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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 28th CIRP Design Conference 2018. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 

This publication presents a synthetic prototype environment to facilitate and stimulate the interaction with industry 4.0 testbed. The proposed 
solution facilitates a sandboxing approach to support multi-criterion and multi-stakeholder decision making with respect to the configuration 
challenges in the development of a production environment. The synthetic prototyping environment combines a real tangible scaled version of a 
(potential) production environment with virtual elements to quickly (re)configure (potential) environments and review the consequences of 
changes. The solution provides both personalised (AR/VR) and collective visualisations, and (collaborative) interactions with all stages of the 
digital system reference, enabling an effortless change of perspectives between the digital master, digital prototype and digital twin. 
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1. Introduction 

The connectivity between all elements that form a 
production facility, the ‘Industrial Internet of Things’, is often 
seen as a key component of Industry 4.0. This digital 
transformation creates many new opportunities for 
understanding the possibilities of production environments, and 
for improving their efficiency and effectiveness. Numerous 
researches already aim to depict how to realise these connected 
environments, and industry is preparing for it [1]. Many already 
available software applications offer the possibility to monitor 
and capture data in different parts of the manufacturing 
environment or different aspects thereof, but they generally fail 
in establishing the big picture and in anticipating changes in the 
production system and their consequences. Any change will 
take time, resources and money, but moreover, it requires good 
organization and planning. The end goal is increasing 
automation, improving communication and monitoring, self-
diagnosis and new levels of analyses between machines and 
systems.    

 

Today’s available technology allow companies to create a 
working environment to monitor, simulate and control the 
complete production process, or parts of it [2]. Still, the 
development and integration of such an environment as a useful 
tool is a complex, lengthy and expensive endeavour.  

1.1. Testbed for industry 4.0 

To explore and maximize the effect of the potential of 
Industry 4.0, an interactive prototyping environment is 
anticipated. This environment supports the different 
perspectives of stakeholders and allows the integration of 
simulation and what-if analysis. To realise such an environment 
and to support the research and development into digital, 
connected and adaptive manufacturing environment, Industry 
4.0 Testbed environments are introduced [3-5]. These testbeds 
introduce a platform that is meant to be a flexible, user-friendly, 
intuitive tool that can help any company in collecting real-time 
data from all relevant machines and systems that are in use. 
These testbeds allow for evaluating alternative process chains 
for optimal lead time, manufacturing costs and quality in the 
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complete production process, or parts of it [2]. Still, the 
development and integration of such an environment as a useful 
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To explore and maximize the effect of the potential of 
Industry 4.0, an interactive prototyping environment is 
anticipated. This environment supports the different 
perspectives of stakeholders and allows the integration of 
simulation and what-if analysis. To realise such an environment 
and to support the research and development into digital, 
connected and adaptive manufacturing environment, Industry 
4.0 Testbed environments are introduced [3-5]. These testbeds 
introduce a platform that is meant to be a flexible, user-friendly, 
intuitive tool that can help any company in collecting real-time 
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for optimal lead time, manufacturing costs and quality in the 
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application of adaptive production environments. The testbeds 
integrate interconnected, adaptive production machines and 
production chains in this adaptive production environment to 
research, develop, test and evaluate solutions (potential 
realities) in a (partly) simulated environment. 

In the current situation, companies create a lot of data but do 
not always know how to use it for their benefit. Each system 
has its own way for exchange data via different protocols and 
this creates a highly unclear information density. The testbed 
provides an environment in which all data sources and tools are 
interrelated and share a common environment.  

The testbed approach aims to provide a platform that 
supports companies in swiftly evolving an idea for a production 
environment into a measurable, assessable and testable 
environment that consists of both real and virtual entities, 
without being forced into premature investments and 
commitments. Moreover, the testbed will lower the risk of 
extended downtime and profit loss 

2. Dynamics of a testbed 

The testbed environment facilities a sandboxing approach 
for evaluating changes in a production environment. In the 
sandbox environment new configurations can be examined or 
variants can be compared for understanding the capacity and 
capability of a production environment, without the risk to 
hinder the current real situation. Being able to quickly analyse 
and simulate possibilities increases the insight in the effect of 
solution variants, but also simulates consequences of (design) 
decisions, while keeping overview of the whole configuration. 
The testbed is a dynamic environment, in which the 
stakeholders should be able to respond to aberrations/trends 
measured in reality and exploited in what-if analyses. A testbed 
should stimulate and facilitate dynamically reconfiguring the 
environment [4]. 

