 

Once the product lifecycle has terminated, most of this equipment is put aside, sold 
or thrown away. The cost and waste levels of this approach are totally 
unsustainable and this is kept only because the larger industry does not want to 
incur in “costly surprises” associated with new technology. The bottom line in 
openMOS is: it is not an issue of technology but of applying a new business process 
and development methodology. If automation becomes viable for SMEs the rest of 
the market will definitely find it risk-free and economically viable. So openMOS 
adopts technology already developed and proven by SMEs in earlier projects 
(IDEAS, PoPJIM, GRACE, TRANSPARENCY) and combines it with a new business 
model and development software that is tuned for SME conditions [1]. 

2.3. External Interfaces 
The basis of communication in an openMOS system is the Manufacturing Service 
Bus. In this section, some necessary interfaces for connecting and communicating 
through the Manufacturing Service Bus are presented. One of the objectives of 
openMOS is to be “open” and therefore all the interfaces should be accessible by 
external entities. 

Note: The definition of the interfaces in this version of the architecture is not intended to be 

complete but rather serve as a first starting point to understand the expected functionality of 

the system. Further updates and more detailed descriptions are expected to be provided in 

subsequent versions of this document. 

2.3.1. Equipment registration interface 
Purpose:  Interface to allow an equipment module to register in the openMOS 

system. The equipment module can be a device, a workstation or a 
transport. 

Inputs:  tbd 
Outputs:  tbd 

 

2.3.2. Equipment communication interface 
Purpose:  Interface to allow the equipment module to communicate with the 

system.  
Inputs:  tbd 
Outputs:  tbd 

 

2.3.3. Equipment data interface 
Purpose:  Interface to allow the equipment module to communicate with the data 

cloud. 
Inputs:  tbd 
Outputs:  tbd 
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2.3.4. Execution data interface 
Purpose:  Interface to prove the equipment modules with execution data. 
Inputs:  tbd 
Outputs:  tbd 

 

2.3.5. Historic data interface 
Purpose:  Interface to record historical data from the equipment modules 
Inputs:  tbd 
Outputs:  tbd 

 

2.3.6. Equipment status data interface 
Purpose:  Interface to allow the openMOS system acknowledge the status of an 

equipment module. 
Inputs:  tbd 
Outputs:  tbd 

 

2.3.7. Agent deployment interface 
Purpose:  Interface to allow the deployment of agents in an openMOS system. 
Inputs:  tbd 
Outputs:  tbd 

 

2.3.8. Data source deployment interface 
Purpose:  Interface to allow the deployment of data sources in an openMOS 

system. 
Inputs:  tbd 
Outputs:  tbd 

 

2.3.9. Data storage interface 
Purpose:  Interface to allow the storage of data in an openMOS system. 
Inputs:  tbd 
Outputs:  tbd 

 

2.3.10. Skill execution interface 
Purpose:  Interface to allow the execution of skills by equipment modules in an 

openMOS system. 
Inputs:  tbd 
Outputs:  tbd 
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3. Solution Strategy 
The overall strategy of the architecture is driven by the concepts proposed in the 
openMOS project description of work [1]. This establishes clear development areas 
which need to be integrated together for the system to work. The role of the 
architecture is to provide this integration by establishing clear guidelines of how the 
developments fit together to deliver the project objectives. Therefore, the first part 
of this section will cover the openMOS concept, which establishes the main 
development areas of the project.  
The followed strategy for the openMOS architecture is bottom up, thus we start by 
analysing the individual components for the project and what they are expected to 
entail. Then, these are combined to create complex systems which will lead to clear 
definitions of the system boundaries and assumptions. Finally, a high level 
architecture solution presented. It is important to note, that this section is not a 
detailed view of project concepts, and should be considered in conjunction with 
other architecture deliverables. More details can be found in the description of work 
of the openMOS project [1].  
 
3.1. openMOS Concept 
The vision of the openMOS project is to enable full economic sustainability of the 
production systems based on intelligent modular plug-and-produce equipment. To 
achieve this, the project is focusing on three main innovation strands:  

1) Embedding plug-and-produce capabilities into automation devices, robots 
and machines. 

2) Enabling vertical and horizontal connectivity between plug-and-produce 
automation components and higher level control and business functions. 

3) Creating an easily extendable and adaptable manufacturing operating 
system (MOS) that ease introduction of new products, work orders and 
changes in the equipment and allows easy deployment of optimisation and 
changeover management strategies. 

