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9ȄŜŎǳǘƛǾŜ ǎǳƳƳŀǊȅ  

 

1. Issues (situation, motivation and tasks) 

The purpose of this deliverable is to specify the reference architecture for data models and information 
exchange between the entities and tools of the ReCaM concept, which are used and developed within the 
work packages 2 to 5. The deliverable provides consensus on integration designs and responsibilities of the 
building blocks specified in Deliverable 2.1 Overall System Architecture. The main purpose of this document 
is to highlight the information inputs that are needed by the SW building blocks, as well as the information 
outputs that they provide for the other SW blocks to use. 

 

2. Results 

This deliverable views the information flows of ReCaM process from two viewpoints, namely process and 
SW-system viewpoint. The process viewpoint analyses the activities which take place during the ReCaM 
process, and the information inputs, outputs, resources and controls, which are involved in those activities. 
The process viewpoint is independent from any SW-implementation.  

The SW-system viewpoint, on the other hand, describes the information systems that are used during the 
ReCaM process and the information flows and interfaces between these systems. The interfaces are 
described in the form of service descriptions, which highlight the provider and user of these services, input 
and output parameters (exchanged information) of these services as well as the intended data models. 

 

3. Conclusions and Consequences 

This deliverable presents the first version of the reference architecture for data models and information 
exchange. It will be validated within the following work packages, and adapted according to the results of 
practical testing as the other work packages progress. The implementation phase will expose the required 
changes and additions needed for the service descriptions, interfaces and involved data models. 
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1 LƴǘǊƻŘǳŎǘƛƻƴ 

This deliverable specifies the reference architecture for data models and information exchange between the 
entities and tools of the ReCaM concept, which are used and developed within the project. It aims to provide 
a foundation for enabling smooth integration and data/information exchange between the ReCaM Building 
Blocks, and thus maps suitable data models and information exchange interfaces between them.  

The main purpose of this document is to highlight the information inputs that are needed by the SW building 
blocks identified in the general reference architecture specified in Deliverable 2.1. Overall System 
Architecture, as well as the information outputs that they provide for the other SW blocks to use. 
Furthermore, the responsibilities of each SW building block will be detailed.  Existing approaches, data 
models, and standards to convey the information between the building blocks are reviewed, and their 
suitability on ReCaM-purposes is analysed. Regarding the relevant standards, the focus on this document is 
ƻƴ ǘƘŜ ŘŜǎƛƎƴ ǎȅǎǘŜƳǎΣ ƛΦŜΦ ƻƴ ǘƘŜ άaŀƴŀƎŜƳŜƴǘ ŀƴŘ ƻǇǘƛƳƛȊŀǘƛƻƴ ƭŀȅŜǊέ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘŜ Deliverable 1.2. 
Definition of Hardware and Software requirements. Deliverable 2.2. focused on the physical system and 
Mechatronic objects, while the Deliverable 2.4. will specify the communication protocols to be used in 
ReCaM system.  

This deliverable presents the first version of the reference architecture for data models and information 
exchange. Very detailed information on the information inputs, outputs and associated services is provided, 
in order to increase the communication between the partners and to reduce the risk of incompatible 
interfaces when reaching the implementation phase. The reference architecture and data models will be 
validated within the following work packages, and adapted according to the results of practical testing as 
the other work packages progress. The presented architecture and data models are intended to be 
somewhat general, and will be applied in both the Bosch and CESA use cases with the needed adaptations.  

The deliverable is organized as follows. In section 2 the method for identifying and analysing the information 
exchange interfaces is described. In section 3 process oriented view to the ReCaM concept is presented 
followed by the software oriented discussion in section 4. Section 4 also gives detailed description of the 
service interfaces between the ReCaM building blocks. In section 5 the data models for ReCaM are 
presented, while section 6 concludes the deliverable.  
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2 5ŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ ƳŜǘƘƻŘ  

This section will explain the method for defining the information flows and interfaces between the different 
ReCaM building blocks specified in a separate Building Block Specification document. When evaluating the 
interfaces and information flows of ReCaM processes and associated building blocks, two viewpoints were 
taken:  

1. Process viewpoint 

¶ Describes the flow of activities that take place during the ReCaM process, and the 
information inputs, outputs, resources and controls, which are involved in those activities. 

¶ Is independent from the implementation of the SW-systems. 
2. System (SW) viewpoint 

¶ Describes the information systems that are used during the ReCaM process and the 
information flows between these systems. Includes inputs needed by the system, outputs 
produced by the system and the formats of these inputs and outputs. 

¶ Related to the specific SW-system implementation taken by the ReCaM partners.  
 

The process viewpoint was taken to identify the ReCaM process and its activities (concentrating on 
reconfiguration scenario) that would support the ReCaM targets defined in the Deliverables 1.1 and 1.2. 
Implementation independent viewpoint was taken, in order to allow the activities to be performed by 
different tools and on different automation level. Furthermore, the aim was to avoid too SW-oriented view, 
which may have led to a situation in which some important activities would have been neglected, if they 
were not part of the already specified building blocks. Together with the SW-oriented view, the activity 
diagrams helped to identify possible missing steps or tools that still need to be considered for development, 
or functionalities that need to be implemented into the ReCaM building blocks. The diagrams also helped in 
defining the information content needed during different phases of the ReCaM process. Therefore, they 
provided valuable input for the definition of the services and their content.  

The tasks that the different building blocks are supposed to perform determine the input information that 
the block needs. In addition, it determines the outputs that the block can produce. These inputs and outputs 
have already been specified in the Building Block Specification document. Furthermore, an excel table was 
constructed to see that for each piece of input information there is also a provider. The purpose of this table 
was to identify which building blocks need to interact with each other and what kind of information they 
should share. This was used to focus the definition of interface data between partners providing input or 
development effort to the block, or requiring output out of it. In addition, it was used to identify any missing 
information sources. In the D2.1., it was defined, that the information flows between the building blocks 
will take place through services. Thus, a set of services to convey the needed information was defined. 
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3 tǊƻŎŜǎǎ ƻǊƛŜƴǘŜŘ ǾƛŜǿ ǘƻ wŜ/ŀa ǇǊƻŘǳŎǘƛƻƴ ǎȅǎǘŜƳ ǊŜŎƻƴŦƛƎǳǊŀǘƛƻƴ π !ŎǘƛǾƛǘȅ 
ŘƛŀƎǊŀƳǎ 

An activity model captures activities and the corresponding information flows between the activities.  In 
ReCaM setting, i.e. in the case of production system reconfiguration planning, auto-configuration and auto-
programming, activity model is a tool to model and analyse the activities that are needed in such context, 
as well as the information flows and resources that are necessary to perform those activities. The activity 
diagrams are modelled using IDEF0-language, which is a textual and graphical modelling language for system 
analysis and specification. It is designed to model the decisions, actions and activities of an organization or 
system.  
 

 

Figure 1. Elements in IDEF0-diagrams. 

Figure 1 presents the elements of IDEF0-diagrams. Resources, in this context, represent static information 
resources that the activity may use selectively depending on the needs of the specific situation. These may 
ōŜ ǘƻƻƭǎΣ ƛƴŦƻǊƳŀǘƛƻƴ ƳƻŘŜƭǎΣ ǎƻŦǘǿŀǊŜΣ ƳŜǘƘƻŘǎ ŀƴŘ ǎƻ ƻƴΦ ¢ƘŜ ǿƻǊŘ ΨǎǘŀǘƛŎΩ ƛƴŘƛŎŀǘŜǎ ƘŜǊŜ ǘƘŀǘ ǘƘŜ 
resource is not modified by the activity it takes part in and it remains unchanged over a certain time interval, 
depending on the resource. Each activity box may be decomposed into its sub-activities in another more 
detailed diagram. The description of the activities of a system can easily be refined into yet greater detail 
until the model is as descriptive as is necessary for the decision-making task at hand. (Knowledge Based 
Systems Inc.)  

In the scope of ReCaM the activities are presented down to the levels 2 and 3. The explanations of the used 
terms indicating the inputs, outputs, controls and resources in the diagrams, can be found from Table 1. 
Figure 2 Figure 10 represent the diagrams, while the activities are shortly discussed in textual form below 
each diagram. It has to be noted that here, the activity diagrams are modelled independently from the actual 
implementation of the SW-tools. It means that there may be multiple alternative tools (more or less 
automated) to perform a certain activity. Later in the Section 4.3 ΨReCaM Building Blocks and provided 
servicesΩ, these activities are connected to certain SW-tools utilized or developed during ReCaM, namely the 
ReCaM Building Blocks. In addition, the activities consider only the main ReCaM scenario, namely 
reconfiguring the production system from one product to another, while e.g. building a new mechatronic 
object and its resource description are out of the scope of the presented diagrams.  
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3.1.1 Top level activities 

3.1.2 Node A0: Overall reconfiguration schema 

 

 

Figure 2. A0: Overall reconfiguration schema. 

 
A1 ς Defining and modelling of product requirements 
During this activity, the product requirements affecting the production system design and the requirements 
for reconfiguration will be defined and modelled. The end result from this activity will be the product 
requirement description.  
 
A2 ς Matching product requirements with resource capabilities 
This activity concentrates on matching the requirements set by the product with the capabilities provided 
by the resources. The strategy of the matchmaking may be adjusted case by case by the designer. E.g. in 
reconfiguration context, the match may be first targeted to the existing system layout and its components, 
after which new resources will be explored for missing capability requirements.  
 
A3 ς Creating a reconfiguration and production plan for the system 
This activity aims to specify how the current system needs to be changed in order to meet the new 
requirements. The changes can be either physical, logical or parametric.  
 
A4 ς Creating executable capability sequence 
This activity maps the required capabilities to the executable capabilities of specific resources and creates 
the sequence of these executable capabilities, including the parameter values, in order to manufacture or 
assemble a product, or batch of products, specified in production plan, with a specific production system 
layout and configuration. 
 
A5 ς Reconfiguring, integrating and deploying the system 
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This activity reconfigures and integrates the physical system as an operating one and deploys the 
configuration to the operational production system.   
 
A6 ς Executing & controlling the production system 
This activity executes and controls the operating production system, and monitors and reports its 
operations.  
 

3.2 2nd level activities 

3.2.1 Node A1: Defining and modelling of product requirements 

 

 

Figure 3. A1: Defining and modelling of product requirements. 

 
A11 ς Analysing product parts and features 
This activity aims to identify the features that affect the process selection and the sequence of the process 
activities.  
 
A12 ς Defining process steps 
During this activity the process steps needed for the manufacture or assembly of the product is created 
based on the identified manufacturing and assembly features. Also the precedence constraints of the steps 
are defined.  
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A13 ς Defining and modelling of required capabilities 
During this activity the required capabilities, including the capability parameters, are specified in more detail 
based on the required process steps and the feature properties. In addition to the parameters relating to 
products geometrical characteristics, the capability parameters may include technological requirements 
relating to the required process, such as desired torque or feed rate. This activity produces the product 
requirement description.  
 
A14 - Modelling product interaction constraints 
During this activity the interaction constraints between product interface and a specific resource interface 
will be modelled. This activity takes place only when there are specific interaction constraints between the 
product and certain resource interface.  
 

3.2.2 Node A2: Matching product requirements with resource capabilities 

 

 

Figure 4. A2: Matching product requirements with resource capabilities. 