The extensive integration of online and offline elements of 
production lead to an environment in which physical and 
virtual elements of production are completely intertwined. 
Testbeds aim to optimize this relation between real 
environments and simulated (virtual) environments, and are 
considered Synthetic Environments (SE) [6]. The use of an SE 
as design environment brings together real and virtual 
components to allow for adequately experiencing shared 
information [5]. SEs range from small setups, representing e.g. 
working with a new machine, to large systems for the conjoint 
development of new production facilities. This artificial 
environment represents an alternative reality, which acts as 
commensurable to a real environment as required. This 
alternative reality combines both real and simulated data and 
allow for various stakeholders to interact with it using virtual 
and augmented reality techniques. 

2.1. Digital system reference  

The digital twin is commonly known as a key enabler for 
digital transformation. However, there are many interpretations 
of its potential, and it is used differently over disciplines, focus 
areas, level of integration and technology. A testbed must be 
able to evolve with the pilot production environment over its 

entire lifecycle; from initial concept, via exploration phases to 
the final production environment. The testbed should not only 
refer to data on instantiated products, production environments 
or part thereof, but should also facilitate the design process in 
the to-be stage. These dynamics of a testbed are related to a 
digital system reference that separates and relates the different 
stages of development in a digital triplet [7]:  
• Digital twin (as-is model): the conglomerate of data, 

information, models, methods, tools and techniques to 
represent current states of an instantiated system 
coherently and consistently. 

• Digital master (to-be model): the envisaged state of a 
system and its components as the captured outcome of the 
development cycle.  

• Digital prototype: the envisaged state of a 
(extrapolated/predicted) system, based on models, 
simulation and aggregated experience, related to the inputs 
by the ‘to-be’ digital master and the ‘as-is’ digital twin(s). 

2.2. Virtual Dashboards 

Essential in the use of testbed is providing adequate ways of 
presenting relevant, timely, tailored, purposeful and adaptive 
information with the appropriate perspective at the right level 
of detail/aggregation. This is essential to allow interaction with 
the available data in the testbed. These (interactive) 
visualisation are referred to as a ‘virtual dashboard’, and 
address the perspective-dependent representation of 
information, rendering (parts of) the information in a 
meaningful manner to the appropriate stakeholder [8]. 
Different fields of expertise are integrated for conjoint, well-
considered and well-underpinned decision making. Virtual 
dashboards are the instruments available to stakeholders to 
visualise and interact with a testbed. These dashboards are 
visualisations of the available data, tailored to the need and 
expectation of the stakeholder. The form of this visualisation 
ranges from 2D diagrams and graphs, all the way up to full-
blown 3D VR environments. A virtual dashboard can render 
personalised information, but is still able to manipulate 
collectively used data, and individual changes will therefore 
influence the perspective (virtual dashboards) of others.  

3. Physical prototype environment 

A testbed environment has the potential of creating a lot of 
data that can be visualised by means of the virtual dashboards. 
These dashboards are based on the representation of physical 
elements in a (potential) reality. Such physical assets each have 
individual behaviour that may be relevant to depict, but it is 
foremost the ability to gain insight in the combined behaviour 
of multiple assets that is made assessible by virtual dashboards. 
With that, a complete overview of the (future) process is 
established. One of the main functionalities of a testbed 
environment is to test, adjust, calibrate and optimise the 
configuration of assets that conjointly will form a production 
environment. Whereas a completely physical prototype of an 
envisaged environment would allow for the most accurate and 
life-like representation, such an approach obviously comes 
with severe impacts as concerns e.g. investments, financial 
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risks, infrastructural adjustments, and certainly logistic, 
purchasing and delivery time issues. Moreover, it is often not 
possible to replace physical resources with variants to test 
which option is the best. However, alterations to a production 
environment may require tests of e.g. processes, machines and 
prototypes that can only be done with the actual hardware and 
materials involved. 