 
Figure 11 gives a schematic overview of the three innovation strands targeted by 
the openMOS project. These are expected to integrate with each other to facilitate 
more agile, easily changeable production systems build on plug-and-produce 
devices, robots and machines. 
The technology platform proposed by the project to achieve plug-and-produce will 
be built on advances embedded control, service-based architectures (SOA), cloud 
computing and agent-based technology.  
The architecture is the key to ensure that changeovers in the system can be 
performed in a structured and systematic way by providing the baseline data 
models that enable the cyber-physical relation and facilitate the information flow 
between the modular components in order to deliver dynamic properties and 
robustness to the system, in one word: agility. 
 



 

 

24.

 
Figure 11 ‐ Overview of Basic Concepts Behind openMOS 

 
 
3.2. Semantic Model Overview 
 

3.2.1. Skill concept 
The skill concept describes and represents assembly processes in a clear object 
oriented control structure. Moreover, the skill concept takes advantage of existing 
concepts within the assembly domain which provide a hierarchical structure of 
assembly processes. The concept will provide the means to structure and define 
higher and lower level processes with the ability to describe their composition, 
inter-dependencies and parametric constraints [5]. 

Skills represent the control equivalent to hardware modules and follow the object 
oriented approach of encapsulating reusable functionality. A skill represents a 
capability [5][6].  

Skills define the process capabilities offered by the equipment units to complete the 
required assembly process steps. Process skills take a similar role as methods in 
programming or services in SOA systems.  

It is expected that skills will have some parameters which can be set either fixed 
for the operation of an assembly system or dynamically based on the outputs from 
other skills. Hence it will be necessary to define which parameter settings a Skill 
should be executed with to achieve the desired result either in advance or during 
run-time with. These settings can be defined in the form of a Skill Recipe concept 
which should prescribe how a Skill Requirement can be achieved by a Skill [5][6]. 
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3.2.2. Atomic and composite skill 
The assembly process type intends to provide the information of the capability in 
terms of its classification within the assembly domain. It is important to note that 
the naming of capabilities does not necessarily need to be standardised; however 
without a common agreed terminology between all the different actors across the 
whole configuration process, it would not be possible to use computer-based 
support mechanisms to ensure process consistency and allow automatic matching 
either during configuration [5]. 

Another important requirement that should be catered for in the skill concept is the 
ability to establish complex skills that are defined as combinations of lower level 
skills. This introduces the need for the distinction between two types of skills: 
atomic, which are defined as elemental skills at the lowest level of granularity, and 
composite, which are defined as an ordered set of elemental or lower level 
composite skills. A composite skill should have exactly the same main 
characteristics as the atomic skill, in fact from an outside point of view there should 
be no difference. The difference consists in the existence of a structured definition 
for its lower level of granularity. This definition establishes both the internal process 
sequence and the information flow which results in the composite skill [5]. 

Furthermore, this enables the high level definition of assembly processes and 
provides the basis for combining lower level assembly processes into new higher 
level and more complex assembly processes [5]. 

The composite assembly process also need to cater for the connectivity issues that 
arise from being composed of elementary assembly processes. Therefore, there is a 
need for a formalised structure that establishes how to connect the control and 
parameter ports. Another important aspect to consider is the possibility of a 
composite assembly process having alternative realizations, thus having different 
recipes for the execution of the capability [5]. In summary, composite skills are 
aggregations of skills which need to be executed following a set of established 
sequences. 

The skill definition will be required to follow the function block concept (approach), 
enhancing the concept beyond the mere plug-ability of hardware building blocks. 
The key innovation is the composite definition which incorporates both the 
functional description and the actual execution definition of the assembly process. 
Figure 12 provides a schematic overview of this concept using IEC 61499 notations 
[5]. 

The main requirements for the definition of a skill can be summarized into four 
main characteristics, namely the assembly process type, the level of granularity 
(which establishes if a skill is composite or atomic), the skill control ports and the 
skill parameter ports. The Control Ports represent the control elements, both inputs 
and outputs, for operating the assembly process (namely: Start, Interrupt, 
Finished, etc.). These are the basis for the definition of the process sequence since 
they establish the means to connect between different assembly processes (Skills). 
The role of the Parameter Ports is to provide the ability to specify the exchange of 
process data between different assembly processes (skills). These parameters are 
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not mandatory for all skills, but some assembly sequences might require an 
information flow between different assembly processes. A typical use of these is a 
force feedback loop, where the value of the force would be passed on to other 
processes via a parameter port. In other words, this provides the means for 
information flow of a given assembly process configuration [5]. 

 

Figure 12 ‐ Overview of Composite Skill Concept [5] 

 

3.2.3. Recipe concept 
In openMOS, the execution of skills is going to be driven by skill recipes. Recipes 
are aggregation of input parameters for the execution of a skill. Similarly to the skill 
concept, recipes can also be atomic or composite, since they define the input 
parameters for atomic or composite skills respectively.  