 
A21 ς Comparing requirements with capabilities of current resource combinations at concept name level 
This activity aims to compare the required capabilities with the capabilities possessed by the combinations 
of resources in the current system layout at the capability concept name level. The idea is to see if there 
already exist resource combinations, for example workstations, that are able to fulfil the given requirement 
without any changes. This activity is optional and shows one possible scenario on how the resource pool 
(search space) may evolve during the reconfiguration planning. The designer may skip this step and start 
directly from A23 if no value is given on the reuse of the existing system layout.  
  



 

 

 
H2020-FoF-2015 
Grant agreement: 680759 

 

D2.3: Architecture for data models 
and information exchange 

27.10.2016  106/13 

A22 ς Comparing requirements with the current resource combinations at parameter level 
During this activity, the detailed match between the required and provided capabilities is evaluated. This 
means that the capabilities matching the requirements at the capability concept name level are compared 
with the requirements at the capability parameter level. This matching is done according to the capability 
matching rules.   
 
A23 ς Generating new resource combinations matching with capability requirements (names & parameters) 
During this activity, new resource combinations which match with the given product requirements, will be 
created from the given resource pool. This matchmaking phase includes checking both the capability name 
and its parameters.  
 
A24 ς Checking interface compatibility inside resource combinations 
This activity will make sure that the resources involved in the resource combinations found in the previous 
phase can actually be combined, i.e. that their interfaces are compatible.  
 

3.2.3 Node A3: Creating a reconfiguration and production plan for the system 

 

Figure 5. A3: Creating a reconfiguration and production plan for the system. 

 
A31 ς Evaluating the needed adaptation type (physical, logical, parametric) 
This activity aims to specify what kind of reconfiguration is required in order to fulfil the product 
requirements. The reconfiguration can be either physical, logical or parametric.  
  



 

 

 
H2020-FoF-2015 
Grant agreement: 680759 

 

D2.3: Architecture for data models 
and information exchange 

27.10.2016  106/14 

A32 ς Defining new resource search space 
The aim of this activity is to define a new search space (resource pool) from where to look for resources that 
possess the required capabiliǘƛŜǎΦ Lƴ ƎŜƴŜǊŀƭΣ ǘƘŜ ǎŜŀǊŎƘ ǎƘƻǳƭŘ ŦƛǊǎǘ ōŜ ǘŀǊƎŜǘŜŘ ŀǘ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ƻǿƴ 
ǊŜǎƻǳǊŎŜ ŎŀǘŀƭƻƎǳŜǎ ŀƴŘΣ ƛŦ ǘƘŜǊŜ ƛǎ ƴƻ ƳŀǘŎƘΣ ǘƘŜ ǎŜŀǊŎƘ Ŏŀƴ ōŜ ǘŀǊƎŜǘŜŘ ŀǘ ǘƘŜ ǎȅǎǘŜƳ ǇǊƻǾƛŘŜǊǎΩ ƻǊ ǊŜƴǘŀƭ 
ǿŀǊŜƘƻǳǎŜǎΩ ŎŀǘŀƭƻƎǳŜǎΦ IƻǿŜǾŜǊΣ ŦǊŜŜŘƻƳ ǎƘƻǳƭŘ ōŜ ƭŜǘ ǘƻ ǘƘŜ ǇƭŀƴƴŜǊ ǘƻ set the wanted search space. 
This activity will iterate with the capability matching activity by gradually extending the search space if no 
matches are found.  
 
A33 ς Generating system configuration scenarios 
During this activity different configuration scenarios of the suitable resources and resource combinations 
fulfilling the capability requirements are generated. These configuration scenarios represent different 
options for adapting the system at the physical, logical or parametric levels.  
 
A34 ς Evaluating the configuration scenarios and selecting the most suitable one 
This activity aims to identify the most suitable system configuration for the given situation based on the 
capabilities and availability of the devices, the production plan, as well as different user-defined and context-
specific criteria, such as energy consumption. After the selection has been made, the actual reconfiguration 
actions can take place. 
 

3.2.4 Node A4: Creating executable capability sequence 

 

Figure 6. A4: Creating executable capability sequence. 

 
A41 ς Analysing available Executable Capabilities 
This activity finds and analyses the Executable Capabilities available within the selected resource 
combinations, which are providing implementation for the required capabilities.   
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A42 ς Creating production execution sequence for a process step and setting parameters 
This activity decomposes the process requirements into sequence of actions in terms of Executable 
Capabilities, for example pick&place requirement is decomposed into sequence of moving, grasping and 
releasing actions. Additionally, this activity should figure out the required auxiliary actions needed to 
accomplish the production, like transport actions. Output is an execution sequence (or multiple alternative 
sequences) for a process step. Multiple alternatives may be provided if the product requirement can be 
fulfilled by different resources on the production system. 
 
A43 ς Aggregating production execution sequences and routing 
This activity aggregates the different production execution sequences for a process step into one sequence 
for the whole product, or batch of multiple different products. It compiles the alternative routing options 
and produces the full executable capability sequences (taking into account different routing options for the 
product) including the MO specific parameter values for the executable capabilities. 
 

3.2.5 Node A5: Reconfiguring, integrating and deploying the system 

 

 

Figure 7. A5: Reconfiguring, integrating and deploying the system. 

 
A51 ς Recognising System Layout 
This activity aims to recognise the physical as well as the logical layout of the production system and how 
the different MOs are connected physically. It acquires information provided by the system controller about 
hubs, location and arrangement of MOs and elaborates this information in order to provide a logical 
arrangement of the resources composing the production system. This information will be used to generate 
the current state of the system. 
 
A52 ς Integrating system hardware 
This activity aims to physically setting up and integrating the systems hardware (resource instance HW) 
according to the reconfiguration plan. 
  
  



 

 

 
H2020-FoF-2015 
Grant agreement: 680759 

 

D2.3: Architecture for data models 
and information exchange 

27.10.2016  106/16 

A53 ς Managing system configuration 
During this activity, the involved mechatronic objects gets digitally assigned to a federation. As a result, the 
configuration represents all included MOs, independent from its state of being set up or not. Additionally, 
it is also defined which MOs within the communication network are not part of the federation and cannot 
be considered for production. The data is loaded directly from the resources or from a database. 
Additionally, the digital representation of the MOs is linked to its physical MO through an assignment of IDs 
or addresses. 
  
A54 ς Making orchestration and GUI 
During this activity, a common GUI and visualisation of the federation is created for the operator. 
  
A55 ς Deploying and commissioning the system 
During this activity, the federation configurations is deployed to the involved resources (including 
parameterization, product requirement descriptions, services, etc.) and the system is commissioned into 
operational state. 
 

3.2.6 Node A6: Executing and controlling the production system 
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Figure 8. A6: Executing and controlling the production system. 

 
A61 ς Short term planning 
In this activity the production schedule as well as the system state are being used to conduct the short term 
planning. During this step, small differences between the planned system state and the actual system states 
are handled. This may mean e.g. that certain process steps are assigned to alternative resources if the 
planned resource is busy or broken.   
  
A62 ς Provide HMI 
This activity visualises the production system based on the current state of the system, triggered by the user. 
Furthermore, it offers an operator interface to fine tune the production system. 
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A63 ς Recording Statistical Data 
This activity stores the statistical and operational data from the production system, which then can be used 
in more accurate system simulation and evaluation results. 
  
A64 ς Monitor system state 
This activity monitors the current state of the production resources (MOs) and provides this information to 
the short and long term planning. 
  
A65 ς Command task execution 
This activity commands the different services and MOs according to the tasks defined in the fine planned 
production schedule. 
  
A66 ς Execute external services 
This activity aims to host external or auxiliary services associated to the real time environment and/or 
production system. 
 
 

3.3 3rd level activities 

 
The node A34: Evaluating the configuration scenarios and selecting the most feasible one has been further 
detailed in two separate scenarios, namely reconfiguration scenario and greenfield design scenario. These 
will be presented next, starting with the reconfiguration scenario.  
 

3.3.1 Node A34R: Evaluating the configuration scenarios and selecting the most feasible one - 
Reconfiguration phase 

  
 

 

Figure 9. A34R: Evaluating the configuration scenarios and selecting the most feasible one - Reconfiguration phase. 
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A341R - System model generation 
System model generation develops the Markovian state model of the entire system composed of MOs 
considering alternative reconfiguration scenarios. This  considers information related to the actual state of 
MO reliability, availability, processing speed, product recipe and information coming from the matchmaking 
on configuration scenarios. Then, the system model is verified for correctness and quantitative model 
parameters are estimated and conveyed to the performance evaluation. 
 
A342R - Integrated Production and Reconfiguration evaluation 
This activity performs the quantitative evaluation of the system level model considering chosen 
performance indicators (KPIs). It considers user defined criteria in order to carry out alternative analysis and 
output modes of results. Main interest of KPIs are indicators that allow to achieve better line utilization, 
efficiency, service level and throughput will be considered. This process should be carried out in a relatively 
short time in order to enable iterative improvement scenarios to reach optimized results. 
 
A343R - Optimization of system performance 
The system performance optimization uses algorithms that are aimed at searching optimal reconfiguration 
and production plans that perform best for the selected set of KPIs. Thus, the techniques and the tools that 
will be used for optimization will be adjusted according to the specific optimization goals. In general, these 
tools work by iteratively calling the performance evaluation process and by tuning the input parameters 
that lead to the optimal solution. The optimal production and reconfiguration plan, the corresponding KPIs 
that can be achieved under this solution, and the input parameters to be used will be provided as the output 
results of this activity. 
 
A344R - Virtual system visualization 
This activity supports the virtual visualization of chosen system configurations, which can be the output of 
the optimization or a scenario that is interesting for the user to investigate. 
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3.3.2 Node A34G: Evaluating configuration scenarios and selecting the most feasible one - Greenfield 
design phase 

 

 

Figure 10. A34G: Evaluating configuration scenarios and selecting the most feasible one - Greenfield design phase 

 
A341G - Assembly System Model Generation 
The assembly system model generation imports the feasible MO matching results into the design 
environment and add further information about product recipe, estimated demand and uncertainty, and 
other user defined criteria to be considered. Thus, using this input information this activity will generate 
alternative feasible configuration scenarios and generate the assembly system model of each scenario.  
 
A342G - System Performance evaluation 
This activity estimates the performance of each configuration considering the evaluation criteria provided 
by the user as set of target KPIs. It should be supported by fast computation techniques in order to enable 
the analysis of many configurations within an acceptable time window. The output performances that can 
be guaranteed by each configuration, and the input parameters used for the configurations will be fed to 
the optimization. 
 
A343G - Optimizing the system performance 
The performance optimization will take as an input the output of the system performance evaluation and 
the input parameters used in that specific evaluation. It manipulates the input parameters that can be 
exploited to improve the system performance, such as degrees of freedom in processing precedencies and 
feasible values of parameters. The optimization process is carried out with iterative calls to the system 
performance evaluation until the optimization targets are met. This activity results into optimal 
configurations called Pareto frontier. The candidate Pareto optimal solutions will be selected by an expert 
taking into account competing KPIs or strategies. 
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A344G - DES simulation and robustness analysis 
The discrete event simulation is carried out on a selected set of configurations with the goal to verify and 
validate the results that are obtained from the analytical evaluation and optimization process. Additionally, 
analysis on the robustness of optimal solutions is performed in order to test the validity of optimal results 
under potential input parameter changes. This step helps to check that not only the solutions are optimal 
but also robust to unanticipated changes. 
 
