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INTRODUCTION AND MOTIVATION

Introduction and motivation
 
The Standardization Strategy Board (SSB) is a project initiated by the German Association of the Automotive Industry 
(VDA) and carried out by the prostep ivip Association. The SSB project group was set up in 2017 with the aim of enabling 
future cross-company systems engineering, i.e. collaborative systems engineering(CSE), on the basis of engineering  
IT standards. To do this, the prostep ivip Association is for the first time analyzing, prioritizing and evaluating the maturity 
of the IT standards relevant to systems engineering in order to derive common strategies and recommendations for 
their use and implementation. The objective is to achieve end-to-end coverage of the business objects and interfaces 
needed in the CSE process on the basis of these engineering IT standards.

The motivating factors behind the need to establish engineering IT standards are obvious. On the one hand, the  
complexity of the products and their level of interdisciplinarity are increasing dramatically. Systems engineering is being 
used to a growing extent, and working according to the V-model is becoming more and more common. On the other 
hand, digitalization requires greater collaboration between different companies that benefit from the digital value chain.

Image 1: Motivation: Collaboration will continue to increase dramatically and become increasingly interdisciplinary (Volume 45: 
FAST 2025: Future Automotive Industry Structure in the series Materialien zur Automobilindustrie (Materials for the Automotive 
Industry), 4 December 2012, VDA)

There are essentially two core requirements that need to be met:
 •  End-to-end digitalization and automation of the development process via the tool chains lead to an increase in 

efficiency in collaborative systems engineering. Achieving end-to-end digitalization requires tool chains that are 
based on neutral standards.

 •  Cross-company collaboration must be supported by digital models in the early phases of product development.  
A suitable set of standards is needed if models are to be exchanged efficiently.
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The growing number of tools and interfaces and the increasing level of collaboration mean that a strategy for the  
handling of engineering IT standards needs to be developed. Because the prostep ivip Association has a large number of  
member companies that operate globally – from the automotive industry to the aerospace industry through to the research 
community and IT vendors – a working group set up within the association with participation of the VDA and catering  
to a wide range of interests of all the member groups is therefore ideal for this purpose.

Image 2: SSB as a joint initiative of the VDA’s PLM working group and the prostep ivip Association

Benefits for members
 
The members of the VDA and the prostep ivip Association benefit from the work performed by the Standardization 
Strategy Board as it provides supports for establishing IT standards in product development processes and in  
collaborative systems engineering in particular. The use of standards and the support for standards provided by 
the tools on the market make it possible to reduce IT-related dependencies between users, and between users and  
providers. Standards are generally also widely available. This allows engineers to become familiar with the standards 
and thus interact more effectively than is possible when using company or tool-specific data formats.

Vision and mission – a standards-based digital twin
 
The SSB wants to create an overall picture and overview of the standards and formats that are important in the context 
of collaborative systems engineering. Furthermore, every company is finding itself having to deal with digital twins,  
i.e. digital representations of physical products with all their properties, as part of their digitalization  
strategy. The steps involved in creating a digital twin – from the digital mockup (DMU) with geometry 
and PMI, to the digital prototype (DPT) with behavior, software and simulation through to the functional  
prototype (FPT) with requirements, the logical and functional view and consideration of the individual variants 
of a the real product – provide a very good description of the information content that needs to be managed. 
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Consideration must also be given to the fact that a great deal of the information required is not defined and exchanged 
within the company itself but together with partners. The digital twin must therefore be based on standards to ensure 
that cross-company collaboration is possible.

Image 3: Collaborative systems engineering as the basis for the digital twin

In this context, the SSB sees its role in particular as raising the awareness of standards within the engineering  
IT departments in the companies and offering a robust and sustainable standards-based tool chain. The following figure 
shows a summary of the SSB‘S vision and mission:

Image 4: Vision and mission of the SSB
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The following elements, among others, are essential if this vision is to be implemented successfully:
 •  Creation of an awareness of engineering IT standards within organizations as the key component of a seamless 

process chain in the context of digitalization.
 •  Giving employees the skills necessary to familiarize themselves with engineering IT standards and to use and  

demand them in cooperations in particular, but also within the company.
 •  Demonstrating the benefits of using engineering IT standards to target groups ranging from individual users, teams 

and specialist departments to entire companies.
 •  Making recommendations for the use of a standard based on its degree of maturity and the given  

collaboration scenario.