From a completely opposite viewpoint, an entirely virtual 
prototype of a production environment allows for easy and 
efficient configurations that can easily be arranged, and the 
effect of any change can be simulated, visualised and 
evaluated. The drawback of working in a completely virtual 
environment is in the difficulties of representing the active 
solution in such a way that multiple stakeholders conjointly 
understand the current setup and collaboratively have the 
possibility to adjust the setup. Still, a virtual environment is 
usually the only option to quickly and effortlessly rearrange 
assets in a production environment to understand the effects of 
change.  

To bridge the gap between a complete virtual environment 
and a real environment, a synthetic prototype environment 
(SPE) is introduced (figure 1). This environment consists of a 
scale model of the current or potential real environment. This 
scaled environment is of such size that it can be easily overseen 
by multiple people at the same time, and that all the models are 
within an arm-reach distance. The aim of this setup is to realise 
a multi-stakeholder decision making support environment, 
which could also be used as a virtual dashboard throughout 
different phases of a development lifecycle. The SPE is in 
interactive environment that combines scale models of assets 
with the ability to change to position of them while tracking the 
location. This information can be used in simulation and 
visualisation. Furthermore, the physical scale models can also 
be automatically relocated by means of a two-axis controlling 
mechanism. This results in a situation where adjustments to the 
physical setup can be made manually, but also automatically 
by a controlling system. Additionally, different visualisation 
systems (such as augmented reality and overlay projections) 
are integrated to visualise the intangible data flows between 
assets. 

3.1. Use conditions 

The SPE ensures that during a development process all 
stakeholders are referring to the same versions, variants or 
instantiations of the proposed solution. Since there is a shared 
visible environment, every participating stakeholder is aware 
of what the other stakeholders can see; there is no need to make 
assumptions in what e.g. an individual virtual system 

visualises, nor is it needed to communicate and ask for 
confirmation about this (e.g. “can you see …”).  

Moreover, adjustments can be made to single assets by an 
individual stakeholder, while others can maintain a complete 
overview simultaneously to review the consequences for their 
perspective. Every change made to the environment is 
represented in both the physical and the virtual environment; 
this also allows the solution to switch between being a 
representation of the digital twin, digital prototype or digital 
master. The differences in the anticipated use conditions and 
representations are: 
• Digital Master: In this state the physical scale model is 

used to configure and (re-)arrange an envisaged new 
environment, while simultaneously using the configuration 
of assets to simulate and visualize the effects as an (AR) 
overlay on the environment. No connection between the 
scaled environment and an existing environment is made. 

• Digital Twin: The data from an existing environment is 
represented on and by means of the scale models. This 
could range from the location of the physical assets; both a 
static location of a machine, or a dynamic location of a 
moving asset like an AGV. Simultaneously, the captured 
data can be visualised in context using e.g. AR systems, or 
be used as a virtual dashboard. In this use condition the 
link between the scale models and the real environment is 
bi-directional. In the case a dynamic asset is connected, the 
scale model can be used to directly alter the (location of) a 
physical asset (and vice-versa).  

• Digital Prototype: This use condition is most suited for the 
interactive scaled environment. In this state the 
configuration made in the digital master is fed with data 
from the digital twin; so that the current state of an 
environment is represented. The connection between the 
real environment and the scaled environment is one-
directional; meaning that changes made in the scaled 
environment will not directly change the existing real 
setup. This allows for more design freedom since 
additionally (at the moment) not available assets can be 
added. The configurated arrangement of assets is used to 
simulate the consequences of the new configuration, based 
on the data captured in the real environment. 

