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Executive Summary 
 
This deliverable presents an introduction into ontology development methodologies and explains the one 
chosen for the ComVantage project, followed by a description of relevant aspects of the plant engineering 
and commissioning application area. Based upon this, it describes the first version of the Linked Data 
integration concept for this application area, i.e. the developed ontologies and plans regarding adapters for 
the existing data sources.  
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1 OVERVIEW 

1.1 Introduction 

ComVantage strives for a dynamic and flexible collaboration network between different stakeholders on 
the basis of Linked Data. Therefore, WP4 has provided its primary concepts, vocabularies, technologies as 
well as tools. This document represents the results on the integration process of the generic results of WP4 
in the application area of Plant Engineering and Commissioning. This deliverable includes the mapping of 
the proposed Linked Data concepts to this use case as well as detected limitations and borders of this 
approach. For the latter cases possible adaptations and implementation will be provided. 

1.2 Scope of this Document 

According to the description of work, "Based on the generic concepts of the Linked Data integration (WP 4) 
modifications and extensions required for this use case will be conducted". More specifically, activities 
performed in this task will cover two basic aspects: 

 Developing an ontology covering the relevant terms and formalising it in RDFS  
 Identifying additional data sources and possibilities for integrating them in the data model 

 
Thus, the introduction is followed by a refinement of the ontology engineering method provided by WP4. 
This was aligned with the other Linked Data adaption deliverables (D7.3.1 and D8.3.1). Chapter 3 deals with 
an explicit description of the application area of Plant Engineering and Commissioning. The used vocabulary 
to provide all  data for this application area is explained in chapter 4 which formulises the informal terms 
from chapter 3. Chapter 5 aligns the requirements with the technical concepts from WP4. A glossary is 
contained in the appendix. 

In the plant engineering and commissioning application area, a large problem area is covered. It ranges 
from the design phase over deployment to actually monitoring and controlling an operational plant during 
the commissioning phase. In this deliverable, we focus on the last phase, i.e. we cover the description of 
actually installed machines and their interaction. The reason for this is that the data for this phase is easier 
to capture and to formalise, thus it will simplify the information exchange between the project partners. 

1.3 Related Documents 

The recent document is heavily included in the overall project context and thus references many other 
deliverables. Furthermore, it will also be an input for further deliverables: 

 The starting point for this deliverable to identify application areas issues with respect to Linked 
Data concepts and relevance according the mockup prototype has been provided by deliverable 
D6.1.1: Scenario Specification and Refinement. 

 The first generic concepts about Linked Data, its vocabularies and ontology engineering are coming 
from deliverable D4.1.1: Data Format Specification. 

 The generic concepts of Linked Data middleware concepts and technologies from deliverable 
D4.2.1: Middleware Adapter Set are used as input for the adaptations. Possibilities for using the 
findings of this deliverable also for WP6 are currently being investigated. 

 D4.4.1: Linked Data Support Toolset handles as input for the use of possible tools as well as for the 
integration in the lifecycle. 

 The alignment in the overall ComVantage architecture bases on the results of deliverable D2.2.1 
ComVantage Architecture Specification. 

 Furthermore all Linked Data adaption deliverables (D6.3.1: Plant Engineering and Commissioning – 
Adaption of Linked Data Integration Concept, D7.3.1: Customer-oriented Production – Adaption of 
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Linked Data Integration Concept, and D8.3.1: Mobile Maintenance – Adaption of Linked Data 
Integration Concept) are to some extend linked. All are aligned to their specific contexts, but 
certain aspects are cross-referenced like the ontology engineering methodology. 

 Both the developed vocabulary and the adaptations are input for the tasks in WP4. These results 
will settle down in the upcoming deliverables D4.1.2: Data Format Specification, D4.2.2: 
Middleware Adapter Set and D4.4.2: Linked Data Support Toolset. 

2 ONTOLOGY ENGINEERING METHODOLOGIES 
For the first experimental prototype described in the deliverables D4.1.1, D4.2.1 and D4.3.1, we generated 
the ontologies in a rather ad-hoc way. In a meeting between the domain experts and the ontology 
engineers, we examined the scenario descriptions and then discussed the terms to use and their relations. 
For the second prototype, it is appropriate to employ a more structured approach to ensure the quality of 
the developed ontologies. Specifically, it has to 

 satisfy all requirements occurring in the current use case descriptions, 

 be easily adaptable and extensible if the requirements change in the future, 

 be well documented so that also people who use the ontology after a long time or who were not 
involved in the development process can understand the meaning of the terms and their relations.  

In order to support a structured ontology development process, several methodologies have been 
developed, and also endeavours have been made to compare these methodologies with respect to their 
capabilities, applicability in specific scenarios, and general advantages and disadvantages  (Lopez, 1999) 
(Pinto & Martins, 2004). There have also been attempts to unify different ontologies and combine their 
advantages (Uschold, 1996). 

2.1 Methodology Comparison 

Among those methodologies that were considered in the comparisons mentioned above, three deserve a 
closer examination because they have been used in practice for different projects and reached a level of 
maturity that warrants applying them in the ComVantage prototype. These are described briefly in the 
following paragraphs. 

 The methodology developed by Grüninger and Fox (Grüninger & Fox, 1995), also called TOVE 
methodology, specifically requires first-order predicate logic (FOL) as ontology language, which is 
very expressive and thus has little in common with RDFS. The ontology development goes through 
the following stages: 

1. Capture scenarios: description of the scenarios the ontology will be used in natural 
language. 

2. Informal competency questions: formulation of questions the ontology should answer in 
natural language. 

3. Formal terminology specification: specify the terminology in FOL, i.e. choose names for 
constants, functions, and relations. 

4. Formal competency questions: formulate the questions from step 2 in FOL. 

5. Formal axioms and definitions: specify the constraints and the terms from step 3 in FOL. 

6. Evaluation of competency and completeness: verify that the ontology developed in step 5 
can answer the questions from step 4 correctly and completely. 

 The methodology developed by Uschold and King (Uschold & King, 1995), also called Enterprise 
methodology,  specifies the following phases: 
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1. Identifying the purpose: determining why the ontology is being built, who will use it, and 
for which aim. 

2. Building the ontology: 

1. Capturing: identifying the key concepts, producing definitions for these concepts, 
and agreeing on names for these concepts. The authors recommend agreeing on 
the definition before deciding on the term to be used for the concept because 
people working in different areas tend to have different association with terms, 
which makes it difficult to reach an agreement if the term is chosen first. 
Moreover, unlike most other methodologies for software or ontology engineering, 
the Enterprise methodology suggests neither a top-down approach (going from 
the most general to more specific terms) nor a bottom-up one (in the opposite 
direction), but rather goes middle-out, i.e. it starts from the most frequently used 
concepts, which normally are located at the middle height in the ontology 
hierarchy. 

2. Coding: representing the conceptualisation produced in the previous stage 
formally in an ontology language. 

3. Integrating existing ontologies: finding usable terms from other ontologies and 
connecting them with the terms from the newly developed ontology. 

3. Evaluation: making a technical judgement of the ontology with respect to the 
requirements specification or the real world. 

4. Documentation: recording all important assumptions and decisions. 

 Methontology, developed by Fernandez-Lopez et al. (Fernandez-Lopez, Gomez-Perez, & Juristo, 
1997), is based on the experience acquired in developing an ontology in the domain of chemicals, 
therefore it was developed by a large team of experts and ontologies and is intended to be used by 
a huge application area. It uses the evolving prototypes paradigm from the software engineering 
world, which means that several phases of ontology development are identified, but the overall 
process is considered as circular, so that decisions made in an early phase can be changed if they 
turn out to be inappropriate in a later phase. This is not possible if the development process 
follows the waterfall model, where the decisions made in one phase cannot be changed once the 
phase is finished.  

The phases identified by the Methontology developers are: 

1. Specification: production of a natural language document describing purpose, scope, and 
level of formality of the ontology. 