Figure 13 illustrates how composite recipes and atomic recipes work. A composite 
recipe can be an aggregation of both atomic recipes and composite recipes, which 
describes the assembly process, with respective precedencies. The skill will have 
several input parameters. An atomic recipe has then the set of parameters to 
execute a skill. One should note that the same recipe can be executed more than 
once, with or without the same parameters. 
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Figure 13 – Composite and atomic recipes 

 

Further details on this concept will be established in the openMOS semantic model 
(deliverable D3.7), which will extend this document in the future. 

 

3.2.4. Overall view of execution 
Bringing up together these concepts of atomic skills, composite skills and skills 
recipes, it is possible to describe the overall view of execution of openMOS systems. 
Figure 14 illustrates the execution cycle. Agents are responsible for deploying 
recipes to the orchestrators (yellow arrow).  

 

Figure 14 – Overall skill execution with recipes 
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The product ID is gathered into the system (blue arrow), e.g. by RFID, and the 
orchestrator then knows how to deal with this product. The composite and atomic 
recipes were previously deployed and approved, and so for each atomic skill there 
is a recipes table, that collects information about which recipe should be executed 
for each product. For instance, product ID 1 will trigger the application of recipe 
Rc1, which will activate the execution of a skill with input parameters (P1, P2, P3) 
as (X, Y, Z).  

This cycle can be even more complex since composite recipes can aggregate also 
composite recipes with atomic recipes. Another thing that is important to note is 
the ability to agents deploy new recipes, so it means that at different times the 
same product ID can be executed with different recipes. 

Further details on this concept will be established in the openMOS semantic model 
(deliverable D3.7), which will extend this document in the future. 

 

3.3. Smart Plug-and-Produce Automation Devices Level View  
The openMOS cyber physical devices are the atomic elements for the production 
system. These are the basic building blocks for the system. A simple description of 
these devices establishes 3 main components: 

 Mechanical/Physical Action – This is the real world contact, so the actual real 
world interaction of the device 

 Reactive Control4 – This is the ability to control the real world action, which 
denotes some level of computational capabilities.  

 Communication capability – The ability to communicate, with other modules 
or with the cyber domain. 

These are the main characteristics of the device. However, to understand the 
device in the wider context one needs to consider the cyber representation of the 
device. For simplicity one can assume the device as an agent representation. Figure 
15 provides an integrated view of this, highlighting the different aspects of the 
main components. 

The analysis of these aspects provides the baseline for the architecture 
requirements, which are detailed in Figure 15. This means that the architecture will 
have to establish interfaces, data models and procedures to enable these 
capabilities as these are seen to be critical for the openMOS project.   

      

                                                            
4 This concept was introduced on deliverable D2.1, section 3: “(…) as the reaction time from a resource 
agent issuing a command to receiving an acknowledgement from the device adaptor can be long (due to 
performance unpredictability for agents), the realtime feature that is often guaranteed on the line‐level 
cannot be easily guaranteed via resource agents. Therefore, one important decision is to introduce an 
additional logical layer (called reactive layer) to handle real‐time orchestration between machines.” 
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Figure 15 – Device Abstraction with Requirements per Level 

 

3.4. openMOS System Level View 
The system level view of openMOS project is an aggregation of devices into 
clusters, which can in turn be combined with other clusters or devices. The first 
important architecture decision on this level is the recognition that a physical 
resource will have to exist in order to coordinate the higher level aggregations. This 
is required as this resource will provide the ability to deal with composite skills.  

 

Figure 16 – Hierarchical System Aggregation  
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The resulting concept builds on the existing OPAK5 architecture where any device, 
lower level or cluster, can be aggregated in a hierarchical manner, as seen in Figure 
16. 

The final piece for the consideration of the system level view is the inclusion of 
agents. In openMOS it was decided that the lowest level of granularity for the agent 
representation sits on the workstation and transport levels. This does not mean 
that devices below are not cyber physical devices. The devices are required to have 
all the elements described in that device level (Section 3.2), except the need for an 
agent representation. The reason for this decision is twofold, on one side the 
performance of the system, and on the other one, the expected freedom agents will 
have to tweak the system. On the performance side, having multiple 
communications to the cloud would decrease the performance of the system. While 
this approach would be interesting when systems are constantly changing (each 
product is unique), in the current environment the expectations is to have some 
batches for products. Changes are expected but not to a level where the 
performance would gain with more agent involvement in the execution process. 
This means that the openMOS approach is comparable from a performance 
perspective to existing systems. Nevertheless, it is important to note that the 
architecture needs to cater for the communication between low levels. 