Switching between these different use conditions will also 
increase the insight in the differences between these three 
(potential) realities. Since the digital system reference aims to 
realise a bi-directional learning environment, a quick change 
between perspectives will be beneficial to facilitate this 
process. Simulated changes can be based on information from 
the actual ‘as-is’ environment, without hampering or 
interfering with the actual environment and its primary 
processes. This obviously significantly lowers the threshold to 
try out change or explore variants. Moreover, every exploration 
of alternatives comes with a roll-back or undo function over a 
history path of changes, while all the efforts involved still 
contribute to increase the knowledge on the environment under 
consideration.   

Fig. 1. A testbed entails the whole spectrum between real and virtual 
environments, the synthetic prototyping environment can be 

positioned between both environments. 
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3.2. Solving configuration problems 

The interactive scaled version of a production environment 
or testbed allows to visualise each of the assets in a similar 
manner. Whether it is an existing machine in use in a production 
environment, or a machine that is still under development, both 
machines can be represented in the same manner. To provide a 
complete and coherent overview of a testbed the scaled models 
of all assets can be made physical, or if desired remain virtual. 
This combination of real objects where required, and virtual 
assets where possible allows for great flexibility and adaptivity 
in use. Given the equivalent representation of both real and 
virtual assets, the stakeholders can interact with them 
comparable, but foremost on an integrated manner. 

In everyday practice, the testbeds will often focus on solving 
configuration problems in a production environment layout. 
The major input for solving configuration problems with the 
SPE is the physical location of assets in an environment.. This 
is achieved by combining the possibility to rearrange assets 
based on the expertise of individual stakeholder, but also by 
making use of simulations and (automatic) optimisation 
approaches [9]. This combination of manual and automatic 
manipulation of a scale model results in an environment where 
in a short timespan many configurations can be represented, 
assessed and evaluated. Moving these objects can be done in 
three different ways: 
• Move the scaled object; since each asset can be represented 

by a scaled version, this object can be manually picked up 
and moved on the available surface. The location change 
will be automatically detected and processed in the virtual 
representation or in a testbed environment. 

• Move the virtual model of an object; with use of a virtual 
model of the environment, the visualised object be moved 
in the virtual environment using common AR, VR or 2D 
interfaces. Since all the objects on the surface can 
automatically be manipulated with a two-axis motion 
system, any change in this virtual environment will directly 
cause that a physical object (scaled model) is automatically 
moved on the surface.  

• Move the real object; if the scaled environment represents 
a current environment (as a digital twin), moving the actual 
object will also cause that the physical scale model is 
automatically moved on the surface of the scaled 
environment. This is e.g. instrumental in following or 
adjusting automatic guided vehicles. 

Every move of an object can be used as a trigger to start a 
variety of simulations, based on the desired information needed 
to support the decision-making process. Such simulations may 
range from logistic optimization, via line-balancing and lead-
time reliability to environmental impact.  

3.3. Visualisation  

The major benefit of a scale model of an environment is that 
an overview of the complete arrangement of assets is 
continuously maintained. This indicates that the proposed 
environment with relocatable physical scale models is not only 
used as an input system for rearranging objects, but also for 
presenting information regarding the current arrangement. For 

this purpose, the scale models and their environment act as 
reference objects to which additional information can be 
attached and can be made insightful by e.g. projection or AR. 
The base of the environment can be used as a display to 
visualise static objects that are not part of the configuration 
setup and are considered to be invariable. This could for 
example encompass the walls, floors and other parts of the 
construction of a building. Next to this static information, 
dynamic information can be shown that is based on the current 
arrangement of objects. What information is visualised 
strongly depends on what the stakeholders involved need as 
information in order to assess whether or not the configuration 
is suitable (for them). Multiple information layers can exist in 
this setup, which are not always visible all the time. In the case 
of a production environment this information could for 
example entail the data flows between machines, the heat and 
radiation of assets, heatmaps of (person) movement, etc. Since 
the tools are aimed at collaborative multi-criterion and multi-
stakeholder decision making activities, the type of information, 
and the way in which is present to a specific stakeholder may 
heavily dependent on the perspective. Understanding the 
consequences for different fields of expertise also requires the 
ability to quickly change between different perspectives. This 
is enabled by adjusting the shared information layer (e.g. 
presented on the surface), which is visible for all participants. 
If a stakeholder requires a tailored information layer, a personal 
augmented reality display may be used. This AR system also 
uses the collaborative scaled models and environment as a base 
layer, and projects personalised information as an overlay. 
With this information placed in context, individuals can better 
understand the impact of the current configuration on their 
expertise and review the dependencies between different 
perspectives.  