A345G - Virtual system visualization 
This activity supports the virtual visualization of chosen system configurations, which can be the output of 
the optimization or a scenario that is interesting for the user to investigate.  
 

3.4 Description of the information elements of the diagrams 

In Table 1, the terms appearing in the presented IDEF0-diagrams are explained in alphabetical order.  

Table 1. Explanation of the terms appearing in the IDEF0-graphs. 

TERM EXPLANATION 

Capability 
matching rules 

These rules are used to make a detailed match between the required capabilities and the 
provided capabilities. They include algorithms on how to compare the product requirement 
description with the capability descriptions of the given resource pool.   

Capability 
requirements 
(capabilities, 
their parameters 
& sequence) = 
PRD 

Functional requirements for resources, set by the product characteristics. These are the specific 
processes required for the production of a particular product with the required quality and 
volume. Capability requirements include the requirement for the functional capability (e.g. 
άǎŎǊŜǿƛƴƎέΣ άǘǊŀƴǎǇƻǊǘƛƴƎέΣ άŘǊƛƭƭƛƴƎέύ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŎŀǇŀōƛƭƛǘȅ ǇŀǊŀƳŜǘŜǊ ǊŜǉǳƛǊŜƳŜƴǘǎ όŜΦƎΦ 
άǾŜƭƻŎƛǘȅέ ƻŦ ǘƘŜ άǘǊŀƴǎǇƻǊǘƛƴƎέ ŎŀǇŀōƛƭƛǘȅύΦ ¢ƘŜ ǊŜǉǳƛǊŜƳŜƴǘ ŘŜŦƛƴƛǘƛƻƴ ƛƴŎƭǳŘŜǎ ŀƭǎƻ ǘƘŜ 
definition of sequence (precedence constraints) in which the capabilities should take place during 
the production process in order to manufacture or assemble the product. The capability 
requirements are presented in the form of Product Requirement Description (PRD). 

Capability model A model of capabilities, including the capability concept name and the capability parameters 
relating to each capability. The capability model includes associations between capabilities, that 
indicate which simple capabilities are needed in order to achieve combined capabilities. 
Capability model links the capabilities to a process taxonomy, which is a hierarchical tree of 
different production processes.  The taxonomy allows linking of capabilities at different 
abstraction levels and the search for devices which provide similar functions (e.g. joining) with 
different behaviours (e.g. welding, gluing, riveting). Both the product requirements and resource 
capabilities refer to this taxonomy, enabling the mapping of the capabilities at different 
abstraction levels.   

Configuration 
rules 

General rules and guidelines to be considered regarding the configuration of MOs and overall 
factory design constraints during the Green Field design phase. 

Combined 
capability rules 

Combined capability rules are used to combine the parameters of simple capabilities in order to 
derive the parameters of the combined capabilities, which consist of these simple capabilities.  

Current system 
configuration 

Current system configuration (incl. System layout) as foundation for generation on GUI. 
 

Current system 
configuration + 
GUI 

Current configuration incl. GUI, which is representing the system and enables the execution of 
operator commands 

Current system 
layout 

Current logical and structural system layout containing the MOs (incl. their state), their locations 
as well as the capabilities provided. 

Current system 
description 
(layout & 
resources) 

A description of the existing production system. Includes the description of each individual 
resource composing the system and description of the layout and resource linkages (topology of 
the system).  
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Design 
constraints 

Constraints on the production system designs imposed by corporate policy, layout, system 
reference architecture, technology used, transportation and material flow strategy, ergonomics, 
or the paradigm which is followed.  

Executable 
capabilities 

Executable capability implements a capability. It is a resource specific implementation of certain 
capability. It is used to control the actual execution of the processes, thus it has inputs and 
outputs to trigger the execution and to set the machine specific parameters. This associates 
something, usually physical, action happening at MO. 

Execution 
sequence for 
process step 

The execution sequence for a process step defines the sequence of executable capabilities that 
need to be run, including the parameter values, in order to perform one step in the product 
manufacturing or assembly process (i.e. one process step from the product requirement 
description). Depending on the implementation of executable capabilities on each specific MO, 
the execution sequence may consisǘ ƻŦ ƻƴŜ ƻǊ Ƴŀƴȅ ŜȄŜŎǳǘŀōƭŜ ŎŀǇŀōƛƭƛǘƛŜǎ όŜΦƎΦ άŜȄŜŎǳǘŜ 
ƎǊŀǎǇƛƴƎέ ǾǎΦ άƳƻǾŜ¢ƻέ Ҍ άƻǇŜƴCƛƴƎŜǊǎέ Ҍ άƳƻǾŜ¢ƻέ Ҍ άŎƭƻǎŜCƛƴƎŜǊǎέ Ҍ άƳƻǾŜ¢ƻέύ 

Fixturing 
requirements 

The fixturing requirements specify the requirements concerning the billet, part or product 
fixturing for the processing.  

Input 
parameters 

The list of parameters that are estimated and provided as inputs for the analysis model/tool and 
necessary to evaluate and obtain the output parameter. 

List of matching 
capabilities & 
resources 
(combinations)   

A list or matrix of all capability requirements (process steps) that can be satisfied with certain 
resources or resource combinations. Depending on the search space, this may contain the found 
capability matches on the current production system layout or the found matches from the 
resource catalogues. 

List of missing 
capabilities 

A list of capabilities that are missing from the current system layout and need to be obtained by 
either physical, logical or parametric reconfiguration actions. May also refer to capabilities which 
cannot be satisfied with the current search space, indicating that the search space needs to be 
extended.  

List of matching 
resources 

A list of resources which match to certain capability requirements.  

List of optimal 
and robust 
solutions 

These are optimal solutions which score best according to the optimization criteria but also less 
impacted by changes in the input parameters, thus qualifying both as optimal and robust 
solutions. 

Manufacturing 
and assembly 
features 

The principal features of the product or part, which affect the processing decisions, identified 
from the product model. These include, for example, the shape, type and dimensions of the 
feature.   

Matches on 
capability 
concept name 
level 

A list of capabilities matching the product requirements at the capability concept name level. 
Contains a list of capability requirement ς resource matches.  

Material 
requirements 

Special requirements concerning the production processes and process parameters set by the 
specific material characteristics.  

MES Manufacturing Execution System (MES) will feed the information related to the production plan, 
resource schedules and allocations. The reconfiguration plan must take into account the 
constraints set by the delivery dates and resource availability.   

MO states MO states includes information about the resource state. Such information could include: busy 
on other job, idle, broken, down for maintenance, etc. 

Optimal 
configurations 

Are the set of configurations that score high (maximization problem) or minimum (minimization 
problem) considering the chosen set of output KPIs. 

Optimization 
objectives 

These are system goals that are mathematically formulated as maximization (for utility 
functions) or minimization (if they are cost functions) problems to be solved under a given set 
of constraints. The optimization objectives are performance by searching from the solutions 
within the feasible set of configurations or reconfiguration solutions. 

Output 
performance 
measures 

Chosen set of KPIs selected as indicators of system output performances in the analysis tools or 
later selected by the user. 
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Output system 
performance 

The quantitative values corresponding to the output KPIs provided by analysis models and tools 
in the case of estimation/prediction. On the other hand these can be evaluated from 
information extracted from MES about historical values of past/actual production statistics. 

Parametric 
constraints 

Constraints related to the MOs capabilities and processing requirements and the valid ranges of 
parameters that can be used coming after validated by match making process at parametric 
level. 

Physical 
constraints 

The dimensional constraints set by the facility space and other devices on the factory floor.  

Process data Current data being collected during execution of the system. 

Process 
decomposition 
patterns 

Process decomposition patterns are patterns or rules which define from which lower level 
activities the upper level functional capability is composed of and in which order the activities 
should take place in order to accomplish the upper level capability. These patterns are used to 
formulate the sequence of executable capabilities for a certain process requirement. E.g. the 
ǇŀǘǘŜǊƴ Ƴŀȅ ŘŜŦƛƴŜ ǘƘŀǘ άCƛƴƎŜǊDǊŀǎǇƛƴƎέ ƛǎ ŎƻƳǇƻǎŜŘ ƻŦ άƳƻǾŜ¢ƻέ Ҍ άƻǇŜƴCƛƴƎŜǊǎέ Ҍ άƳƻǾŜ¢ƻέ 
Ҍ άŎƭƻǎŜCƛƴƎŜǊǎέ Ҍ άƳƻǾŜ¢ƻέ ŜȄŜŎǳǘŀōƭŜ ŎŀǇŀōƛƭƛǘƛŜǎΣ ǿƘƛŎƘ ƴŜŜŘ ǘƻ ŜȄŜŎǳǘŜŘ ƛƴ ǘƘƛǎ ƻǊŘŜǊΦ  

Processing 
constraints 

Processing constraints include constraints defined for the valid range of MO parameter values 
that can be chosen for processing a given product feature. Additional constraints regard the 
alternative valid processing precedences that can be considered for a product.   

Process steps & 
sequence 

A definition of the manufacturing and assembly process based on the identified manufacturing 
and assembly features, i.e. a process plan. Includes the process steps and their temporal and 
logical order (i.e. precedence constraints), and specific requirements related to each process 
step. 

Product 
interaction 
constraints 

Product interaction constraints defines the constraints for interacting with the part or product. 
This information can be used to connect the part and resource interface together. They may 
define e.g. positions for gripping.  

Product recipe Is the result of matching the process description to a specific executing hardware. It is the 
description of tasks that the associate machine has to execute to deliver a specific function or 
process, as well as the specific parameters required by this machine for execution and satisfying 
the process description.  

Product 
statistics and 
estimates 

Long term estimates of demand related to product variants in different time windows, such as 
units/year and related variations/uncertainties to each product variant. 

Production 
constraints 

The requirements and limitations on facility adaptation which are derived from ongoing 
production management considerations, including current and future production commitments.   

Production 
engineering 
knowledge 
(manuf. 
processes, 
ƳŀǘŜǊƛŀƭǎΣΧύ 

General knowledge of the manufacturing processes which could be used to make a given 
component, subsystem or assembly, and the limitations imposed by such processes. Information 
about the characteristics of raw materials, such as structural, chemical, thermal and electrical 
properties. This includes engineering knowledge about the material behaviour with different 
processes and process parameters. It helps to define suitable manufacturing and assembly 
methods, and associated parameters, for the product. 

Production 
estimates, 
uncertainties 

Estimate of production rates, e.g. Jobs per hour, quality indicators effective production per unit 
time, and related uncertainty of these KPI estimates in terms of second order indicators using 
such as variances or standard deviations. 

Product model 
 

This is a computer-interpretable representation of the product and its assembly structure. It 
typically includes a 3D CAD-model of the product and its components, their geometry, 
dimensions, materials, tolerances and surface finishes. 

Product order Order of product(s) or part(s), their quantities to be produced and their nominal delivery dates. 

Production 
plan/schedule 

Production plan defines the schedule for producing different products in the production facility. 
Includes the planned starting times and finishing times of different activities related to prƻŘǳŎǘǎΩ 
manufacture or assembly, and the allocation of resources for each process step.  
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Product 
Requirement 
Description 
Model (PRDM) 

The Product Requirement Description Model is used to create the Product Requirement 
Description, which defines the needed process steps for manufacturing or assembling the 
product and associated capability requirements. The model describes the capability 
requirements by using the same process taxonomy that is used to describe the capabilities of 
resources.  

