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Executive	summary 

Objective of WP3, in the economy of the whole BeInCPPS project, is to deploy the 
IoT-FI-SS components into the Real/Digital/Virtual worlds, offering also support to 
access and use them during experimentation to the champions and to the third parties, 
including second wave replications. 

WP2 has designed a reference architecture for CPPS, whose components can be 
associated to Real, Digital and Virtual Worlds. 

The initial architecture presented in “D2.1 – D2.1a BEinCPPS Architecture 
Business Process” underwent a revision in order to simplify it and to update the 
selection of components accordingly with the outcomes of the first rounds of 
experiments. The final architecture is represented in “D2.2 – D2.1b BEinCPPS 
Architecture Business Process”. Such revision impacts also on the definition of the 
Virtual World, that now contains all those components that are used at design time, to 
create representations of the CPPS-enabled systems to be implemented at different 
levels of abstraction. Therefore, the Virtual World, as described in this document, 
consists on the deployment of all the components of the DEV Functional block of the 
new architecture, which is the Design-Time subsystem. 

Also the new tools, that have been added to the Design-time system, are desktop 
applications, therefore their deployment has been done at Competence Centres (CCs) 
premises, where these tools have been installed and studied, acquiring competences 
that are used by the CCs to support the Champions (CHs) in the creation of models of 
the systems they are going to develop as part of their experiments.  

Descriptions of tools already presented in “D3.5 – D3.3a Virtual World BEinCPPS 
components” as well as experimentations conducted before M6 are not reported here. 

 
Focus of the document is to report the deployment and experimentation activities 

on design tools that have been conducted in the last period, both concerning new tools 
or existing ones, on which CCs have conducted new experiments or completed 
running ones. 

In particular, these are the experimentation reported in this deliverable: 

• PAPYRUS: new experiments performed in Rhone-Alpes; experimentation 
in NORTE have been completed to start adoption of Modelio 

• UA-Modeler: deployment and availability in Baden-Württemberg (no 
specific experimentation conducted with John Deere) 

• 4DIAC-IDE: deployment and new experiments in Norte and prosecution of 
experimentation in Euskadi. 

• ACTIVITI: deployment and experimentation for Baden-Württemberg 
• MODELIO: deployment and experimentation in Lumbardy and Norte. 
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1 Introduction	
In coherence with the revision of the architecture, done in T2.2, that removed some 

components and included new ones, the composition of the deployed assets in the 
Real, Digital and Virtual worlds has changed.  

Moreover, it has been removed the distinctions between Real, Digital and Virtual 
components, that resulted to be misleading for the users of the components, and WP3 
had adopted a different distributions of components, in accordance to where they are 
deployed. 

The Virtual World, originally in “D3.5 - D3.3a Virtual World BEinCPPS 
components” contained those components that can be used to create Virtual 
representations of the environment in which CPPSs operate, to create 3D models of 
components and shop-floor, virtualize the cooperation spaces where stakeholders can 
consult data from the shop-floor to take decisions, and also to design how the systems 
should behave and interact. 

In this new version, it has been reinforced the interpretation that the Digital World 
offers deployment and Factory levels, of those components that runs locally to 
support the design and engineering of CPPS-based systems. 

All the design tools selected in the BEinCPPS reference architecture to support the 
engineering of the systems are desktop applications, therefore they are not deployed 
on the cloud but locally in the CCs that will experiment on their usage and will 
support the CHs in adopting them for the creation of models underlying their 
experiments. 

A short presentation of the new version of the Design-time subsystem is reported 
in Section 2. 

This deliverable reports about new installations and experimentations with design 
tools, that is: 

• Either installation of tools that were already existing in the initial version 
of the Design-time system (accordingly to D2.1) but have been deployed in 
new CCs and used for experimentation with new CHs,  

• Or installations and experimentation of new design tools, introduced in 
D2.2. 

 

1.1 Organization	of	this	document	

This document consists of a main section, providing a synthetic view of the Virtual 
World components present in the revised version of the architecture, plus a summary 
of main information to access and use those components that were already present in 
the initial architecture and whose deployment and usage has been extensively 
presented in D3.5. In addition, if new experimentations have been conducted by 
Champions with these components, the main results are synthetized. 
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For the new ones, dedicated sections include a presentation of the functionalities, 
of the experimentation conducted by Champion. 

Moreover, the sections include details on how to retrieve and install them and how 
to receive support. 

Since the VW (Virtual World) components are deployed at factory level, thus as 
standalone applications on PCs, what is provided to interested users is a set of 
information on where to download the software and how to make a local installation. 
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2 Revised	Virtual	World	landscape		
The engineering of CPPS (the Design-time Systems) is supported by a set of tools that 
are positioned in one single area of the architecture and subdivided into three levels, 
representing different abstraction perspectives: 

• Business Modelling: Design tools for modelling organizations and business 
processes that are relevant for CPPS. 

• System Modelling & Simulation: Tools for modelling CPPS and simulate 
their behavior, according to scenarios and requirements specified within the 
Business Modelling FB. 

• System Engineering: Tools for creating the concrete design of CPPS, 
possibly from specifications developed within the System Modelling FB, and 
implementing embedded software. 