2. Conceptualisation: structuring the domain knowledge by building a glossary of terms, 
consisting of concepts, entities or “things”, and verbs, which describe actions or processes. 
Moreover, rules describe the behaviour and relations between concepts and verbs. 

3. Integration: connection with existing (meta-)ontologies; integration of existing knowledge 
with the new ontology. 

4. Implementation: using an ontology development environment in order formalise the 
concepts, verbs and rules described previously in an ontology language.  

Besides these actions, the following tasks have to be performed constantly and in parallel with the 
development phases: 

1. Knowledge acquisition: collecting information from all kinds of sources like books, figures, 
tables, or directly from experts using structured or unstructured interviews. This task is 
especially important in, but not limited to, the conceptualisation phase. 
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2. Documentation: since the developers of Methontology consider the lack of documentation 
guidelines for ontologies and the resulting lack of documentation as a central problem in 
the area of ontology development, each step and the corresponding decisions have to be 
documented thoroughly. Consequently, this methodology requires writing a requirements 
specification document, a knowledge acquisition document, a conceptual model document, 
a formalisation document, an integration document, an implementation document and 
finally an evaluation document. 

3. Evaluation: carrying out a technical judgement of the ontologies and their documentation 
with respect to the requirements specification document. This comprises verification, i.e. 
testing the technical correctness of the ontology, as well as validation, i.e. testing if the 
developed ontology corresponds to the domain it is supposed to represent. 

Regarding the usefulness of the three methodologies described above for the ComVantage project, TOVE is 
the least appropriate one as it does not give a clear guidance and does not structure the ontology 
development process sufficiently: there is no strict differentiation between conceptualisation, formalisation 
and implementation; these phases are combined in steps 3-5. Moreover, it specifically demands the use of 
FOL, which is fundamentally different from Linked Data. Consequently, the part regarding formalisation of 
axioms will play a much smaller role in ComVantage than in the TOVE project. Methontology represents the 
other extreme: it is highly formalised, requires a large number of different activities, some of which have to 
be performed sequentially while others have to be performed in parallel. Each of these activities has to be 
documented extensively, and it should ideally be performed by an independent team. We therefore 
decided that this approach is also not appropriate for the ComVantage project since there are less than 10 
people involved in the development of a single ontology, and the person months allocated for this task are 
not sufficient for writing such extensive documentation, and it is also not required for information 
exchange. 

We therefore decided in favour of the Enterprise methodology. It appears to provide enough guidance to 
steer the ontology development process without introducing unnecessary overhead regarding the 
production of documents or running several tasks in parallel. Moreover, several features of the Enterprise 
methodology fit well with the intuitive approach that we used for the first version of the DC21 ontology: for 
example, we also started from the “middle” concepts, which are the different properties of shirts, and we 
also found it useful in the capturing phase to focus on the intended meaning of the concepts and decide 
about an appropriate term for this concept afterwards. We also decided to also adopt the competency 
questions suggested in the TOVE methodology, since they can help to ensure that the ontology not only 
represents the domain of interest, but can also be used in practice to fulfil the tasks arising in the 
application areas.  

Moreover, since the Enterprise methodology does not explicitly suggest a lifecycle model, we adopted the 
“evolving prototype” model from Methontology, since it fits well with the sequence of prototypes 
described in the ComVantage project plan. 

In the following, we will describe the Enterprise methodology in more detail. 

2.2 The Enterprise Methodology 

2.2.1 Identifying Purpose 

This phase comprises answering questions like “Why is the ontology being built?” “Who will use the 
ontology for which purpose?” as well as general scenarios in which the ontology is used. For the three 
application areas of the ComVantage project, a large part of this work has already been completed for the 
document of work and the deliverables 6.1.1, 7.1.1 and 8.1.1. For example, the ontologies are being built in 
order to facilitate integration of data coming from different collaboration partners. They will be used by the 
personas in the use cases described in the respective deliverables.  
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2.2.2 Building the Ontology 

2.2.2.1 Capturing 

The Enterprise methodology suggests the following phases for capturing the ontology: 

 Scoping, i.e. identifying the key concepts and relationships in the domain of interest. This can be 
achieved e.g. by performing brainstorming sessions to produce those concepts, grouping them in 
sets of similar terms, and identifying relations between them. 

 Producing definitions, i.e. writing down in natural language what these concepts and relationships 
mean. These definitions should be as precise as possible and consistent with other concepts and 
their definitions. 

 Identifying terms for these concepts and relationships. This step should be performed after 
reaching an agreement on the definitions since, as the authors put it, “terms get in the way”: pre-
conceived ideas about the meaning of terms can undermine communication and prevent 
agreement. Moreover, for ambiguous terms, the different possible meanings should be selected, 
and only those meanings (or the single meaning) actually needed within the ontology should 
actually be included. For these meanings, the original term should be avoided if at all possible to 
avoid further ambiguity. 

 Competency questions, i.e. formulate queries that the applications to be developed within the 
ComVantage project will make and ensure that the ontology can answer them appropriately. This 
also serves to ensure that the terms contained in the ontology are actually needed: if they do not 
occur in any competency question, they can be dropped.  

For these steps, a middle-out approach should be used. This means that the developers should neither start 
with the most general nor with the most specific concepts but rather with the “middle” ones, i.e. those that 
are used most frequently and intuitively by the people working in the corresponding domain. The 
disadvantage of the top-down approach is that one starts with defining very abstract concepts that make it 
difficult for the domain experts to relate the concepts with the entities occurring in their everyday work. 
The bottom-up approach on the other hand increases the overall effort since it makes it difficult to spot 
communalities between related concepts and thus leads to double effort and possibly later to re-
engineering of the ontology. The middle-out approach avoids both of these pitfalls.  

2.2.2.2 Coding 

In this phase, the terms and definitions developed during the Capturing phase are used to formally define 
the ontology. In the Enterprise methodology, this also involves choosing an appropriate knowledge 
representation language; in the ComVantage project proposal the partners have already agreed to use the 
Linked Data principles, which implies using standards like RDFS/XML (which includes the possibility of using 
OWL), hence there is no real decision to be made.  

It is also necessary to choose the tools used for the development of the formal ontology. In ComVantage, 
we used the Protégé editor as we did in D4.1.1 for the first experimental ontology, since it satisfied all our 
requirements. 

Although it is possible to merge the Capturing and the Coding phase into one and thus produce the 
ontology on the fly, this is discouraged. Since the domain experts are heavily involved in the Capturing 
phase, but to a much lesser extent in the Coding phase, where the ontology engineers do most of the work, 
this also seems appropriate for ComVantage. 

2.2.2.3 Integrating Existing Ontologies 

The developers of the Enterprise methodology consider giving useful guidance for this step as one of the 
biggest challenges in developing a comprehensive methodology. Consequently, they do not give clear 
guidance on how to proceed. Especially for cases where there are concepts in existing ontologies that are 
closely related with the concepts identified for the new ontology but not identical, it is difficult to give 
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general advice, especially if the ontology is intended to be published. Since most of the ComVantage 
ontologies are not intended for publishing, this is not a major problem for this project. If we cannot find an 
existing term that satisfies our requirements, nothing speaks against creating a new, more appropriate 
term.  

2.2.3 Evaluation 

General criteria suggested for evaluation of the developed ontology are: 

 Clarity: formal as well as natural-language definitions should be unambiguous, which can be 
supported by providing positive or negative examples. Underlying assumptions should be stated 
explicitly. 

 Consistency and coherence: the ontology has to be internally consistent, i.e. free of contradictions, 
and also conform to external use of the terms. Circular definitions should be avoided. 

 Extensibility and reusability: it is important to achieve the right balance between being specific 
enough for the required tasks, but not so specific to render the ontology useless for other tasks. 
Definitions for a term should not be biased, i.e. influenced by the specific environment of the 
ontology developers. 

More specifically, the ontology should be able to answer all competency questions specified in the 
capturing phase. In order to avoid redundancy, one can also check if all terms contained in the ontology are 
necessary for answering at least one competency question, and remove those terms that are not. 