 

Figure 17 – Overview of Conceptual System Level  

                                                            
5 http://www.opak‐projekt.de/ 
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The other aspect to consider is the level of system adaptation agents are expected 
to drive. While from a conceptual perspective any level of granularly would be 
feasible, the aggregation of skills involves quite complex reasoning that will need 
human validation and tweaking. This means that even if agents were enabled to 
adapt to lower levels skills, the process would always have to keep a human 
element in the loop, hence, no significant gains would be added. Therefore, the 
proposal is that agents use the lower level information to dynamically adjust the 
system, at a level where it would not require human validation, such as changes to 
routing. Thus, the decision was made to enable agent representation at a 
workstation and transport level as seen in Figure 17.   

The agents are then able to still support the lower level processes at different 
stages of the system lifecycle; in production however, they are used only in 
exceptions or system optimization scenarios. 

It is important to note that the data element for each device is still expected to be 
captured in the cloud as stated in the description of work [1].  

3.5. openMOS Architecture Solution Overview 
The architecture solution needs to cater for all the requirements established before. 
This means combining both device and system view, as well as catering for the 
quality requirements established previously. Figure 18 provides a conceptual 
architecture solution, which includes the components and interaction requirements. 
For the sake of simplicity, the Manufacturing Service Bus was not included as all 
communications in the system are done through it. 

The first step for this solution was the identification of the required components. 
The device level requires atomic devices which are aggregated up to workstation 
level, the highest level of granularity. This means all devices internal to a 
workstation will require communication with the ability to expose services (how 
skills are made available). This communication will be critical for the performance of 
the system, as it implies the ability to execute skills, and therefore requires a 
higher level of priority (red lines). Parallel to the workstation, the transport is 
considered at the same level as changes to the transport would not require human 
interventions. The existence of these two device types establishes the need for an 
interaction between the transport and the workstation, which represents the 
movement of the product from the transport to the workstation (seen in purple). 
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Figure 18 ‐ Outline of Basic openMOS Functional Components and Interactions through the Manufacturing 

Service Bus 

 

On the cyber layer of the solution there are two aspects to consider, the resource 
cyber representations and the device data. The cyber representations are achieved 
through the agents, which are the counterparts for the highest level resources, 
namely the resource agent (workstation) and the transport agent. These agents 
require direct connection to their physical counterparts (seen in green), which will 
provide the ability to monitor the system and explore potential optimizations. These 
agents are expected to interact with other agents to achieve their goals. It is 
important to note that agent to agent communication will not go through the 
service bus but directly between the agents within the cloud.  

The device data will be stored in the cloud, and this will be for every device in the 
system (seen in blue). This data can then be accessed by the agents on the cloud 
to inform their decision making process. 
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4. Building Block View 
 
In this section the preliminary block view is provided where the architecture 
solution is formalized and detailed. The approach for the architecture is to continue 
enhancing the details of the components and their required interfaces.   
 
4.1. openMOS components  
The diagram in Figure 19 shows the main building blocks of the system and their 
interdependencies. 
   

 
Figure 19 ‐ openMOS High Level Component Diagram. In the top left there is the legend of the components. 

 
4.1.1. Manufacturing Service Bus 

 
Purpose:  Service bus to provide communication through all components in openMOS 

project in a standardized way.  
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‐ Maintenance Information 
‐ Status Information 
‐ Device Descriptions 

Outputs: 
‐ Data Items 
‐ Events 
‐ Recipe Adjustments 
‐ Maintenance Information 
‐ Status Information 
‐ Device Descriptions 

Interfaces: 
‐ EquipmentRegistration 
‐ EquipmentCommunication 
‐ EquipmentData 
‐ ExecutionData 
‐ HistoricData 

Methodology:  Allow different components to request and send 
data/information/knowledge between each other. 

Constraints: 
‐  

Technology: 
‐ OPC‐UA 
‐ DDS 
‐ ? 

Open 
Question(s): 

‐  

 
 
 

4.1.2. Agent Cloud 
 

 
Figure 20 ‐ openMOS Agent Cloud Internal Component Diagram View. The dotted arrows represent the expected 

interactions between the agents. 

composite structure Agent Cloud

Historic Data

Agent Cloud

Deploy Agent

Equipment Status Data
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Agent

Transport Agent
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Purpose:  Provide an open source platform (cloud) where new agents can be 
deployed. 

Associated 
Activity: 

WP4 

Owner:  LiU 
Inputs: 

‐ Historical data 
‐ Equipment status data 

Outputs: 
‐ Recipe deployment 
‐ Recipe adjustments 
‐ Product tracking 

Interfaces: 
‐ DeployAgent 
‐ EquipmentStatusData 

 
Methodology:  The following agents should be included: 

 Production Optimizer  Agent – optimizes the system in respect to its 
available resources, fixed layout (non‐reconfigurable), production 
flow, energy efficiency, etc. (other parameters). 

