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Foreword
With the “Smart, green and integrated transport” challenge, the EU intends to boost the
competitiveness of the European transport industries and achieve a European transport

Project Structure

system that is resource efficient, climate-and-environmentally-friendly, safe and seamless

➌

for the benefit of all citizens, economy and society. One of the tools for such an ambition is
to boost innovative and cost-efficient technologies and systems for railway signalling and
automated driving while, at the same time, reaching a level of safety consistent with methods
and standards to be applicable in all railway segments. To achieve developments in railway
systems, the Shift2Rail JU annual work plan has focused on several work axes among which:

WP2 Railway Scenarios
Requirements and Test
Cases Definition

➍

u uthe development of innovative and advanced control, command and communication systems, taking advantage of new technologies and practices, including
the use of satellite positioning technologies (in link with TD2.4);

u ua contribution to the zero-on-site testing objective with the definition of a
system test architecture, as well as the specification of a standardized method
to derive and describe test cases (in link with TD2.6).

WP3 Methodology
Development of the
GNSS Characterization
in the Railway

➍

The GNSS Automated Virtualized Test Environment for Rail (GATE4RAIL) project deals
with tasks TD2.4 and TD2.6 of the Shift2Rail Multi Annual Action Plan.
Particularly, its goals could be summarized in two main goals achieving a realistic
characterization of the environment in terms of railway and GNSS infrastrustructures
able to evaluate the performances and properties of some fail-safe train positioning

WP4 Geo-distributed
Verification
Infrastructure Set-up

components in nominal and fault conditions and defining a common test process

➎

framework for zero on-site testing instead of testing on-site saving effort and time.
Concerning the first goal, GATE4RAIL is defining and developing a geo-distributed simulation
and verification infrastructure connecting remotely GNSS excellence centres and ERTMS/
ETCS laboratories to evaluate the GNSS performances in the railway environment. Proper
methodology and tools are adopted to simulate GNSS behaviour in different railway

WP5 Methodology and
Tools Definition for
Automated Update of
Test Environment

scenarios in nominal or in presence of global and local hazards. In this sense, GATE4RAIL

➏

offers the unique advantage to stress the global system in presence of very rare fault
events instead of performing long and expensive measurement campaigns on field for
detecting them and analysing their impact on ETCS.
Concerning the second goal, GATE4RAIL is developing methodology and tools for
automated update of tests environment, continuous integration, automated repetition

WP6 Concept and
Methodology Definition
for Continuous Integration,
Automated Test Repetition
and Evaluation

and evaluation through Model-Based System Engineering philosophy. It will ensure the

➐

maintainability and scalability of the simulation infrastructure reducing the needs for
re-assessments and increasing the test environment efficiency. GATE4RAIL envisages
a future approval of the proposed process by Independent Safety Assessor as one of
the exported activity of the project. In this sense, the entire process accounts for the
Notified Body requirements to facilitate it.
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Project Structure

the effectiveness of the reference architecture taking into the
safety approval. The tools defined for automated test repetition,

The GATE4RAIL activities are structured in five phases: inception,
preliminary design, detailed design and testing, final PoC (Proof
of Concept) evaluation and project support, as shown in Figure 1:
Work Package structure.

integration and evaluation will be tested and evaluated.
FINAL POC EVALUATION
In the last phase of the project, the performance of the Virtualized
Simulation and Verification Infrastructure will be evaluated in a final

INCEPTION

demo on selected railway tracks in Italy and Spain. The final demo

The GATE4RAIL project will start with the definition of the railway

will follow all the scenarios previously identified and will connect

and GNSS scenarios and requirements together with reference

the different GNSS modules with the railway CEDEX laboratory.

test cases.

The tests performed during the final demo will be in nominal and
fault conditions. They will consider not only global hazard (satellite

PRELIMINARY DESIGN
With a clear definition of the context in terms of railway and GNSS
scenarios, requirements and test cases, the GATE4RAIL project
will define in this phase the methodology and tools both for GNSS
characterization in railway and tests environment automated update.
Another important activity of this phase will be the comparison of all

clock and ephemeris error, anomalous ionospheric conditions), but
also local hazards (severe multipath, unintentional and intentional
interferences). In this phase, all the defined tools for automated
update, integration and test repetition will be evaluated, taking into
account the linking to the safety approval.

the identified tools in terms of expected (theoretical) performances

Finally, an innovation plan as well as a roadmap will be elaborated

and trade-offs descending from a SWOT analysis to select the

considering the main achievements and results carried out in the

common reference architecture blocks that will constitute the

project. The roadmap will be defined not only for the system by

Virtualized Simulation and Verification Infrastructure.

itself, but also for the discussion of the results with the proper
standardization authorities.

DETAILED DESIGN AND TESTING
At this stage, the project will set up a “Proof-of-Concept”, in the

SUPPORT

form of a virtualized demonstrator of the reference architecture

To support the main work, the two canonical activities of project

connecting GNSS and railway blocks. Starting from the defined

management and of dissemination will be carried on continuously

detailed requirements and interfaces between modules, Key

during the duration of the project.