2.2.4 Documentation 

The Enterprise methodology does not provide clear guidelines for either the steps that should be 
documented or the documentation method. It is merely stated that both the formal and informal ontology 
should be documented since this is important for reuse.  

In ComVantage, we will use the text deliverables D6.1.x and D6.3.x for documenting the informal natural-
language ontologies and the RDFS vocabulary for documenting the formal ontologies. 
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3 APPLICATION AREA DESCRIPTION 

3.1 Terminology 

3.1.1 Detailed Scenario Descriptions 

This section describes the production line composition and the structure can be easily summarised in a 
tree-structure that highlights the dependencies of each “device”. 

3.1.1.1 Global Architecture 

A welding plant is made by several stations, in each of them a particular step of the production process is 
made. A station is intended as a set of devices such as robots, tools, handling systems, welding guns, 
pushbuttons and so on, that are integrated and interconnected with a specific fieldbus. All these objects 
are managed by a Programmable Logic Controller (PLC) that has the task to orchestrate movements, data 
flows and even human interaction in order to perform a predetermined operation on the car element. A 
Line Supervisor PLC coordinates each PLC that manages a single station. The figure represents a schematic 
line layout with 15 PLC for 15 stations which refer to the Line Supervisor PLC. 

 

 

Figure 1: Welding line 

 

In order to complete a particular step of the production process, a single station is composed by several 
devices like valve packs, proximity and light sensors, safety devices, I/O interfaces between the sensors and 
actuators and the PLC, and welding robots. As described before a local PLC plays different roles within the 
production plant that are: 

 Managing and coordinating devices in the field. 

 Preventing crashes and controlling robot collisions. 

 Managing the safety part of the plant avoiding safety risks for the humans. 

 Interacting with the central PLC giving information about the production steps and acquiring 
important data for the productive process from the neighbours PLCs. 
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-  

Figure 2: Welding station 

The figure above highlights a welding station with a typical robot configuration for respot activities: in this 
case, once the car element is locked in the right position, all the robots start a mission to provide welding 
point of completion. 

3.1.1.2 Components in the Manufacturing Scenario 

While in the previous section a brief introduction on a high level described the production line and the 
station, in this section all the main devices normally used inside an automotive manufacturing plant are 
taken into account: 

 The robot, as stated by the Robot Institute of America, is "A reprogrammable, multifunctional 
manipulator designed to move material, parts, tools, or specialised devices through various 
programmed motions for the performance of a variety of tasks". The main task of the robots is to 
help people in the works that would be difficult, unsafe, or boring for a human to do. The main 
applications in the manufacturing plants, as shown in the picture below, are assembling, handling, 
welding, sealing, painting and inspecting.  

 

 

Figure 3: Main robot applications 
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 The PLC (programmable logic controller) is a digital computer intended for the automation of 
electromechanical processes. Unlike general-purpose computers, the PLC is designed for extended 
temperature ranges, immunity to electrical noise, and resistance to vibration and impact. It can 
arrange multiple inputs and output, using expansion cards, and through dedicated field buses it can 
interface with various field devices.  

The PLC can integrate safety functions or they can be implemented in an external dedicated PLC 
with a dedicated fieldbus. 

 

Figure 4: PLC Siemens
1
 S7-400 especially suitable for data-intensive tasks 

 The drive: inside a manufacturing plant it is usual to find rollers, elevators and turn tables used for 
the handling of the products during the several steps of the production process.  These equipments 
are moved through servo motors that are not directly connected to the PLCs, but they use 
electronic amplifiers which continually adjust the output parameters according to the deviation 
from the expected behaviour. The servo drives are nodes of the fieldbus network, can integrate 
safety parts allowing emergency stops according to the European norms. 

 

Figure 5: Lenze Fu 9400 Servo Drive 

 The fieldbus: some years ago each device was connected to the PLC directly with a cable, all this 
meant a big quantity of cables coming to the cabinets and running though the plants. For an easy 

                                                           
1
 Siemens automation web portal: http://www.automation.siemens.com/mcms/automation/en/pages/automation-

technology.aspx 
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installation and a better standardisation the fieldbus has born: a cable connecting all the devices 
and arriving to the PLC that took the place of all the old cables, using only one protocol and just one 
kind of connection. The mostly used fieldbuses in automotive manufacturing plants are Interbus, 
Profibus, PROFINET and Devicenet. 

 The valve packs are packets of electromechanical valves used typically for compressed air water or 
sealing material, the first is used for moving lock pins and clamps used to centre and hold the parts 
to be machined, the second is used as coolant in the welding systems. 

 

Figure 6: Festo valve pack 

 PC-based HMI (Human Machine Interface) are computers used for monitoring the industrial 
process and for interacting with it by special functions like the possibility to switch the automatic 
mode to manual mode and control independently all the movements of devices, or to link data 
information for a particular element. Each HMI runs a customised program and connects to the 
Programmable Logic Controller (PLC) via Ethernet TCP/IP and OPC2 protocols. They convert the 
real-time signals status proceeding from the PLC into easy-to-understand visual pages depicting the 
process status and allowing the operator to command specific tools modifying the respective 
input/output. On an average automatic line one HMI per three/four station is typically present. 

 

Figure 7: Siemens HMI Touch panel 

 The SCADA (Supervisory Control And Data Acquisition) system consists of a PC connected to the 
plant (usually via Ethernet or serial communication interfaces) and executes specific programs used 
in industrial process control applications for centralised monitoring and recording the status of 
switches, temperatures, and information about production. It provides the operator with a user 
interface to quickly visualise a full real-time overview of the production process. Usually there is 
one SCADA PC per line providing the whole overview of the manufacturing operations. 

                                                           
2
 http://www.opcfoundation.org/ 

http://www.opcfoundation.org/
http://www.festo.com/us/vb
http://www.festo.com/us/vb
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Figure 8: Siemens HMI Touch panel 

 The identification systems (or sensors): during the production cycle it is extremely important for 
the PLC to collect data from the field about the position of the parts and all the components that 
can affect the process. In order to acquire this data several sensors must be connected to the PLC. 
The most used are: 

o Inductive: they are normally used for object detection of ferrous metals. With this kind of 
sensor the PLC is able to identify if the part into the station is correctly positioned in order 
to be worked. 

o Capacitive: used for detection of any material, even non-conducting, they are rarely used 
in the "body in white” production, normally they are used to detect liquids and plastic 
parts in the assembly. 

o Photoelectric: used when it is necessary to check thickness, distance, shape or just 
presence of a part in a particular position. They are normally used on the grippers of the 
handling robot. 

 

Figure 9: Balluff Sensors 

In the automotive manufacturing plants it is possible to find a wide variety of systems with different 
features and purposes. In particular it is common to use RFID and barcode devices for the recognition of 
pieces to be worked or assembled.  
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 The RFID tags are generally installed on the pallets that sustain the car during all the welding and 
painting process. RFIDs are used as they are not affected by dirt, paint and other interferences in 
the factories. RFID tags and RFID scanners also require minimal amount of maintenance. 

These read/write systems generally store data that allow the identification of the part to be 
worked, like order number, type of engine, number of doors, type of roof (open or closed), colour, 
etc.   

 

Figure 10: Balluff RFID receivers and transmitters 

 The barcode readers can usually be found on the assembly lines, after the painting process. This 
choice is due to the large amount of sub-groups to be prepared and identified, so the RFID is not 
suitable to manage too much data and it will not be able to get through the painting processes. The 
final assembly environment is generally much cleaner than the previous (welding and painting). 

 

Figure 11: Barcode printer and reader 

Another application of the barcode readers is on absolute encoders. A barcode is installed on each 
pallet that contains an element produced. The pallet moves on the roller and provides to the 
barcode reader the current position of the element on the roller. In this way the servo drive that 
controls the motor on the roller is able to adjust current parameter sent to the motor in order to 
reach the correct position of the pallet on it (Versacoder). 
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Figure 12: Barcode installed on the pallet 

3.1.2 Term Definitions 

Modelling a domain is a difficult intellectual exercise that requires its deep understanding. In general a 
domain can be modelled in many ways.  

