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1. EXECUTIVE SUMMARY

This deliverable presents the report on the definition of an Application Profile. This report has been
written by the participants of CONNECTA Task 4.3. An Application Profile according to our project
goal describes a functional interface between the Train Control and Monitoring System (TCMS)
and a subsystem. The interface definition is based on an analysis of which use cases have to be
supported and defines the information (flow properties) that can be exchanged between the
communication partners.

The main objective of standard Application Profiles for the rolling stock industry is to reduce the
effort, the time and the risk to implement a specific rolling stock project. The effects from this
standardisation shall be gained because the common understanding of how a TCMS interacts with
a specific type of subsystem is increased in the market. This increased common understanding
leads to better fitting products offered by the subsystems suppliers to the system integrators. Due
to this standardisation effect, less engineering is required for the integration of the subsystem
leading to reduced costs, risks and delivery times.

The existing methodologies found in the state of the art analysis were not feasible for our
requirements and the research performed with the partners led to a new methodology to define
Application Profiles for the integration of subsystems into the trainsets. The methodology was
opimized and the applicability of this approach was proofed by defining the Application Profiles for
the HVAC (Heating, Ventilation and Air Conditioning), Doors and BMS (Bogie Monitoring System)
subsystems. The methodology for the Application Profiles was also applied for the functional open
coupling (FOC) interface defined in D4.2.

Some methodological and technical aspects have required thorough technical workshops among
partners. The achieved results are part of this deliverable:

Define the right level of detail for the Application Profiles, that is on one hand sufficient to
reach the required results and is achievable during the CONNECTA project duration

Appropriate definition of the interface to the HVAC subsystem

Besides that, this report also includes a summary of the cooperation with X2Rail. Task 4.3
supported the ongoing standardization activities inside X2Rail with an intense review of the
functional specification of the ATO subset 139 [8].

It is the interest of all the T4.3 partners to remark that the open technical discussions have always
been very creative and result oriented, both inside CONNECTA and during the discussions with
X2Rail and Shift2Rail.
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2. INTRODUCTION

2.1 CONTEXT AND BACKGROUND

The present document aims to be an Application Profile definition guideline and to develop some
examples related to this principle.

Today's development of software applications (called 'applications’ in this document) implemented
on trains is usually depending on each supplier's understanding of the client’'s functional
requirements. This results in different applications and different interfaces despite the fact that the
applications are describing very similar functionalities, applied to systems and subsystems of
general use (e.g. train doors). Thus the lifecycle cost of the train system is not optimized from the
beginning. Moreover when some subsystems need refurbishment, many years after they have
been put into service, there is no common background to support the development teams who are
often obliged to start their work from scratch.

This lack of standardisation in the applications’ interfaces and behaviour is limiting the ability to
interchange subsystems coming from different suppliers with any other subsystem taking the same
role in the train.

To summarize, there is no plug-and-play principle for the train subsystems today.

2.2 OBJECTIVES OF THE DELIVERABLE

The Application Profile definition is a key contribution to interchangeability for many fields of the
industry (e.g. automotive, aeronautics) which have resulted in many publications and definitions
largely used for software development. We can mention here the Singapore Framework for Dublin
Core Application Profiles framework or the AUTOSAR initiative.

As railway industry shall take advantage of previous experiences of the industry, some existing
solutions are studied and commented in this deliverable.

Another important objective of this deliverable is to summarize the analysis of these existing
frameworks and solutions in a guideline defining methodology and tools to be used.

While the frameworks and solutions are explored, and a guideline written, this deliverable extends
the Application Profile definition to three examples in order to demonstrate its applicability:

The Doors subsystem;
The HVAC (Heating, Ventilation and Air-Conditioning) subsystem;
The BMS (Bogie Monitoring System) subsystem.

These Application Profiles were selected because there is a wide variety of subsystem suppliers
available. Especially for the HVAC and the Door subsystems intense discussions about the
Application Profile during the development process are typical for actual projects. The definition of
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the basic Application Profile and derived requirements are outlined in chapter 4. The examples for
these three Application Profiles are presented in chapter 5, 6 and 7.

Another point within the scope of this document is the integration of Automatic Train Operation
(ATO) for safety enhancement and automatic operations. Because of already existing standards
there is no Application Profile for ATO, but a review of the existing interfaces and definiton of a
standardised ATO-OB / vehicle interface to support ATO over ERTMS. This is done via ATO
Subset 139. In chapter 8 the current status of this subset is described and reviewed.

2.3 INPUTS

This deliverable is based not only on the standardisation work done by general industry, but also
on work done by railway community, on a european and on a world-wide scale.

Indeed the railway community has worked on the problems concerning function and Application
Profile definition since many years, and some documents has been edited, especially standards
which are used as inputs for task 4.3 work.

An essential set of documents is the EN 15380 series of standard, particularly the following ones:

EN 15380-4 Railway applications O Classification system for railway vehicles O Part 4:
Function groups [1]

EN 15380-5 Railway applications OO Classification system for railway vehicles O Part 5:
System Breakdown Structure (SBS) [2]

A largely recognized effort in the direction of function standardisation has also been made by the
railway community by writing and editing the Technical Specification IEC 61375-2-4 (Electronic
railway equipment [JTrain communication network (TCN) [JPart 2-4: TCN application profile) [6].

