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Abstract

Data exchange between engineering tools of production systems is a vital challenge also for small
and medium size companies. These companies have limited capabilities to set up appropriate tool
chains. In this paper a possible cooperation of two lobby groups are presented able to assist these
companies in setting up advanced tool chains.

Motivation

The engineering of production systems is a complex process requiring the involvement of several
engineering disciplines [1]. Each one of the involved disciplines has developed their own engineering
tools optimized to the needs of the engineering activities to be executed by using these tools [2, 10].

Within German industry the opinion has been consolidated, that engineering tool chains are one of
the key factors for future success. This becomes apparent looking at standards like the VDI guideline
“Digital factory” [3, 4] or the requirements named in the recommendations for future work within
the Industrie 4.0 initiative [5].

To ensure consistency and interoperability along the tool chain different approaches can be consid-
ered. They can be classified in three main classes following different philosophies to ensure interop-
erability: “one for all”, “Best of Bread”, and “Integration Framework”. The “one for all” philosophy
follows the idea of a central tool or tool framework able to execute all necessary engineering activi-
ties and to handle all relevant engineering artefacts. The contrary philosophy is the “Best of Bread”
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philosophy. It postulates the application of several independent engineering tools which are loosely
coupled by data exchange. In between both approaches the “Integration Framework” philosophy
plays a mediator role. It applies a centralized data storage as data hub between the different engi-
neering tools [6].

An extensive investigation based on a Delphi study with around 400 practitioners from different in-
dustries has shown that not all of these philosophies are equally relevant [7]. Figure 1 indicates that
more than 60 % of the engineers involved in detailed engineering of technical systems intend either a
tool chain based on standardised data exchange formats or based on common project data bases.

W Paper/PDF interface

M Proprietary file-based
interface

W Standardized data exchange
format

m Common project data base
tointegrate serveral tools

B Integrated tool suite

= | don't care.

Figure 1: Distribution of engineering tool interface type expectations of practitioners



Within the development of appropriate data exchange technologies and their implementation the
economical capabilities are not equally distributed. Most of the current developments are driven by
larger companies like Daimler, VW, BASF, or Bayer to name only some. Such companies have a rele-
vant market share to impact the activities of tool developers and standardisation organisations.

Another set of companies involved in engineering of production systems are small and medium size
enterprises. They usually apply special skills and knowledge within the life cycle of production sys-
tems. This can be either the creation of special production system components like machines or the
provision of special engineering activities. With their limited economical capabilities such companies
are neither able to order specifically designed engineering tool interfaces nor to send staff perma-
nently to standardisation organisations.

But what shall they do? In the following an alternative approach led by German VDMA and assisted
by AutomationML is described and it will be highlighted how two lobby organisations can work to-
gether efficiently to improve the capabilities of small and medium size enterprises.

Current activities
At first, it has to be considered which activities are currently ongoing considering the data exchange
within the engineering of production systems and beyond.

As mentioned above, at the moment most popular is the Industrie 4.0 initiative. One aim of Industrie
4.0 is the integration of advanced IT capabilities like Internet of Things and Services, Cloud comput-
ing, and Big Data within industrial information processing on all layers of control. Thereby, the main
interest is put on horizontal integration along value chain networks, vertical integration within net-
worked production systems, and consistent digital engineering along the engineering chains all con-
tributing to improve production system flexibility and adaptability. Following this aim the Industrie
4.0 platform (a joint activity of VDMA, ZVEI, and BITKOM) examines existing data exchange formats
and their usability as a bundle to support both horizontal integration along value chain networks and
consistent digital engineering.

In general the Industrie 4.0 initiative scrutinises a value creation chain covering the production sys-
tem development and use (production system life cycle) but also the product life cycle as depicted in
Figure 2. Thus here not only data exchange formats, developed for production system engineering,
are relevant but formats for engineering and use of both production systems and products. And
there are myriads mostly with special focus.
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Some currently developed, data exchange formats are STEP, ISO 15926, and AutomationML relevant
for the named life cycles and with larger coverage of data sets.

The STandard for the Exchange of Product model data (STEP) is an exchange data format standard
family standardized within I1ISO 10303. It has been developed to model product related information
ranging from product geometry over characterising properties up to production process descriptions
for the processes required for product creation [9] within the product life cycle management (PLM).
The STEP standard family provides different application profiles related to different fields of product
engineering. Each of the profiles defines its own exchange data format but reflects consistency
among the different formats. Some of the defined formats (especially the newer ones) are available
as XML dialect.

ISO 15926 "Industrial automation systems and integration—Integration of life-cycle data for process
plants including oil and gas production facilities" has been developed as a kind of lingua franka for
the engineering of process plants [11]. It provides capabilities for a semantic mapping of data objects
between different engineering tools exploiting standardised dictionaries.

