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Unfortunately, a look at practical engineering networks 

shows limitations, coming from engineering habits within 

the walls of a discipline, to hinder the evaluation, 

development, and selection of data models for data exchange 

within such an intended data logistics. The results include 

unnecessarily high effort for and duration of data integration, 

and risks for the data quality of exchanged data due to error-

prone manual work for extracting relevant data from 

engineering artifacts that are not compatible. 

To mitigate this problem, a detailed consideration of the 

discipline-specific data models and their integration with a 

discipline-connecting data model is required. This is a new 

activity calling for a new role within engineering 

organizations, the engineering data curator. Following the 

VDI Guideline 3695, this role shall have an overview on the 

complete engineering chain to support its migration. 

In this paper, we build on and extend [34] to contribute a 

methodology for the incremental realization of a data 

logistics, and discuss (a) a centralized data logistics 

architecture, (b) a data logistics meta-model, and (c) a data 

model for data logistics based on AutomationML. The 

centralized data logistics architecture is based on the 

analysis of discipline-specific data models and on the 

development of an associated discipline-connecting data 

model. Starting point of this methodology is the development 

of an appropriate data logistics meta-model reflecting the 

common concepts of the involved different engineering 

disciplines. This data logistics meta-model enables the 

iterative representation of engineering data to be exchanged 

with their data sources, data sinks, and discipline-connecting 

dependencies. 

For reasons of clarity and applicability, this paper 

discusses a data model for data logistics based on the 

AutomationML standard as technical foundation, illustrated 

in a use case with data on a drive chain with the disciplines 

functional, mechanical, and electrical engineering. We are 

aware of the possible limitation regarding the generality of 

the presented approach. Nevertheless, following the current 

developments in the Industry 4.0 and Industrial Internet of 

Things (IIoT) fields, AutomationML seems to be widely 

accepted for data exchange within production system 

engineering, justifying the use of AutomationML for a proof 

of concept [31]. 

To reach the intended goal, the paper is structured as 

follows. Section II motivates the research questions and 

approach. Section III summarizes the state of the art related 

to the research questions. Section IV represents the proposed 

architecture of an information logistics for engineering 

networks. Section V introduces a meta-model to 

conceptualize the information exchanged in this engineering 

network. Section VI derives from this meta-model an 

AutomationML-based data model for automating data 

integration in an engineering network. Section VII validates 

the modelling methodology. Section VIII discusses the 

results. Section IX concludes and proposes future research 

work. 

II. RESEARCH QUESTIONS 

As mentioned above, the aim of this paper is to solve the 

problem of engineering data propagation within an engineer-

ing network that is characterized by discipline-specific 

engineering habits that are hard to change. This problem 

calls for a data logistics reflecting the distinction between 

engineering data sources and sinks that have to exchange 

engineering data. This section motivates the research 

questions (RQs) and the research approach. 

It is supposed that the involved engineering tools as well 

as the work of the involved engineers shall remain 

unchanged. Thus, the data logistics shall be responsible for 

transport, transformation, selection, and integration of 

engineering data. In this paper, we discuss a methodology 

for designing foundations for a data logistics in three parts: 

1. Data logistics architecture, 2. Data logistics meta-model, 

and 3. Data model in a technical foundation for prototypical 

realization.  

First, it is necessary to envision the architecture of such a 

data logistics and its use, leading to RQ1. 

RQ1: What data logistics architecture within an engineer-

ing network can reflect engineering data sources, sinks, and 

the information, for propagation among sources and sinks?  

To answer RQ1, we use the engineering data flow as a 

starting point. We characterize the elements required to form 

the data logistics (see Fig. 2) and the behaviour these 

elements have to show in order to form the overall behaviour 

of the engineering data logistics. 

A main part of this behaviour is the propagation of engi-

neering data between involved engineering tools. As these 

tools use their own data models, the data logistics has to map 

these tool-specific data models, based on an appropriate 

understanding and description of all data models involved. 

Therefore, RQ2 has to be solved. 

RQ2: What data logistics meta-model can represent in an 

engineering network the discipline-specific data models and 

the discipline-connecting data model? 

To answer this question, we discuss the information types 

covered in the individual engineering disciplines as well as 

their interrelations. Based on these information types, we 

present a data logistics meta-model of interlinked 

engineering information within multi-disciplinary 

engineering networks.  

Using this meta-model, we can represent the data models 

within the engineering data logistic. However, for automated 

mapping of the individual engineering information from data 

sources to data sinks, RQ3 has to be considered. 

RQ3: What AutomationML data model can represent the 

information required for a data logistics application? 

To enable this automated mapping, a representation of 

detailed data source model element positions, detailed data 

sink model element positions and data propagation infor-

mation between these model elements need to be integrated 

within the overall data model. Therefore, we discuss 

mechanisms in AutomationML standard to make this 



 

 

information representable as foundation for an executable 

data logistics application with automated data integration.  