Taxonomies generally consist of two parts, i.e., structures and applications. More specifically, the structures 
consist of the categories (or terms) themselves and the relationships that link the different categories 
together. Applications refer to the navigation tools available to help users in finding the required 
information. 

A taxonomy is a hierarchical domain structure, where parts of a taxonomy are : 

 Hierarchical relationship relates concepts from general to specific. The hierarchical relationship is 
transitive: whatever holds for a more general concept also holds for a more specific concept, e.g. 
music is a type of art. The hierarchical relationship is also called an IS_A relationship.  

 Level: a hierarchy consists of various levels. The highest level is the most abstract. From top to 
bottom, the elements on the levels become increasingly concrete. All elements on one level should 
have approximately the same degree of abstraction. 

 Root is the top of the structure, usually the domain or the source of the structure. 

 Node denotes a concept in the structure. Most nodes are both parent (of the lower level) and child 
(of the higher level). 

 Top node a concept on the first level below the root of the taxonomy. The first level is very 
important, because it reflects the chosen fundamental structure of the domain. 

 Leaf node a node that has no children nodes. 

 Sibling a node that has the same parent node as another node. 

 Path the sequence of nodes that are traversed to reach a specific node. 

 

Taxonomy structures typically consist of the following elements: 

 List of standard terms; 

 Hierarchical relationships; 

 Cross references. 

Taxonomy structures can also make automated processes more efficient. Taxonomy terms can in fact be 
used in a search engine query to help users find information more easily, and in a filtering program to 
personalised e-mail alerts or websites. 

Basing on the taxonomy described above, the main terms related to the manufacturing environment have 
been classified assuming that a “station” is the basic brick that builds a production line. Each station could 
have different macro-devices which are made up by customised devices or even commercial ones. 
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 Production Line 
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 Versacoder 

 LockPin 
 VersaPowerRoll 

 Motor 
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 ProximitySwitch 

 MechanicalSwitch 

 Photoelectric Sensor 

 Versacoder 

 LockPin 
 VersaLift 

 Motor 

 Drive 

 Encoder 

 ProximitySwitch 

 MechanicalSwitch 

 Photoelectric Sensor 

 LockPin 
 SafetyDevice 

 Laser Scanner 

 Light Curtain 

 Transponder 

 SafetyGate 

 TwoHandsPushbutton 

 E-StopPushbutton 

 Pendelklappe 

 SlidingDoor 
 IdentificationSystem 

 RFID 

 BarCode 

 ProximitySwitch 
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 Part Present 

 ProximitySwitch 
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3.2 Examples for Stations 

In this section we provide a description of two typical stations that compose a production line. 

They won’t cover all the aspects and varieties in automotive plant, but they are able to give a realistic 
perception of what they are. 

 ST020 Load station 
 ST080 Welding station 

We will describe the sequence of the objects involved in the cycle time and these elements, with name and 
acronyms, will be highlighted in bold. 

 

3.2.1 ST020 Load Station 

 

 

Figure 13: Load station 

The operator loads the dashboard and the left side member (car elements) on the load bench (AUC020T02) 
with the help of a manipulator (AUC020HM1). Several elements are collected in some racks. When the 
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laser-scanner (AUC020B01) and the safety barrier (AUC020BE02/BR02) are free, because the operator has 
left the safety area and has pressed the operator pushbutton (AUC020OIB01), the proximity switches 
(AUC020T02-SQ01/SQ02) confirm the presence of the element. The robot (AUC020R03) starts from home 
position to load bench, once in position it takes the dashboard with the gripper (AUC020G103) it has on 
board: the proximity switches of the gripper (AUC020G103-SQ01/SQ02/SQ03/SQ04) go from status 0 to 1 
indicating the presence of the dashboard. The clamps of the gripper (AUC020G103-C01/C02/C03/C04) 
change from open to close position locking the element. The robot rotates the gripper in order to pick up 
the left side member, other proximity switches (AUC020G103SQ05/SQ06/SQ07/SQ08) indicates the 
presence of the element allowing the proper clamps (AUC020G103-C05/C06) to close. The robot goes from 
the load bench to the antler and deposes the dashboard and the left side member one at a time opening in 
the correct way the clamps that hold the different elements, then it goes in an “out of interference” 
position and finally in home position waiting for a new load sequence. The tool under the antler 
(AUC020T01) guarantees the geometrical position of the new elements with the underbody that it is 
carried by the antler. Now the versalift (AUC020VL01) goes from the lower position to the upper placing 
the antler in the proper condition to leave the present station to the next one: the versaroll (AUC020VR01) 
starts the transfer of the carrier so the elements shift to the next operation. According to the principle of 
train wagons a new carrier with a new underbody comes from previous station in order to load dashboard 
and left side member. Once the carrier reaches the position, the encoder called versacoder tells the 
versalift to move to the lower position. In this situation, the station has come in the original configuration 
and it is ready to start a new cycle time. 

 

3.2.2 ST080 Welding station 

The versaroll (AUC080VR01) is transferring the carrier from the station 070 to the present station (080). 
Once the versacoder indicates the proper position, the versalift (AUC080VL01) goes in the lower position 
placing the underbody on the station tool (AUC080T01). The proximity switches of the tool (AUC080T01-
SQ01/SQ02) detect the presence of the car element and enable to close the clamps, lock pins and sublevels 
(AUC080T01-006C01/007C01/011C01…). The robots move from the “out of interference” position to 
welding position (AUC080R01/R02/R03/R04) and according with the number of welding points they have 
to provide they take several seconds to complete their job. Then they move to the respective tip dresser 
(AUC080TD101/TD102/TD103/TD104) in order to clean their welding guns from dust and scraps of welding 
and to keep on high performance. At the same time, the tool opens its clamps, lock pins and sublevels, the 
versalift goes in upper position and finally the versaroll starts the transfer of the carrier to the station 090 
while a new carrier from 070 reach the station 080. 

The original configuration of the station is reset and it is ready to start a new cycle time. 
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Figure 14: Welding station 
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4 FORMAL VOCABULARY 

4.1 Ontologies 

The list of possible stations in Section 3.1 serves as the basis for the first version of the Comau ontology. 
Figure 15 shows the corresponding classes, where a purple arrow goes from a class to its subclass. There 
are four classes which serve for categorisation and thus have subclasses: Station, IdentificationSystem, 
HumanMachineInterface, and SafetyDevice. 

 

Figure 15: Classes of the Station ontology 

Based upon the examples for individual stations in Section 0, we developed descriptions of these stations. 
Figure 16 shows a visualisation of the ontology for the loading station AUC020. The yellow circles represent 
classes, the purple diamonds individuals. A blue arrow from a class to an individual indicates that the 
individual belongs to the class, while a red arrow from individual A to individual B indicates that A has B as a 
part.  

Based upon this, we will continue to represent knowledge from Comau as RDFS ontologies.3 

                                                           
3
 Technically, Protege generates OWL ontologies, but since we are not using OWL reasoning, this is merely a syntactic 

peculiarity. It also opens the possibility to use the more powerful OWL reasoning in the future, if this should be 
considered as useful 
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Figure 16: Components of loading station AUC020 

5 LINKED DATA ADAPTERS  
In engineering environments, a large amount of the available information is contained in spread sheets, 
thus we are planning to use tools like XLWrap, which was described in D4.4.1, to transform this data into 
Linked Data. 