2.4 OUTPUTS TO OTHER PROJECTS, WPS OR TASKS

Application Profiles will help to model sub-systems supporting the information exchange between
consists (in case of the open coupling 0T4.2) and between functions and the functional framework
(in case of the functional distribution architecture 01 T4.4).

2.5 DOCUMENT STRUCTURE

The structure of this Deliverable is listed below.
Introductory Pages
1. Executive Summary
2. Introduction
3. State of the art of Application Profiles
3.1. Comparison of presented solutions
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3.2. Decision to define a new methodology for defining Application Profiles for Connecta
Definition of the basic Application Profile for rolling stock

Example 1 Application Profile (Doors)

Example 2 Application Profile (HVAC)

Example 3 Application Profile (BMS)

Review of ATO Subset 139

Conclusion

10. Annex A O State of the Art of Application Profiles

An overview over the document is given in chapter 1 (Executive Summary), which is followed by
the Introduction. After that, the State of the art of Application Profiles at the beginning of this task is
discussed in chapter 3. A detailed description of the state of the art can be found in the annex in
chapter 10. In chapter 4 (Definition of the basic Application Profile for rolling stock) explains
amongst others the categorization of interfaces, the methodology and the derived requirements for
basic Application Profiles. In chapter 5, 6 and 7 three examples for Application Profiles are given:
Doors, HVAC and BMS. The review of ATO Subset 139 can be found in chapter 8. Chapter 9
contains the conclusion of the whole task 4.3.

© ® N o 0 b
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3. STATE OF THE ART OF APPLICATION
PROFILES

This chapter reports the main findings derived from the analysis of the State of the Art of
Application Profiles (Annex A [ State of the Art of Application Profiles). The main objectives of
such an analysis are to examine existing technologies used in other industries for the Application
Profile definition and verify their applicability in the railway domain. The chapter is structured as
follows:

Section 3.1 O Comparison of Presented Solutions: includes a comparison of the
methodologies and technologies analysed in Annex A; a set of comparison criteria has
been defined to facilitate the decision on which methodology to adopt in CONNECTA,

Section 3.2 [0Decision to define a new methodology for defining Application Profiles
for Connecta: reports the final decision on the methodology to adopt for the Application
Profile definition in CONNECTA. The methodology will be then presented in chapter 4.

3.1 COMPARISON OF PRESENTED SOLUTIONS

This section reports a comparison of the presented solutions to identify advantages and
disadvantages and to present a basis on which to select the best solution and the best practices
for the definition of the Application Profiles in CONNECTA.

Presented solutions, namely Dublin Core, AUTOSAR, PROFINET, FODA and CANopen, have
been analysed according to the following criteria:

Amount of documentation to be produced: a qualitative estimate of the amount of
documentation (size of tables, models, schemas, templates, etc.) that must be produced for
each function, metadata, concept, or element of the Application Profile to be modelled
(classified as small, medium, large).

Complexity: a qualitative measure (low, medium, high) derived from the process (e.g.,
modelling steps) to be followed to specify the Application Profile.

Availability of software tools: a qualitative estimate (none, low, medium, high) of the
amount of software tools (free or not) already available to speed-up the adoption of the
given solution.

Availability of documentation: a qualitative estimate (low, medium, high) of the amount of
documentation (free or not) already available to reduce the learning curve of the given
solution.

Size of the data representation format: a qualitative estimate (small, medium, large) of
the length of the final representation of individual concepts

Specification completeness: indicating if the given solution can be used to specify only
functions, only data and metadata, or both.
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Technological constraints: describing if the given solution is tied or not to underlying
technologies, such as networking, data link protocols, etc.

The amount of documentation, the complexity, the availability of software tools and documentation
criteria have been introduced to compare the solutions in terms of the difficulty of application and
use and associated learning curve. The size criterion is important to compare the solutions in terms
of the bandwidth that they presumably require to transmit the modelled elements on a network.
Together with specification completeness and technological constraints, these criteria are useful to
compare the solutions in terms of practical applicability.

Results of comparison are reported in Table 1, providing a quick account of advantages and
disadvantages of presented solutions.

Table 1: Application Profile specification solutions comparison

Criterion / Dublin 1 \UTOSAR |  PROFINET FODA CANopen
Solution Core
Amount of
documentation medium low low/medium large low/medium
to be produced
Complexity high low medium high high
low, some free
for testing medium, some
Availability of high, some purposes and high, many | free and some
low . .
Software Tools free few with free royalty is
membership for required
design
medium. for the high, for the
Availability of . . majority a majority a
Documentation high, free high, free membership is low membership is
required required
Size of the data
representation large medium medium unknown small
format
Specification comp.lete comp.lete complete comp.lete complete
completeness (functions (functions (functions and (functions | (functions and
P and data) and data) data) and data) data)
Technological OSEK OS, CAN, Ethernet
Constraignts none CAN, LIN, Ethernet none Powerlink,
FlexRay EtherCAT
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Starting from the Dublin Core initiative, we observe that its adoption is not easy in general terms,
since it requires several mandatory documents to be produced in different modelling steps,
encompassing functional requirements, domain model, and the Description Set Profile. These
documents have to make use of Metadata Vocabularies, Community Domain Models, and the
DCMI Abstract Model, that should be known in advance to the designer, to avoid defining the same
concept twice or to introduce new synonyms or uselessly redundant terms and concepts.