In contrast to both approaches (STEP and ISO 15926) which have an explicit semantic representation,
AutomationML has an implicit semantic representation.

The AutomationML data format, developed by AutomationML e.V., is an open, neutral, XML-based,
and free data exchange format which enables a domain and company spanning transfer of engineer-
ing data of production systems in a heterogeneous engineering tool landscape. The goal of Automa-
tionML is to interconnect engineering tools in their different disciplines, e.g. plant planning, me-
chanical engineering, electrical engineering, process engineering, process control engineering, HMI
development, PLC programming, robot programming, etc.

AutomationML stores engineering information following the object oriented paradigm and allows
modelling of physical and logical plant components as data objects encapsulating different aspects.
An object may consist of other sub-objects, and may itself be part of a larger composition or aggrega-
tion. Typical objects in plant automation comprise information on structure, geometry, kinematics
and logic, whereas logic comprises sequencing, behaviour and control descriptions.

In addition, AutomationML follows a modular structure by integrating and enhancing/adapting dif-
ferent already existing XML-based data formats combined under one roof the so called top level for-
mat (see Figure 3). These data formats are used on an “as-is” basis within their own specifications
and are not branched but restricted for AutomationML needs. Logically AutomationML is partitioned
in:

e description of the plant structure and communication systems expressed as a hierarchy of
AutomationML objects and described by means of CAEX following IEC 62424,

e description of geometry and kinematics of the different AutomationML objects represented
by means of COLLADA 1.4.1 and 1.5.0 (ISO/PAS 17506:2012),

e description of control related logic data of the different AutomationML objects represented
means of PLCopen XML 2.0 and 2.0.1, and

e description of relations among AutomationML objects and references to information that is
stored in documents outside the top level format.
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Figure 3: AutomationML base structure

The foundation of AutomationML is the application of CAEX as top level format and the definition of
an appropriate CAEX profile fulfilling all relevant needs of AutomationML to model engineering in-
formation of production systems, to integrate the three named data formats CAEX, COLLADA, and
PLCopenXML, and to enable an extension if necessary in the future.

CAEX enables an object oriented approach (see Figure 4) where

e semantics of system objects can be specified by using roles defined and stored in role class
libraries,

e interfaces between system objects can be specified by using interfaces classes defined and
collected in interface class libraries,

e classes of system objects can be specified by using system unit classes (SUC) defined and
summarised in system unit class libraries, and

e the individual objects are modelled in an instance hierarchy (IH) as a hierarchy of internal
elements (IE) referencing system unit classes they are derived from and role classes defining
their semantics and containing interface objects used to interlink objects among each other
or with externally modelled information (e.g. COLLADA and PLCopenXML files).
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Figure 4: AutomationML architecture




The VDMA approach

By conducting a member survey the VDMA working group control has identified that engineering
tool interaction is a critical issue for small and medium size enterprises in 2012. Thus, VDMA has
launched a working group responsible for tackling this problem. Therefore, the working group inte-
grated practitioners from production system engineering, tool vendors, and academia to consensu-
ally

e identify the tool chain of interest,

e develop a common data model for all data to be exchanged between tools and which are
relevant in an engineering project, and

e specify a data representation within a data exchange format.

Starting in 2012 the necessary tool chain has been chosen very fast. As small and medium size enter-
prises usually have only a limited number of engineers working within the development departments
which again have to focus on a limited number of tools, the tool chain has been limited to mechani-
cal engineering, electrical engineering, and control engineering as depicted in Figure 5.
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Figure 5: Considered engineering chain (source: VDMA)

Nevertheless, the working group agreed on the need to enable the exchange of information beyond
the three identified tool types. It shall be possible, that further tools can read and write the related
data.

The VDMA data model

After having the tool chain identified the working group had discussed and developed a common
data model for all data to be exchanged. Starting point for this identification comprised the following
considerations:

e the information concepts to be modelled shall cover the minimal necessary set of informa-
tion relevant to reach significant gains,

e the modelled information shall cover the common concepts relevant within at least two en-
gineering tools,

e the modelled information shall enable the referencing of external information, and

e the modelled information shall also cover project management and tool management infor-
mation.



As a result a data model consisting of six main concepts has been developed as given in Figure 6. This
data model covers the concepts project, sub-project, function unit, device, device function, and soft-
ware tag.

Figure 6: VDMA data model

The concept project covers the complete project information with all necessary project related pa-
rameters and properties like project number, name, version, and revision. In addition, it covers rele-
vant tool related information enabling the correct interpretation of the project information. The con-
cept sub-project enables the segmentation of a project to interrelated sub-projects covering differ-
ent disciplines, components, etc.