FIGURE 1
Work Package
structure
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WP7 - DISSEMINATION AND EXPLOITATION AND COOPERATION WITH Shift2Rail

Performance Indicators will be created and evaluated to verify

➍

GATE4RAIL

WP2 Railway Scenarios
Requirements and Test
Cases Definitiony
WP2 defines the requirements for railway regarding GNSS use, as
well as the test cases for the performance evaluation.
Global performances of the GNSS-based system are strictly related
to railway scenarios that determines required performances (e.g.
MOPS) and are impacted by environmental factors (e.g., canyoning,
multipath, interferences) affecting GNSS performances. Keeping
in mind the ERTMS context of GATE4RAIL (and the related S2R
projects), which basically implies that GNSS is to be considered
as a technological mean to implement virtual balises, the different
market segments (main lines, regional urban/suburban and freight

GNSS vulnerabilities are taken into account for the test cases
definition. Both High Speed and Regional lines are investigated and
modelled in the test cases, taking into account issues coming from
the specific application, e.g. Doppler impact due to the different
velocities, or EM interferences due to engine characteristics. The
single test case defines the description of the railway scenario from
ERTMS operational point of view, the GNSS reception environment,
and/or some occurrence probabilities of global and local threats.
The schedule of the simulations to cover the satellite periodicity,
different geometrical configuration of the constellation and effects
of the local environment (in terms of multipath, attenuation foliage,
partial signal blockage) is included in the test case definition report.
Two deliverables have already been produced in the WP2:

1. D2.1: Railway Scenarios and Requirements
2. D2.2: Railway and GNSS Test Cases

lines) have been addressed.
The first deliverable was submitted in August 2019, while the last
deliverable will be delivered in November 2019.

WP3 Methodology
Development of the GNSS
Characterization in the
Railway
WP3 objectives are twofold:

u uThe first aims at defining the main GATE4RAIL simulation

WP3 started at T0+6. First progresses reach agreement on the
high-level interfaces between each simulation block in accordance
to WP4 tasks. Interfaces are defined on paper and first examples
of communication between modules are currently implemented.
Regarding hazards, global and local effects to be simulated have
been chosen. The representation of local effects and format of
the error distribution to be provided has been agreed among the
partners and their extraction is ongoing .

blocks required for assessing the GNSS performance in
the railway operational environment and then the end
impact on virtual balise detection, considering the real
train mission profiles. In particular, the objective is to
define the high-level interfaces between each simulation
block.

u uThe second concerns the GNSS hazard models that will
be injected in the simulation tool. The GNSS-based
solution can suffer from global effects (ionospheric
events, satellite failures…) or local ones caused by the
environment crossed by the train (masking obstacles
or interferences). If global effects are not specific to
rail, local ones are and some typical error models will be
extracted from real dataset in order to feed the tools in
a realistic way and evaluate the solution behaviour in the
presence of these events.

FIGURE 2
Representation of Local effects
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WP4 Geo-distributed
Verification Infrastructure
Set-up
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simulated in nominal and fault conditions and the ERTMS OBU
will be tested in a real operational mode. This demo will show the
functionalities and tools defined for automated update of test
environment continuous integration, automated test repetition
and evaluation defined in WP5 and WP6, respectively, taking into

The objectives of this WP are:

account the safety requirements from assessors as BVI.

u uto identify the functional and operative requirements of

Currently, the functional and performance requirements of the

the geographically distributed simulation and verification

GaTE4RAIL virtualized simulation and verification infrastructure

infrastructure, in terms of main blocks and interfaces

together with the interfaces among the different modules are

among them, able to exploit the features of partners GNSS

under definition.

and ETCS/ERTMS laboratories;
Three deliverables will produced in this WP:

u uto design, develop and test the interfaces among the
different the geo-distributed simulation and verification

1. D4.1 Geo-distributed Simulation and Verification

infrastructure connecting GNSS labs (GUIDE, M3SB, IFST-

Infrastructure Modules and Interfaces functional and

TAR and RDL) and ETCS/ERTMS ones (CEDEX). The design

Operational Requirements

and development of the main modules of the GATE4RAIL
architecture will start from the tools already available in

2. D4.2 Geo-distributed Simulation and Verification

each GATE4RAIL laboratory and taking into account the

Infrastructure Modules and Interfaces Detailed

WP3 main outputs.

Design

The performance of the GATE4RAIL virtualized simulation and
verification infrastructure will be assessed considering the use
cases and test cases defined in WP2.
At the end of WP, a final demo with the aim to test a real ERTMS
equipment running over a specific line in Italy and in Spain will be
performed to verify and assess the lab results. The GNSS will be

3. D4.3 Geo-distributed Simulation and Verification
Infrastructure Test Report
The first deliverable will be submitted in Nov. 2019.

