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Disclaimer 

The information in this document is provided “as is”, and no guarantee or warranty is given that 
the information is fit for any particular purpose. The content of this document reflects only the 
author’s view – the Joint Undertaking is not responsible for any use that may be made of the 
information it contains. The users use the information at their sole risk and liability. 



D3.4 – Conclusions on integration of subsystems into FDF and SF   

Safe4RAIL-2 D3.4  Page III 

Executive Summary 

This delivery reports on the conclusions of the integration of train applications into the 
Functional Distribution Framework (FDF) and the Simulation Framework (SF). 

The FDF provides an abstraction for the development of railway functions so that software 
applications are portable between different FDF implementations. 

The SF consists of a set of tools for train subsystem virtualization, communication emulation 
and simulation, which allows integrating software applications to a mixed validation 
environment to conduct the validation. 

The integration of a train application is based on the Application Profile. The Application Profile 
is a key element for the standardization of the train function, as it defines the use cases the 
train application must implement and the data interfaces for the communication between the 
train subsystem and the TCMS.  

A case study carried out for the Heating, Ventilation and Air-Conditioning (HVAC) subsystem 
is described in the first part of this document. The case study shows how an HVAC Subsystem 
has been implemented and integrated into two different implementations of the FDF. The aim 
of these integrations is to demonstrate the portability of the HVAC Subsystem (and in general 
of any train function) for different FDF implementations. The integration of HVAC Subsystem 
and validation was reported in the confidential D3.3 document. The current report summarizes 
the most relevant aspects of the integration and validation tasks, trying to give an overview 
while preserving confidential information. 

The second part of the document describes the methodology that should be followed to carry 
out the integration of train applications into the FDF and the SF. Some recommendations and 
best practices for the integration of train applications, from the experience gained in the 
implementation of the HVAC case study, are also provided. 
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Chapter 1 Introduction 

The FDF provides an abstraction for the development of railway functions so that software 
applications are portable between different FDF implementations. 

The SF consists of a set of tools for train subsystem virtualization, communication emulation 
and simulation, which allows integrating software applications to a mixed validation 
environment to conduct the validation. 

The integration of a train application is based on the Application Profile. The Application Profile 
is a key element for the standardization of the train function, as it defines the use cases the 
train application must implement and the data interfaces for the communication between the 
train subsystem and the TCMS.  

The integration of the Heating, Ventilation and Air-Conditioning (HVAC) subsystem was 
already reported in the confidential deliverable D3.3 - Report on Integration of HVAC 
Subsystem and Validation.  Some contents extracted from D3.3 have been included in chapter 
2, which describes the HVAC case study and the integration activities. 

The aim of the case study is to demonstrate the portability of the HVAC Subsystem (and in 
general of any train function) for different FDF implementations. Thus, the case study 
describes how the HVAC Subsystem has been implemented and integrated into two FDF 
implementations.  

These integrations have been validated using different validation scenarios defined by 
CONNECTA-2 and developed jointly with Safe4RAIL-2 partners. The HVAC Subsystem 
monitors and controls de HVAC device. Both HVAC Subsystem and HVAC device have been 
validated in simulated and real hardware, depending on the setup of each validation scenario. 
The simulated HVAC device provided by Safe4RAIL-2 has been implemented as a Functional 
Mock-up Unit (FMU) and provides the standardized Functional Mock-up Interface (FMI). This 
simulated HVAC enables to conduct the validation using the Simulation Framework. The SF is 
developed and runs at the train manufacturer.  

Chapter 3 describes the methodology and the workflow to be used for the integration of train 
applications into the FDF and the SF. Some recommendations and best practices are derived 
from the experience gained in the implementation of the HVAC case study. 
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Chapter 2 HVAC Case Study and Demonstrator 

Heating, Ventilation, and Air Conditioning (HVAC) is the technology of indoor and vehicular 
environmental comfort. An HVAC system’s goal is to provide thermal comfort and acceptable 
indoor air quality. For this purpose, the HVAC comprises a set of subsystems used for moving 
air between indoor and outdoor areas, along with heating and cooling. 