To do this, the standards and formats identified as being relevant were categorized in order to visualize maturity,  
penetration and visibility. In addition, the standards and formats were positioned on the V-model to provide an overview 
of the interrelations and interfaces between the standards and formats. Fact sheets were also compiled. They provide 
a brief description of the respective standard and a recommendation regarding strategic further development for the 
responsible steering committees.

Today‘s problems
 
There is a large number of engineering IT standards that are relevant to systems engineering. The mecPro² research 
project alone identified more than 100 relevant standards. The standards fall into one of five different categories:
 • Methods standards (e.g. IEC/EN 61025, VDI 2206)
 • Process standards (e.g. Automotive SPICE, CMMI) 
 • Protocol standards for communication  (e.g. ISO 17485)
 • Standards for data formats (e.g. ReqIF, JT, STEP AP242XML, FMU/FMI, FDX)
 • Standards for modeling languages (e.g. SysML)

It quickly becomes apparent that there are considerable overlaps in the standards, and that users in companies are faced 
with problems such as  
 • Which standards should be recommended within the development processes?
 •  In which standardization activities does active participation or cross-company collaboration make strategic and 

technical sense?
 • Which tools support which standards?
 • How can the integration of tools, in terms of a continuous tool chain, be achieved with the help of standards?
 • What could an IT landscape that takes standards into account look like?

Standards within the scope of the SSB
 
In 2017 and 2018, focus was placed on developing and consolidating an overall picture of the engineering  
IT standards and formats that are relevant to collaborative systems engineering. A close look at the relevant  
standardization organizations was also taken and an active exchange of information launched. Fact sheets were  
drawn up for both the standards and the organizations, thus making it possible to evaluate the standards‘ contents,  
maturity and possible areas of application. The fact that an „industry sponsor“ for each standard was also available  
within the SSB group was key to the success of the analysis in the SSB. This was the only way of ensuring the quality  
of the analyses from the very beginning. The standards were documented in fact sheets, all of which have an  
identical structure.

White Paper Collaborative Systems Engineering on the Basis of Engineering IT Standards/ V 1.0 / Februar 2019
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Methods standards
Methods standards describe how a process is to be applied or implemented.

Process standards
Process standards define what is to be done to achieve a certain objective and, if necessary, in which sequence.

Protocol standards for communication
Protocol standards for communication define how information can be transferred from one system to another, or from 
a sender to a recipient, and how IT systems can interact directly with each other.

Standards for data formats
The standards for data formats define how relevant real-life relations, together with their properties and their referential 
and contextual interdependencies, can be mapped in IT, for example using data objects, data attributes and relations.

Standards for modeling languages
Standards for modeling languages define which description mechanisms can be used to map real-life information, data 
and processes in IT. This approach is somewhat more generic and context-neutral than the standards for data formats. 
Modeling languages are available for data formats and processes.

By the end of 2018, the following fact sheets had been prepared and are available to the members of the  
prostep ivip Association and the VDA. 
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Image 6: Available fact sheets

In addition to content analysis, an integral component of the fact sheets is the presentation of a recommendation by 
the SSB for the future handling of the respective standard.

Engineering IT standards for collaborative systems engineering
 
The recommendation for the standards should be based on the V-model.

Image 7: Location of the IT standards under consideration in the V model

ENGINEERING IT STANDARDS
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ENGINEERING IT STANDARDS

Automation ML: AutomationML (Automation Markup Language, standardized by the IEC) is a neutral, XML-based  
data format for storing and exchanging plant planning data that is available as an open standard. The aim of 
AutomationML is to enable the exchange of engineering data in a heterogeneous tool landscape involving  
state-of-the-art engineering tools for different disciplines, including mechanical design, electrical design,  
HMI development, PLC programming and robot control.