➏
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WP5 Methodology and Tools
Definition for Automated
Update of Test Environment
The introduction of GNSS in the rail domain is a topic subject to

3. “Logical Architecture Model” : intends to identify
the system parts, their contents, relationships and
properties, excluding implementation or technical/
technological issues

4. “Development of System Architecture – Physical

continuous evolution. There are numerous ongoing activities seeking

Architecture” : has the same intents as logical

at defining the best way forward in terms of use cases, operational

architecture building, except that it defines the “final”

concepts and regulation. In this context, it is crucial that the simulation

architecture of the system at this level of engineering,

infrastructure defined in the project be highly versatile and flexible

ready to develop (by lower engineering levels)

so that it can adapt to the evolution of needs and requirements.

In parallel of the methodology definition, WP5 also addresses

The WP5 of GATE4RAIL is specifically dedicated to the definition

an overview of the approval process in different countries, with

of the methodology, the guidelines and the tools that will ensure

the objective to provide non-functionnal needs inputs for the

the modularity and versatility of the simulation infrastructure. The

platfrom architecture design. Two deliverables have already

methodology, guidelines and tools will mainly support the definition and

been produced in the WP5:

the design phases of the project so that the platform developed can
easily evolved with the modification or the addition of functionalities,
and is easy to maintain and update when needed.
To do so, the test-bed implementation will rely on the implementation
of a Model Based System Engineering (MSBE) approach. The

5. D5.1: Concept and Methodology Definition for
Automated Update of Tests Environment

6. D5.2: Overview over today’s approval processes
in different countries

advantage of such approach is twofold. On the one side, it will ensure

The last deliverable, addressing the automation of test environment

interoperability of the solutions provided by the various laboratories.

updates will be delivered in Nov. 2019.

On the other side, it will also ensure that the simulation infrastructure
can be maintained and that it can evolve in the future.
There are several options to implement MBSE approach. In the
context of the project, it is proposed to implement a methodology

What the users of the system
need to accomplish

named “Architecture Analysis and Design Integrated Approach”.
This methodology had been initiated by Thales in 2007 before being
standardized as part of the Association Française de Normalisation
(AFNOR) in 2018. This approach aims at breaking the ‘walls’ between

What the system has to
accomplish for the users

different engineering specializations, the proposed method focuses on
functional analysis, system design, justification of architectural choices
and verification steps rather than the usual process of requirements
definition and allocation of requirements to system component.
The Architecture Analysis and Design Integrated Approach is defined

How the system will work in
order to fulfil expectations

in 4 main phases as it follows (see Figure 3: Architecture Analysis and
Design Integrated Approach phases (source: http://www.polarsys.
org/capella/arcadia.html):

1. “Operational Analysis Model” : focuses on analysing

How the system be developed
and build

the customer needs and goals, expected missions
and activities, far beyond System requirements;

2. “System Functional and non-functional need model”:
focuses on the system itself, in order to define how
it can satisfy the former operational need, along with
its expected behaviour and qualities

FIGURE 3
Architecture Analysis and Design Integrated Approach phases
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WP6 Concept and Methodology
Definition for Continuous
Integration, Automated Test
Repetition and Evaluation
While WP5 focusses on the methodology and tools to support
the definition and design phases of the project, WP6 addresses
the methodology and tools to support the development and the
automation of operations (including automatic analysis of the test
results).
Continuous integration (CI) is a software development methodology
that enables automating the integration of code changes from

➐

CI is mainly based on the concepts of software configuration
management (SCM) and software automated testing (SAT).
SCM ensures the tracking and control of changes in the software.
SAT ensures that the software work as expected. Basically, it
supports the definition of test vectors, their automatic execution,
and the comparison of actual outcomes with the outcomes
predicted in the test vectors. SAT shall cover all test levels of the
development cycle, such as unit test, integration test, functional
test, or performance test.
WP6 is currently ongoing. The first deliverables will be released in
Nov. 2019.

multiple contributors into a single software project. The key objective
of CI is to provide the possibility to development contributor to
trace and document easily and ‘continuously’ their work (code
modification, bug and issue fixes and development of new features).
CI also aims to support the integration in a traceable manner of
developer’s contribution to the complete project (including
proper testing). In this respect, CI aims at saving times during the
development/integration cycle by identifying potential conflicts
at early stage. CI development methodology is to be supported
by dedicated tools. Many options are available on the market, yet.
JENKINS is probably the most famous of them.

FIGURE 4
Continuous integration CI

FACTS & FIGURES
Total Project Value

1 000 000

9

Partners

Duration

24 Months

www.gate4rail.eu

Contact
Alessandro Neri
Project Coordinator
presidenza@radiolabs.it
+ 39 06 85 38 04 57
Corso d’Italia, 19
00198 Rome / ITALY

PROJECT COORDINATOR

PARTNERS

Project Technical Leader
Cosimo Stallo
cosimo.stallo@radiolabs.it