Despite the large availability of freely accessible documentation, the adoption could be complicated
by the absence of specific software tools to model the functions or the domain. For both aspects,
the Dublin Core does not mandate a specific formalism or modelling solution, leaving the burden of
selecting the right tool to the designer. On the other hand, the use of RDF for specifying the profile
simplifies the adoption on the field (e.g., the development of parsers and encoders within TCMS
software to decode/encode input/output messages) thanks to the large availability of software
libraries for RDF processing.

In terms of practical applicability, the Dublin Core can be used to specify both functions (in terms of
functional requirements) and data/metadata, with no particular limitations, and adopting high-level,
user-friendly and human readable notations, intuitive to interpret also for non-expert users.
However, the readability and intuitiveness of notations imply quite lengthy data formats based on
text (e.g., DC-text notation or XML/JSON for RDF), with long identifiers (e.g., URIs) and several
bytes needed to express even simple and fixed-length values, such as a numeric code or the
reading of a sensor, which are typical in the train domain, as it can be observed from the provided
train doors examples. If applied in the train domain, this solution would require a large bandwidth
and high-speed network for the Vehicle Bus, with powerful computing elements needed to perform
the encoding/decoding of variable length text messages.

Table 2: The Dublin Core pro and cons

Dublin Core

PRO CONS

The wuse of RDF, for the profile - Several documentations to be produced;
definition, simplifies the adoption on the
field thanks to the large set of tools
(freely) available;

Documents have to make use of
Metadata Vocabularies, Community
Domain Models, and the DCMI Abstract
Can be wused for specifying both Model, that should be known in advance
functions and data/meta-data; to the designer;

Absence of specific software tools to
model the functions or the domain;

Formalism adoption is demanded to the
designer;

Quite lengthy data formats would
require  high-speed network  with
powerful computing elements for
performing the encoding/decoding
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Regarding AUTOSAR SWC and Ports, the amount of documentation to be produced is less than
what required by the Dublin Core, since the domain model is not required. The functional
specification is modelled in one step together with the data elements specification in so-called
Software Component (SWC) descriptions, hence in a more compact way. The specification task is
eased by the abundant amount of official and free documentation, available on the autosar.org
website. Several software tools are available to specify components and ports and to build
applications for the AUTOSAR RTE. Tools are distributed (under expensive licenses) by several
vendors, such as Vector, Elektrobit, and ETAS. Open source or freeware tools are available, such
as Artop and comasso, but they are either incomplete or only partially free. In terms of practical
applicability, the representation format of SWCs is XML, however the final formats admitted for
data elements are simple and compact data types such as Uint8, suitable to be transmitted over
underlying networking solutions, such as CAN. Despite the availability of software tools, it must be
considered that the building process generates application executables that should be run on an
OSEK compliant OS, such as the AUTOSAR OS or any other OS abstracted to be an AUTOSAR
OS, which then assumes CAN, LIN and Flexray as preferred networking solutions. The use of
SWC and Ports specification on another platform (OS and network) requires developing or
adopting ad-hoc compilers and builders, suitable for the environment in hand.

Table 3: The AUTOSAR pro and cons

AUTOSAR

PRO

CONS

Low amount of documentation to be
produced;

The functional specification is modelled
in one step, hence in a more compact
way;

Enterprise tools require expensive
licenses;

The use of SWC and Ports specification
on another platform (OS and network)
requires developing or adopting ad-hoc

compilers and builders, suitable for the
environment in hand.

The final formats admitted for data
elements are simple and compact data
types (e.g., Uint8)

Similarly, to AUTOSAR, PROFINET requires an amount of documentation to be produced that is
not large (it consists just in the device profile specification). The [device profile[that specifies both
functions and data types, is characterized by a specification document that shall include: (i)
standardized profile functions (some could be optional, some required), (i) a uniform profile
identification in which mandatory parameter objects are defined and (iii) a uniform diagnosis
information. Regarding the availability of software tools, we noticed that several tools could be
found for PROFINET modelling but for most of them a restricted access (membership account) is
required (e.g., SIEMENS PROFINET component editor, PROFIdrive PROFINET profile tester,
PROFINET GSD checker, PROFINET I/O Test bundle). There are also some free tools available
(e.g., online at http://www.profinetset.com/start-en.html). As a particular remark to be taken into
account, we noticed that the majority of the tools are freely distributed with the purpose of testing
PROFINET configurations while design tools are sold under licence. Documentation related to
samples, white papers, profiles and core specification parts can be found on the official website
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(http://www.profibus.com/download/). Most of this documentation requires a membership access to
the website for download. For using PROFINET in a real use case, in addition to what the
manufacturer should provide as device documentation (e.g., device manuals, assembly
instructions, etc.), the main output of the modelling process for a specific device profile consists in
a zip folder containing few images and one IODD device description (described in XML format).
PROFINET is Ethernet based; this choice has been dictated for having higher bandwidth, larger
message size, and flexible topologies in respect to PROFIBUS.

Table 4: The PROFINET pro and cons

PROFINET
PRO CONS
Low amount of documentation to be - Available tools require a membership
produced; account for being downloaded, installed
PROFINET is ethernet based; and used;

Tools are freely available for testing
purposes. Enterprise license are
required for complete unlocked tools.