AUTOSAR: (AUTomotive Open System ARchitecture) is a worldwide development partnership founded in 2003 between 
carmakers, suppliers and other companies from the electronics, semiconductor and software industries. Its objective is 
creating and establishing an open and standardized software architecture for electronic control units (ECUs).

CPO: The Code of PLM Openness (CPO) is an open initiative of the prostep ivip Association and is sponsored by  
the German Federal Ministry for Economic Affairs and Energy (BMWi). The CPO and certification manual are published 
as DIN SPEC 91372 series.

FDX: The objective of the FDX format (initially standardized by the VDA, it is now maintained and represented  
by a prostep ivip project group) is to define and standardize an exchange format for function-related data.

FMI: The Functional Mock-up Interface (FMI, standardized by the Modelica Association) defines a standardized  
interface that can be used to link different simulation software and exchange simulation models.

I++DMS / 3D MDM: The objective of the prostep ivip/VDA‘s 3D Measurement Data Management project group is  
to further develop the existing interface specification based on InspectionPlusPlus Data Management Services  
(I++ DMS) and establish it in industry.

JT: JT (Jupiter Tesselation, standardized by the ISO) is a graphic format for 3D data. Several 3D graphics programs  
offer JT as a possible storage format. It is used to exchange CAD data, among other things.

JTIAP: The JT Industrial Application Package is a recommendation of the prostep ivip Association and defines the  
syntax and semantics of the JT file format. It is compatible with the JT file format specifications in ISO 14306.

ODX: ODX (Open Diagnostic Data Exchange, standardized by ASAM) is a formal description language for vehicle  
and ECU diagnostics that was essentially developed to enable standardized data exchange between automotive,  
ECU and tool manufacturers.

OFTP:  OFTP2 (Odette File Transfer Protocol 2, standardized by VDA/Odette) is the second generation of the OFTP 
protocol for data transfer. Unlike FTP, file transfers that have already been started can be resumed if a connection is 
interrupted and receipt can be acknowledged by the target computer. Both these functions were and are absolutely 
necessary because OFTP is used to transfer large IT files (CAD drawings, etc.).

OSLC:  Open Services for Lifecycle Collaboration (OSLC, standardized by OASIS) is an open initiative launched in  
2008 to develop specifications for the integration of the tools used to develop software.
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ENGINEERING IT STANDARDS

PDF: The Portable Document Format (PDF, standardized by the ISO) is a platform-independent file format for files, 
which was developed by Adobe Systems and first published in 1993. Version 1.7 of PDF has been open standard since  
1 July 2008, when it was published as ISO 32000-1:2008.

RDF/OWL: The Web Ontology Language (OWL, standardized by W3C) is a specification that allows ontologies to be 
created, published and shared using a formal description language.

ReqIF: The Requirements Interchange Format (ReqIF, standardized by the OMG) is an XML file format that can be used 
to exchange requirements and associated metadata between the software tools from different vendors.

STEP AP233: AP233 (standardized by ISO) is a standard for exchanging systems engineering data. It is part  
of ISO 10303.

STEP AP242XML: AP242 XML (standardized by ISO) is a standard for exchanging product data. It is part  
of ISO 10303.

SysML: The Systems Modeling Language (SysML, standardized by the OMG) is a standardized graphical modeling 
language based on UML 2. It is used in systems engineering to model complex systems.

UML: The Unified Modeling Language (UML, standardized by the OMG) is a graphical modeling language for the 
specification, design and documentation of software and other systems.

VEC: (Vehicle Electric Container, standardized by the VDA) is a standard for the digital exchange and provision of 
data relating to the vehicle electrical system via XML. The focus here is placed on the technical description of wiring  
harnesses, including the components installed in vehicle electrical systems such as connectors, wiring, fastening  
elements, bushings, fuse and relay holders and cable ducts.