Here below a schema representing the original architecture and the set of tools 
selected in the first part of the project, for the engineering of CPPS: 

 
Figure 1: Initial version of the Design-time subsystem 

During the experimentation phase, Champions and Competence Centres expressed 
the interest for easy to use business process modelling tools and the Activiti BPMN 
design environment has been included in the architecture. Another request was for 
system modelling tools, supporting the transformation of processes and scenarios 
modelled with BPMN in description of system behaviours, using the UML notation 
that is widely adopted and familiar for the majority of them.  

At the same time, it resulted that the proposed simulation tools require specific 
competences and intensive training to be used, which made difficult for the 
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Champions to start experimenting with them without having specialised support that 
most of the time has to be provided by consultants. 

As for the support to system design, Papyrus tool, developed by CEA, has been the 
first new tool selected and experimented by CEA and Pernoud.  

The second one is Modelio, another modelling tool that supports different 
standards, including UML and BPMN, that offers the bridge between the Business 
Process modelling phase to the simulation of the system, as it allows to export models 
into FMI modules. This format can be used by simulation tools such as Modelica, 
thus allows to approach simulation from a more abstract level (system design), make 
more easy for companies, even if not familiar with this type of tools, to check the 
correctness of the design.  

Thus Modelica remained the only one component of the revised BEinCPPS 
architecture selected to support the simulation phase. Crescendo, Symphony and 
AIDA have bene removed, for the reasons described above. 

At the lowest level, in addition to 4DIAC – IDE, the OPC-UA modeller has been 
added to support the definition of OPC-UA data models. MSEE toolbox is still in the 
architecture because its approach has been used in deliverable D2.2 to the business 
process modelling of the Pick by Light process in JD and of the E-Tooling in 
Pernoud. 

The new version of the Design-time architecture is highlighted in the project 
Implementation Perspective shown in Figure 2 taken from Deliverable D2.2 
(BeinCPPS Architecture and Business Processes, second version). 

 
Figure 2: Final version of the Design-time subsystem  
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In the next sections, first report updates on experimentation with tools that were 
selected in the first phase of the project and then deployments and experimentation 
with new tools are reported. 

 

3 Papyrus		
Papyrus is an Open Source UML 2 tool based on Eclipse and licensed under the 

EPL. It can either be used as a standalone tool or as an Eclipse plugin. Papyrus 
provides editors for all the UML diagrams and  a complete support to SysML1 in 
order to enable model-based system engineering.  

Moreover, Papyrus provides a variety of readily-available open-source extra 
modules providing capabilities for different domains. One of them, 
Papyrus4Manufacturing, provides the architecture support for the design of 
Industry 4.0 systems, by providing a template according to the set of abstraction 
layers suggested by the RAMI 4.0 reference model. The models at each level can then 
be developed using either UML or SysML languages. Another extra module, Papyrus 
BPMN, provides modelling capabilities for the popular BPMN business process 
modelling notation. Papyrus4Manufacturing has been developed by CEA and it is 
also available under the EPL licence. 

More information on the tool is available in deliverable D3.5. 

3.1 Updates	on	experimentation	in	NORTE		

Initial deployment and experimentation of the tool in the Norte Region were reported 
on D3.5. Sometime after this, the tool was replaced by Modelio, which seems more 
appropriate for the modelling needs of the application experiments being achieved in 
the Norte Region. This is reported below in the respective section. 

3.2 Updates	on	experimentation	in	Rhone-Alpes	

Papyrus was used in the first experimentation in Rhone-Alpes Region by CEA for 
modelling the “as is” and “to be” business processes of Pernoud and for modelling the 
requirements of the experimentation, using the SysML notation.  

In the second experimentation that begun on M19, Papyrus was used for modelling 
the architectural view of the smart mold. The methodology that CEA adopted to 
model the architectural views is based on the results of the IoT-A Project2 and on the 
IIC Industrial Internet Reference Architecture3. 

                                                
1  The Systems Modeling Language (SysML) is a UML-based  modeling language for the 

specification, analysis, design, verification and validation of a broad range of systems and systems-of-
systems 

2 Bassi, A., Bauer, M., Fiedler, M., Kramp, T., van Kranenburg, R., Lange, S., Meissner, S. (Eds.), 
Enabling Things to Talk, Designing IoT solutions with the IoT Architectural Reference Model, 
Springer-Verlag Berlin Heidelberg, 2013 

3 Industrial Internet Reference Architecture, Industrial Internet Consortium Document, 2015 
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Modelling	the	functional	architecture	of	the	experimentation.  

This architecture contains the functional blocks of the smart mold independently 
from the implementation technology (hardware on which the functionality is 
executed, communication protocol, operating system, middleware) 

 
 

Figure 3: Functional Architecture of the Rhone-Alpes Demonstrator 

Figure 3 shows the functional architecture of the Rhone Alpes demonstrator, where 
the control system is receiving data from the injection machine and the sensors, then it 
is sending command to the motor driver. Moreover, the control system sends data to 
the Data Vizualization function block that displays alerts to the operators, and the 
details of the usage of the mould (temperature, pressure, current). 
Modelling	the	behaviour	of	the	functional	blocks	using	finite	state	machines.	