FODA, differently from the already analysed solutions, has a higher complexity in relation to the
modelling steps to be performed and the documentation to be produced to specify an application
profile. The feature-oriented approach is expensive and time consuming due to the high number of
models and actors to be involved during the domain analysis and its sub-phases (e.g., context
analysis, domain modelling and architecture modelling). In relation to available tools, after our
analysis, we can assume that the umbrella category to take as a reference for modelling FODA
products is the software product line meant to be [@& set of software-intensive systems that share a
common, managed set of features satisfying the specific needs of a particular market segment or
mission and that are developed from a common set of core assets in a prescribed way[][38]. Under
this umbrella we report here some of them in a non-exhaustive list: FeaturelDE, Clafer, Hydra,
FaMa Tool Suite. Despite the fact that there seems to be few and not recent documents describing
the FODA methodology, the documentation about the techniques to be used for FODA domain
analysis and the models to be produced is widely common and available in literature. Due to the
multiplicity of tools that could be used in FODA therels no single data format representation or
technological constraint, but this depends on the modelling steps and tools that are being used. As
for the main objective of the FODA methodology to re-use at functional and architectural level all
the modelling products in a specific domain, the approach is technological independent.
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Table 5: The FODA pro and cons

FODA

PRO CONS

No technological or data format - The modelling process is complex;

representation constraints; i
Several documentations to be produced;

Improved reusability of produced

artefacts. There is no updated documentation for

this  methodology. Last updated
references are old.

Finally, CANopen, similarly to PROFINET, is based on the realization of the device/application
profile documents that enables developers to specify both functions and data and includes: (i) an
overview on the device that is being profiled, (ii) an architectural diagram that identifies
components in the device, (iii) a specification of communication and application objects and (iv) an
emergency message specification. In relation to the objectsd mapping and the messages
specification the complexity in the process has been considered as high because of the fact that
each object must be mapped on pre-defined index ranges that are not intuitive for the final
manufacturers who have to realize implementations of the specific application profile and that
could lead developers to a laborious and an error-prone task. A set of free tools that could be used
for CANopen componentsdesign as well as for testing configurations is available online (e.g.,
http://www.kvaser.com/software/canopen-design-tool/) as well as proprietary and licensed ones
(e.g., VECTOR solutions). All developers can count on a very big community (the official one at
https://www.can-cia.org/) in which documentation is available and can be downloaded. Not all the
documentation is freely accessible, in fact, a registration is required, and a membership is
requested for downloading most of the documents. Regarding its applicability, despite the
drawbacks concerning the poor readability of tables in which messages are defined TPDO and
RPDO, the representation format is simple, compact and efficient to be transmitted over the
network. Concluding, regarding technological constraints the lower level protocol implementing the
data link and physical layers is usually CAN, although devices using some other means of
communication (such as Ethernet Powerlink, EtherCAT) can also implement the CANopen device
profile. In case other physical layer options are used, the resulting CANopen device is not
interoperable in most CANopen applications.
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Table 6: The CANOpen pro and cons

CANopen
PRO CONS
Both free and licensed software are - The complexity for the characterization
available; of the model objects is high and not

intuitive;
The specification of the profiles can lead

to inconsistencies or error-prone
implementations;

The documentation is not fully available
for free. Specific documents are
released only under payment of a
specific download fee;

CAN is the only option available for the
lower level protocol implementing
communication;

3.2 DECISION TO DEFINE A NEW METHODOLOGY FOR DEFINING
APPLICATION PROFILES FOR CONNECTA

In chapter 3.1 we have seen the basis for a decision analysis carried out in task 4.3. The analysis
of the different approaches showed that any of them has its disadvantages and that none fulfilled
all criteria given in chapter 3.1. Besides that, it turned out, that the partners preferred different
approaches. The combined view for all partners of the decision analyses did not help to identify a
common sense about the best state of the art methodology to be applied for the task 4.3.
Additionally, none of the partners was really pleased with his preferred solution. After several
discussions the common sense between the partners was that none of the existing methods for the
definition of Application Profiles really fitted the needs. The arguments against the existing
solutions are shown for each of the existing Application Profile specification solutions in the CONS
column in the previous chapter.

To find a solution which could be applied for task 4.3 a major pre-planning was carried out. To
further specify the Application Profiles a way of working was defined. The main requirements for
the way of working for the definition of the Application Profiles are the following:

- An Application Profile shall be representable in textual format containing all detailed
information e.g. signal attributes.

- All Application Profiles shall be defined in a consistent way of working.
- It shall be possible to check Application Profiles against defined rules.

- The Application Profiles shall be defined by one single source.

CTA-T4.3-D-SIE-069-05 Page 30 of 262 20/09/2018



< Contract No. H2020 (1730539 (‘ Shift”Rail

CONNOCTA

- It shall be possibility to use the specification/definition of Application Profiles for further
task in other tools by standard exchange formats e.g. XML, JSON.

Based on the requirements for the way of working the decision was made to use a modelling
approach based on SysML with interface blocks which is presented in the following chapter.
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4. DEFINITION OF THE BASIC APPLICATION
PROFILE FOR ROLLING STOCK

The Application Profile defines an interface between the TCMS and a subsystem.

4.1 INTERFACE CATEGORIZATION

An Application Profile is a type of interface. The information (flow properties) that can be
exchanged through the interface can be categorized into the following categories:

- Requests/Commands
Hint: Signals that should invoke a behaviour.