Moreover, we are currently investigating if collaboration between WP6 and WP8 is possible in order to 
exploit synergies and also allow access to live data in the plant engineering and commissioning application 
area. In order to achieve this, it will be necessary to adapt the adapter for live data described in D8.3.1 from 
the Gamma middleware to the PLC-based system used by in the plant engineering and commissioning 
application area.  
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6 CONCLUSION AND OUTLOOK 
In this deliverable, we have examined different ontology engineering methodologies and shown which 
considerations led us to choosing the “Enterprise” approach. Based upon this, we have collected 
information from the Comau domain experts and formalised it as RDFS ontologies. The first results are 
presented in Section 4.1. So far, we have completed the largest part of the capturing phase and a part of 
the coding phase. Since our model only contains one station so far, it has to be extended in order to be 
more useful. Due to the fact that the selected use cases are rather specific, we have not identified available 
ontologies for integration. It also remains to formulate competency questions and evaluate our ontology 
with respect to them. The results of this effort will be presented in the next deliverable of this task, D6.3.2. 

Additionally, we have sketched the possibilities for extracting additional information from existing legacy 
systems used in the plant engineering and commissioning application area. 
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APPENDIX I: Table of Devices 
The following table provides a list of cabinets, boxes, devices and so on specifying their names related to 
their acronyms (code syntax) used in mechanical, electrical and software design, in order to establish a 
univocal link with the tag formulated in the research query. 

 

Type of component  Coding syntax  Example  

Power distribution panel  PDP*  PDP01  

Welding distribution panel  WDP*  WDP01  

Power Measurements Panel  PMP*  PMP01  

System control panel  SCP*  SCP01  

Main control panel  [st]MCP*  010MCP01  

VersaRoll Panel  [st]VRP*  010VRP01  

VersaLift Panel  [st]VLP*  010VLP01  

ToolTray Shuttel panel  [st]TTSP*  010TTSP01  

ToolTray Shuttel Junction Box  [st]TTSJB*  010TTSJB01  

VersaRoll Elevator Panel  [st]VRMHLP*  010VRMHLP01  

VersaRoll Elevator Junction Box  [st]VRMHLJB*  010VRMHLJB01  

Lifter with fork Panel  [st]LFP*  010LFP01  

Lifter with fork Junction Box  [st]LFJB*  010LFJB01  

Lifter with Roller Panel  [st]LPRP*  010LPRP01  

Lifter with Roller Junction Box  [st]LPRJB*  010LPRJB01  

VersaPower Roll Elevator Panel  [st]VPMHLP*  010VPMHLP01  

VersaPower Roll Elevator Junction Box  [st]VPMHLJB*  010VPMHLJB01  

VersaPower Roll Panel  [st]VPRP*  010VPRP01  

VersaPower Roll Lift Panel  [st]VPRLP*  010VPRLP01  

Opengate Control panel  [st]OGCP*  010OGP01  

Opengate approach & spider (Base Panel)  [st]OGBP*  010OGB01  

Opengate Tractor Panel  [st]OGTP*  010OGT01  

Opengate Shuttle Panel  [st]OGSP*  010OGS01  

Opengate Pushing device Panel  [st]OGPDP*  010OGPD01  

Opengate Junction Box  [st]OGCJB*  010OGCJB01  

Safety Interface Junction Box  [st]SIB* 010SIB01  

Special Panel   [st]SPP*   010SPP01   

Operator Panel   HMI*   HMI01   

Gate Pushbutton   [st]GPB*   010GPB01   

Operator interface Pushbutton   [st]OIB*   010OIB01   

Reset Zone Pushbutton   [st]PZR*   010PZR01   

Pool off Pushbutton   [st]POB*   010POB01   

Generic Junction Box   [st]JB*   010JB01   

HMI portable Connection Box   [st]HCB*   010HCB01   

Pallet Conveyor Box   [st]PC*   010PC01   

General services automatic switches  QF*  QF01  

Single engine automatic switches  engine 
functionQF*  

020RB01QF01  

Automatic switches on more than one engine  stationQF*  020QF01  
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Automatic switch for lighting Locker  QFL*  QFL01  

Feeders  G*  G01  

Power transformers  T*  T01  

Engine counters  [engine 
function]KM**  

020RB01KM01A,01B, …  

General auxiliary relay  K*  K01  

Auxiliary relay with reference to single engine controls  [engine 
function]K**  

020RB01K01A, B, …. 
020RB01K02A, B, ….  

Auxiliary safety relay on twin unipolar outlet (if necessary)  [outlet module 
name]KA  

FDO01KA01A 
(1°output1°channel) 
FDO01KA01B 
(1°output2°channel) 
FDO01KA02A 
(2°output1°channel) 
FDO01KA02B 
(2°output2°channel)  

Sector power relay  [outlet module 
name]KMS  

FDO01KMS01  

Displays  stDSP*  020DSP01  

I/O IP20-IP67 communicator module and fieldbus valves 
block communicator module 

[st][func.]BM*  020RB01BM01  

IP20-IP67 inlet module (process)  DI*  DI01  

IP20-IP67 outlet module (process) DO* DO01  

IP20-IP67 inlet module (safety)  FDI*  FDI01  

IP20-IP67 outlet module  (safety) FDO*  FDO01  

IP20-IP67 supply module  PM*  PM01  

IP20-IP67 segmenter module  SEG*  SEG01  

Gateway module  GTW*  GTW01  

Servo systems in locker  engine 
functionU*  

020RB01U01  

Servo systems filter in locker  engine functionZ*  020RB01Z01  

IP67 servo systems  [st][func.]U*  020RB01U01  

SIP system aerials  WA*  020WA01  

SIP system aerials concentrator  W*  020W01  

LAN switch  ESW*  ESW01  

Passive / active multi-way box  [st][func.]MB*  020RB01MB01  

Splitter  SPL*  SPL01  

Acoustic signals  HA*  HA01  

Light signals  HL*  HL01  

Buttons  SB*  SB01  

Selectors  SA*  SA01  

Supply socket/service socket XS*  XS01  

Position sensor  SQ** SQ01 / SQA / SQSA 

Photocell emitter  BE* BE01  

Photocell receiver  BR*  BR01  

Probe photocell  B* B01  

Laser Scanner  B* B01 
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Pressure switch  SP*  SP01  

Level switch  SL*  SL01  

Solenoid valve  YV*  YV01A/B  

Cylinder  C*  C01  

Engine types  M*  M01  

Services/power connectors  XC*  XC01  

Safety light curtains (emitter) BE*  BE01  

Safety light curtains (receiver) BR*   BR01 

Multiple end of travel  MS*  MS01  

Multi-track unit single end of travel SQ**  MS01-SQA  

 
[st] = Number of the station 
* = Progressive number 2 digit 
** = A# Working position 

B# Rest position 
U# High position (Up) 
D# Low position (Down) 
M# Intermediate position (middle) 
C# Control position 
E# Extra-travel 

# = 1st digit: position progressive 2nd digit: end of travel progressive for single position 
  S§ Slow speed 

H§ High speed 
§ = combine with position description 

 

The following table provides the terms and code rules related to terminal blocks. 

 

Terminal board code Operating voltage 

1X*:*  380/400/500Vca  

2X*:*  110/220Vca  

3X*:*  24Vcc  

XM  0Vcc shared  

XF  24Vcc fuses  

XGND  Earth strap  

*  = Progressive number 2 digit 
 

This list is provided to give a brief definition of users and their enabling  

 AdvancedUser 
o AllFunctionalitiesEnabled 

 StandardUser 
o Read 
o Write 
o ConfigFunctionalitiesDisabled 

 Guest 
o Read 
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APPENDIX II: Glossary 
A-Eng 

The A-Eng is a software engineer from COMAU (or COMAU supplier) employed in the commissioning 
activities directly on the customer site. 

BU 

Business Unit is a profit centre which focuses on product offering and market segment. COMAU has 
different BU in order to manage and develop technical solutions in Body Welding, Assembly, Powertrain 
and Aerospace. 