III. STATE OF THE ART 

This section summarizes the state of the art on engineering 

networks, on the formal representation of data models, and 

on the data exchange standard AutomationML.  

A. Engineering networks 

Production systems are a special kind of technical systems 

and their engineering process has been well evaluated [1]. In 

general, the engineering process can be considered as a 

network of engineering decisions that are related to each 

other. An engineering decision requires input information 

that gets processed by skilled engineers, who use appropriate 

tool support to process new engineering information based 

on the taken engineering decisions [5].  

The sequence and granularity of engineering decisions 

depend on the application case. Following the different 

industries, production system complexity, and control 

technologies applied in the production systems, different 

engineering process guidelines have been developed and 

standardized [12]. They range from general guidelines as the 

VDI Guidelines 2221 and 2206 over modelling-oriented 

guidelines like SysMod to industry-driven guidelines like the 

STEP and AutomationML reference engineering processes. 

In general, there are various engineering steps involved in 

production system engineering, where some engineering 

steps can be identified in nearly each engineering network 

[14], resulting in 30 and more individual engineering steps 

[13].  

Production system engineering networks have been 

increasingly influenced by and interlinked with other 

engineering networks. First, product engineering needs to be 

named [15] as it originates the main requirements to product-

ion system engineering and is the main cause of complexity 

[17]. In addition, the changing automation structures follow-

ing recent trends like Industrie 4.0 are increasingly 

influencing the integration and use of involved 

manufacturing system components [16]. 

B. Formal representation of data models 

Within the engineering of technical systems, a wide 

variety of data models, data formats, and modelling means 

are applied [23]. Therefore, we review main representations 

showing the historical development of formal 

representations, coming from domains such as Software 

Engineering, Model-Driven Engineering, and Semantic Web.  

In Software Engineering, the Entity–Relationship model 

(ER model) [24] is an abstract data model to describe the 

data structure needed e.g., for the persistence in a relational 

database [25]. In Model Driven Engineering, the Unified 

Modelling Language (UML) [26] is the conceptual 

modelling approach to describe the structure of system and 

its data or information as domain model. It has been adapted 

for example to systems engineering as SysML Fehler! 

Verweisquelle konnte nicht gefunden werden.. In Java, 

the Eclipse Modelling Framework (EMF) [27] is commonly 

used. It utilizes the Ecore meta-model to describe the domain 

model. In the Semantic Web, the Resource Description 

Framework (RDF) [28] is used, in which the RDF data 

model is described utilizing the RDF Schema. The Web 

Ontology Language (OWL) [29] is an extension of the RDF 

Schema and is used to formally describe ontologies. These 

approaches emphasize the integration integration discipline-

specific models based on meta-modelling. 

C. Data exchange based on the AutomationML standard 

As shown in [18], AutomationML can be applied for 

modelling engineering data for the data exchange along the 

complete engineering chain of production systems. In [19] 

and [20] engineering data logistics based on a centralized 

engineering data storage using AutomationML are discussed, 

while in [21] a more decentralized data logistics based on 

AutomationML is considered. 

The AutomationML data format is developed by 

AutomationML e.V. as an open, vendor-independent, and 

XML-based data exchange format, which enables a domain 

and company crossing transfer of engineering data of 

production systems in a heterogeneous engineering network. 

It enables the modeling of hierarchies of physical and logical 

production system components as data objects encapsulating 

all relevant aspects. Typical objects in plant automation 

comprise information on topology, geometry, kinematics, 

and logic, whereas logic comprises sequencing, behavior, 

and control information. AutomationML is currently 

standardized within the IEC standard series IEC 62714.  

Working horse of AutomationML is the topology 

description architecture exploiting the XML data format 

CAEX. This data format enables an object-related approach, 

where object semantics (i.e., the identification of modelling 

concepts) are specified using roles and the semanics of 

relation between objects (i.e., relations between modelling 

concepts) are indicated by interfaces. Both roles and 

interfaces are defined and collected in role resp. interface 

class libraries. In addition, reuseable objects acting as 

modelling templates are provided by classes of system 

objects (named system unit classes), defined and collected in 

system unit class libraries. Finally, the individual objects are 

modeled in an instance hierarchy as a hierarchy of internal 

elements, referencing system unit classes they are derived 

from, role classes defining their semantics, and interfaces 

used to interlink objects with each other or with externally 

stored information (e.g., COLLADA or PLCopenXML 

files). For details on this structure, the authors refer to the 

AutomationML whitepapers at www.automationml.org. 

IV. CENTRALIZED DATA LOGISTICS ARCHITECTURE  

This section proposes a centralized data logistics to solve 

RQ1. The centralized data logistics is based on the idea of 

separating the concerns of the involved engineering 

disciplines and the data logistics between them. Hence, we 

assume the data logistics architecture to contain two main 
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