- Monitoring (Status)
Hint: Contains and provides functional status values, which are independent of a technical
solution (implementation), e.g. [door opened[]door closedl][door close failurel]

- Diagnostics
Hint: Diagnostics is bound to a technical solution (implementation); it focuses to the line
replaceable units (LRU), which can be replaced if a failure occurs, e.g. [hotor M4[]
[mainboard MB2[][push button PB17[1

- Configuration
Hint: Kind of commands that are transmitting parameters which are stored in the subsystem
to change the general behaviour of a subsystem, e.g. Warning time before door closing[]
[Sound pressure levelll

- Within task 4.3 the information of the following categories is considered:
Requests/Commands

- Monitoring (Status)
- Configuration

Diagnostic information is out of scope of T4.3, because it is too supplier specific.

4.2 LEVEL OF DEFINITION

The level of definition for the Application Profiles is defined based on the following considerations.
Three cases for the level of definition have been identified:

Case 1 (Figure 1) describes the functional exchange between TCMS and another
subsystem (e.g. HVAC System). There are no details if the exchange will be implemented
by low voltage (hardware) or software signals:
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TCMS Software HVAC Software

TCMS Low HVAC Low
Voltage Voltage

Figure 1: Case 1 OFunctional exchange on system level

Case 2 (Figure 2) describes the software level, i.e. exchanges between TCMS software
and HVAC software at network level:

TCMS Software HVAC Software

TCMS Low HVAC Low
Voltage Voltage

Figure 2: Case 2 JExchange between software at network level

Case 3 (Figure 3) defines if the exchange between the systems happens via software or
hardware:

TCMS Software - HVAC Software

TCMS Low ' HVAC Low
Voltage Voltage

Figure 3: Case 3 Exchange with distinction between software and hardware on system
level
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For the definition of an Application Profile, case 1 has been chosen. That means that there is no
distinction between hardware and software signals.

The following inputs are considered for the definition of an Application Profile:
- Collection of standard interfaces from existing projects
- EN 15380-4 [1]
- CONNECTA WP1 use cases

4.3 ONTOLOGY

Figure 4 shows the ontology that means which entities exist and how they are related.

bdd [Package] Ontology [ [ Appiication Profile Ontology U

lApplication Profile ‘

flow Property |1..*

[Flow Property | tyee,[Sinal|

!di’ec{i;ﬁ g
attribute |1..*
[ Attribute | ¥Pe [Value Type
|documentation - String I T [ l
'l'iir?ﬁmiiive Type | 'Sl Type | [Endﬁ%eration ‘
/ b7
/
N . )'\\ 1.0
e.g. e.g. Enumeration Literal
- Integer - m (metre) ks
- Float - 8 (second) documentation : String

- String - N (Newton)

Figure 4: Ontology of Application Profile

The Application Profile contains a collection of flow properties, which define what can flow between
the TCMS and a subsystem. A flow property contains a direction (in or out) and a type, which can
be a signal. The signal contains a collection of attributes, which define the kind of information that
can be carried by the signal. Each attribute is typed by a value type, which can be either a primitive
type (Integer, Float, String, ), a Sl type (e.g. m, s, N, [l or an enumeration. An enumeration
contains a collection of enumeration literals.

CTA-T4.3-D-SIE-069-05 Page 34 of 262 20/09/2018



Contract No. H2020 (1730539 (‘ Shift”Rail

4.4 METHODOLOGY

The Application Profile is defined as a Systems Modeling Language (SysML) interface block [9].
The interface block owns flow properties [9] which have a direction, and which are typed by a

signal. A signal owns one or several attributes which carry the information (value). Methodology is
using SysML, which is independent of the tool.

4.4.1 Application Profile
An Application Profile shall be defined as SysML interface block (see Figure 5).

bdd [Package] HowTo| &,I Setup an application profdeu

[«interfaceBlocks |
Name

Figure 5: Interface block for an Application Profile
An Application Profile shall contain one or several flow properties (see Figure 6).
4.4.2 Flow Properties

Each flow property of an Application Profile shall have a direction ([ih[Jor [Qut() (see Figure
6).

bdd [Package] HowTo| & Setup an application pmflley

«interfaceBlocks |
Name

e ties
out flow2
out flow3

Figure 6: Interface block with flow properties
Each flow property of an Application Profile shall be typed by a signal (see Figure 7).

bdd [Package] HowTo [ a% Setup an application proﬁlvey

[ «interfaceBlocks |
Name

n s:g-nal;ﬁ- :-;S|g_n-au-.
out signalB : SignalB
put signalC : SignaiC

Figure 7: Interface block with typed flow properties
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4.4.3 Signals

A signal that is used by a flow property as type shall contain one or several attributes (see

Figure 8).

bdd [Package] HowTo[ é?é‘; Slgnalsu

esignals [ «signab |  asignabs

SignalA SignalB SignalC

-unnamed1 -unnamed1 -unnamed1
-unnamed2

Figure 8: Signals with attributes

Each attribute of a signal shall be typed (by a SysML primitive value type, Sl type or
enumeration).

bdd [Package] HowTo[ [&] Slgnalsu

«Signaks |
SignalA
-unnamed1 : String

asignals
SignalB

-ength - m
-timeOffset : s

«signal»
SignalC

-ccs : Current Collector Status Kind

avalueTypes
Current Collector Status Kind

dsconnéct_e& e
connected

Figure 9: Signals with typed attributes and enumeration
Each attribute of a signal shall contain a documentation.