DHM 

Data Harmonisation Middleware is an intelligent data model that bridges traditional embedded 
development and the PLC-based approach facilitating easy development of distributed applications while 
the abstraction of underlying systems simplifies integration of I/O hardware and different network 
interfaces. It is a tool that allows to quickly and easily create distributed applications. The development 
effort is reduced to concentrating on the actual application code. The data model structures and organises 
the distributed data and with the middleware’s abstraction layer different operating systems or underlying 
hardware platforms no longer pose an obstacle. This approach is well suited both to the development of 
new applications from scratch as well as upgrading existing installations that have to be restructured or 
expanded due to their “organic growth”. 

Dsg 

Designer is a figure involved in COMAU project office. He/she has to analyse and to validate the advanced 
proposal. First goal of the job is to implement the constructive documentation from all the technical 
aspects concerning his/her area of knowledge: mechanic, electric, programming, plant layout, etc. ensuring 
technical solutions. 

HR 

Human Resources is the set of individuals who make up the workforce of an organisation, business sector 
or an economy. “Human capital” is sometimes used synonymously with human resources, although human 
capital typically refers to a more narrow view, i.e. the knowledge the individuals embody and can 
contribute to an organisation. The professional discipline and business function that oversees an 
organisation’s human resources is called human resources management (or simply HR). 

ICT 

Information and Communication Technology is a term that stresses the role of unified communications and 
the integration of telecommunications (telephone lines and wireless signals), computers as well as 
necessary enterprise software, middleware, storage and audio-visual systems, which enable users to 
access, store, transmit and manipulate information. 

LD 

Linked Data describes a recommended best practice for exposing, sharing, and connecting pieces of data, 
information, and knowledge on the Semantic Web using URIs and RDF.  

LM 

Line Manager is the reference for the whole personnel involved in the commissioning of a production line. 
He manages the production activities and plans the proper team, promoting the application of policies and 
tools to solve problems, in order to achieve the acceptance by the customer, in compliance with the 
timelines, quality standards and economic objectives. 

MTM 

Methods-Time Measurements is a predetermined motion time system that is used primarily in industrial 
settings to analyse the methods used to perform any manual operation or task and, as a product of that 
analysis, set the standard time in which a worker should complete that task. 
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OEE 

Overall Equipment Effectiveness is a hierarchy of metrics developed by Seiichi Nakajima in 1960’s which 
evaluates and indicates how effectively a manufacturing operation is utilised. The results are stated in a 
generic form which allows comparison between manufacturing units in differing industries. It is used to 
identify scope for process performance improvement. It is also commonly used as a key performance 
indicator (KPI) in conjunction with lean manufacturing efforts to provide an indicator of success. 

OPC 

OLE for Process Control, which stands for Object Linking and Embedding (OLE) for Process Control, is the 
original name for a standards specification developed in 1996 by an industrial automation industry task 
force. The standard specifies the communication of real-time plant data between control devices from 
different manufacturers. 

PLC 

Programmable Logic Controller is a digital computer used for automation of electromechanical processes, 
such as control of machinery on factory assembly lines. The PLC is designed for multiple inputs and outputs 
arrangements, extended temperature ranges, immunity to electrical noise and resistance to vibration and 
impact. It is an example of a hard real time system since output results must be produced in response to 
input conditions within a limited time, otherwise unintended operation will result. 

PM 

Project Manager has the mission to manage, with the project team, order completion activities to assure 
quality, profitability and timing targets of the project. Scope management (WBS, the processes required to 
ensure that the project includes all the work required, and only the work required, to complete the project 
successfully), Cost Management (Budget), Time management (schedule), Managing/coordinating the 
project team (people assigned to the Project by the other departments), Customer satisfaction as regards 
the order completion, Claim and modification management, Risk management. 

TL 

Technical Leader. As part of the Project Team, ensures the achievement of objectives in terms of respect of 
the timing and cost optimisation. He plans and coordinates technical activities within the contract (time, 
cost), ensures compliance with the customer’s requirements, evaluating the use of standard business 
(products, processes, standards, ...). 

 

A quick look of the various documents is provided to better understand the internal organisation and data 
flow. 

In order to give an explanation of documentation, it is shown where a device is recalled, or described, or 
connected, or mounted, or wired and so on. 

 Bill Of Material (BOM): is the schedule completed by project engineering to supply chain with all 
commercial devices that have to be bought. The data are in .XLS format. Link to a typical electro-
fluidical BOM of a specific tool. 

 Electrical/Fluidical Schemes: are the designs issued by the controls engineers and they represent 
the wiring and piping of the production line. Made with different ECADs according to client 
specification, such as Eplan, Ruplan, Autocad, Xelec, Fluidplan, they are often exported in .PDF 
format to ensure simple and easy reading to the end users. Link to the same tool of the BOM. 

 Mechanical Design: is the mechanical project issued by the mechanical engineers and it shows the 
mounting of the tools. It is .DXF, .DWG or .PDF format. Link to the same tool of the BOM. 

 Cycle Diagram: is the sequence of theoretical movements provided by the mechanical engineers. It 
helps the automation engineers in developing PLC software. It is a graphical representation in .XLS 
format. Link to the cycle diagram of the above tool (the original file is about 13MB, so here I have 
extracted two example pages: this is the reason why it shows a visual basic error). 
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 Data Sheet: is a document summarising the performance and other technical characteristics of a 
product, machine, component, material, a subsystem in sufficient detail to be used by a design 
engineer to integrate the component into a system. It describes specific characteristics, with 
further information on the connectivity of the devices. It is provided by the manufacturer and it 
could be .PDF or .TXT format, in rare cases an electronic datasheet specifies characteristics in a 
formal structure that allows the information to be processed by a machine. Link to an example of 
device installed in production line such as a safety light curtain. 

 Layout: is the topography of the production line with all the macro-devices that compose the 
stations. It is .DXF, or .DWG or, even better, .PDF format. Link to the layout of the production line 
that has the tool described by the electrical/fluidical schemes. 

 Check List: is an internal milestone to check the proper work progress. There are check lists for each 
kind of project engineering. They are .XLS sheets. Link to a typical example. 

 Customer Specific: is the “best way of practise” related to a specific technological environment. It is 
a .DOC (or .PDF) prepared by the customer and released to the technical supplier (i.e. COMAU) in 
order to get uniformity of design and installation. 

 Risk Analysis: is the result of an internal department who has the task of giving solutions and 
specifications in order to avoid or prevent risks arising from the use of machines. The output is a 
.PPT, a .DOC or a .PDF. Link to the analysis of the production line of the above tool (unfortunately 
the doc is prepared in Italian language). 

 Open Issues: is an .XLS list of activities that are still in progress, or pending, or under modification, 
etc. Link to an example of open issues (unfortunately the doc is prepared in Italian language). 
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Here is a glossary that has the aim to describe, with brief definitions, some terms related to ComVantage 
research project. The scope of this glossary is to share public definitions about all the topics of the research 
project and the common terms used in the industrial sectors. 

 

A 

Accuracy The degree of exactness of a model or simulation, high accuracy implying low error. 
Accuracy equates to the quality of a result, and is distinguished from precision, which 
relates to the quality of the operation by which the result is obtained and can be 
repeated. 

Activity In modelling and simulation, a task that consumes time and resources and whose 
performance is necessary for a system to move from one event to the next. 

Activity-based 
simulation 

A discrete simulation that represents the components of a system as they proceed 
from activity to activity; for example, a simulation in which a manufactured product 
moves from station to station in an assembly line. 

Activity models Models of the processes that make up the functional activity showing inputs, outputs, 
controls, and mechanisms through which the processes of the functional activity are 
(or will be) conducted. 

ADLs Architecture Description Languages are used to define software architectures 
consisting of components and their connections. In case of technical architecture, the 
architecture must be communicated to software developers to provide the required 
characteristics. With functional architecture, the architecture is communicated to 
stakeholders and enterprise engineers. 

Algorithm A prescribed set of well-defined unambiguous rules or processes for the solution of a 
problem in a finite number of steps. 

Analytical model A model consisting of a set of solvable equations 

Architecture The structure of components in a program/system, their interrelationships, and the 
principles and guidelines governing their design and evolution over time. 