Reconfiguration 
cost estimate 

Estimation of the total cost of reconfiguring the production system, including layout, devices and 
tooling, installation, programming, training, etc.  

Reconfiguration 
plan and actions 
 

Reconfiguration plan defines the reconfiguration actions and their timing. Reconfiguration 
actions define how the current system needs to be modified in order to meet the new 
requirements. These changes include the needed physical changes, such as adding devices, 
logical changes, such as changing the product routing, or parametric changes, such as changing 
the processing parameters of the machines.  

Reconfiguration 
strategies and 
guidelines 
 

Context and domain specific guidelines that guide the reconfiguration planning process. The 
guidelines are defined by the company policies, philosophy and way of doing things. They may 
guide, for example, to what extent resources should be re-used and how the trade-off between 
new, efficient but expensive equipment and old, cheap but slow equipment should be handled.  

Resource 
description 
 

A formal description of the production resources which may be available for manufacturing or 
assembling a product. The resources may include e.g.  fabrication machines (turning, milling, 
ǇǳƴŎƘƛƴƎΣΧύΤ ŀǎǎŜƳōƭȅ ƳŀŎƘƛƴŜǎ όǊƻōƻǘǎΣ ŎƻƴǾŜȅƻǊǎΣ ƎǊƛǇǇŜǊǎΣ ΧύΤ ƛƴǎǇŜŎǘƛƻƴ ƳŀŎƘƛƴŜǎΤ ƳŀǘŜǊƛŀƭ 
ƘŀƴŘƭƛƴƎ ŀƴŘ ǘǊŀƴǎǇƻǊǘ ŘŜǾƛŎŜǎΤ ǘƻƻƭǎ όƳƛƭƭƛƴƎ ŀƴŘ ǘǳǊƴƛƴƎ ŎǳǘǘŜǊǎΣ ŘǊƛƭƭ ōƛǘǎΣ ƘƻƭŘŜǊǎΧύΤ ŀnd 
fixtures.  The resource description covers the following important aspects of the resources: 
capability of the resource, interfaces, physical characteristics, business and lifecycle information, 
and models of the resource.  

Resource history Statistical information that is gathered about existing MOs in the system and in the catalogue. 
This historical information is related to: reliability such as (Mean time to failure (MTTF) and 
mean time to repair (MTTR)), quality such as process capability of MOs and quality yield that 
can be achieved by using different MOs. 

Resource 
Instance 
Description 

A formal description of the production resource instances (MOs). Accumulated storage of 
information about specific resource instance, containing its current capability and characteristics, 
and adjusted or measured parametric information. 

Resource 
instances HW 

The actual resource instances which exist physically in the factory, i.e. the real existing production 
resources. They are the MOs. 

Resource 
interfaces 

A (formalised) description of the resource interfaces, including mechanical, energy and 
communication interfaces. They allow the matching of resources with other resources having 
compatible interfaces. Resource interfaces are published by the Resource Description.  

Resource 
schedule/ 
availability 
 

The resource schedule and availability indicates the current and planned times of utilization of 
the resources in the production facility. This shows whether the resource is currently allocated 
to another production task or if it is freely available.  

Resource pool  Resource pool defines the search space of resources for which the capability matching is 
targeted. May include e.g. the existing layout, in-house resource library, global resource 
catalogues and/or some individual resources. 

Search space 
(resource pool, 
existing layout, 
PRD) 

Search space defines the input data for the capability matchmaking algorithm. It includes the 
resources that can be used for matchmaking, and the Product Requirement Description (or only 
some steps of it). The resource search space (resource pool) may consist of only the current 
layout, or some other set of resources or resource libraries.  

Selected 
production 
sequence, lot 
size 

Lot size refers to the number/quantity of products that should be delivered at a specified time. 
Sequence refers to the particular order of processing sequences of different lots in the 
production system. 
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Selected system 
configuration 
 

The selected system configuration is the system configuration that is seen as feasible for the given 
production problem in the specific context. The selection is based on the capabilities and 
availability of the system and different user-defined criteria, such as costs, speed or energy 
efficiency as well as different company and domain-specific constraints and the condition of the 
resources.  

Service call Call of external services by usage of defined communication protocol. Includes e.g. address 
enabling the initiation of external value adding services. 

Service 
levels/lateness 
and other KPIs 
under the 
chosen plan 

Indicates the level of guarantee(probability) that can be achieved by a selected reconfiguration 
and production plan. E.g. the probability of completing a lot given a reconfiguration plan and a 
lot completion time. Other short-term or long-term performance indicators can also be 
formulated considering service levels. 

Sequence of 
executable 
capabilities 

Sequence of executable capabilities consists of the sequence of executable capabilities, including 
the parameter values, that have to be run on certain resources in order to produce the product, 
or batch of products, defined in the production plan.  

Statistical data Includes data which has been collected from the factory floor during production execution. May 
relate to e.g. tasks times on different machines.  

System 
configuration 
scenarios 

Different system configuration scenarios matching the capability requirements set by the product 
order.  Includes the specific resources and the layout in which they are ordered.  

System cost 
estimates 

The cost of MOs including transportation, processing and additional units that need to be 
acquired to realize a given system configuration selected during the green-field design phase. 

System level 
state model 

State space models, mainly using a Markovian approach generated in order to capture the 
behaviour of MOs at station level considering the relevant MOs characteristics and their system 
level interactions and material flows through the system.  

System state Current state of the system containing the MOs as well as their state. Might also include overall 
ǎǘŀǘŜǎ ƭƛƪŜ άƛƴ ǇǊƻŘǳŎǘƛƻƴά ƻǊ άƛŘƭŜάΦ 

Target KPIs Quantified values of the system KPIs that must be achieved by the system. Target KPIs can be 
derived as a translation of the customer requests  into system KPI requirements. 

Time & Cost 
constraints 

The limitations imposed by product and production planning, and other corporate decisions 
regarding the acceptable manufacturing costs and time-to-market for a product.  

Time & cost 
reference data 

Data that specify estimated times and costs for standard operations and can be used in the 
preliminary cost estimates.  

Tolerance and 
quality 
requirements 

The requirements for part tolerances and quality. 

Trigger 
ά5ŜǇƭƻȅƳŜƴǘ 
ǊŜŀŘȅέ 

Giving the event as soon as the system is being ready for execution. 

¢ǊƛƎƎŜǊ άbew 
hardware 
ƛƴǘŜƎǊŀǘŜŘέ 

Trigger which is given when a change in the system configuration is requested. 

User defined 
criteria 

The various user-defined criteria that are used to compare different production system 
configuration scenarios against each other.  These criteria may relate, for example, to costs, 
speed or energy efficiency. 

User request User requesting possibility to interact with the system. 

Verified MO 
configuration 
scenarios 

These are the feasible set of MO configurations considering the requirements in MO interfacing, 
satisfying the capability needed by the product requirements and other constraints that are 
defined in the rules of the match-making process. 

Visual 
representation 

The visual representation of the system shows the selected configuration and its relevant 
components in a realistic 3D representation. The 3D environment can support the animation of 
chosen system behaviours. 
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4 {²πƻǊƛŜƴǘŜŘ ǾƛŜǿ ǘƻ wŜ/ŀa π .ǳƛƭŘƛƴƎ .ƭƻŎƪǎ ŀƴŘ ǘƘŜƛǊ ƛƴǘŜǊŦŀŎŜǎ  

It was defined in the D2.1. Overall System Architecture, that the information flows between the ReCaM 
building blocks will take place through services. The communication between different building blocks can 
be divided in two groups. The first group of communication takes place between the software blocks that 
build up the backbone of ReCaM and that do not require real-time capability. These blocks contain all 
engineering tools as well as planning and optimisation of production and reconfiguration. This group 
communicates via services and might use configurable point-to-point connections. The other group of 
communication takes place between the mechatronic objects during production where real-time 
requirements might exist and components of different vendors shall be interchangeable easily. Therefore, 
a common communication standard with low latency is required. In the following section the requirements 
and possible technologies for the ReCaM information exchange architecture are discussed in more detail, 
continuing with the definition of the services provided by the ReCaM software building blocks.  

4.1 ReCaM Information Exchange Architecture 

ReCaM follows message and service oriented architecture as underlying architecture for information 
exchange. This will enable loosely coupled entities enclosed as services, which will be transferring 
information between, for and inside the activities in the ReCaM work flow. The ReCaM information 
exchange architecture should respond to the requirements set in D1.2 Definition of hardware and software 
requirements and be aligned with D2.1 Overall system architecture. 

It has been identified that ReCaM information exchange architecture contains three layers, of which two 
top ones will be harmonised. These layers are Engineering Environment Exchange; Shopfloor System 
Controls; and Machine Controls layers. The last layer is not harmonised by the ReCaM architecture, but is 
encapsulated inside a single MO and thus left for the vendor to decide. The requirements for each layer are 
defined below. 

4.1.1 Requirements for ReCaM Information Exchange Architecture 

General requirements regarding communication technology: 

 Easy to implement, low effort required 
 Compatibility with writing message to file and reading from a file. Message exchange via files (e.g. 

XML-files) might be the easiest way to handle the first integration tests without the need to meet 
the requirements of a specific exchange protocol(s). They can be send via email and the interfaces 
could easily be tested upfront. 

 Open Source and availability (licensing) for commercial use 
 Availability in different programming languages would be preferred (even though java and C++ will 

cover the most partners) 

Requirements for Engineering Environment Information Exchange: 

 Exchange between engineering tools and databases. 
 Large amount (100 kb .. x Mb) of information submitted and received. 
 Frequency: minutes/hours 
 Response: No real-time requirement, seconds 
 Event driven flow 
 Exchange pattern: Request / response 
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Requirements for Shopfloor System Controls: 

 Information exchange to and from machines. Manufacturing work flow sequencing and 
synchronisation. 

 Small data amounts (< 0,5 Mb) 
 Frequency: seconds 
 Response: Real-time or close real time, sub-seconds 
 Exchange pattern: Publish / subscribe and Request / response 

Requirements for Machine Controls: 

 Manufacturing process controls and actuations inside a MO (/machine) 
 Small/tiny data amounts (bits and bytes) 
 Frequency: sub seconds 
 Response: Real-time (micro-/milliseconds) 
 Use of Fieldbuses 

4.1.2 Proposed Architecture for ReCaM Information Exchange and Integration  

A message exchange bus, following Service Oriented Architecture (SOA), will provide the backbone for the 
ReCaM information exchange. All services will connect to this bus, and will be able to communicate with 
each other through it. Integration of applications will be easier as tools and service needs to implement only 
one interaction interface with the bus. However, because of two different kind of requirements, two main 
bus solutions are needed. The main differentiators are the real time requirements, size of messages and 
frequency of information exchange added with storing/buffering capabilities, authentication and security 
services. 

Two alternative approaches for message exchange bus are researched and evaluated more in detail: 
Message Oriented Middleware (MOM) and RESTful solutions. In the end, both or either one of the solutions, 
are selected as ReCaM information exchange architecture. However, independent from the selected 
solution or supported middleware protocols, the message structures and payload will remain the same as 
defined in this document. Figure 11 shows the conceptual view of the proposed ReCaM information 
exchange architecture, and it doesn't intend to include all the ReCaM tools.  
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Figure 11. Concept view of ReCaM information exchange architecture. 