WebVR: WebVR (standardized by W3C) is an application programming interface (API) that provides access to virtual 
reality devices, such as head-mounted displays, in web browsers using JavaScript. The standard was launched in 2014 
by Mozilla and developed in cooperation with the Google Chrome team.

XMI: XML Metadata Interchange (XMI, standardized by the OMG) is a standard for exchanging UML content and is 
increasingly being used as a format for exchanging metadata between software development tools. The format allows 
object data to be exchanged using meta-metamodels according to the Meta Object Facility (MOF). In addition to  
UML models, any metadata can be exchanged as long as it can be expressed using the MOF.

XML: The Extensible Markup Language (XML, standardized by W3C) is a markup language used to represent  
hierarchically structured data in the format of a text file that can be read by both humans and machines. XML is also 
used for the platform and implementation-independent exchange of data between computer systems.
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PENETRATION AND MATURITY OF ENGINEERING IT STANDARDS | 
SSB AND THE CODE OF PLM OPENNESS

Penetration and maturity of engineering IT standards  

Image 8: Penetration and maturity of engineering IT standards (schematic diagram)
 
The diagram illustrates the relevance and importance of a standard in procedural practice in three dimensions.  
The x-axis (horizontal axis) represents the technical maturity in the standardization process and in application of the 
standard. The y-axis (vertical axis) represents the penetration of the standard in different process environments. The 
standards are positioned as circles within the grid spanned by the two axes based on current assessments. The size  
of the circles represents the respective visibility or perception of the standard. Standards with a large circle have a 
higher degree of recognition than standards with a small circle.

SSB and the Code of PLM Openness

The Code of PLM Openness (CPO) is an initiative of the prostep ivip Association and is sponsored by the German 
Federal Ministry for Economic Affairs and Energy (BMWi). The objective of the CPO is to establish openness and thus 
ensure easy integration of IT in networked IT environments (e.g. corporate networks, IoT). The CPO enables technical IT 
requirements to be linked with those of the users. It provides a standard catalog of measurable criteria („shall“, „should“ 
and “may“) for the categories interoperability, infrastructures, extensibility, interfaces, standards, architectures and 
partner relationships. An accredited CPO certification program has also been established as part of the CPO initiative. 
To date, the CPO only evaluates organizations in terms of openness. Standards and their support by organizations (and 
the IT systems and tools provided by the companies) as well as the openness of the tools do not yet play a role in the 
evaluation of the companies.

The CPO certification program is intended that, in the future, tools also be certified with regard to their openness. 
Importance will also be attached to the support provided by the relevant engineering IT standards for the tools.
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SUMMARY AND OUTLOOK

The objective of the SSB is to provide companies with a strategically relevant decision criterion and thus support the 
introduction of new tools and the strategic alignment of IT landscapes for collaborative systems engineering.

To do this, the SSB will provide a list of standards with corresponding implementation criteria to ensure quality and 
publish these as a supplement to the next version of the CPO.

Summary and outlook

The work performed by the Standardization Strategy Board (SSB) is intended to promote collaborative cross-domain 
systems engineering on the basis of standards and exploit its benefits and potential. The core elements required to 
achieve this aim are open IT tools and systems and the use of standard interfaces. Available standards have been ana-
lyzed and evaluated with regard to their relevance, scalability and the potential they offer.

It is intended that collaborative CPO-related activities be increased with the aim of establishing, as a fundamental  
principle, the use of standards for the implementation of open IT tools and systems in PLM environments in the  
context of the Code of PLM Openness (CPO). The objective of this initiative is to promote the transfer of data on the  
basis of standards.

The exchange of engineering data, which is typically performed using a variety of different standards, will also be 
subject to ongoing further development. Further development will move in the direction of enabling the exchange of 
integrated digital data packages (DDP) containing engineering data that has been mapped using different standards 
and formats. Examples of these formats include ReqIF, JT, STEP AP242XML, FMU and FDX.

A first step in this direction will be the analysis of the content of the business objects in the standards as the basis for 
collaborative systems engineering. The extent to which the business objects are covered by the standards will also be 
determined and their dependencies and redundancies (Business Object Model) identified.
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