3.4. Applications 

The proposed physical scale model environment should be 
seen as a tool to interact with a testbed; especially aimed at 
realizing a collaborative and dynamic interface (figure 2). A 
testbed can represent an alternative (part of) an existing 
environment, or an instantiation of an existing environment fed 
with different data to review the capabilities of the current 
configuration. All of these possibilities require stakeholders to 
understand and have insight in the resulting configuration. For 
this, a tailored interface is required. Simultaneously, the data 
can be reviewed in e.g. AR/VR for training situations or 
validation purposes [10]. During the rearrangement of the scale 
model, stakeholders can already experience the proposed 
configuration using VR or AR systems. In this environment 
they are able to simulate and train their interaction with the 
potential reality. The results of this simulated use of the 
environment can be directly employed as feedback and input to 
alter the environment if needed. In this way a learning 
environment is realised, where stakeholders with different 
expertise or with different perspectives can simultaneously 
review the consequences (and learn from each other). Different 
stakeholders can be facilitated in multi-criterion and multi-
stakeholder decision making (and process control) by 
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providing tailored, yet adaptable and flexible, insight in the 
information that underlies decisions. 

Since the SPE is dynamic, location independent, and is 
connected the information backbone of the testbed (figure 2), it 
additionally creates a distance collaboration environment. 
Multiple physical prototype environments can be used at the 
same time, independent of their physical location. 
Simultaneously, stakeholders can review the current state of the 
configuration from multiple locations. Since the tool is used as 
an (digitally controlled) interface for the testbed, no physical 
connection to current assets is needed. Changes made to the 
SPE on every location are synchronised to each other, resulting 
in a situation where the same physical arrangement of the scale 
models is visible in every used dynamic scale model 
environment. At the same time all provided visualisation 
overlays (both AR and surface projection) can be (partially) 
different at every location. 

4. Demonstrator setup 

To examine the potential of the proposed solution, a 
demonstrator setup is realised. This demonstrator will be a 
constant in-development SPE where all involved stakeholders 
and developers can experience the possibilities of the solution, 
but mainly test the functionalities. The demonstrator will act as 
the platform where the connectivity between individually 
developed tools that handle parts of the functionality can be 

tested. Since any SPE is a configuration of multiple tools, there 
is no standard solution. Every solution can be considered as an 
instantiated configuration of tools, resulting in the most 
appropriate SPE. The demonstrator consists of a setup of 
multiple devices, developed as separate modules, combined in 
one SPE. The modular approach allows that the functionality 
of the solution can be increased and decreased during 
development and use, by adding, changing and removing 
modules. Furthermore, the accuracy and quality of individual 
parts can be changed throughout the lifecycle of the solution. 

The active area on which a scale model of the production 
environment can be build is limited by the selected tools. In 
figure 3, a schematic representation of the setup is provided. 
This solution consists of multiple physical tools and software 
solutions that use a shared information backbone. The 
following functionalities can be distinguished: 
• Tracking of physical scale models; the position of 

individual scale objects on the surface has to be captured in 
real time. In this setup only the movements in the 
horizontal plane are captured. 

• Manipulation of physical scale models; if a scale model 
needs to be physically rearranged (based on simulation or 
on an input from a virtual dashboard), each individual scale 
model will be automatically moved, without human 
interference, along the horizontal plane.  

• Collaborative visualisation; a shared, multi-viewer, virtual 
dashboard is added to provide an information overlay over 
the complete surface area.   

• Individual visualisation; to provide individual stakeholders 
with information relevant to their expertise, a personal 
visualisation is added to provide tailored information, and 
to manipulate virtual elements of the testbed environment.  