The name of an enumeration shall end with Kind[l
An enumeration literal shall contain a documentation.
Recommendation for using one or several independent signals:

a) If information should be transmitted, that are related to each and need to be interpreted

together (like a position: latitude, longitude and altitude), then this should be done by one
signal that owns three attributes.

b) If information should be transmitted, that can occur independent of each other (set fan
speed, set temperature), then this should be done by two separate signals.
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Table 7: Explanation of the flow properties of an interface block

o|o Flow property Attributes
Name : Type [Multiplicity] Name : Type [Multiplicity]

;,F;ﬁ!ny <Flow property name> : flow 2 attribute name : attribute type name [multiplicity]

direction | property type name [multiplicity] <Documentation>.

g - Enumeration literal 1 ODocumentation for enumeration
literal 1.

- Enumeration literal 2 ODocumentation for enumeration

literal 2.

4.4.4 Use Case

To find and define the scenario for exchanging signals between the TCMS and a subsystem, the
approach of UML/SysML use cases is used.

A use case describes from the point of view of an actor what a system-of-interest can do.
A use cases shall have at least one associated (primary) actor.
A use can be set in relation to an EN 15380 block via a [racelfelationship.
For the task 4.3 the scope is the interaction of the TCMS and other subsystems of a consist.

Therefore, the system-of-interest (subject) of a use case in task 4.3 is the [Consist[]because the
consist owns the TCMS and the subsystems.
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bdd [Package] T4.3[ T4.3 ontology ]J

T1.2 Use case

1.

abstraction
ffaskes |~ -0 |
0.*
| |
T4.3 Use case Application
| Profile |
| |
I BC‘NW ].. |
| Activity |
[ |
| |
| B 0.* |
| SendSignalAction AcceptEventAction |
[ |
| . _ !
| signal |1 signal {1 flowProperty |1.* |
Signal type
| 1 Flow Property |
\ )

Figure 10: Ontology of use case and interface blocks

Link T4.3 use cases to T1.2 use cases

For traceability a task 4.3 use case should be set in relation to at least one task 1.2 use case,
by a [efine relationship.

For creating the abstraction, the diagram [T4.3 use case to T1.2 use caseltan be used.
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:-12 Enable internal emergency opening device

13 Open door from outside in case of emerge(

14 Monitor extended door status for diagnosis A P P s
15 Configure doors Ve

ors-17 Indicate step status
D4, 3-4UC-Doors-15 Cancel remote dosing
B-[] Provide proper dimate

et 1| (82| |8|8|||€|]|%s
: s llis2ilgegliZL i8]l B 2
= /1358|823 /8128|832
S o = P8 | & v o © 3 ! 5 @ 8 U B
5% TEf.l 823|282 888 | :8¢
5 ¥ £ g2 ¢ O I 2B E3 8| g2 gl -
Beb il 38 EEy L 8cRsalBatllnds
e i a8 2388888 5285825
T T v d B o ¢ GO = - 2 S % 8 2 8 € =
2aggnop8%gdagd 2558838037 a2
IEEEEE A EER S SR EREEE R RN
§0688328868882688088a068¢s548
000000
&3 Behavior 2[R
B3-07 Guide the train |
B[] Provide external access EE 1 %1 2] 72 Ol ] [ e [ 2 T
B[ T1.2 door use cases |
B[] Use Cases [ 2 1 T2 1 i
() CTA-D4,3-UC-Doors-1 Release doors A
.. CTA-D4 2 Close doors centrally | A2
(23 CT 5-3 Monitor door status
-2 CT rs-4 Handle attended door
O C ors-5 Open doors centrally i e
- T Close doors forcefully A y
- oors-7 Disable steps centrally
O C Doors-3 Disable doors selectively P
(O C sors-9 Enable doors selectively Pa
(0 C 10 Close doors by canceling release 2
(D C 11 Handle local door opening request A
D T
= ol
O

Figure 11: Matrix diagram T4.3 use case to T1.2 use case

4.4.5 Activity

The behaviour of a task 4.3 use case should be described by an activity which is owned by the
use case.

Therefore the context of the activity is the consist.

For the activity an activity diagram should be created that uses [$end Signal ActionCand
[Accept Event Action[,]an example is shown in Figure 12. These actions should use the same
signals that are created and used for the interface between TCMS and the subsystems within
task 4.3.

The activity diagram should only contain swim lines for the parts ftms: TCMSOand the other
subsystem (e.g. [doorSys:Door Systeml).

A [dall behaviour action[khall be typed by an activity.
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(act [Activity] Release doors [ Release doors jJ

«allocatex» «allocatex
tcms : TCMS doorSys : Door System
[ in trainside: | i~ Rele x\l‘ft | doors of
in trainSide : | 1 :Release externa rs o
TrainSideKind | ~  consist based on train side |
I T doors
| l
v ~ — = DoorReleaseCmd |
‘<Darakl>> (L dLiLAL A = —
for each door resutt
: ..bj"'t releaseCmd
treaGStructGran:eaturen )

: Set door release ]
>

releaseCmd I

&
. fesult
elease
| DoorReleaseCmd

|
|
|
. |
via doorlF V. |

— e —

p 7

Figure 12: Activity diagram of use case with Send Signal Action and Accept Event Action

4.4.6 Traceability between use cases and Signals

To enable a traceability between use cases and signals, on activity diagrams that describe use
cases the elements [Send Signal Action[Jand [Accept Event ActionlIshould be used. For both
actions the property [Signalls set to a signal.