 System Optimizer Agent – optimizes the system layout when dealing 
with flexible hardware (reconfigurable and non‐fixed) using the 
same KPIs. 

 Product  Agent – generates its own production recipes and sends 
them to the different RAs and TAs. Gets notifications from the TAs 
and RAs when the recipes have been executed. 

 Resource  Agent – sends the recipes to the orchestrators through 
the service bus and gets notified when  they have been executed. 

 Transport  Agent (Abstract Class) 
o Simple Transport – abstracts a transport equipment that 

transports products from A to B. Behaves similarly to the 
resource agent (e.g. conveyor belt). 

o Multi Transport – abstracts a transport equipment that 
transports products from multiple sources to multiple 
destinations (e.g. routing device or and AGV or similar). 

 Deployment  Agent – this agent will be responsible for deploying all 
openMOS agents in the "cloud". The information concerning 
Resource and Transport agents will come from a configuration file 
that will be generated from the low level PLC implementation; the 
information concerning the PA will come from external systems in 
the form of orders. 

 
Interactions between agents: ‘0’ means no interaction; ‘X’ means 

one or several interactions; ‘?’ means to be defined. 
 POA SOA PA RA TA DA 
POA 0 X X X X ? 
SOA X 0 X X X ? 
PA X X X X X 0 
RA X X X 0 0 0 
TA X X X 0 0 0 
DA ? ? 0 0 0 0 
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The agents will be developed using the JADE platform and the interaction 
protocols will be defined based on the FIPA interaction protocols. 
The product interacts directly with the orchestrator and agents are notified 
when something changes for product tracking, meaning that the 
information is pushed to the agent when available. 

Constraints: 
‐  

Technology: 
‐ Java 
‐ JADE 

Open 
Question(s): 

‐  

 
 

4.1.3. Data Cloud 
 
Purpose:  Provide an open source platform (cloud) where data extracted from 

equipment is stored. 
Associated 
Activity: 

WP4 

Owner:  UNINOVA 
Inputs: 

‐ Data 
Outputs: 

‐ Historical data 
‐ Data source 

Interfaces: 
‐ HistoricData 
‐ DeployDataSource 
‐ StoreData 

Methodology:  Use the captured data to apply advanced algorithms that influence the  
self‐* behaviour of the agents and consequently the system as a whole. 
Monitoring and regulation of the distributed environment as well as 
traceability aspects. 

Constraints: 
‐  

Technology: 
‐  

Open 
Question(s): 

‐  
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4.1.4. Workstations and Transport 
 

 
Figure 21 ‐ openMOS Workstation Internal Component Diagram View. The dotted arrow between the 

Orchestrator and the Equipment Module represent the interactions between them. The <<trace>> arrows 
represent which module is making the interfaces available.  

Purpose:  Enable plug&produce for automation components, ready to cooperate 
with the openMOS architecture. 

Associated 
Activity: 

WP2 

Owner:  Elrest 
Inputs: 

‐ Equipment communication 
‐ Recipes deployment 
‐ Recipe adjustments 
‐ Skill execution 

Outputs: 
‐ Equipment communication 
‐ Equipment registration 
‐ Equipment data 
‐ Execution data 

Interfaces: 
‐ SkillExecution 

Methodology:  Development of a high performance embedded control platform to be 
integrated into automation components.  
Development of a generic interface that enables plug&produce devices to 
connect to the Manufacturing Service Bus offering their skills and give 
feedback about their operational performance data to higher level planning 
and execution systems. 
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Constraints: 

‐  
Technology: 

‐  
Open 
Question(s): 

‐  
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5. Runtime View 
This section gives the runtime view of the proposed architecture. The runtime view 
is highly dependent of the phase of the system. Figure 22 provides the high level 
state machine diagram for the different phases, as identified in the requirements.    

 

Figure 22 – High Level State Machine for Phase Transition  

In this section, the main scenarios of each phase are described and the main 
sequences for the established use cases are defined. This will provide the expected 
behaviour of the system to the defined scenarios.  