B 

B2B Business-to-Business, also known as e-biz, is the exchange of products, services, or 
information between businesses rather than between businesses and consumers. 

Benchmark A standard, used for comparison or reference. 

C 

CACSD Computer-Aided Control System Design. Software tools used to support the control 
engineer during the description, specification, implementation and validation of 
automation systems 
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CASE Computer-Aided Software Engineering. Software tools used to support the control 
engineer during the description, specification, implementation and validation of 
automation systems 

CAD Computer-Aided Design. Computer-based systems for product design that may 
incorporate analytical and “what if” capabilities to optimise product designs. Many 
CAD systems capture geometric and other product characteristics for engineering-
data-management systems, producibility and cost analysis, and performance analysis. 

CIM Computer-Integrated Manufacturing. A variety of approaches in which computer 
systems communicate or interoperate over a local-area network. Typically, CIM 
systems link management functions with engineering, manufacturing, and support 
operations. In the factory, CIM systems may control the sequencing of production 
operations, control operation of automated equipment and conveyor systems, 
transmit manufacturing instructions, capture data at various stages of the 
manufacturing or assembly process, facilitate tracking and analysis of test results and 
operating parameters, or a combination of these. 

Computer 
simulation 

Dynamic representation of a model, often involving some combination of executing 
code, control/display interface hardware, and interfaces to real-world equipment 

Conceptual 
model 

A statement of the content and internal representations which are the user's and 
developer's combined concept of the model. It includes logic and algorithms and 
explicitly recognises assumptions and limitations 

Constrained 
simulation 

A simulation where time advances are paced to have a specific relationship to 
wallclock time. These are commonly referred to as real-time or scaled-real-time 
simulations. Here, the terms constrained simulation and (scaled) real-time simulation 
are used synonymously. Human-in-the-loop (e.g., training exercises) and hardware-in-
the-loop (e.g., test and evaluation simulations) are examples of constrained 
simulations 

Control Logic Logic which controls a device in context of its use 

Class Diagram Class diagrams represent a set of classes, interfaces and collaborations with their 
relationships. Class diagrams describe the static structure of a system. 

Collaboration 
Diagram 

A collaboration diagram describes interactions among objects in terms of sequenced 
messages. Collaboration diagrams represent a combination of information taken from 
class, sequence, and use case diagrams describing both the static structure and 
dynamic behaviour of a system. 

D 

Data A representation of facts, concepts, or instructions in a formalised manner suitable for 
communication, interpretation, or processing by humans or by automatic means 

Data Flow 
Diagram 

A diagram, typically automated using various tools, which depict data flowing from 
one process to another. This model type is used within the companies to depict major 
data flows and related activities within a system or across the enterprise. These 
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techniques are defined in the General Systems Architecture Assessment. 

DCM Design Cycle Model. Is the reference model used to structure all the different phases 
needed for an automation system design. The different phases are: description of the 
process to be controlled, specification of the behaviour of the controlled process, 
definition of the control system architecture and functionalities, software code 
implementation, software code validation 

Descriptive 
model 

A model used to depict the behaviour or properties of an existing system or type of 
system 

Deterministic Pertaining to a process, model, simulation or variable whose outcome, result, or value 
does not depend upon chance 

Device Electrical, Mechatronic component 

Disaggregation The ability to represent the behaviour of an aggregated unit in terms of its component 
entities 

Distributed 
simulation 

A set of disparate models or simulations operating in a common synthetic 
environment 

Domain The physical or abstract space in which the entities and processes operate 

E 

Encapsulation The process of hiding the details of an object that do not contribute to its essential 
characteristics 

Event-driven The control of a system is event-driven when it takes account each event 

Event Modelling A series of events, depicted in a diagrammatic format, that mirror real life activity 
cycles and can be interpreted by certain development tools in order to create 
operational systems. 

Expert system An expert system is a knowledge collection combined with an inference engine 
capable of interpreting queries and chaining together separate items of knowledge to 
develop new inferences. The knowledge is typically causally represented as a system 
of rules. In some cases, expert systems can retrace their paths of inference on 
demand, thus explaining their conclusions and reasoning. 

F 

Fidelity The accuracy of the representation when compared to the real world 

FLP 

Functional 
Logical Physical 

Three different levels of abstraction when considering system modelling and 
simulation. 

See also [Model, Functional], [Model, Logical], [Model, Functional] and [Model, 
Multilevel] 
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G 

Graphical model A symbolic model whose properties are expressed in diagrams 

H 

Heterarchical A heterarchy is a network of elements sharing common goals in which each element 
shares the same "horizontal" position of power and authority, each having an equal 
vote. Heterarchy can be defined as an organisational form somewhere between 
hierarchy and network that provides horizontal links that permit different elements of 
an organisation to cooperate whilst individually optimising different success criteria. 

Heuristic Relating to or using a problem-solving technique in which the most appropriate 
solution of several found by alternative methods is selected at successive stages of a 
program for use in the next step of the program 

Higher level 
architecture 

Defines the functional elements, interfaces, and design rules for simulation 
interoperability. Provides a common framework within which specific system 
architectures can be defined 

Hierarchical 

 

The hierarchical data model organises data in a tree structure. There is a hierarchy of 
parent and child data segments. This structure implies that a record can have 
repeating information, generally in the child data segments. 

Homogenous, 
system 

 

The parts of which cannot be mechanically separated and which has uniform physical 
properties throughout its mass or volume. 

 

Heterogeneous, 
system 

 

The system such that contains various distinct and mechanically separable parts or 
phases, such as a suspension. 

 

Hybrid 
simulation 

A simulation that combines constructive, live, and/or virtual simulations, typically in a 
distributed environment. Such simulations typically combine simulators with actual 
operational equipment, prototypes of future systems, and realistic representations of 
operational environments 

I 

Implementation The means by which a synthetic environment, or portions of a synthetic environment, 
is realised 

Internal Logic (of 
device) 

A logic that models the behaviour of a device. 

Interoperability The ability of a model or simulation to provide services to and accept services from 
other models and simulations, and to use the services so exchanged to enable them to 
operate effectively together 
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J 

K 

Knowledge-
based system 

A system in which the domain knowledge is explicit and separate from the system's 
operational instructions/information 

L 

M 

Mechatronic Approach to the of intelligent dynamic systems integrated across engineering 
disciplines 

Metadata Descriptive information about data in a resource includes domain assignment, 
ownership, access restrictions, and database/model. 

Metaknowledge Descriptive information about knowledge in a resource includes ontology, domain 
coverage, ownership, access restrictions, and representation. 

Methodology A detailed and structured approach, containing generic and tool related step-by-step 
guidelines, to developing, upgrading, improving or replacing application systems. 

Modelling Transition from a dynamic system to a model description of a certain level of modelling 
abstraction, idealisation and granularity 

Modelling (3D) Mechanical modelling in 3D context 

Modelling, 
interval 

Interval of time, of ambient parameters and of system variables as well as of their 
time rates determined by model validation 

Model, 
conceptual 

Characterises causes-and-effects in a dynamic system or system module respecting 
algebraic rules 

Model, 
description 

Equations, block diagram, bond graph, multipole diagram, etc. 