The concept function unit is related to a part of the designed production system (or production sys-
tem component like machine) providing one or more dedicated manufacturing functions. Examples
of such functions can be a drive chain providing a motion function as well as a diagnosis function. To
delineate the function unit relevant describing parameters like name, identifier and user related pa-
rameters need to be exchanged. In addition, it may comprise expected sequence of steps to be exe-
cuted as well as relevant drawings and description files.

Function units consist of a set of devices implementing the functions of the function unit. The con-
cept device covers these devices like drive, gearbox, and controller in the drive chain. To describe
such a device the device vendor, its order and part numbers, and device parameters are relevant. In
addition, there are data sheets and documentation files which need to be referenced.

Within the different involved disciplines the devices provide device functions resulting in the next
concept to be covered. Such device functions have identification information and information related
to the mechanical, electrical, and control software engineering.

The last concept is the software tag. It represents the physical 1/0 of devices which finally will be
connected within the wiring of the production system. The describing properties for such a software
tag contain for example the address and the unique identifier.

A possible XML representation exploiting AutomationML

To reach an applicable XML based representation of the data model a new schema can be defined.
This schema will contain the definition of one XML tag for each of the six concepts and subtags or
attributes for each of the describing properties.

This possible approach will have two main challenges. At first, it defines just another interface to be
implemented by tool vendors. In most cases they also have to implement AutomationML based in-
terfaces forced by larger companies following their tool chain implementation programs. At second,
it limits the adaptability of the data model. If additional information will be integrated in the data
model the complete schema has to be updated with all version and revision problems within the data
format itself as well as in the implementation of appropriate tool interfaces.

To avoid such problems a possible solution could be the adaptation of already existing or currently
implemented tool interfaces. As there are several AutomationML interfaces for tools under consid-
eration and AutomationML is a generic data format adaptable to different application cases Automa-
tionML can be an appropriate candidate for the implementation of a VDMA interface. The modelling



of the VDMA data format by AutomationML means seems to be an appropriate and effort reducing
approach.

Appropriate role and interface classes are the starting point of an AutomationML representation.
Naturally, each of the named concepts has to be represented by a role class. The only exception is
the software tag which is represented by an interface. Figure 7 depicts the resulting role class library.
The basic role class VDMA66415 contains all attributes relevant for all concepts named above like the
tool identification. All other role classes (for the concepts project, sub-project, function unit, device,
and device function) are derived from this role and are enriched by relevant attributes. As additional
role class File is integrated covering the data exchange unit and its special properties defined by

VDMA.
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Figure 7: Role class library for VDMA data model

To model the software tag an interface class is used. It is derived from the variable interface class
which is already defined in Part 4 of the AutomationML whitepapers. Thereby, the compatibility to
logic modelling in AutomationML is preserved. In addition capabilities to reference external informa-
tion for function units and devices are required which are also modelled by interfaces derived from
external data connectors. The resulting interface class library is given in Figure 8.
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Figure 8: Interface class library for VDMA data model



To apply the developed role classes and interfaces classes a system unit class library has to be devel-
oped for each application case. The left part of Figure 9 gives an example. For each concept named
above a system unit class is defined with an appropriate supported role class. In Figure 9 the system
unit classes are named equally to the role classes. But this is not necessary. Each of the system unit
classes has to contain all of the relevant attributes defined in the role classes as well as the necessary
interfaces to reference external information.

Then, those system unit classes can be instantiated as internal elements in the instance hierarchy as
given in the right part of Figure 9.
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Figure 9: Example system unit class library and example instance hierarchy for VDMA data model

The defined structure maps all information modelled in the VDMA data model to AutomationML
modelling elements. In contrast to a schema based modelling of the data model the AutomationML
version has three main benefits:

e In case of changes in the VDMA data model only the related role classes and interface classes
have to be updated. It is not necessary to change the implementation of the tool interfaces.

e Tool vendors only have to develop one interface which will be adapted to different applica-
tion cases. This will reduce software implementation costs and can enable small and medium
size companies to get an appropriate interface early to fewer costs.

e Tool users can apply additional AutomationML based features for data exchange like eCl@ss
integration or OPC UA integration in the future, if their application cases call for it.

Discussion and Conclusion

Within this paper a possible combination of developments of VDMA and AutomationML was repre-
sented which had been developed by the author in cooperation with the members of the Automa-
tionML association and the relevant VDMA working group. It shows how especially small and me-
dium size enterprises can benefit from such an approach.

The presented structures and relations are on an intermediate stage. The final representation of the
VDMA data model is in the scope of the relevant working group of the VDMA. It is not finalized yet
and may change during the ongoing work.
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