For example, the control of the motors is modelled using hierarchic state machines, 
which was very valuable for the readability and the organisation of the behavioural 
models.  

Then, Papyrus C code generator was used to generate the corresponding behavioural 
code.  

CEA is improving the code generator to fit the needs of BEinCPPS project. 
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Figure 4 Behaviour models of the control system 

Figure 4 Behaviour models of the control system shows some of the behavioral 
models of the smart mold control system.  

Modelling	the	hardware	architecture.		

Sensors (Temperature, Pressure, and Current), actuators (Motors), boards 
(Arduino, Beagle Bone) and communication protocols are modelled in this 
architectural view. 

 

 
Figure 5: Hardware architecture of the Rhone-Alpes Demonstrator 

Figure 5 shows the hardware architecture of the smart mold system, where sensors 
are connected the beagle bone card, then the beagle bone card is connected to the 
motor driver. Events are also received by the beagle bone card from the injection 
machine. 
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4 UA	Modeler	
The UA Modeler tool is a licensed tool that allows to design the data models 

exchanged using the OPC-UA protocol and to generate code required to implement 
the design models, thanks to the availability of a Software Developer Kit (SDK), a set 
of libraries that support writing OPC-UA servers and client software.  

The designed UA models can be exported into XML format. Furthermore, the UA 
Modeler shows hierarchical and graphical representation of the designed models, and 
the graphical representation follows specifically the OPC-UA notation and syntax. 

The UA Modeler can be used even if decoupled by the SDK, to create models of 
the data exchanged by systems using the OPC-UA protocol, even without the 
generation of code.  

More information on the tool is available in D3.5. 

 

4.1 Deployment	and	experimentation	in	Baden-Württemberg		

Since the growth of OPC-UA’s popularity as M2M communication protocol, 
Fraunhofer IPA is using UA Modeler as a tool to derive information models of 
machines. One of the major advantages of OPC-UA is the option to describe systems 
in a machine-readable semantic way in order to integrate machines in the machine 
pool as well as in higher level systems like cloud MES. UA Modeler supports the user 
by creating the models.  

The Fraunhofer IPA Competence Center has deployed the tool on its’ premises and 
gained experience with using it for modelling the communication among systems. 
Such expertise is now offered within the Baden Württemberg ecosystem to all the 
SMEs that are interested in using the tool. 

With regards to the experiments carried out with John Deere in work package 6 of 
the BEinCPPS project, Fraunhofer IPA also offered support in using the tool. After 
finishing collecting the requirements for the Baden Württemberg use case, different 
CPPS systems have been evaluated. The selected CPPS was not compatible with 
OPC-UA and consequently it was not feasible to use UA Modeler for the BW use 
case. 
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5 4DIAC-IDE	
4DIAC project consist of 4 different main components: 

• 4DIAC IDE: the design environment for the modelisation of distributed 
systems, using  IEC 61499 compliant notation. 

• 4DIAC RTE (Run Time Environment, also called FORTE): the run time 
environment where the encapsulated functionalities are executed 
accordingly with the data and event connections, as modelled in the IDE. 

• 4DIAC-LIB: A Function Block Library of function blocks (FB) which are 
available on the 4DIAC-RTE. Therefore, it can be used to create IEC 
61499 compliant control applications.  

• 4DIAC-SYS: a set of public Example Projects:  
 

IEC 61499 is a dedicated modelling language, compared to UML that is a generic 
modelling language, following an application-oriented modelling approach. The 
whole application is defined first as interconnection of desired function blocks (FB) in 
terms of a function block network (FBN).  

A FB is defined by specifying its event-based interface and their Applications are 
then distributed to several physical devices. 

More information on the tool is available in D3.5. 
4DIAC has been deployed in the three Competence Centers (INESC, IPA and 

Innovalia) that have been supported by Fortiss (owner of the tool), in the usage of the 
tool. INESC and Innovalia has used the tool to model the systems used by, 
respectively, Kyaia and Meier. The results of these activities are reported below. 

 

5.1 Updates	of	Deployment	and	experimentation	in	NORTE		

5.1.1 Updates of deployment of the tool  

4DIAC IDE is available for download at the https://eclipse.org/4diac/ web site. Its 
installation is simple. One simply needs to unzip the downloaded file in the 
computer’s file system. The tool is based on the Eclipse IDE platform. Each 
developer has to install and deploy the tool in his/her own computer. The tool was 
deployed at the Norte Competence Centre (INESC TEC) and is being used by the 
team that is conducting the experiments in the Norte champion (KYAIA). 

Deployment of 4DIAC RTE, the runtime environment of 4DIAC, requires more 
steps. The software is not distributed in binary format so one has to download the 
source files, and to compile and generated the binary on the targeted hardware device. 
This was done by INESC TEC both on a Microsoft Windows system and on a Debian 
Linux system running on a Beagle Bone Green Wireless (Figure 6). 
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Figure 6: 4DIAC runtime environment compilation for BeagleBone green wireless 

5.1.2 New Experimentation activities  

The experimentation focus on the deployment of BeagleBone devices, containing 
temperature, electric current and vibration sensors, on the logistic systems running at 
KYAIA champion (High Speed Shoe Factory). The software to embed in these 
devices is to be modelled in the 4DIAC IDE tool and the corresponding generated 
software is then to be deployed on the hardware device running the 4DIAC RTE 
component. 