The document “Application Profile Definition Guideline and Example” [1] defined by 
CONNECTA describes the use cases to ensure “proper climate” functionality in a railway 
vehicle.  

Based on the application profile of the HVAC Subsystem, the Technical Application Profile for 
HVAC [2] by CONNECTA-2 defines a functional grouping and describes the interfaces to be 
provided by Consist Level Control and HVAC Subsystem Control applications. 

Based on the Technical Application Profile for the HVAC the following subset of uses cases 
have been implemented, after the agreement with CONNECTA-2 project. 

CTA-T4.3-UC-Hvac-1 Startup and manage HVAC system 

CTA-T4.3-UC-Hvac-3 Manage HVAC operational mode 

CTA-T4.3-UC-Hvac-10 Monitor vehicle outside temperature 

CTA-T4.3-UC-Hvac-11 Monitor comfort zone inside temperature 

CTA-T4.3-UC-Hvac-12 Monitor comfort zone HVAC functional state 

CTA-T4.3-UC-Hvac-14 Define comfort zone setpoint temperature 

CTA-T4.3-UC-Hvac-15 Adjust comfort zone temperature offset 

CTA-T4.3-UC-Hvac-17 Monitor HVAC failures 

Table 1: Implemented use cases 

 

The HVAC Function, as depicted in Figure 1, is decomposed in three components (yellow 
boxes): TCMS, HVAC Control and IO Control. The IO Control can be either a physical HVAC 
device or a plant software model to simulate the HVAC hardware.  

 

Figure 1: Components implementing HVAC Function and communication between ports using service 
interfaces. 

The blue boxes attached to the components are ports to either offer services to other 
components or subscribe to services. The service interfaces used for the communication 
between the HVAC Control and TCMS have been defined in the CTA-2 HVAC Application 
Profile in [1] and [2].  

https://en.wikipedia.org/wiki/Thermal_comfort
https://en.wikipedia.org/wiki/Indoor_air_quality
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The service interfaces between the HVAC Control and the IO Control are not defined by the 
application profile, since those interfaces are typically HVAC supplier specific because they 
depend on the hardware of the HVAC device. Therefore, interfaces IBK4E1OutputSignals and 
IBK4E1InputSignals in Figure 1 are Liebherr’s hardware platform (BK4E1) specific and thus 
they are defined and provided by Liebherr. 

The integration of Liebherr’s HVAC described in this HVAC case study has comprised the 
activities explained below. The HVAC Control application has been first implemented. This 
Control application has been then integrated on top of the FDF using its API. Furthermore, a 
TCMS application that communicates via the FDF-API with the HVAC Control application has 
been implemented and integrated as well. Finally, the validation activities have been carried 
out in the different validation scenarios defined by CONNECTA-2 partners.  

 

2.1 HVAC Subsystem Implementation 

The HVAC Control is the software that monitors and controls the HVAC System. It is together 
with the TCMS application, integrated in a single CCU on top of the FDF (see Figure 1). The 
same HVAC Control software interacts with the physical HVAC device or a simulated HVAC 
Model through IO signals like IBK4E1OutputSignals and IBK4E1InputSignals (see Figure 1), 
monitoring the status of its sensors and devices and sending commands to the actuators that 
operate the HVAC. 

On system start-up, HVAC Subsystem implements a start-up procedure, in which TCMS and 
HVAC Control negotiate the power needed by the physical HVAC to start in operation and the 
available power to perform such operation. 

The HVAC Control notifies the power required by the HVAC device and waits for the available 
power release from the TCMS. 