For all the above-mentioned functionalities different 
techniques and technologies can be used, the selection of the 
best fitting one for the demonstrator is based on the ability to 
communicate with the information backbone, the availability 
of the devices and the potential reusability of the tool.  

Fig. 3. A representation of the demonstrator setup with the currently used hardware 

Fig. 2. A synthetic prototyping environment can be considered part of an 
Industry 4.0 testbed. Based on [5]. 
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4.1. Layering 

The challenge in making the configuration and realisation of 
any initiated SPE is with the alignment of multiple 
technologies. Every tool being part of the solution should be 
related and aligned to a shared data system; the information 
backbone (figure 2). The integration of these different layers of 
data result in an interactive system that can respond to inputs 
and changes. One of these categories is the data acquisition 
layer. Capturing the current state of the environment requires 
the use and integration of multiple sensors. As with the 
development of any testbed, sensors can already be integrated 
in the selected hardware (e.g. a temperature sensor on a 
mainboard), or additional sensors can be added based on the 
desired data. These (IoT) sensors provide the data necessary to 
capture the current state of the system. Secondly multiple 
layers of visualisation can exist. The use of both shared and 
personal (AR) visualisations is anticipated, meaning that not all 
information is always visible to everybody. Thirdly, multiple 
interaction options allow stakeholders to have different forms 
of interaction which results in the same adjustment. For 
example, the location of a physical element in this SPE 
demonstrator (figure 3) can be adjusted using three option: 
• Scaled objects; relocated by manually moving the physical 

scale model to a different location. 
• Virtual; using an AR system in combination with an 

actuator to move the object in the virtual world while the 
physical scale model follows these movements. 

• Real; by moving the physical object in the real 
environment. 

The alignment of all these layers requires the information 
backbone. All the coordinates of the objects on both the scaled 
environment, and the real environment are accessible to other 
parts of the environment. It should be prevented that data is 
captured twice. For example the position of the magnet in the 
demonstrator setup can be captured using time-of-flight sensors 
on all three axis, or it can be calculated by processing all the g-
code send to the cnc machine, or it can be captured using the 
camera above the surface, and finally the AR system can also 
capture the location if there is a line-of-sight. In a final setup 
this can be used to build a redundant system, but a choice must 
be made which one of the measurements is considered to be the 
correct one.  

5. Future perspective 

The use of the synthetic prototype environment is not 
limited to testbeds for production environments. The general 
use condition of the solution is working with configuration 
problems. This can also be in others expertise areas like urban 
planning, interior planning, warehousing, logistics or 
roadworks. Besides these scaled world approaches, an SPE can 
also be used for more abstract environments like visualizing 
database structures or information-relations between objects. 
The only precondition is that the position of objects should 
influence (and therefore be an input or an output of) a system. 

The SPE also has great potential to support distance 
collaboration [11]. Multiple SPEs can be used simultaneously, 
while mirroring each other. This facilitates collaboration not 

only between multiple stakeholders, but also between multiple 
locations. With a shared information backbone, the interaction 
with data is location independent.  

Moreover, the rational of the configuration progress can be 
more easily captured and communicated when every change in 
the configuration process is automatically stored, as a history 
path. The multiple different variants can be archived, and the 
results of the configuration can be easily traced.  

6. Conclusion 

The synthetic prototype environment is a reconfigurable 
tool to interact with industry 4.0 testbeds. The tool allows 
multiple stakeholders to interact with the configuration of a 
production environment. The possible use conditions range 
from the development phases in a digital master, monitoring 
and controlling an environment with a digital twin, and 
prototyping efforts in the digital prototype. In all these phases 
the information is based on a shared information backbone, 
allowing to visualise different perspectives on the same 
information. The effect of changes in the configuration can be 
made visible on different perspectives and levels of 
aggregation at the same time. An SPE is a modular setup of 
multiple tools that realise the most appropriate solution for the 
given use condition. Every SPE is an instantiated configuration 
of the available assets/tools that form the solution, making it 
able to reconfigure the solution over time, and tailored to the 
need of the stakeholders. 
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