Until the present moment, activities were carried so as to achieve the following 
major objectives: 

1. To ensure that the 4DIAC RTE supports BeagleBone Green devices. 
2. To ensure that the software generated by the 4DIAC IDE tool (i.e. 

applications) can run on BeagleBone Green devices. 
3. To ensure that the sensors chosen to equip the BeagleBone Green devices 

are supported by both 4DIAC IDE and RTE. 
The first objective was successfully achieved. Instances of 4DIAC RTE were 

generated for BeagleBone devices running the Linux Debian system. 
Subsequently, a set of sample applications were designed in the 4DIAC IDE. They 

were mapped into Microsoft Windows (laptop computers) and Linux Debian 
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instances (BeagleBone devices) and put into operation in these two different 
computational platforms. This successfully demonstrated objective number two. 
Figure 7 shows 4DIAC IDE tool distributed in two devices (Microsoft Windows and 
Linux Debian), sample of a 61499 application. 

 
Figure 7: 4DIAC IDE tool, sample of a distributed 61499 application 

A distributed automation application on 4DIAC consists of a network of function 
blocks connected by inputs and outputs (data and events) that are subsequently 
mapped and deployed on multiple hardware devices (Figure 7: 4DIAC IDE tool, 
sample of a distributed 61499 application). 
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Figure 8: 4DIAC IDE tool, deployment of a 61499 application on multi devices 

Mapping function blocks consists of specifying which hardware will run each 
function block, as shown in Figure 8: 4DIAC IDE tool, deployment of a 61499 
application on multi devices During the mapping process, all mapped function blocks 
change their colour to the correspondent device's colour.  

 

 
Figure 9: 4DIAC IDE tool, mapping of function blocks and data and events monitoring 
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Figure 9: 4DIAC IDE tool, mapping of function blocks and data and events 
monitoring also shows the data and events monitoring that allows watching directly 
the current value and how many times each event was triggered. 

While getting a deeper understanding of the 4DIAC software in BeagleBone 
devices, we realized that support for the three targeted sensors was not available on 
the 4DIAC tool. The 4DIAC tool needs a small driver for each type of sensor one has 
on the BeagleBone device. This implied that specific adapters (drivers) for the sensors 
would have to be developed by the team conduction the Norte application 
experiments. 

Following activities on the 4DIAC are related to the development of the function 
blocks that read the signals from the sensors, that translate them into digital format 
and that analyses their variation in time according to the expected pattern. 

 

5.2 Updates	of	Deployment	and	experimentation	in	EUSKADI	

Within the Euskadi champion region the 4DIAC IDE and RTE tools is being used 
to design a PLC-based system and model an automated pick and place system 
whereby parts will be automatically transported, picked up and then placed. The main 
concepts are to model an automated pick and place system that will be able to pick up 
parts place them in the volume of the metrology machine where measurements will be 
carried out after which the part will be placed back on to a conveyer. After the 
measurements and analysis have taken place and the part has been validated the part 
is placed back on to the transport conveyer; however, if the piece does not pass the 
dimensional quality inspection the part will be placed on a rejection conveyer and 
transported to a different location. 
5.2.1 New Experimentation activities  

Requirements for the modelling have been gathered keeping into account the 
production process carried out in Maier: number of picked parts per hour, 
measurement time. Moreover, the components to be included in the model have been 
identified and a series of macros, instructions to perform a sequence of actions, have 
been designed. These macros will be translated in function blocks with FORTE 
according to the standard IEC 61499. The 4DIAC-IDE has been installed and first test 
have been made with the available function blocks included in the pre-build versions 
of FORTE. 

The main components and tasks to be modelled are the following 

1. Home 
This task is responsible for starting the process of home of the machine. The home 

process is configurable by writing values in registers. The following explains what 
records have been used to configure the home process: 

• Axis status  
• Home Method  
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• Home Order  
• Double Hit  
• Offset  
• Retry Distance 

 
Figure 10: Flow chart of the task home  

2. Joystick 

The objective of this task is to read the analogue and digital signals of the joystick 
and move the machine in speed mode. The task begins when the respective macro is 
called. Once launched, a loop begins in which the analogue values are read 
periodically, the speed parameters are configured and the machine is moved. 
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Figure 11: Flowchart of the task Joystick 

3. Back-off 

This task is activated when a probe is placed in M3. At that moment the task 
remains waiting by observing the trigger input (DI1), if it is activated, it is checked if 
there is a movement in the machine, if this is done, a back-off or back-off movement 
is made. It should be emphasized that this task is not related with the capture of points 
that is done independently and internally by the control. 
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Figure 12: Flowchart of the task back-off 

 
 

6 Activiti	

6.1 Tool	presentation		

Activiti is an open-source workflow engine written in Java that can execute 
business processes described in BPMN 2.0. 

The tool can be downloaded from: https://www.activiti.org/download-bpm and 
instructions for the installation are available here: https://www.activiti.org/quick-start. 
There is no hw prerequisite to use Activiti. 