The tools should also support use of file based exchange as alternative channel, whenever this is possible. 
This feature becomes also useful later in cases when the files are emailed or stored in the local file system 
or in project document management system. The file based input and output is used at the first iterations 
of the tools development, as it will bypass the implementation of automatic information exchange channels. 
This aims to speed up the development and facilitate early integration tests (plug-fest) at message contents 
level. When the proper operation of tools with real inputs gets proven, then the next step can be taken and 
proposed interfacing through SOA is implemented. 

4.1.2.1 Message Oriented Middleware (MOM) solution 

Message Oriented Middleware (MOM) / Enterprise service bus (ESB) is used as central messaging service 
bus, which integrates different connected applications together. The applications (client side) development 
and integration is simplified as they have to implement only single connection to MOM server, which takes 
care of routing the messages to correct receiver(s). Different exchange patterns (e.g. Request-Response and 
Publish-Subscribe) and even protocols can be followed. The MOM can take care of message buffering, and 
can provide security and authentication features. The quality of service features are as well taken into 
account and implemented on middleware. Some implementations are supporting multiple message 
exchange protocols and even provide protocol conversion, so that applications supporting different 
protocols can still communicate with each other through MOM.  
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A few alternative communication protocols will be evaluated at the subsequent Tasks/Work Packages. The 
most promising candidates to be researched further are Advanced Message Queuing Protocol (AMQP) 
(http://www.amqp.org/) for Engineering Environment Exchange level, and OPC UA, Message Queue 
Telemetry Transport (MQTT) (http://mqtt.org/ ), ROS and Data Distribution Service (DDS) 
(http://portals.omg.org/dds/)  for Shop floor System Controls level. Shop floor control and communication 
architecture and selected ǎƻƭǳǘƛƻƴ ǿƛƭƭ ōŜ ǎǇŜŎƛŦƛŜŘ ǿƛǘƘƛƴ ǘƘŜ wŜ/ŀa ŘŜƭƛǾŜǊŀōƭŜ άD2.4: Design concepts for 
sub-systems and communicationέΦ 

Specific concepts requiring some special attention and further research for the final ReCaM solution are: 1.) 
Automatic service discovery and interlinkage concepts; and 2.) authentication and security concepts. 

4.1.2.2 RESTful solution 

Every participating application provides either RESTful server (i.e. service provider) or client using these 
services. These will communicate over HTTP as RESTful (Representational state transfer) applications. 
ReCaM architecture will provide a Brokerage service, which the clients can use for searching and interlinking 
to the service providers. The client implementation will utilise the URIs provided by the service provider. 
Each URI will provide implementation for a specific functional service interface. See additional information 
from http://www.restapitutorial.com/.  

Integration of service providers and clients as one operational system will be more difficult in this case 
compared to MOM case, because every client needs to be configured to connect with every server and 
service they are utilising. Configuration is distributed to every client, and managed locally there. 
Furthermore, every client needs to know which URIs it need to use at server side and in which sequence in 
order to accomplish a task. Some additional techniques like Hypermedia As The Engine Of Application State 
(HATEOAS) can be used to give client a feedback what it can do next.  

IƻǿŜǾŜǊΣ ǘƘŜǊŜ ŀǊŜ ŀƭǎƻ ǎƻƳŜ ōŜƴŜŦƛǘǎ ƛƴ w9{¢Ŧǳƭ ŀǇǇǊƻŀŎƘΦ ¢ƘŜ άǇǊƻǘƻŎƻƭέ ƛǎ ƭŜŀƴ ŀƴŘ ƭƛƎƘǘǿŜƛƎƘǘΦ w9{¢Ŧǳƭ 
servers and their offered services are simple to test and analyse with standard web browsers, without prior 
assumption and implementation of any complicated communication protocol. 

4.1.3 Technologies for Message Contents 

Even the message exchange architecture is important and enables the integration of applications as one 
operational system, there is no doubt that specifying application specific (ReCaM in this case) message 
content and structure is even more important and unavoidable from the application perspective. The core 
of this deliverable is to focus on this application level message content and message sequences. Once the 
application level content is defined, the underlying message exchange architecture and protocols can be 
easily changed or adopted to another one, while the application specific payload will remain the same.  

The two main formats for message representation for the message exchange are JSON and XML. As third 
option, the message payload can be some internal, native or more evolved format (e.g. OWL). The XML will 
be preferred in cases when larger, self-contained documents are to be exchanged, which need to be 
validated (or validation would provide a benefit). These documents can be also stored and exchanged e.g. 
via emails. Example of such are PRD, RD, System Layout and Product Recipe. 

JSON will be used in data exchanges defining call arguments for a service or its responses. These are normally 
interfacing between applications, and hidden from the user. JSON is also preferred structure for simpler 
information and when the exchanged data is temporary in nature. Some additional flavours can be added 
in forms of JSON Schema (http://json-schema.org/) or HAL+JSON 
(http://stateless.co/hal_specification.html).  

  

http://www.amqp.org/
http://mqtt.org/
http://portals.omg.org/dds/
http://www.restapitutorial.com/
http://json-schema.org/
http://stateless.co/hal_specification.html
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4.2 Overview of ReCaM IT-Architecture 

This section summarizes the ReCaM IT-architecture described in Deliverable 2.1. The representation follows 
the Arc42 approach. In this approach the high level architectural building blocks are presented on level 1, 
while the later levels decompose these building blocks into smaller building blocks on a finer granularity 
level.  The detailed description on the level 2 building blocks themselves is given in a separate Building Block 
Specification document, which was an attachment of Deliverable 2.1, but will be used as a living document 
throughout the duration of the project.  

 

Figure 12. General view on the ReCaM System and its context. 

 

Figure 12 represents a general view of overall ReCaM system and its connections to external systems. The 
architecture shown in Figure 13 shows the L1-building blocks forming the ReCaM-system, as specified in 
Deliverable 2.1. Furthermore, it lists the L2-building blocks belonging to each L1-building block. The arrows 
within Figure 13 represents dependencies rather than information flows.  
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Figure 13. Architecture of ReCaM-system on Level 1. 

4.3 ReCaM Building Blocks and provided services   

As specified earlier, the ReCaM-system follows Service Oriented Architecture (SOA), where each of the 
building blocks provide services for the other blocks to utilize. These services are used to convey information 
between different building blocks. Based on the performed input-output analysis and the IDEF0 graphs, the 
services and their information content was specified. In the following sub-sections, the services provided by 
the building blocks on level 2 are detailed. Also the roles, responsibilities and users of L2 building blocks are 
specified, in addition to the activities in which the blocks will take part in. It has to be noted that the service 
ŘŜǎŎǊƛǇǘƛƻƴǎ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ŎǳǊǊŜƴǘ Ǉƭŀƴǎ ŦƻǊ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŀƴŘ ŘƻƴΩǘ ŎƭŀƛƳ ǘƻ be complete. Depending 
on the implementation status, some of them are more defined than other. It is expected, that many of the 
service descriptions will evolve and be further detailed during the course of the project. Appendix A presents 
a matrix of the services provided and their users.  

The tables describing the services will cover the following information on each service: 

ǒ Name of the service 
ǒ Provider of the service (name of the Building Block) 
ǒ User of the service (name of the Building Block(s) currently identified as users) 
ǒ Description of the service 
ǒ Input parameters (parameters given when calling the service) 
ǒ Output parameters (parameters provided by the service) 
ǒ Data model and format to be used 

 
Syntax for parameters 

Parameters are introduced as parameter := <parameter_name> : <parameter_type> 
 
<parameter> can be prefixed with  

ΨҌΩ ΥҐ мΦΦƴ 
ΨϝΩ ΥҐ лΦΦƴ 

pkg L1: ReCaM System

L1: Capability Management

+ L2: Capability Catalogue

+ L2: Capability Matching Rule Base

+ L2: Capability Matching SW

+ L2: Capability Model Editor

+ L2: Capability Rule Editor

L1: Systems Engineering Platform (Greenfield Planner)

+ L2: Discrete Event Simulation

+ L2: Line Balancing

+ L2: Multi-objective System Optimisation

+ L2: Robustness and Sensitivity Analysis

+ L2: Systems Performance Evaluation

+ L2: Virtual Configuration Visualisation Tool

L1: Production and Reconfiguration Planner

+ L2: Energy Management

+ L2: KPI Monitoring and Energy Management

+ L2: Layout recognition tool (structural & logical)

+ L2: Reconfiguration and Production Planning

+ L2: Virtual configuration visualisation tool

L1: Production Execution and Control

+ L2: Distributed Automation Systems Engineering platform

+ L2: Orchestration and Visualisation Tool

+ L2: Production Execution Control Runtime

+ L2: Resource Instance Description Editor (RIDE)

+ L2: Service Import Interface (CPPS CSP Runtime Services)

+ L2: Statistics Data Recorder

L1: Product Management

+ L2: Product interaction constraints DB

+ L2: Product interaction constraints modelling tool

+ L2: Product requirement description DB

+ L2: Product requirements modelling tool

L1: Resource Management

+ L2: Abstract Resource Description DB

+ L2: Abstract Resource Description Editor (ARDE)

+ L2: Resource Description DB

+ L2: Resource Description Editor (RDE)

L1: Added-v alue Serv ices

+ L2: Energy Management

L1: ReCaM Modules (Hardware)

I4.0-Platform (Bosch)

(from Building Block View)
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ΨμΩ ΥҐ ŀƭǘŜǊƴŀǘƛǾŜ 
hǇǘƛƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ΥҐ ΨώΨ Σ ǇŀǊŀƳŜǘŜǊΣ ΨϐΩ 
ƎǊƻǳǇƛƴƎ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ ΥҐ ΨόΨΣ ǇŀǊŀƳŜǘŜǊΣ ΨύΩ 
ŎƻƳƳŜƴǘ ΥҐ ΨϑΨΣ ғŎƻƳƳŜƴǘ ǘŜȄǘҔΣ ΨϒΩ 

 
Two notations for defining the service input and output parameters are followed. The larger and repeating 
data models for service input or output parameters are collected into the following chapter 5 Data models 
for ReCaM, and only referenced in service descriptions as the data type for a parameter. These are linked to 
ǘƘŜ Řŀǘŀ ƳƻŘŜƭ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ŦƻǊ ǊŜŀŘŜǊǎΩ ŎƻƴǾŜƴƛŜƴŎŜΦ {ƛƳǇƭŜǊ ŀƴŘ ƴƻǘ ǊŜǇŜŀǘƛƴƎ Řŀǘŀ ƳƻŘŜƭs are defined 
right in place of use. 

4.3.1 Product Management 

Below, the building blocks contained in the L1 Product Management will be explained.  