CTA-T4.3-D-SIE-069-05 Page 40 of 262 20/09/2018



Contract No. H2020 (1730539 (‘ Shift”Rail

4.4.7 Context and Viewing Direction

The interface block is defined on the side of TCMS. The door uses the interface block conjugated,
that means the direction of the flow properties is inverse.

«ContextDiagrams
ibd [Block] Context[ '@[ Door control |

aPDoorSystem
=l

doorSystem : Door System

tcms : TCMS
aPDoor : APDoor

aPDoor : ~APDoor

door : Door [1.."]
inside : InsidelF
OpenPushButton : input . r—

= [ step: step (0.7 |

4 _loutside : QutsidelF
ClosePushButton : input [.i_i

E‘_'gnjpenpushﬁuﬂnn : Input
EmergencyExitHandle : input [=5] F"?EmergencyEnlryHandle : Input
E
statusindicator : Output [ ‘ [+ statusindicator : Output

Figure 13: Context of the Application Profile [Door[]

Example: The Application Profile [APDoorcontains a flow property [doorReleaseState[with the
direction [QutlJThat means on the border of the TCMS a property [doorReleaseState[tan flow out
and on the border of a door a property [doorReleaseStatelTan flow in.
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4.5 DERIVED REQUIREMENTS FOR THE BASIC APPLICATION
PROFILE

According to the methodology which was presented in chapter 4.4 several requirements for the
basic Application Profile were derived. These are listed in Table 8.
Besides that, general requirements have been defined within WP 4 which can be found in [4].

Table 8: Derived requirements for the basic Application Profile

REQ Id Name/Text
CTA-D4.3-2 Application profile as SysML interface block

An application profile shall be defined as SysML interface block.

Derived from: [l poqirement CTA-D4.1-23 CTA-D4.1-23

(& Requirement CTA-D4.1-37 Instances
CTA-D4.3-3 Application profile contains flow properties

An application profile shall contain one or several flow properties.

Derived from: [ peqirement CTA-D4.1-23 CTA-D4.1-23

(= Requirement CTA-D4.1-41 Command/Request data(subsystem to TCMS)
(= Requirement CTA-D4.1-282 Command/Request data (TCMS to subsystem)
(& Requirement CTA-D4.1-42 Monitoring data (subsystem to TCMS)

equirement -D4.1- onitoring data to subsystem
(el Requi CTA-D4.1-283 Monitoring d TCMS b
CTA-D4.3-5 Direction of flow property

Each flow property of an application profile shall have a direction ([ih[or
[OutD.

Derived from: (& Requirement CTA-D4.1-41 Command/Request data(subsystem to TCMS)

(= Requirement CTA-D4.1-282 Command/Request data (TCMS to subsystem)
= Requirement CTA-D4.1-42 Monitoring data (subsystem to TCMS)
= Requirement CTA-D4.1-283 Monitoring data (TCMS to subsystem)

(& Requirement CTA-D4.1-23 CTA-D4.1-23
CTA-D4.3-6 Typed flow property

Each flow property of an application profile shall be typed by a signal.

Derived from: [ peirement CTA-D4.1-23 CTA-D4.1-23

CTA-D4.3-8 Signal attributes

A signal that is used by a flow property as type shall contain one or several
attributes.

Derived from: [l poquirement CTA-D4.1-23 CTA-D4.1-23

CTA-D4.3-9 Signal attribute type

Each attribute of a signal shall be typed (by a SysML primitive value type, Si
type or enumeration).

Derived from: [l peqirement CTA-D4.1-23 CTA-D4.1-23

CTA-D4.3-10 Signal documentation

Each attribute of a signal shall contain a documentation.
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REQ Id Name/Text
Derived from:

(= Requirement CTA-D4.1-23 CTA-D4.1-23
CTA-D4.3-12 Enumeration documentation

An enumeration literal shall contain a documentation.

Derived from: [l peqirement CTA-D4.1-23 CTA-D4.1-23

CTA-D4.3-13 Enumeration (Kind)

An enumeration (value type) name shall end with "Kind".

Derived from: [l poirement CTA-D4.1-23 CTA-D4.1-23

CTA-D4.3-15 Use case has at least one actor

A use cases shall have at least one associated (primary) actor.

Derived from: [l peqirement CTA-D4.1-23 CTA-D4.1-23

CTA-D4.3-16 Use case traceability (T1.2 to T4.3)

For traceability a T4.3 use case should be set in relation to at least one task
1.2 use case, by an [efinelTelationship.

Derived from: [ peqirement CTA-D4.1-23 CTA-D4.1-23

CTA-D4.3-17 Use case behaviour (activity)

The behaviour of a T4.3 use case should be described by an activity which is
owned by the use case.

Derived from: [l peqirement CTA-D4.1-23 CTA-D4.1-23

CTA-D4.3-19 T4.3 activity context

The context of the activity of a use case is the consist.

Derived from: [l pequirement CTA-D4.1-23 CTA-D4.1-23

CTA-D4.3-20 Activity with send signal or accept event action

For the activity an activity diagram should be created that uses [$end Signal
Action[and [Accept Event ActionlJThese actions should use the same
signals that are created and used for the interface between TCMS and the
subsystems within task 4.3.