The set-up can be done with any Java-friendly IDE. Activiti uses Maven, but other 
build and dependencies management systems like Gradle and Ivy work too. 
 
The project is a suite of applications that work together: 
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• Modeler, a web-based graphical workflow authoring interface based on 
Signavio, an integrated modeling environment intended for the creation of 
executable process models (commercial solution; more information available 
here: https://www.signavio.com/products/process-manager/ ). 

• Designer, an Eclipse plug-in for developing workflows 
• Engine, the core workflow processor 
• Explorer, a web tool to deploy process definitions, start new process instances 

and carry-out work on workflows 
• Cycle, a web app for collaboration between business users and software 

engineers 

Alternative open source editors, such as Yaoqiang BPMN Editor, can be used 
instead of Activiti Modeler, to design BPMN 2.0 process that are executed by the 
Activiti Engine. Within the BEinCPPS architecture the Activiti Modeler has been 
selected. 

 

6.2 Deployment	and	experimentation	in	Baden-Württemberg		

6.2.1 Relevance for the John Deere Pilot and Baden-Württemberg Region 

The architecture in the John Deere Pilot is of a certain complexity and the number of 
hardware and software components really diverse. The usage of Activiti, instead, 
allowed to focus on the description of the workflow and to clarify the functional 
relationship among the different components, mainly software one. In fact, the 
Activiti model was designed around the interaction among the BEinCPPS and WP6 
specific software components, abstracting from the end-to-end business process taken 
place in that particular location of the production line. In particular, the interaction of 
the workers with the components was not explicitly modelled with Activiti but it is 
included in one of the process steps highlighted in Section 6.2.3: the process waiting 
for the interaction between the workers and the physical devices. 

Another advantage of having adopted Activiti is the association to the designed model 
of the developed code. This allowed the implementation and running of the designed 
model in the production line and the employment of standard Activiti components e.g. 
Activiti-Explorer and Activiti-REST to build, configure, run and monitor the different 
processes as instances of the designed process. 
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Figure 13: HW components in the John Deere pilot, mainly connected via the IoT Middleware and relative 

CPPS Messaging Services 

6.2.2 Deployment of the tool 

As illustrated in Figure 13: HW components in the John Deere pilot, mainly 
connected via the IoT Middleware and relative CPPS Messaging Services, there are 
many HW components in the John Deere pilot, having as main point of the interaction 
the IoT Middleware and the related Messaging Services. All the indicated “virtual 
servers” reside on premise. These servers also host the other SW components i.e. 
OpenIoT Middleware and related CPPS Messaging Services and all the other software 
needed to interface with the physical devices on the field (Pick-By-Light box, Smart 
Glasses, etc). 
Inside the virtual machine, Activiti is running within the Apache Tomcat 8 application 
server and, being in the same network, can connect in its runtime part to the other 
legacy components of the John Deere facility e.g. the Oracle Database and the IBM 
Service Bus. The access to Activiti is performed via the extension “Explorer” that 
allows for editing the existing model and its fine tune configuration via a web 
application, available to all the browser that have access to the virtual machine the 
web application is running in. The initial model, however, was realized with the 
Eclipse plugin for Activiti on a development machine not connected to the John Deere 
premise. Once consolidated that model was deployed in the productive environment. 
Figure 14: Activiti (BPMN and runtime identified as "Task Orchestration for CPPS") 
in the architectural view of components deployed inside the John Deere facility 
illustrates the central role of Activiti, in its modelling part as BPMN model and run-
time as Task Orchestration in the architectural picture of components deployed inside 
the John Deere production line. In the same figure it becomes evident how Activiti 
model interfaces with the other BEinCPPS components. A detailed description of the 
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Activiti model developed for the John Deere experimentation is illustrated in Section 
6.2.3.  

 
Figure 14: Activiti (BPMN and runtime identified as "Task Orchestration for CPPS") in the architectural view 

of components deployed inside the John Deere facility 

 

6.2.3 Experimentation activities 

The BPMN model describing the process governing the experimentation in John 
Deere is illustrated in Figure 15: Process model created with Activity describing the 
step needed from the arrival of an order information to the recording to the order 
status, including error handling.. The process is activated via a message (a REST call) 
to Activiti from the “legacy” IBM Service Bus, once the worker on the production 
line scans an order code. The first step in the process is the retrieval of the order 
information from the “legacy” Oracle database and the consequent extraction of the 
correspondent data from the local (to the BEinCPPS project) configuration database 
(1). A failure in this step results in an email message to a distribution list, where 
project and operation responsible are included, thus alerted. If the step concludes 
successfully, the next action is the logging of the retrieved data inside a particular 
table in the configuration database (2) and its communication to the IoT Middleware 
(3) which distributes it to the physical devices that the operators interact with. The 
process waits until the interaction of the worker with the physical devices is 
completed (4) and, once completed, logs the returned information into the local 
database (5). The process terminates at this stage, if no errors occurred. If errors occur 
during the process, those are captured, distributed per email and the process is 
terminated. 