Model, discrete Functional model the model variables of which are approximated by discrete-time 
and/or discrete-level functions 

Model, 
functional 

Characterises interrelations of variables a dynamic system or system module 
respecting algebraic rules 

Model, hybrid Discrete model combined with a physical model or a continuous-time continuous-level 
functional model 

Model, 
identification 

Process of determination of model parameters based on physical hypotheses and/or 
experiments 

Model, Physical model the parts of which belong to different energy domains (= multiphysics) 
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multidomain 
(Model, 
multiphysics) 

Model, 
multilevel 

Model the parts of which are considered on a different level of modelling abstraction 

Model, object A specification of the objects intrinsic to a given system, including a description of the 
object characteristics (attributes) and a description of the static and dynamic 
relationships that exist between objects 

Model, 
parameters 

Characterise a model regardless of its current dynamic state 

Model, physical Characterises continuous-time continuous-level energetic interactions of system 
modules respecting physical laws 

Model, 
predictive 

A model in which the values of future states can be predicted or are hypothesised 

Model, 
representation 

geometric (showing geometric dimensions and positions), structural (displaying the 
topology of internal structure) or behavioural (concerned only about the outer 
effects) 

Model, 
technological 

Model of a technological process required to produce a dynamic system 

Model, 
validation 

Process of relating the system model or module model to a class of experiments to be 
performed on a dynamic system 

Model, variables Characterise the current dynamic state of a model 

Module, model Abstract and idealised representation of a system module in the form of a model 
description related to a class of experiments 

N 

Notation A system of signs or symbols used to represent information; a graphical or textual set 
of rules for representing a model 

O 

Open system A system in which the components and their composition are specified in a non-
proprietary environment, enabling competing organisations to use these standard 
components to build competitive systems. There are three perspectives on open 
systems: portability - the degree to which a system component can be used in various 
environments, interoperability - the ability of individual components to exchange 
information, and integration - the consistency of the various human-machine 
interfaces between an individual and all hardware and software in the system 



 

 
D6.3.1 – Adaptation of Linked Data Integration Concept 

WP6 – Plant Engineering and Commissioning 

  

© ComVantage Consortium – 2012  40 

P 

Parallel 
simulation 

See [Solver, Coupling] 

Prototype, real Dynamic system built to verify correctness of a system design by experiments 

Prototype, 
virtual 

System model set up to verify correctness of a system design by simulation 
experiments 

Q 

R 

Rapid 
Prototyping 

Involves iterative, rapid refinement of software designs by quickly generating working 
prototypes and using feedback of prototype results to improve design specifications. 

Replication Technique used by legacy designers and programmers to rapidly deploy replacement 
systems or build new programs by copying and modifying existing programs. It differs 
from reusability in that functionality of the originating component is cloned and 
modified one or more times, forcing departure from the original baseline and 
replication of maintenance effort over the long term. 

Resolution The degree of detail and precision used in the representation of real world aspects in 
a model or simulation 

Reusability 

 

The characteristic of a component that allows it to be used in more than the 
application for which it was created, with or without modification. 

Runtime engine The device and/or system software that runs a software application (e.g. a PLC, an 
embedded system with its Operating System, a UNIX- or MS Windows-based 
workstation, …). 

S 

Scalability The ability of a distributed simulation to maintain time and spatial consistency as the 
number of entities and accompanying interactions increase 

Sequence 
diagram 

A sequence diagram is a means to illustrate a use case by representing the 
collaborations between entities from a temporal point of view. 

Simulation The exercising of a model over time 

Simulator A device, computer program, or system that performs simulation 

Smart Device Mechatronic component with an internal logic 

SOA A Service-Oriented Architecture is a collection of services that communicate with each 
other. The services are self-contained and do not depend on the context or state of 
the other service. They work within a distributed system architecture. 
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Software Re-
engineering 

The use of tools and techniques to facilitate the analysis, improvement, redesign and 
reuse of existing software systems to support changing business and technical 
information requirements. 

Solver In simulation, a component that computes the model’s behaviour. Usually considered 
as the simulator’s core component. 

See also [Simulator] 

Solver, coupling Two solvers are coupled when one need information from another to make its 
computations. 

The particular case of no coupling is named co-simulation or parallel simulation. 
Eventually, the time may be the only information shared by both solvers. 

Coupling is weak when a solver A needs information from a solver B, but B doesn’t 
need any information from A. Weak coupling induce a processing order over the 
various solvers involved in a simulation.  

Coupling is strong when both solvers need information from the other. It becomes 
pseudo-strong if information is delayed by a time step between producer and 
consumer. 

Stakeholder 

 

All persons or organisations affected by the system. This includes the user, the 
customer, the employer, developers, regulatory bodies, maintenance staff, support 
desk, etc. 

 

STD  

 

State Transition Diagram. A diagram consisting of circles to represent states and 
directed line segments to represent transitions between the states.  One or more 
actions (outputs) may be associated with each transition.  The diagram represents a 
finite state machine. 

System, analysis A subset of system simulation related to an analysis mode 

System, design Process of determining the structure and parameters of a dynamic system respecting 
specified criteria 

System, 
diagnostics 

Investigation of the cause of a (possible) dynamic system failure 

System, dynamic Region in space filled with quantities of matter interrelated by energy interactions 

System, 
mechanical 

Collection of bodies in which some or all of the bodies can move relative to one 
another 

System, 
mechatronic 

Multidisciplinary system with intelligent control 

System, model Abstract and idealised representation of a dynamic system in the form of a model 
description related to a class of experiments 

System, Process of imaginary decomposition of a real dynamic system into real system 
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modularisation modules 

System, module Part of a dynamic system separated from the remainder of the system by a module 
boundary 

System, 
multidisciplinary 

Dynamic system the investigation of which requires experts from different traditional 
engineering disciplines 

System, 
optimisation 

Process of modification of system model parameters to achieve specified criteria 

System, 
surrounding 

Mass or region outside a dynamic system 

System, 
synthesis 

Systematic and unambiguous system design procedure 

T 

Task analysis The study of tasks, their sequences of action, and their information requirements. 

Task (of device) Function performed by a device. E.g. MOVE A to B for a robot 

Three(3)-D Three-dimensional, refers to the visual display that exhibits breadth, height and 
thickness or depth. 

Time driven Considering a real-time system control, consists in observing periodically the global 
state of the system, instead of reacting to single event. Whatever the number of event 
s occurred during a period, what is detected is their global effect. 

Time, CPU In a simulation context, the amount of time spent by solvers to compute model 
behaviour. In a virtual time simulation, CPU time is considered orthogonal to virtual 
time axis (virtual time is suspended during solver’s computation). But in real-time 
context, CPU time is partially or completely projected on time axis, making real-time 
simulation more difficult to get. 

See also [Time, Virtual] and [Time, Real] 

Time, Virtual In a simulation context, theorical idea of the time that goes by. Used as a 
mathematical entity and a logical model. May differ from real time since it can be 
suspended, restarted, reset accordingly to simulation requirements. May also go 
faster or slower than real time. But anyway, must be perceived identically by all 
solvers involved in the simulation. 

See also [Time, CPU] , [Time, Real] and [Virtual Time Manager] 

Time, Real In a simulation context, simulated time advances at the same rate as actual time. 

See also [Time, CPU] and [Time, Virtual] 

U 
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Usability  

 

The extent to which a system or product can be used by specified users to achieve 
specified goals with effectiveness, efficiency and satisfaction in specified context of 
use. 

UML Unified Modelling Language. A standardised visual notation for communication about 
system specifications and design details. UML is a non-proprietary, object modelling 
and specification language used in software engineering. It includes a standardised 
graphical notation that may be used to create an abstract model of a system. 

 

Use case A use case is a set of scenarios tied together by a common user goal. A scenario is a 
sequence of steps describing an interaction between a user and the system. 

V 

Validation The process of determining the degree to which a model or simulation is an accurate 
representation of the real-world from the perspective of the intended uses of the 
model or simulation 

Verification The process of determining that a model or simulation implementation accurately 
represents the developer's conceptual description and specification. Verification also 
evaluates the extent to which the model or simulation has been developed using 
sound and established software engineering techniques 

Virtual 
Validation 

Validation of the digital model of the production system 

Virtual Time 
Manager 

In a simulation context, the component in charge of making the virtual time going by 
and telling the solvers about it. 

Visual Controls Graphical images that display the status of an activity. 

VRML Virtual Reality Modelling Language (VRML) is an Internet standard for the rendering of 
3D graphics. To view these files, requires a VRML browser or a VRML plug-in to a Web 
browser. 

W 

Work cell Set of devices which produce one or more products. 

X 

Y 

Z 
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