Derived from: [l peqirement CTA-D4.1-23 CTA-D4.1-23

CTA-D4.3-21 Activity diagram swim lines

The activity diagram should only contain swim lines for the parts
fcms: TCMS[aNnd the other subsystem (e.g. [doorSys:Door System0)l

Derived from: [ peqirement CTA-D4.1-23 CTA-D4.1-23

CTA-D4.3-22 Typed call behaviour action

A [dall behaviour action[bf a T4.3 use case activity shall be typed by an
activity.

Derived from: [l peqirement CTA-D4.1-23 CTA-D4.1-23
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5. EXAMPLE 1 APPLICATION PROFILE (DOORS)

This Application Profile describes different signals existing between TCMS and a Doors System to
ensure the functionality [Provide external access[for a railway vehicle.

The following chapters are exported from the collaborative MagicDraw project.

5.1 TRAIN CONTEXT FOR DOORS SYSTEM

TCMS manages the Doors system using the Application Profile as interface.

ibd [System Context] Train Context[ Train Context - Door control - AP view lJ

train : Train [1]
leadingCst : Operational Consist [1]

— = _ driveriF [1]| driverfF [0..2] tems : TCMS [1] |
drv : Driver [1] - | B —

ra): APDoor [0..7]

L

| doorfF : APDoor [1..2]
% | temsIF : ~APDoorSystem [1]

[ _— |
doorSys : Door System [0.."]
th

L door [1.2]

l door [0.."]

] | : door [0..7]

[ pass : Passenger [0.7] | trnAtt : Train attendant [0..7]

Figure 14: Train Context - Door control - AP view
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5.2 APPLICATION PROFILE DECOMPOSITION

It is considered that Application Profile for a Door System owns two different parts:
Proxy ports used to connect all doors of the vehicle to the Door System.

Flow Properties used to ensure the functionality of [provide external access[for a specific door of
the vehicle.

proxy ports
nout doorF : APDoor [1..2]

Figure 15: Application Profile Doors
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5.3 USED DATA TYPES FOR DOORS SYSTEM

The following table shows a list of the used data types within the Application Profile.

Table 9: Used data types within the Application Profile Doors

Used types

Description

Boolean

Logical value given as true or false

DoorEmergOpeningStatusKind

Status of the emergency opening of the specific door.
Possible values are: inactive, activelnside and activeOutside.

DoorReleaseCmdKind

Command for the release of the specific door.
Possible values are: none, releaselnside, releaseOutside and
release (both).

DoorRIsStatusKind

Release status of the specific door.
Possible values are: notReleased, releasedinside,
releasedOutside, released (both).

DoorStateCmdKind

Command for controlling the specific door.
Possible values are: open, close, closeForcefully, enable, disable,
setAvailable, isolate and selfTest.

DoorStatusKind

Status information of the specific door.
Possible values are: opened, closed, closedAndLocked, opening,
closing, failedToOpen, failedToClose, isolated and disabled.

Integer

Numeric value given as Integer

length[centimetre]

Length given in centimetres

StepHeightCmdKind

Command to set the height of the step of the specific door.
Possible values are two predefined heights stepHeightl and
stepHeight2.

StepStateCmdKind

Command for controlling the step of the specific door.
Possible values are: extend, retract, enable, disable, isolate,
setAvailable and selfTest.

StepStatusKind

Status information of the step of the specific door.

Possible values are: extended, retracted, retractedAndLocked,
extending, retracting, failedToExtend, failedToRetract, isolated
and disabled.

time[second]

Time interval given in seconds
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5.4 Use CASES

The Use Cases for functionality [Provide external accesslare given in Figure 16. A description of
the actors can be found in Table 10.

uc [Package) Use Cases | Use Cases for "Provide external access™ )

CTA-D4.3-UC-Doors-1 CTA-D4.3-UC-Doors-4
Ralease doors Handle attended door -
th th

cn-mu:c-oumsopu
CTA-D4.3-UC-Doors-18
Cancel remote uon

CTA-D4.3-UC-Doors-6 Close

: doors forcefully

Figure 16: Use cases for Application Profile Doors
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Table 10: Description of the actors used for AP Doors Use Cases

Actor Description
Driver A person who is operating the train.
Train attendant A person who is part of the crew during operation, except the actor

who operates the train. He is authorized to handle the exterior doors
for example during platform handling to cancel the door release or
attend a door. The train attendant may perform actions of the train
service but does not perform any actions to move or stop the train
during normal operation. All these actions are performed by the
driver.

Passenger A person who uses the mobility offered as a service by the railway
undertaking.

Transportable A person who can be on a train.
person

Maintenance staff A person who does service stuff such as maintenance, repairs,
software deployment or other things for which the vehicle needs to be
in a service department.

Rescue staff A person who accesses the train from the outside by the means of an
individual external emergency-opening device for emergency
reasons.

5.4.1 Cancel remote closing

Use Case: CTA-D4.3-UC-Doors-18 Cancel remote closing
Documentation: The train attendant has the possibility to cancel the remote closing, so that doors,
which have already been closed, can be released again.

Subject. & operational Consist

Specifying use case: | 3 155 Allow the train attendant to close and lock the entry doors

Related EN 15380-4: | [ ppp Close external doors

Used signal/flow
properties:

DoorReleaseCmd -> APDoor::doorReleaseState

RemoteClosingStatus -> APDoor::statusRemoteClosing

Al useq signal/flow RemoteClosingStatus -> APDoor::statusRemoteClosing
properties by call
behaviour actions: DoorReleaseCmd -> APDoor::doorReleaseState
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Describing behaviour:

Figure: Cancel remote closing
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