This process supporting the WP6 experimentation at John Deere is also governing the 
processes needed for the experimentation of the First Open Call winners ARWoS by 
IoXP and Smart Glasses by Konika Minolta Laboratories Europe. It is also to be 
noted that given the flexibility and modularity of Activiti, once deployed and 
initialized the base process, a modification in the configuration can be performed 
quite easily and directly via the “Explorer” interface of Activiti. An extension of the 
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model, however, might require an extension of the code in case the model should be 
deployed and run not employing basic Activiti modules. 

 
Figure 15: Process model created with Activity describing the step needed from the arrival of an order 

information to the recording to the order status, including error handling. 

 
  

1 2 3 4 5 
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7 MODELIO	

7.1 Tool	presentation		

Modelio is an open source suite for system modelling, supporting UML, SysML, 
BPMN standards, written in Java. 

INTO-CPS is an H2020 European project. This project aims at specifying and 
developing an integrated “tool chain” for comprehensive Model-Based Design 
(MBD) of Cyber-Physical Systems (CPSs). INTO-CPS will support the holistic 
modelling of CPSs from SysML modelling to functional Mockup Interface (FMI)-
compatible co-simulation. 

The Modelio for INTO-CPS is a Modelio extension specifically addressing the 
design of CPS-enabled system. It can be downloaded from: 
http://forge.modelio.org/projects/intocps-modelio34/files . 

This extension has been introduced in the BEinCPPS architecture, to support the 
system design phase, through extensions of Architecture and Connection diagrams, 
with stereotypes to distinguish physical from cyber components. In this extension, it 
is possible to export to or import from FMI-compliant system descriptions. Finally, 
The INTO-CPS extension also provides a dedicated property page, as referencing at 
page 28, to specify relevant element properties 

 

7.2 Deployment	and	experimentation	in	POLIMI	

7.2.1 Relevance for the Whirlpool Pilot and Lumbardy Region 

Lombardy BEinCPPS Digital Innovation Hub aims at introducing innovation to 
enhance quality control procedures in the Zero Hours Quality (ZHQ) department 
located in Whirlpool Appliance Factory in Biandronno (ITALY) and hereafter, in 
remaining WHR plants, ultimately to build experiments and success stories to pave 
the way to expansion of the project results and of the Cyber-Physical Production 
Systems (CPPS) approach in Lombardy. As described in previous version of this 
deliverable (Deliverable D3.5 Virtual World BEinCPPS components) the CPS-ization 
of the ZHQ department includes four basic functions: 

1. Guided operations on a mobile device. 
2. Programmability of automatized test sequences with access to test 

hystorical data. 
3. Automatic I/O in which the CPPS interfaces the product under test both in 

input (sensors) and output (actuators) for the identification of abnormal 
dynamic behavior, with product sampling rate change proposal if needed.  

4. Data Management and Analytics, with Data clustering allowing 
identification of normal and abnormal behaviour profiles of each product. 
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The Modelio modeling tool is used in this iteration in order to support the design 
of the business and technical solution for the ZHQ CPS-ization. Given that Modelio 
tool is available under a free use license, the tool can be adopted by SMEs willing to 
experiment  CPS-ization projects. The following sections will summarize the design 
process of ZHQ CPS-ized system with the support of Modelio and of the SysML 
modeling language, specialized for Model Based System Engineering. 

 
7.2.2 Deployment of the tool 

At the date of the document Modelio tool is available at https://www.modelio.org/ 
in the version 3.6.1 for different operating systems such as Windows 7/8/10, 
RedHat/CentOS, Debian/Ubuntu and Mac OS X, with hardware requirements that 
match the most common installed personal computers (Pentium IV 1 Ghz or higher, 1 
GB memory). 

Modelio version 3.6.0 has been previously installed in POLIMI premises with the 
following free modules (see Figure 166): 

 Modeler Module, enabling UML modeling. 
 SysML Architect, enabling SysML modeling. 

SysML (www.omg.org) is a language designed for modeling system architecture 
and functional specifications, and it is an extension of a subset of UML modeling 
language (www.uml.org) visual modeling standard widely adopted by software 
architects and developers. 

POLIMI attended to the webinar on Modelio held by SoftTeam for the BEinCPPS 
partners interested in using that tool. 

Furthermore, POLIMI is planning to continue experimenting with the use of a 
specific extension of SysML developed by EU project INTO-CPS 
(http://projects.au.dk/into-cps/) for modeling cyber-physical systems, which is 
currently not available for Modelio 3.6.0 installed by POLIMI, tools version used so 
far. 

 
7.2.3 Experimentation activities 

Figure 16 Modelio project configuration: installed modules in POLIMI 
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POLIMI and Whirlpool and the WP4 team have continued the ZHQ design activity 
with the support of Modelio tool, design performed initially at business process level 
with the MSEE tool (as reported in deliverable D3.5), with the modeling of the 
system architecture, as follows. 
 

Figure 17: Use case diagram of ZHQ to be business processes 

Figure 18 presents the Use case diagram related the three main business processes of 
the ZHQ system, detailed in the previous analysis, which specifically focus on how 
WHR Quality Operator is involved in both quality test execution and data analysis 
and test result storing, whereas Quality Manager leads the design of the Test Rule to 
be executed by the ZHQ system and can modify the Test Rule in case of need during 
the test execution.  
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The design activity is continuing with the development of the CPS-ized ZHQ system, 
which architecture is summarized in Figure 188.  