4.3.1.1 Product requirement description modelling tool 

Role: This tool is used by an engineer to create and edit the product requirement description (PRD) 
that defines the processes that are required by the product in order it to be produced. The 
requirements are defined in terms of capabilities and their parameters. In addition to the 
parameters relating to products geometrical characteristics, the capability parameters may include 
technological requirements relating to the required process, such as desired torque or feed rate. 
Furthermore, the sequence and precedence constraints of these processes will be presented. This 
tool utilizes the Product Requirement Description Model (PRDM) as a data model. The requirement 
descriptions may also define interaction surfaces like: Area for vacuum grip; cylinder (inner/outer) 
where grip is allowed; cube or parallel surfaces for finger/compression grip. The difference to the 
product interaction constraints is that these interaction surfaces are not defined in connection with 
any specific resource interface, but are available interaction surfaces existing in a product. These 
interaction surfaces per product are used later (or referenced) once defining product interaction 
constraints in relation to product and resource interfaces. 

Involved in activities: A13 - Defining and modelling of required capabilities 

Users:  Process planner 

Provided services: None - The output of this tool are product requirement descriptions. The tool is 
started by a user and does not provide digitally callable services. 

4.3.1.2 Product requirement description DB 

Role: This database is used to store the information modelled by the product requirement 
description modelling tool. 

Involved in activities: A13 - Defining and modelling of required capabilities 

Users: Other building blocks utilize the services provided. Details are described in below service 
descriptions. The process planner may re-use the existing PRD descriptions.  

Provided services:  

 SetProductRequirementDescription 
 GetProductRequirementDescriptionsSummary 
 GetProductRequirementDescription 
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Service name SetProductRequirementDescription 

Service provider (BB) Product requirement description DB 

Service users (BBs) Product requirement description modelling tool 

Description This service stores the handed over PRDs. This allows accessing them later 
on by other tools and planning algorithms. 

Input parameters ProductRequirementDescription : PRD 

Output parameters -  

Data model and format  Product Requirement Description Model (PRDM), which will be developed 
in Task 3.5.  
Format is XML or JSON Object. 

 

Service name GetProductRequirementDescriptionsSummary 

Service provider (BB) Product requirement description DB 

Service users (BBs) Product requirement description modelling tool 
Capability matching SW  
System performance evaluation 
Multi-objective System Optimization 
Reconfiguration and production planning 

Description This service will provide summary of all available product requirement 
descriptions (PRDs) within this database. Each is identified by its ID and 
reports contained product IDs.  

Input parameters -  

Output parameters  productRequirementDescriptionDBSummary : PRDDBSummary 
ǒ + (Product ID : ID, name : string, description : string) 
ƺ + (PartID : ID, name : string, description : string) 

Data model and format Extract from Product Requirement Description Model (PRDM). 
Format is XML/JSON. 

 

Service name GetProductRequirementDescription 

Service provider (BB) Product requirement description DB 

Service users (BBs) Product requirement description modelling tool 
Capability matching SW  
System performance evaluation 
Multi-objective System Optimization 
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Reconfiguration and production planning 

Description This service will provide the requirement description for a product, 
identified by its product ID. This is required for creating the workplan and 
planning new production lines as well as the production and 
reconfiguration schedule for a shift. Product requirement description 
(PRD) includes the required capabilities (name and capability parameters), 
their sequence and precedence constraints. 

¢ƘŜ ǇǊƻŘǳŎǘ ǊŜǉǳƛǊŜƳŜƴǘ ŘŜǎŎǊƛǇǘƛƻƴ ŘƻŜǎƴΩǘ ƴŜŜŘ ǘƻ ŀƭǿŀȅǎ ŎƻǾŜǊ the 
whole product. E.g. when triggering the capability matching SW, the PRD 
can contain smaller set of process steps (capability requirements) for 
which suitable resources should be searched for. This may be the case e.g. 
when only one process step needs new resources to be acquired from 
global resource libraries.  

Input parameters ǒ productID : ID  
ƺ [+(processStepID : ID) ] 

Output parameters   productRequirementDescription : PRD 

Data model and format Product Requirement Description Model (PRDM). 
Format is XML/JSON  

 

4.3.1.3 Product interaction constraints modelling tool 

Role: This tool is used by an engineer to model the constraints and mapping with different 
products/parts and MO interfaces, such as gripping positions. This information will be used to check 
if the product/part and MO interfaces match. The mapping is done preferably at interface level, so 
that when several MOs are providing the same interface, the mapping will apply all of them at once 
i.e. the mapping is interface specific, not RD/MO specific. The mapping includes defining the pose 
ŦǊƻƳ ƛƴǘŜǊŦŀŎŜ όŜΦƎΦ ƎǊƛǇǇŜǊΩǎ ¢ƻƻƭ /ŜƴǘǊŜ tƻƛƴǘύ ǘƻ ǇǊƻŘǳŎǘΩǎ ƎǊŀǎǇƛƴƎ Ǉƻǎƛǘƛƻƴ ϑŀ ǇƻǎŜ 
όǾŜŎǘƻǊҌƻǊƛŜƴǘŀǘƛƻƴύ ŦǊƻƳ ƛƴǘŜǊŦŀŎŜ ƻǊƛƎƛƴ ǘƻ ǇǊƻŘǳŎǘΩǎ ƻǊƛƎƛƴ ŀǘ ƎǊŀǎǇƛƴƎκƛƴǘŜǊŀŎǘƛƻƴ ǎƛǘǳŀǘƛon}. This 
mapping will support and enable (semi-automatic) production execution sequence generation and 
ǎǳǇǇƻǊǘ ǇŀǘƘ ŎǊŜŀǘƛƻƴ ŀǎ ǇǊƻŎŜǎǎƛƴƎ ŘŜǾƛŎŜΩǎ ŜƴŘ Ǉƻǎƛǘƛƻƴǎ ŀǊŜ ƪƴƻǿƴΦ CŀƛƭƛƴƎ ŀƴŘ ƪƴƻǿƴ-bad 
mating conditions should also be captured, which will guide the capability matching and resource 
selection process. 

Involved in activities: A14 - Modelling product interaction constraints 

Users: Product designer, Process planner 

Provided services: None - The output of this tool are product interaction constraints. The tool is 
started by a user and does not provide digitally callable services. 

4.3.1.4 Product Interaction constraints DB 

Role: This database is used to store the information modelled by the product interaction constraint 
modelling tool. 

Involved in activities:  
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 A22: Comparing requirements with the current resource combinations at parameter level 
 A23: Generating new resource combinations matching with capabilities (names and 

parameters) 
 A42: Creating Production Execution Sequence for a process step and setting parameters 

Users: Other building blocks utilize the services provided. Details are described in service 
descriptions. 

Provided services: 

 SetProductInteractionConstraints 
 GetProductInteractionConstraints 
 GetInterfaceInteractionConstraints 

 

Service name SetProductInteractionConstraints  

Service provider (BB) Product interaction constraints DB 

Service users (BBs) Product interaction constraints modelling tool 

Description This service will store a set of interaction constraints modelled for a 
product identified by its ID. Product can in this context also mean parts, 
material or subassembly. These constraints cover for example different 
aspects of gripping and mounting the parts of a product. 

Input parameters Interaction constraints : ProductInteractionConstraints 

Output parameters  ǒ Retu rncode : int 

Data model and format Product Interaction Constraints Model (PICM) 
No model for this exist. It will be developed in T3.6 together with the 
capability-matchmaking approach.  
Format will be XML or JSON. 

 

Service name GetProductInteractionConstraints  

Service provider (BB) Product interaction constraints DB 

Service users (BBs) Capability matching SW 

Description This service will provide the interaction constraints modelled for one 
specific product identified by its ID. Product can in this context also mean 
parts, material or subassembly.  

Input parameters ǒ ProductID : ID 
ǒ [Part ID : ID] 
ǒ [Subassembly ID : ID] 
ǒ [Material ID : ID] 

Output parameters  Interaction constraints : ProductInteractionConstraints 
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 Data model and format Product Interaction Constraints Model (PICM) 
Format XML or JSON  

 

Service name GetInterfaceInteractionConstraints 

Service provider (BB) Product interaction constraints DB 

Service users (BBs) Capability matching SW 

Description This service will provide the interaction constraints for a specific interface. 
These constraints cover for example different aspects of gripping and 
mounting the parts of product(s). 

Input parameters ǒ InterfaceID : ID 
ǒ [ProductID : ID] 

Output parameters  Interaction constraints : InterfaceInteractionConstraints 

 Data model and format Product Interaction Constraints Model (PICM) 
Format XML or JSON 

 

4.3.2 Capability Management 

Below, the building blocks contained in the L1 Capability Management will be explained. 

4.3.2.1 Capability Catalogue 

Role: This building block provides a description of all the capabilities that can be assigned to the 
resources through the resource description. Includes the capabilities, capability parameters and 
associations between simple and combined capabilities. Software application called 
CapabilityQueryLibrary provides an API for this catalogue with detailed interfacing. 

Involved in activities: A2 - Matching product requirements with resource capabilities 

Users: Other building blocks utilize the services provided. Details are described in service 
descriptions. 

Provided services: 

 GetCapabilityCatalogue 
 GetCapabilitySummary 
 GetCapabilityWithParameters 
 GetProcessTaxonomy 
 GetCapabilitiesFulfillingTaxonomyProcess 

 

Service name GetCapabilityCatalogue 

Service provider (BB) Capability catalogue 
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Service users (BBs) Capability Matching SW 
Abstract Resource Description Editor 
Resource Description Editor 

Description This service will provide the current capability catalogue (model). This 
model can be used for defining the descriptions of a MO and selecting the 
resource capabilities. This service returns the entire Capability Ontology 
model. 

Input parameters -  

Output parameters  ǒ Capability Model as OWL/RDF {Entire Capability Model} 

 Data model and format Capability Model (CM) 
This model is a formal ontology (OWL/RDF) developed in Task 3.1. 

 

Service name GetCapabilitySummary 

Service provider (BB) Capability catalogue 

Service users (BBs) Abstract Resource Description Editor 
Resource Description Editor 

Description This service will provide a summary listing of all capabilities in the current 
capability catalogue.  

Input parameters -  

Output parameters  ǒ +(capabilityID:ID, name : string, description: string) 

 Data model and format Response is provided as XML or JSON format 

 

Service name GetCapabilityWithParameters 

Service provider (BB) Capability catalogue 

Service users (BBs) Abstract Resource Description Editor 
Resource Description Editor 

Description This service is used for retrieving the details relating to one capability, e.g. 
parameters, and its input and output associations. This information can be 
used for defining the descriptions of a MO, selecting resource capabilities, 
and to fill in the appropriate parametric information. 

Input parameters ǒ capabilityName : string 

Output parameters  capabilityInfo : capabilityInfoWithParameters 
{List of all generic capabilities that can be assigned to resources } 
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Data model and format Response is provided as XML or JSON format. 

 

Service name GetProcessTaxonomy 

Service provider (BB) Capability catalogue 

Service users (BBs) Abstract Resource Description Editor 
Resource Description Editor 

Description This service will provide the current Process taxonomy (model). This model 
can be used for the selection and/or classification of process capabilities 
provided by the mechatronic objects and consequently classification of the 
descriptions of (A)RD. 

Input parameters ǒ Format : OWL | XML | JSON 

Output parameters  ǒ Hierarchy of the Process Taxonomy 

Data model and format Process Taxonomy, which is developed in Task 3.1. 
Response is provided as OWL/RDF, XML or JSON format 

 

Service name GetCapabilitiesFulfillingTaxonomyProcess 

Service provider (BB) Capability catalogue 

Service users (BBs) Abstract Resource Description Editor 
Resource Description Editor 
Capability matchmaking SW 

Description This service will provide a listing of all the capabilities (from resources side) 
which are categorized under the selected process in the taxonomy. This 
service can be used to recognize all the capabilities, which provide certain 
function, e.g. material removing. 