5.1. Build phase 
 

5.1.1. Workstation Build  
The workstation build scenario provides the basic processes that are expected to 
occur on the build phase. The idea is to provide the system behaviour to when the 
workstation is connected to the system. This will trigger the need for its internal 
devices to register on the workstation, as they will provide the process capabilities 
(skills) to the workstation. This means that the device descriptions need to be 
provided to the workstation as this will enable it to activate its own skills. The 
sequence diagram for this can be seen in Figure 23. 

stm PhaseStateMachine

Build Phase Ramp-Up Phase Production Phase

Change Phase
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Figure 23 ‐ Workstation Build Sequence Diagram 

 

sd Build Phase - Workstation plug in sequence

Workstation
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5.2. Ramp-up Phase 
 

5.2.1.  System Ramp-Up Process 
The system ramp-up process consists on bringing the system to an adequate 
production level. This entails the creation of missing composite skills, and their 
approval for operation. The ramp-up phase is quite manual and therefore it is 
important to include a user in the sequences as those are mainly driven by him. In 
this process, skills can be created, tested and validated. The sequence diagram for 
this can be seen in Figure 24.  
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Figure 24 ‐ System Ramp‐Up Process Sequence Diagram (on the notes – possible composer from OPAK) 

sd Ramp-up Phase - Ramp-up support sequence
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5.3. Production phase 
The scenarios in the production phase cater for system operation with and without 
cloud connection to the agents. This aims to demonstrate the system resilience 
under different conditions. 

5.3.1. New Product Deployment – Agent based deployment 
The deployment of a new product with all components present is the normal 
operation of the system during production. In this scenario the agent environment 
is responsible for the introduction of a new product, which triggers the subsequence 
system adjustments. The sequence diagram for this can be seen in Figure 25.  

 

Figure 25 ‐ New Product Deployment Sequence Diagram – Agent based deployment 

sd Production Phase - Agent Product Launch
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5.3.2. New Product Deployment – Absence of Agent Cloud 
The deployment of a new product with the absence of the agent cloud aims to 
demonstrate the system operation (resilience), even without the agents present. 
This means new products can be deployed by third party tools, so long as they 
have the appropriate interfaces. The sequence diagram for this can be seen in 
Figure 26.  

 

Figure 26 ‐ New Product Deployment Sequence Diagram ‐ Absence of Agent Cloud 

5.3.3. Production Execution – Absence of Agent Cloud 
The production execution in the absence of agent cloud establishes the ability of the 
system to execute existing recipes, ensuring the system operation even without the 
cloud connection. The system is expected to always execute in this manner, while 
the agent cloud if present is just informed of the execution. The sequence diagram 
for this can be seen in Figure 27.  

sd Production Phase - New product introduction
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Production
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Figure 27 ‐ Production Execution Sequence Diagram – Absence of Agent Cloud 

5.3.4. Exception Handling – Equipment Module Removal 
The removal of an equipment module is expected to have no impact on the system, 
as it should simple readjust to the new conditions. However, it is important to 
establish how the system becomes aware of the absence of a module, and how this 
is handled by the system components. In this scenario, all components are present 
and sequence diagram, shown in Figure 28, demonstrates how the system behaves. 
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SkillExecutionDone()

TriggerSkil lExecution()

ExecuteSkill
(ProductID)
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Figure 28 ‐ Exception Handling – Equipment Module Removal Sequence Diagram 

5.3.5. Exception Handling – Missing Recipe (Presence of Agent 
Cloud) 

The absence of a recipe is an exception for the system, as it would not have the 
necessary instruction to produce a given product. This scenario might be because a 
recipe is not yet approved, or the system might have to change phase in order to 
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deal with this new order. Figure 29 provides the sequence diagram for this scenario 
with the presence of all system components.  

 

 

Figure 29 ‐ Exception Handling – Missing Recipe (Presence of Agent Cloud) Sequence Diagram 
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(from Ramp-up Phase 
Sequence)

Equipment
Module

(from openMOS)

NoRecipe(ProductID)

RecipeExecutionDone(RecipeID)

UpdateRecipeList(Recipes)

NoRecipe(Recipe, ProductID)

ConfirmRecipeDeployment(RecipeID)
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5.3.6. Exception Handling – Missing Recipe (Absence of Agent Cloud) 
Figure 30 provides the sequence diagram for the same scenario as the one in 
Section 5.3.5, but with the absence of the agent cloud. 

 

Figure 30 ‐ Exception Handling – Missing Recipe (Absence of Agent Cloud) Sequence Diagram 

5.3.7. Production Execution – Data Cloud View 
The production execution always entails the storing of execution data. This is a 
parallel process that always occurs and thus it is important to understand it is 
expected to operate. The sequence diagram for this case can be seen in Figure 31.  
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Figure 31 ‐ Production Execution Sequence Diagram – Data Cloud View 

5.4. Re-configuration phase 
This phase is a placeholder for the decision process to trigger other phases. This is 
not expected to have sequence diagrams but it will entail details of the state 
machines to trigger each phase. Table  2 describes some situations and/or events 
that trigger other phases. 
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Table 2: Re‐configuration situations and/or events triggering other phases 

Situation/event Build Phase Ramp-up 
Phase 

Production 
Phase 

Introduction of a new Workstation X X X 
Creation of a new skill recipe for a Workstation  X  

Removal of an equipment module  X X 
Adding new equipment module  X X 

New product introduction   X 
…    
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6. Deployment View 
This section will be added in in the next iteration of the document in deliverable 
D3.9. 
 