 
Figure 18 Architectural diagram of ZHQ system 

The diagram presented in Figure 18 Architectural diagram of ZHQ system is one of 
the SysML structure diagrams (in this case, a block diagram) which represents the 
whole ZHQ system and its main components, such as the Testing Unit and the 
Appliance to be tested, with the Testing Unit further decomposed in the Controller, 
which, as a Cyber component, includes the Test Rule executor which drives the 
Actuator Unit and collects data from the Sensor Unit, and two Cyber components able 
to exploit machine to machine communication in order to satisfy the identified 
business requirements. As shown by the * multiplicity operator of the link between 
Testing Unit and Appliance blocks, given the processing capabilities of the Controller 
units, it might be possible to have more than one appliance test driven by a single 
controller (namely, currently a single controller might lead tests for maximum four 
appliances). 
 
Specifically, the analysis is currently focused on business requirements BR06 and 
BR07, concerning modification, in case of specific faults, of the sampling rate of the 
appliances inbound from the production line (microwave / washing machine lines) 
and BR14 concerning M2M communication among testing units, enabling semi-
automatic testing rule changes for the same or similar product in case of specific 
faults. Both interventions aim at improving the ZHQ performance in terms of 
identification of problems and relevant causes.  
  
The current state of the architecture development is represented by the SysML 
internal block diagram in Figure 19: SysML Internal block diagram of  Testing Unit, 
which represents the main connections of the Testing Unit blocks with the peripherals 
(such as the code scanner and the HMI-Touch panel) and the appliance. In figure BB 
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are specifically evidenced the functional modules and the physical connections related 
to Actuator Unit and Sensor Unit, whereas the information flows with the Controller 
unit are not shown for sake of simplicity. 

 
Figure 19: SysML Internal block diagram of  Testing Unit 

 
In particular, with reference to the above mentioned cyber-components presented in 
Figure 20, the Cyber-Checker and the Cyber-Notifier are derived by the business 
requirement BR14 which is based on the machine to machine communication 
capabilities provided by the BEinCPPS middleware, and requires each Testing Unit 
exchanging messages with other units which are running tests on the same product (or 
similar) in order to enable changes of the test programs in case of specific fault 
events. 
Figure 20: SysML Requirement diagram for BR14 and its allocation to system 
components shows how the SysML language provides visual representation of the 
architectural links among the business requirements, which, as an example with 
requirement BR14, drive the system specification design: therefore IT requirements 
are derived from business requirements and are allocated to system components, such 
as the Cyber-Checker and Cyber-Notifier. 
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Figure 20: SysML Requirement diagram for BR14 and its allocation to system components 

 
Accordingly, at the date of the document the WP4 champion team is studying two 

possible developments: 

• Test rule change on testing stations running test on the same or similar product. 
 
• Sampling rate change among the different final product lines served by ZHQ 

department. 

Details on these developments can be found in the following sections. 
Test rule change includes the following functionalities. 

With reference to the use case Execute Test as per Figure 21: Activity diagram of use 
case Execute Test, the Quality Operator can decide about test rule changes in case of 
anomalies mainly during the evolution of a single appliance test, specifically during 
the ‘Test monitoring and management’ activity presented in the activity diagram of 
Figure 21, which shows two horizontal activity lanes, one on the top allocated to 
Quality Operator and the second on the bottom allocated to Testing Unit (which 
automatically activates the actuators to enable the appliance operational cycle and 
measures the most relevant quantities for assess the appliance dynamical behaviour). 
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Figure 21: Activity diagram of use case Execute Test 

During the ‘Test monitoring’ step, or even during the ‘Store/analyze test result’ 
step (after the end of the test executed on the appliance), the Quality Operator might 
access historical data on test results of the same product (or similar) and then decide 
about enabling more in-depth test programs or, even, activate a sampling rate change 
for the production line, as described in the following section. In this activity, anyway, 
it might be interesting for him to receive information about any test occurring at the 
same time in other testing stations/units for the same product. 

Sampling rate change. 
ZHQ in WHR Cassinetta Plant is deployed as statistical control center for different 

product lines, namely, for microwave ovens, MINI, MIDI, PHOENIX and other small 
product lines, which products are sampled directly on the outbound handling system 
(a Saaconveyor belt line).  For each product batch, products are picked up by a PLC-
controlled manipulator from the Assembly outbound conveyor to ZHQ area with the 
following rule: 1% of the total batch product are randomly chosen among the first 5% 
products of the batch, 1% of the total batch products are randomly chosen from the 
final 5% of the batch, and 1% is similarly randomly chosen among the products in the 
remaining part of the batch, so that total 3% of the batch is subject to ZHQ control.  

In the current situation, ideally ZHQ testing line has the same load of the 
Assembly line, so that, if the Assembly line utilization is 25% for each of the four 
product lines, the same happens for the ZHQ testing line.  At the moment it is 
currently under study how to develop a modified assignment algorithm for ZHQ line 
in case “special” procedures are activated in order, if needed, to increase the number 
of tests for a specific product/batch, as described in previous section.  