Input parameters ǒ Process taxonomy name : string 

Output parameters  ǒ + (taxonomyID:ID, name : string) 
{Process(es) in the taxonomy that are requested} 
ƺ * (capabilityID:ID, name : string) 

{Capability information} 

 Data model and format Response is provided as XML or JSON format. 
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4.3.2.2 Capability Rule Editor 

Role: Editor for writing rules related to combined capabilities and their parameters, product 
requirement and resource capability matching, and interface matching. The rules are defined by 
process expert. These rules will allow to make automatic decisions based on the information saved 
to the product, capability and resource models (ontologies). The rules may relate e.g. to checking if 
the desired hole can be drilled with a given drilling machine. This editor should allow easy 
implementation of the rules, e.g. directly to the ontology file. The created rules are being saved in 
the capability matching rule base. 

Involved in activities: - 

Users: Process expert 

Provided services: None - The output of this tool are the capability matching and interface matching 
rules. The tool is started by a user and does not provide digitally callable services. 

 

4.3.2.3 Capability Matching Rule Base 

Role: Storage place for rules, which are used to make a match between product requirements and 
system capabilities. These are created by the capability rule editor. These rules will take the product 
requirement description and compare the resource capability descriptions against them. The rules 
will define which information should be compared and how the match is defined. Also includes rules 
for checking the MO interface compatibility. 

Involved in activities: 

 A22: Comparing requirements with the current resource combinations at parameter level 
 A23: Generating new resource combinations matching with capabilities (names and 

parameters) 
 A24: Checking interface compatibility inside resource combinations 

Users: Other building blocks utilize the services provided. Details are described in service 
descriptions. 

Provided services:  

 SetCapabilityMatchingRule 
 GetCapabilityMatchingRulesList 
 GetCapabilityMatchingRule 

 

Service name SetCapabilityMatchingRule 

Service provider (BB) Capability Matching Rule Base 

Service users (BBs) Capability Rule Editor 

Description This service is used to save the capability matchmaking rules and interface 
matching rules to the rule base.  

Input parameters ǒ rule : Capability Matching Rule 

Output parameters  ǒ returnCode :  int 
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Data model and format SPARQL query language 
SWRL rule language 
Details will be defined in Task 3.6. 

 

Service name GetCapabilityMatchingRulesList 

Service provider (BB) Capability Matching Rule Base 

Service users (BBs) Capability Matching SW 
Capability Rule Editor 

Description This service is used to retrieve the list of all capability matchmaking rules 
and interface matching rules available in the rule base.  

Input parameters -  

Output parameters  ǒ *(ruleID:ID, name : string, description : string, type : ruleType) 

 Data model and format Details will be defined in Task 3.6. 

 

Service name GetCapabilityMatchingRule 

Service provider (BB) Capability Matching Rule Base 

Service users (BBs) Capability Matching SW 
Capability Rule Editor 

Description This service is used to retrieve a capability matchmaking rule and/or 
interface matching rule from the rule base.  

Input parameters ǒ ruleID : ID 

Output parameters  ǒ rule : Capability Matching Rule 

 Data model and format SPARQL query language 
SWRL rule language 
Details will be defined in Task 3.6. 
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4.3.2.4 Capability Matching SW 

Role: Algorithm and tool that matches the product requirements and system capabilities by using 
the rules defined in the capability matching rule base. Checks also that the interfaces of the 
resources to be combined are compatible. This system takes a selected pool of resources and the 
product requirements as input and compares the existing capabilities with the product 
requirements. The pool may be e.g. the current system layout, the subset of in-house resource 
library, or subset of global resource library. E.gΦ ƛŦ ǘƘŜ ŎǳǊǊŜƴǘ ǎȅǎǘŜƳ ƭŀȅƻǳǘ ŘƻŜǎƴΩǘ ƘŀǾŜ ŀƭƭ ǘƘŜ 
required capabilities, the missing ones can be searched from the resource libraries. While creating 
new resource combinations for capability matching, their interfaces will be checked also. 

Involved in activities: All sub-activities of A2: Matching product requirements with resource 
capabilities 

Users: Other building blocks utilize the services provided. Details are described in service 
descriptions. 

Provided services:  

 GetMatchingMOsForCapabilityRequirement 
 

Service name GetMatchingMOsForCapabilityRequirement 

Service provider (BB) Capability Matching SW 

Service users (BBs) System Performance Evaluation 
Reconfiguration and production planning 

Description This service will deliver the MOs providing the requested capability, i.e. the 
results of the capability matching process. Thus it supports the planner to 
select a MO from a capability-focused point of view.  

This service may be used to get the matching MOs for the whole (or partial) 
product requirement description. The output then includes list of 
resources or resource combinations matching to each product 
requirement step. Includes also a list of possible product requirement 
steps for which no matches are found from the current search space. 

Input parameters ǒ productRequirementsToBeMatched : 
ProductRequirementsReferences 
{is a collection of PRDs and Process Steps  used as inputs for 
matching. These are provided by references.}  

ǒ [poolOfAvailableMO: ResourcePool ] 
{IDs of available MOs, given as IDs of targeted MO library(s) or 
individual MOs, i.e. defines the search space} 

ǒ [currentLayout: SystemLayout]  
{MOs provided in layout structure} 

Output parameters  MO capability matches : MatchingResults   
ǒ Capability requirement ID/process step ID 
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ƺ List of MOs (or MO combinations) satisfying the capability 
requirement of a process step, if any. This can be also empty 
list. 

 Data model and format JSON, XML 

4.3.2.5 Capability Model Editor 

Role: Ontology editor, which is used to build the capability model, i.e. to define the capabilities, 
relationships between capabilities, capability parameters, and other information needed for 
modelling the resource capabilities. This is not really part of ReCaM system, but is needed to 
construct the capability model needed for ReCaM system. Therefore, existing ontology editor 
Protégé is utilized.  

Involved in activities: -  

Users: Capability model harmonization organization, Process engineer for defining company specific 
capabilities 

Provided services: None. The output of this tool is capability model and updated capability 
catalogue. This tool is used by human and does not provide digitally callable services.   

 

4.3.3 Resource Management 

Below, the building blocks contained in the L1 Resource Management will be explained. 

4.3.3.1 Abstract Resource Description Editor (ARDE) 

Role: This building block is used to define Abstract Resource Descriptions (ARD) and associated 
Profiles in a formalised manner. These ARD are generalisations of resources. Examples of ARD can 
ōŜ ƎǊƛǇǇŜǊǎΣ ŦŜŜŘŜǊǎΣ ŀȄŜǎΣ ŜǘŎΦΧ ¢Ƙƛs tool utilises the capability model to assign certain capabilities 
to certain Profiles. 

Involved in activities: Not relating directly to defined activities. Activity: Creation of ARDs. 

Users: Resource description harmonization organization 

Provided services: None - The output of this tool are abstract resource descriptions. The tool is 
started by a user and does not provide digitally callable services. 

4.3.3.2 Abstract Resource Description DB 

Role: This database is used to store and access the ARDs. Formalised interface standards and Profile 
descriptions are also published through this service, which are the construction blocks for ARDs. 

Involved in activities: -  

Users: Other building blocks utilize the services provided. Details are described in service 
descriptions. 

Provided services: 
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 GetSummaryOfARDs 
 GetARD 
 GetListOfProfilesInARD 
 CreateRDTemplate 
 SetARD 

Possible additional services: 
 GetAvailableCapabilitiesAndInterfaces  

{lists all available capabilities and interfaces in all ARDs / Profiles within the service. Returns 
capability and interface IDs.} 

 GetARDsUtilisingCapabilityOrInterface 
{Lists all ARDs / Profiles implementing specific capability(s) and interface(s)} 

 

Service name GetSummaryOfARDs 

Service provider (BB) Abstract Resource Description DB 

Service users (BBs) Resource Description Editor 

Description This service provides list of all available Abstract resource descriptions 
(ARD) in this service. 

Input parameters -  

Output parameters  ǒ +(abstractResourceDescriptionID : ID, name, description) 
ƺ +(profileID : ID, name, description) 

 Data model and format XML or JSON 

 

Service name GetARD 

Service provider (BB) Abstract Resource Description DB 

Service users (BBs) Resource Description Editor 

Description This service provides the requested Abstract resource description (ARD). 

Input parameters ǒ abstractResourceDescriptionID  : ID 

Output parameters  ǒ abstractResourceDescription : ARD 

 Data model and format Abstract Resource Description Model (ARD) (XML) 
This data model is presented in D3.1. 

 

Service name GetListOfProfilesInARD 

Service provider (BB) Abstract Resource Description DB 
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Service users (BBs) Resource Description Editor 

Description This service provides list of all available Profiles within a certain Abstract 
resource description (ARD). 

Input parameters ǒ abstractResourceDescriptionID  : ID 

Output parameters  ǒ +(profileID : ID, name, description) 

 Data model and format JSON or XML 

 

Service name CreateRDTemplate 

Service provider (BB) Abstract Resource Description DB 

Service users (BBs) Resource Description Editor 

Description This service provides the customised template for Resource Description 
(RD) in case when new RD is created. It basis from the information coming 
from the selected Abstract Resource Description (ARD) and its Profile. 

Input parameters ǒ abstractResourceDescriptionID  : ID 
ǒ profileID : ID 

Output parameters  ǒ customisedResourceDescriptionTemplate : RD 

 Data model and format Resource Description Model (RD) (XML) 
This data model is presented in D3.1. 

 

Service name SetARD 

Service provider (BB) Abstract Resource Description DB 

Service users (BBs) Abstract Resource Description Editor 

Description This service will store an abstract resource description (ARD) to DB, and 
make it available for DB users. 

Input parameters ǒ abstractResourceDescription : ARD 
ǒ authentication : AuthInfo 

Output parameters  ǒ result : int 

 Data model and format Abstract Resource Description Model (ARD) (XML) 
This data model is presented in D3.1. 
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4.3.3.3 Resource Description Editor (RDE) 

Role: The purpose of this building block is to define all characteristics of specific production resource 
or MO in a formalised manner. A specific production resource refers here to a specific resource type 
and model from a resource provider. It utilizes the Capability Model and ARDs as templates for 
which the parameter values of the specific resource are defined. The templates guide to fill in 
harmonised and comparable information. The Resource Description (RD) can be then uploaded to 
RD web service and made available for public to form a resource catalogue.  

Involved in activities: Not relating directly to defined activities. Activity: Creation of new MO and 
defining a RD for it. 

Users: MO vendors 

Provided services: None - The output of this tool are resource descriptions. The tool is started by a 
user and does not provide digitally callable services. 

4.3.3.4 Resource Description DB 

Role: Database and web server (and service) for storing and publishing the RDs (, RIDs and ARDs) 
for global (or local) usage.  

Involved in activities:  

 A2 - Matching product requirements with resource capabilities  
 A3 - Creating a reconfiguration and production plan for the system 
 A4 - Creating executable capability sequence  
 A6 - Executing & controlling the production system 

Users: Other building blocks utilize the services provided. Details are described in service 
descriptions. 