The HVAC waits then for the authorization token from the TCMS and does not perform any 
operation until the authorization is set. When the authorization token is received by the HVAC 
the startup process finalizes. From this moment, while the available power does not go below 
the power needed, the HVAC Control will continuously monitor the power the physical HVAC 
is consuming and will inform about it to the TCMS. The HVAC Control will also be ready to 
receive from the TCMS the global operational mode for the HVAC. The global operational 
mode allows to switch the HVAC device from the normal operation mode to other particular 
modes (e.g., test, washing or fast off, as defined inside the Application Profile) to carry out 
specific operations in the HVAC device. 

Setting from global operational mode to the normal operation mode allows the user to select 
one of the available operation modes for a control zone (e.g., Standby, Automatic, Ventilation 
Only, …) 

The HVAC Subsystem measures the temperature outside the vehicle using two sensors and 
calculates an average of these sensors’ values. The measured outside temperatures are sent 
to the TCMS to be used for the overall mean outside temperature calculation. That mean 
outside temperature received from the TCMS is used for operating the HVAC. 

Similarly, the HVAC Subsystem measures inside temperature of a comfort zone using two 
sensors and calculates an average of these sensors’ values. The calculated temperature is 
sent to the TCMS to be used for the calculation. The temperature value received from the 
TCMS is used for operating the HVAC. 

HVAC Subsystem’s functional state is continuously monitored. 

Temperature setpoint for a comfort zone can be defined within a certain range. This range 
depends on the chosen normative temperature curve and the maximum offset value. 

The HVAC Control application, implementing the behaviour described above, has been 
implemented by Liebherr as a Matlab Simulink model. After an internal validation based on 
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zone. Such a test bench is costly and not always available when new HVAC control software 
must be tested and validated. A model of the physical HVAC is alternatively used in Hardware-
in-the Loop (HIL) and Software-in-the-Loop (SIL) systems. 

Similarly, the train environment is typically modelled so that the HVAC can interact with the 
other relevant train subsystems. 

Both the train environment model and the HVAC model (if needed) provide the plant model for 
the Simulation Host. How the Simulation Host is implemented depends very much on the 
railway supplier’s validation strategy.  

Each CONNECTA-2 partner has its own solution and therefore, the validation of the HVAC 
Function has been driven by the demonstrators defined by CONNECTA-2 project. Integration 
of the technology developed in Safe4RAIL-2 have been done in collaboration with 
CONNECTA-2 partners. These integrations have enabled to validate the developments and 
test their integrability in the final demonstrators to be built by CONNECTA-2, which must 
incorporate technologies developed by Safe4RAIL-2 project.  

The CONNECTA-2 Urban Demonstrator defines a remote Hardware-in-the-Loop scenario 
where the CCU running the HVAC Subsystem will monitor and control a remotely located real 
HVAC device. The CONNECTA-2 Regional Demonstrator instead, defines several virtualized 
and simulated environments, where the HVAC device is substituted by an HVAC Simulation 
model.  

Liebherr HVAC unit MACS 8.0 has been used for the validation with real HVAC device. Further 
information on the Liebherr HVAC unit MACS 8.0 can be found in [6] and [7]. 

e

 

Figure 3: MACS 8.0 module used for remote 
control 

For the validation scenarios where an HVAC Simulation model has been used, Liebherr has 
provided CONNECTA-2 partners an FMU HVAC Simulation model, which each CONNECTA-
2 partner has integrated in their Simulation Framework. In addition to the HVAC model, these 
validation scenarios have required a simulation of the thermal vehicle and environment 
simulation model. These simulation models have been provided by the vehicle manufacturer. 

 

2.3.1 Data protocol for System Validation 

The validation of the HVAC Function requires a communication between HVAC Control 
Application running in the CCU and the physical HVAC or the simulated HVAC. 

This communication was carried out using Train Real Time Data Protocol (TRDP) and the 
following process data packets, where the exchanged signals are specified, were defined. 