 Infrastructure Level 1 
o Deployment Diagram Level 1 
o Processor 1  
o Processor 2  
o ... 
o Processor n 
o Channel 1 
o Channel 2 
o ... 
o Channel m 

 Infrastructure Level 2 
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7. Concepts 
This section will be added in in the next iteration of the document in deliverable 
D3.9. 
 

 Domain Models 
o Recurring or Generic Structures and Patterns 
o Recurring or Generic Structure 1 

 Recurring or Generic Structure 2 
 Persistency 
 User Interface 
 Ergonomics 
 Flow of Control 
 Transaction Procession 
 Session Handling 
 Security 
 Safety 
 Communications and Integration 
 Distribution 
 Plausibility and Validity Checks 
 Exception/Error Handling 
 System Management and Administration 
 Logging, Tracing  
 Business Rules 
 Configurability 
 Parallelization and Threading 
 Internationalization 
 Migration 
 Testability 
 Scaling, Clustering 
 High Availability 
 Code Generation 
 Build-Management 
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8.  Design Decisions 
In this section, some decisions taken by the openMOS consortium are presented. 

 
8.1. System should continue to operate in the absence of agent cloud 
One of the most important decisions taken for the context of the openMOS project 
was the ability of openMOS systems to be able to operate in the absence of the 
agent cloud, in several stages of the production phase. It is important to note that 
the agent cloud is, as defined, optional for the operation of the system, but not for 
its optimization and constant improvement. 

The main discussion points on this topic hinged around the ease of change, 
dynamic adaptation, robustness of the approach, ease of certification, extendibility 
of the software architecture, and compatibility with existing/emerging industrial 
standards. The need for manual intervention and confirmation was particularly 
stressed in favour of this decision. It was agreed to proceed with this decision, 
where there is a clear separation of the control between the agent based planning 
and the lower level skill execution approach within workstations/machines. 

A fixed recipes and orchestration mechanism based approach will be used to govern 
the interactions and timing between devices (their skills) within a workstation/cell 
with close physical interactions. Ensuring the automatic generation of control logic 
for devices within the same workspace without human confirmation (and 
adjustment) did not seem to be realistic for the majority of automation technology 
today. This does not preclude the automatic generation of recipes (code 
generation) but ensures that the results from a physical adjustment/tuning process 
can be used and reused for the control. 

An agent negotiation based approach was agreed to be more promising to manage 
the inter station/machine logistics within a wider system. Here the IDEAS model for 
co-ordinating between Product, Transport and Resource Agents was felt to be the 
most promising starting point to dynamically adjust recipes on the station level.  

The absence of Agent Cloud does not prevent system to operate. 

The openMOS system is intended to be resilient. To achieve this, it was decided 
that the system should be able to operate even in the absence of the cloud. In 
order to ensure this the following cases have been defined: 

 New product deployment 
 Production execution 
 Exception handling 

8.2. The lowest level of granularity for the Resource Agent 
representation sits on the workstation level and Transport Agent 
is the transport level 

In openMOS project, it was decided that the lowest level of granularity for the 
agent representation sits on the workstation and transport levels. This does not 
mean that devices below are not cyber physical devices. The devices are required 
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to have all the elements described in that device level (Section 3.2), except the 
need for an agent representation. The reason for this decision is twofold, on one 
side the performance of the system, and on the other one, the expected freedom 
agents will have to tweak the system. On the performance side, having multiple 
communications to the cloud would decrease the performance of the system. While 
this approach would be interesting when systems are constantly changing (each 
product is unique), in the current environment the expectations is to have some 
batches for products. Changes are expected, but not to a level where the 
performance would gain with more agent involvement in the execution process. 
This means that the openMOS approach is comparable from a performance 
perspective to existing systems. Nevertheless, it is important to note that the 
architecture needs to cater for the communication between low levels. 

8.3. Agents use the lower level information, from data gathering, to 
dynamically adjust the system  

The proposal is that agents use the lower level information to dynamically adjust 
the system, at a level where it would not require human validation, such as 
changes to routing. Thus, the decision was made to enable agent representation at 
a workstation and transport level as seen in Figure 17.   