 
To summarize, the previous sections show the usage of Modelio capabilities in the 

WHR champion development in terms of UML/SysML diagrams, with the usage of 

Figure 22 BB Activity diagram  of use case Execute Test 
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the most important diagrams provided by the two modeling languages, such as use 
case diagrams, block diagrams and internal block diagrams, activity diagrams and 
requirement allocations. 

7.3 Deployment	and	experimentation	in	INESC		

7.3.1 Relevance for the Kyaia Pilot and NORTE Region. 

The HighSpeedShoeFactory comprises two major systems: The Stitching Logistic 
System, implementing the activities of stitching, stitching and pre-assembly, and the 
Assembly Logistic System, implementing the final assembly and finishing activities 
of the final product. All systems are controlled by two PLC components and managed 
at a higher level by HSSF / SmartSL10, an ICT system with a back-end and front-end 
components. The back-end component contains a relational data base system and 
provides a RESTFul web service API allowing the access to information related with: 

• Operators, manufacturing machines, working posts and production lines; 
• Footwear models, manufacturing operations and routes; 
• Production orders, production lots and the boxes containing the work-in-

progress. 

The complexity of such manufacturing processes involving a wide range of 
physical, human and computational resources do require a formal modelling of the 
static and dynamic characteristics of all these elements. Furthermore, the development 
of the experiences identified so far for the Norte Region (“Access Sensors on 
footwear production lines”, “Diagnostic and predictive maintenance”, “Production 
monitoring” and “Intelligent sensing on the shop floor”) in the scope of the CPPS 
(Cyber Physical Production System) demand that the engineering aspects of the 
CPPS’isation to be described in a formal way. The usage of MODELIO allowed to 
correctly fulfil out these challenges. 

7.3.2 Deployment of the tool 

Modelio is an open source modelling environment that is available for download at  
https://www.modelio.org/downloads/download-modelio.html and available for 
Windows, MacOS and Linux operating systems. To the KYAIA application 
experiments was used the Modelio version for Windows whose installation is very 
simple as shown on the following Figure 23: installation of Modelio. 
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Figure 23: installation of Modelio 

INESC also attended to the webinar on Modelio held by SoftTeam for the BEinCPPS 
partners interested in using that tool. 

 

7.3.3 Experimentation activities 

In order to achieve the goals and the application experiments identified above the 
following engineering aspects have been modelled: the physical elements that 
comprise the High Speed Shoe Factory and the domain specific concepts that are 
implemented by the existing controlling and managing elements (e.g. PLC and HSSF 
/ SmartSL), and the APIs provided by these elements have ben specified in a formal 
way (e.g. the HSSF / SmartSL’s RESTFul API) as shown in the Figure 24: Sample of 
an UML based model of the HSSF / SmartSL10 produced in the Modelio tool

 
Figure 24: Sample of an UML based model of the HSSF / SmartSL10 produced in the Modelio tool 
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8 Conclusions	
After a first period of usage from the Competence Centers and the Champions, a 
revision of the tools selected to support the design phase of the CPPS-based system 
development has been conducted. 

Accordingly with the received feedback (D3.7), more support has been required for 
the design at system level, focusing on the architecture of the system and the relations 
among components.  
Two new design tools have been included in the new architecture: Activiti, for 
busness process design and execution and Modelio, for design at system level.  
Papyrus, that have been introduced very soon after the release of the first version of 
the architecture, is being experimented since a longer time, especially by CEA, which 
is one of the organisation that are developing this suite.  

Conversely, little interest has been expressed for the simulation and co-simulation 
tools, which require specific competences and cannot be easily adopted by designers 
in Industries. Therefore it has been designed to remove the simulation tools initially 
selected and to introduce Modelica, as the representation of the functional modules to 
be simulated can be done at higher level, using the Modelio environment; this 
simplifies the approach to the simulation phase that can be done also by not experts of 
this sector. 
The result is a new subsystem architecture that has been presented in D2.2, where the 
new components described above have been included and adopted by the CCs and 
Champions in BEinCPPS to execute the following exprimentations. 

• Modelio: used by INESC with KYAIA and POLIMI with Whirlpool to create 
system-level models  

• Activiti; used by IPA with John Deere to model executable business 
processes; this tool is also being used in the experimentation of the Open Call 
winners ARWoS and SmartGlasses. 

In parallel, experimentations with the already existing tools have been extended by 
some Champions: 

• Papyrus: IPA and Pernoud continued the modelling of the system to be 
implemented in the experiments, focusing on the functional blocks 
architecture and behaviour, and also on design of physical (hardware) 
architecture 

• 4DIAC IDE: INESC and Kyaia used the tool to model the behaviour of 
BeagleBone devices use to collected data from new sensors positioned in the 
logistic system running in KYAIA; Innovalia and MAIER are using the tool to 
model and pick and place system, that moves pieces from the measurement 
area to a conveyor. 

In the next period, experimentations will continue in the Champions and new ones 
are being executed by the Open Call winners. The outcomes of these activities will be 
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made available to potential users, in the form of examples of models and feedback on 
the usage of the tool, to guide them in the adoption of the design tools selected by 
BEinCPPS and to the projects (such as INTO-CPS) that are continuing the 
development of some of these tools,   

 
 