D3.4 – Conclusions on integration of subsystems into FDF and SF  

Safe4RAIL-2 D3.4 Page 9 of 30 

Chapter 3 Train Subsystem Integration 

Methodology 

The methodology for the integration of a train application is based on the Application Profile 
concept defined by CONNECTA project. The Application Profile is the key element for the 
standardization of the train function. It defines an interface between the TCMS and a 
subsystem and for this purpose, it describes the signals that must be exchanged between 
TCMS and the subsystem. 

The Application Profile defines the uses cases the train application must implement as well as 
the data structure that standardizes the information exchange for the communication between 
the Consist Level Control and the train subsystem. Therefore, a specific Application Profile 
must be defined for each train subsystem to be integrated.   

To carry out the integration, the FDF provides an abstraction for the development of railway 
functions so that train applications are portable between different FDF implementations. The 
FDF enables the integration of the application that implements the Application Profile. The FDF 
provides an API, defining a set of C++ interfaces [2], which enables that subsystem providers 
develop a single software solution that may be integrated by different rolling stock system 
integrators. 

The SF consists of a set of tools that enable to run simulation models of the train subsystem 
and the train environment allowing the communication of these simulation models with the train 
application to carry out the validations in virtualized environments.  

 

3.1 Subsystem Integration into FDF 

3.1.1 Subsystem Application Profile  

An Application Profile is defined in CONNECTA project using a modelling approach based on 
SysML. The Application Profile defines the data interface between the TCMS and a subsystem. 
Therefore, for each subsystem that needs to be integrated, an Application Profile is required.  

The Application Profile is defined as a SysML interface block. An Interface block is a special 
kind of block for typing proxy ports. It contains a set of flow properties. A Flow Property signifies 
a single flow element to or from a Block, and thus the set of flow properties define the inputs 
and outputs for the subsystem. 

In Figure 6 an example of an Interface block from [2] is depicted. This example shows the 
interface between the TCMS and the HVAC system.   
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Figure 6: Interface Block for HVAC System (Example from [2]) 

 

Each Flow Property in an Interface Block must be specified as in, out or in-out, depending on 
it is an input, an output or is both an input and output for the subsystem. In this regard, an in 
typed Flow Property indicates that TCMS must provide this information to the subsystem, while 
and out typed one indicates that the subsystem will provide this information to the TCMS. 
Finally, an in-out typed Flow Property indicates that data flow is bidirectional, TCMS needs to 
provide it to the subsystem but the subsystem may update its value to send it back to the 
TCMS. 

Each Flow Property is typed by a Signal. A Signal defines a unit of information that must be 
interpreted and thus transmitted as a whole. Thus a signal may contain one or many attributes. 
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Figure 7: Flow Properties for HVAC System InterfaceBlock (Example from [2]) 

 

Each attribute of a Signal will be typed and this type could be basic data type provided by 
SysML (e.g. Boolean or Integer) or a user defined data type (e.g. celsiusTemperature, 
powerInKilowatt or activationStatus), that will provide a particular meaning to the attribute that 
compounds the signal.  

The Application profile for one subsystem can define one or several Interface Blocks. When 
more than one Interface Block is defined for a subsystem, the flow properties included in each 
Interface Block will depend on the functions of the subsystem that will be managed through 
each Interface Block.   

In addition to the SysML Interface Blocks, the Application Profile also includes the scenarios 
for exchanging signals between the TCMS and the subsystem. These scenarios are described 
using UML/SysML use cases. Thus, by means of the use cases an AP describes what a 
consist, that owns the TCMS and the subsystem can do. 

The use cases describe the different functions to be performed by the subsystem. Firstly, the 
description of the use case explains how the interaction between the subsystem and the TCMS 
will take place. On the other hand, the Flow Properties involved are specified so that the 
subsystem can carry out the function. Finally, by means of an activity diagram, the behaviour 
associated with the use case is modelled, in which the interactions between the subsystem 
and the TCMS and the information exchanged in each interaction are explicitly described.  

An activity in an activity diagram may send a signal, or receive a signal, from the TCMS to the 
subsystem or vice versa.  
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