It is important to note that the data element for each device is still expected to be 
captured in the cloud as stated in the description of work [1], while the agent 
access this information within the cloud. 

8.4. The need for a coordination of higher level aggregations within 
the system, assumes the requirement for a physical resource 
that is able to execute the orchestrator action 

The system level view of openMOS project is an aggregation of devices into 
clusters, which can in turn be combined with other clusters or devices. The first 
important architecture decision on this level is the recognition that a physical 
resource will have to exist in order to coordinate the higher level aggregations. This 
is required as this resource will provide the ability to deal with composite skills.  

The resulting concept builds on the existing OPAK architecture where any device, 
lower level or cluster, can be aggregated in a hierarchical manner, as seen in Figure 
16. 

8.5. The system operation during production will occur without direct 
cloud influence, while the updates to the cloud need to be 
ensured.  

When exploring the expected interaction between the Agent platform and the 
embedded control of the workstations/machines, the decision was to use product 
tracking interacting with the Orchestrator and then back propagates to Resource 
Agent, Product Agent and finally Transport Agent. 

The decision was to create a clear separation between the planning and 
optimisation part (multi-agent system) and the operational control of the individual 
embedded controlled resources in the system. The key aspect is that the 
responsible process executer (Orchestrator in many cases) in each resource will be 
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directly notified when a new product arrives and will execute a predefined 
programme for this product without having to wait for a confirmation from the 
planning system. The executing of the process (for each product type/instance) can 
be assigned in advance by the higher level planning and optimisation system 
(multi-agent system). It can assign the recipes that the Orchestrator should 
execute when a product arrives. This way, the Orchestrator is able to process the 
product immediately when it arrives. The synchronisation with the agent system 
would take place in parallel to the execution of the actual process avoiding any 
delays from long communication processes. The advantage of this approach is that 
there will be a clear separation between the planning system and the execution on 
the stations. It will be possible to run this system without the multi-agent system 
while at the same time allowing the agent system to re-prioritise different control 
functions to optimise the system behaviour at run time. Additionally, this approach 
would be faster for systems that do not change constantly, either product changes 
and/or equipment changes. The disadvantage of this approach is that there will be 
no central confirmation before a programme is executed and only local checks can 
be performed before a product is being processed.  

The principle interaction sequence for this approach is shown in Figure 32.  

 
Figure 32 ‐ Product via RFID interacts with Orchestrator and then back propagates to Resource Agent, Product 

Agent and finally Transport Agent 

8.6. All device (equipment module, workstation and transport 
module) interactions are managed by the Manufacturing Service 
Bus  

All interactions between the embedded control functions, agent platform and cloud 
data persistence functions should be managed by the Manufacturing Service Bus. 
Also, the integration between lower level plug and produce devices and any work 
station internal orchestrators should be handled via the Service Bus. 

The basic roles of different control functions and their principle interactions were 
presented on Figure 18, which provides a conceptual architecture solution, which 
includes the components and interaction requirements.  
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8.7. Agent interactions will not be catered by the Manufacturing 
Service Bus 

The interactions and communications amongst agents will be catered by the agent 
platform. The agents will require connections for the Manufacturing Service Bus to 
access historical data, devices, etc.   

8.8. Behavioural determinism at system level 
The architecture should ensure that the behaviour of openMOS systems always 
occur in a deterministic and transparent manner at the system level. This is critical 
as visibility into dynamic systems is considered to be paramount for the success of 
these systems. 

8.9. Behavioural and time determinism at device level 
At the device level, it was decided that both behaviour and time determinism 
should occur.   
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9. Quality Scenarios 
This section will be added in in the next iteration of the document in deliverable 
D3.9. 
 

 Quality Tree 
 Evaluation Scenarios 

 
  



 

 

58.

10. Technical Risks 
 
This section will be added in in the next iteration of the document in deliverable 
D3.9. 
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11. Glossary 
 

DDS - Data Distribution Service (DDS) for Real-Time Systems  
Equipment Module – The equipment module defines plug-and-produce atomic, or 
a composition of multiple devices resulting in a plug-and-produce composite device. 
ERP – Enterprise Resource Planning (ERP): business management software. 
KPI – Key Performance Indicator. 
OPC UA - OPC Unified Architecture (OPC UA) is an industrial M2M communication 
protocol for interoperability developed by the OPC Foundation. 
P&P – Plug-and-produce. 
Reactive Control – This is the ability to control the real world action, which 
denotes some level of computational capabilities. 
Recipe - Recipes are aggregation of input parameters for the execution of a skill, 
see section 3.2.3 for more information. 
Skill – Concept that describes and represents assembly processes in a clear object 
oriented control structure, see section 3.2.1 for more information. 
WS – Workstation. 
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