Provided services:  

 GetResourceCatalogueSummary 
 GetListOfRDs 
 GetRD 
 SetRD 
 GetCapabilitiesOfRD 
 GetExecutableCapabilitiesOfRD 

Possible additional services: 
 GetInterfacesOfRD 

{list all available interfaces of a RD} 
 GetAvailableCapabilities  

{lists all available capabilities in all RDs within the service. Returns capability IDs.} 
 GetAvailableInterfaces  

{lists all available interfaces in all RDs within the service. Returns interface IDs.} 
 GetRDsUtilisingCapabilityAndInterface 

{Lists all RDs implementing specific capability(s) and interface(s)} 
 CreateControlInterfaceDescription 
ϑ/ǊŜŀǘŜǎ ŎƻƴǘǊƻƭ ŀǊŎƘƛǘŜŎǘǳǊŜ ǎǇŜŎƛŦƛŎ ŎƻƴǘǊƻƭ ƛƴǘŜǊŦŀŎŜ ŘŜǎŎǊƛǇǘƛƻƴ ƻǳǘ ŦǊƻƳ w5Ωǎ 9ȄŜcutable 
Capabilities. E.g. from RD to Vorto, NXT, or some other format.  
Input: RdID, controlImplementationID. Output: Implementation specific file(s)?} 
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Service name GetResourceCatalogueSummary 

Service provider (BB) Resource Description DB 

Service users (BBs) System performance evaluation 
Reconfiguration and production planning 
Distributed Automation Systems Engineering Platform 
Orchestration and visualization tool 

Description This service will provide a summary of available resource descriptions. The 
service can be used to retrieve different type resource descriptions (ARD, 
RD, RID), depending on the catalogue which is searched.  

Input parameters ǒ Resource Library/catalogue : ID 

Output parameters  summary : resourceCatalogueSummary  

 Data model and format Summary of Resource Catalogue  (XML or JSON) 
This data model is presented in D3.1. 

 

Service name GetListOfRDs 

Service provider (BB) Resource Description DB 

Service users (BBs) System performance evaluation 
Reconfiguration and production planning 
Distributed Automation Systems Engineering Platform 
Orchestration and visualization tool 
Resource Instance Description Editor (RIDE) 

Description This service will provide a list of all available Resource descriptions (RD) in 
this service. 

Input parameters  [ filter : RDFilterConditions ] 

Output parameters  ǒ +(ResourceDescriptionID : ID, name: string, description : string) 

 Data model and format JSON or XML 

 

Service name GetRD 

Service provider (BB) Resource Description DB 

Service users (BBs) Capability Matching SW 
System performance evaluation 
Virtual configuration and visualization tool 
Reconfiguration and production planning 
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Distributed Automation Systems Engineering Platform 
Orchestration and visualization tool 
Resource Instance Description Editor (RIDE) 

Description This service will provide the requested resource description (RD). 

Input parameters ǒ resourceDescriptionID : ID 

Output parameters  ǒ resourceDescription : RD 

 Data model and format Resource Description Model (RD) (XML) 
This data model is described in D3.1. 

 

Service name SetRD 

Service provider (BB) Resource Description DB 

Service users (BBs) Resource Description Editor 

Description This service will store a resource description (RD) to DB. 

Input parameters ǒ resourceDescription : RD 
ǒ authentication : AuthInfo 

Output parameters  ǒ result : int 

 Data model and format Resource Description Model (RD) (XML) 
This data model is described in D3.1. 

 

Service name GetCapabilitiesOfRD 

Service provider (BB) Resource Description DB 

Service users (BBs) System performance evaluation 
Reconfiguration and production planning 
Distributed Automation Systems Engineering Platform 

Description This service will provide information about the capabilities of a certain 
Resource (MO) and its parameters with values. 

Input parameters ǒ resourceDescriptionID : ID 

Output parameters  ǒ capabilities : CapabilityOfResource 
{NOTE: Capabilities branch of the RD data model will contain this 
information.} 

ǒ resource : ID 
ƺ * Capabilities of the resource 
ƴ id : id 
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ƴ name : string 
ƴ * parameter values 
ǒ paramId : id 
ǒ value : sting 

 Data model and format XML or JSON 

 

Service name GetExecutableCapabilitiesOfRD 

Service provider (BB) Resource Description DB 

Service users (BBs) Distributed Automation Systems Engineering Platform 
Orchestration and Visualisation Tool 
Production Execution Control Runtime 

Description This service will list all Executable Capabilities of a certain Resource (MO) 
and its parameters. 

Input parameters ǒ resourceDescriptionID : ID 

Output parameters   ExecutableCapabilities : CapabilityOfResource 
{NOTE: Executable Capabilities branch of the RD data model will 
contain this information.} 

ǒ resource : ID 
ƺ * Executable Capabilities of the resource 
ƴ id : id 
ƴ name : string 
ƴ * parameter values 
ǒ paramId : id 
ǒ value : sting 
ƴ + implementations 

 Data model and format XML or JSON 

 

 

4.3.4 Systems Engineering Platform 

Below, the building blocks contained in the L1 Systems Engineering Platform will be explained. 
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4.3.4.1 Systems Performance Evaluation 

Role: This tool creates the state model for the entire production system starting from the 
reconfigurable mechatronic object state models. It is grounded on the logical structure of the 
mechatronic objects and combines the object level state models into proper system level models. 
Depending on the scale of the problem, predefined state aggregations and synthesis rules will be 
created, to reduce the complexity of state representation while maintaining important system 
behaviours. These system level models will be analytically evaluated considering chosen 
performance indicators. Detailed analysis provides an easy way to achieve better line utilisation, 
efficiency, and throughput. Once validated, these digital tools can be used to evaluate and generate 
alternative system improvement actions and optimised re-designs of the system, based on scenario 
analysis. 

Involved in activities: A34G - Evaluating configuration scenarios and selecting the suitable ones 

Users: Other building blocks utilize the services provided. Details are described in service 
description. 

Provided services:  

 SetSystemStateModel 
 GetInputSystemParameters 
 SetSystemKPIs 
 SetResourcePerformanceMeasures 

 

Service name SetSystemStateModel 

Service provider (BB) System Performance Evaluation 

Service users (BBs) Discrete Event Simulation 
Multi-objective System Optimization 

Description It creates the Markovian state model of the current system configuration 
starting from the given set of MOs characteristics composing the 
production system. 

Input parameters ǒ + (Resource:id, name, description) 
ǒ + (Product: id, name, description) 

ǒ + (ProcessStep: id, name, description) 
ǒ + (Parameter: id, name, description) 
ǒ + (ParameterSpecification: value)  

Output parameters  ǒ + (SystemLayout: id, description, SLR) 
ǒ + (SystemStateSpaceModel:id, description, type, SSMR) 

 Data model and format XML and JSON 

 

 

Service name GetInputSystemParameters 
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Service provider (BB) System Performance Evaluation 

Service users (BBs) Discrete Event Simulation 
Multi-objective System Optimization 

Description This service takes in relevant data about MO parameters from the resource 
catalogue, list of matchmaking results and structures this information in 
order to estimate the state model parameters that are useful for 
quantitative evaluation of the system model. 

Input parameters ǒ + (SystemStateSpaceModel:id, description, type, SSMR) 
ǒ + (ResourceProcessCycle: id, name, description) 

ǒ + (Parameter: id, name, description, value) 

Output parameters  ¶ + (SystemLayout: id, description, SLR) 

¶ + (SystemStateSpaceModel:id, description) 
o + (ModelParameter: id, values) 

 Data model and format XML and JSON 

 

Service name SetSystemKPIs 

Service provider (BB) System Performance Evaluation 

Service users (BBs) Multi-objective System Optimization 

Description It evaluates the system level model of a given configuration and stores the 
estimated values of output system KPIs. 

Input parameters ǒ + (SystemLayout: id, description) 

Output parameters  ǒ + (SystemLayout: id, description, SLR) 
ƺ + (KPI: id, value) 

 Data model and format XML and JSON 

 

Service name SetResourcePerformanceMeasures 

Service provider (BB) System Performance Evaluation 

Service users (BBs) Multi-objective System Optimization 
Line Balancing 

Description Computes the performance measures related to individual resources in the 
system and set their values. These performance measures can indicate, 
single station utilization, starvation, blocking and downtimes etc. 
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Input parameters  + (SystemLayout: id, description) 
 ֙ + (Resource:id, name, description) 

Output parameters   + (Resource:id, description) 
 ֙ + (ResourcePMeasure: id, name, value) 

 Data model and format XML and JSON 

4.3.4.2 Line Balancing 

Role: This tool assigns operations to resources in order to balance the workload and minimize idle 
time. 

Involved in activities: 

 A34 - Evaluating the configuration scenario and selecting the suitable scenario 

Users: Other building blocks utilize the service provided. Details are described in service description. 

Provided services: 

 SetNewTaskAllocation 
 

Service name SetNewTaskAllocation 

Service provider (BB) Line Balancing 

Service users (BBs) System Performance Evaluation 
Multi-Objective System Optimization 

Description Takes the tasks list, corresponding associable resources and performance, 
and identifies an optimal system configuration in terms of performance 
and resource utilization. 

Input parameters ǒ + (SystemLayout: id, description) 
ƺ + (SystemKPI: id, description, value) 

ǒ + (Resource: id, description) 
ƺ + (ResourcePMeasure: id, description, value) 

Output parameters  ǒ + (SystemLayout: id, description, SLR) 

 Data model and format XML and JSON 
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4.3.4.3 Multi -objective System Optimization 

Role: This is a system-level configuration optimiser which integrates the system performance 
evaluation tool and optimisation software tools such as modeFRONTIER 4.5 which support multi-
objective optimisation of key performance indicators. Some of the main KPIs that will be considered 
are production and inventory costs, line productivity (i.e. OEE and JPH), energy consumption, cycle 
times, and service level. The output of the tool is the generation of a set of optimal candidate 
solutions (Pareto frontier). However, the choice of the KPIs to be optimised and the nature of the 
output are subjected to the specific optimisation objectives or the scope of the tool; i.e. for example 
when used during the green field design phase or reconfiguration phase. 

Involved in activities:  

 A34 - Evaluating configuration scenarios and selecting the suitable ones,  
 A5 - Reconfiguring, integrating and deploying the system  

Users: Other building blocks utilize the services provided. Details are described in service 
description. 

Provided services:  

 SetParetoFrontier 
 GetOptimalInputParameters 

 

Service name SetParetoFrontier 

Service provider (BB) Multi-objective System Optimization 

Service users (BBs) System Performance Evaluation 
Discrete Event Simulation 
Robustness and Sensitivity Analysis 
Virtual Configuration Visualization 
Distributed Automation System Engineering Platform 

Description This service provides sets of optimized configurations based on multiple 
criteria. These criteria can be various and adaptable as required by the 
designer such as: Jobs per hour, WIP, OEE, Energy usage overall cost of the 
system etc...  

Input parameters ǒ + (Scenario: id, description, PDFS) 
ǒ + (SystemLayout: id, description, SLR) 
ǒ + (SystemKPI: id, description, value) 

Output parameters  ǒ + (SystemLayout: id, description, SLR) 
ǒ + (systemKPI: id, description, value) 
ǒ + (Parameter: id, name, description, value) 

 Data model and format XML and JSON 

 

Service name GetOptimalInputParameters 








































































