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EXECUTIVE SUMMARY

This is the first deliverable of the VITE Project (IT virtualisation of Testing Environment), whose
main objective is to contribute to the shift of testing from site to lab optimising the test case
coverage model and exchange of information.
This deliverable has been produced with the participation of all the project partners that include IM,
RU, NoBo, laboratories, engineering companies and universities.
The main focus of this state of the art report has been to reflect the experience in actual examples
of testing campaigns from the different partners which represent most of the end users for the
ERTMS system (IM, RU) or the ERTMS test reports (laboratories, NoBos and engineering
companies).
To achieve this, the first step was to develop a questionnaire regarding user’s needs in testing and
experience for different specific examples of testing campaigns in which they are involved. This
report has been produced with the information included in these questionnaires and highlighting
similarities and differences between the answers from different partners related to analogue test
campaigns.
As a result of all this work, the present document contains the following relevant sections:


Legal framework for ERTMS testing, in order to clarify the current legislation that applies to
the different examples of ERTMS testing obtained from the partners



Description of the different examples of ERTMS testing campaigns obtained from the
different partners according to their experience and responsibilities.



Current user’s needs and requirements in the specific example test campaigns.

Regarding the testing campaigns, the examples have been divided in four groups:


Test to validate Interoperability Constituents (On Board, Trackside and GSMR).



Test to validate Subsystems (On Board and Trackside).



Integration Tests



Reliability and Running Dynamics Tests.

They try to cover the complete identification of the functional needs of the ERTMS testing,
description of the test, whether they are performed on site / in the laboratory, the entities involved
in the testing campaign and the stage of the validation / authorisation process these testing
campaign belongs to.
As from these examples it can be concluded that several tests are being performed at laboratories
or are possible to be executed in laboratories if these are compliant with specific requirements.
Nevertheless, there exist various tests that cannot be performed at the lab because they are
affected by real conditions that nowadays are very complex and expensive to simulate in a
laboratory.
In respect of the current user’s needs and requirements, some of the highlights of the more
detailed information included in the following sections are: for laboratories OTS executed in the lab
can accelerate and strongly improve the process of placing in service; IM points out that the
monitoring phase of the ERTMS projects need to be improved; finally RU states that the first
stages of validation process should be more exhaustive.
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INTRODUCTION

1.1

Purpose

This deliverable addresses the state of the art of the testing processes for ERTMS. It deals with
the state of the art of the current APIS process in Europe focusing on IM, RU, NoBo and NSA.
The scope of the deliverable covers ERTMS and the signaling systems/elements that have an
interface with the ERTMS system (e.g. interlockings or the rolling stock will be included). ERTMS is
dealt with in a comprehensive way while for the other parts; the deliverable includes the available
information to the different partners.
This state of the art aims to cover the first step and foundation of the VITE project in order to
achieve the specific objective for WP2 which is to define a test process framework that will support
the shift of testing from site to lab optimising the test case coverage model and exchange of
information.
For that, this state of the art report contains the answer to the current state of the following
questions:
What is
being
tested?
Why are
the tests
performed
in the
laboratory/
on site?

Where is it
tested?

ERTMS
testing
To whom
will the test
report be
delivered?

Who
performs
the tests?

When is
this tested?

Figure 1 – Deliverable Scheme
1.1.1

Questionnaire

The first step to define the test process framework that will support the shift of testing from site to
laboratory was to send a brief questionnaire where the partners of VITE project could send
information about current practices, needs and requirements to perform the test and
documentation related to testing campaigns.
The information and documentation submitted by the partners has been classified as confidential.
However, the results and merged answers are part of this document (see sections 3 and 4).
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Figure1 shows the role of the partners involved in this projects (half of them are laboratories and
Notified Bodies). IN total VITE has 11 partners mainly from Italy, Belgium and Spain with very
broad experience in testing ERTMS, as all three countries have been early implementers of
ERTMS.

Partners
IM

17%

25%
8%

NoBo
LAB

25%

RU

25%

Others

Figure 2. Partners
The questionnaire was divided in two sections:
A. The first main section of the questionnaire relates to the current practices and examples
of ERTMS testing campaigns. The questionnaire collected information related to test
campaigns performed in the past in order to analyse the main issues the partners found
during the validation and authorization process and during the execution of the tests to try
to improve these processes in the future. This section is divided in three parts related to the
scope of the tests, the stage of the process and the execution of the tests.

Questionnaire
Scope of the tests

33%
25%

42%

Stage of the
process
Execution of the
tests

Figure 3. Questionnaire sections





Regarding the scope of the tests, the test campaigns are divided in four groups: tests to
validate the interoperability on the constituents, tests to validate the interoperability of the
subsystem, integration tests and reliability and running dynamics tests. The 42% of the
questions were about the scope of the test campaigns.
In section “Stage of the process” the partners were asked for the status of the validation
and authorisation process, the entities who receive the final report and the obligation for
testing. This part contains 25% of the questions.
The last part of this section compiles information concerning the execution of the tests. The
partners were asked about the entities involved during the test performance and the place
where the test campaign was executed.
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Questions were not marked as applicable/not applicable for each type of stakeholder. When
partners considered that the question was not applicable they didn´t answer or filled the
relevant section with N/A.

Response rate
100%
100%
100%
100%
100%
90% 88%
89%
88%
100% 86% 100%
75%
72%
68%

IM

NOBO

LAB

Scope of the tests

RU

OTHERS

Stage of the process

Execution of the tests

Figure 4. Response rate
The response rate of the questionnaire was high; Figure .4 shows the percentage of answers
to the different sections, divided into the different types of stakeholders, IM, NoBo, labs, RU
and others.
B. The second main section contains questions regarding the current user´s needs and
requirements in order to develop the framework of WP2.
C. These sections are complemented with specific questions related to the collection of
additional information or comments to improve the laboratory testing and the stages of the
validation process.
The following picture shows the test campaigns analysed by category of tests:

Test campaigns analysed
4
3
1

2

1

IM

1

3
0 0

RU

2 2 2
LABS

0

2

1

0

NOBO

0 0 1 1
OTHERS

Integration Test
Tests to validate the interoperability of the subsystem
Test to validate Interoperability Constituents
Reliability and Running Dynamics Tests

Figure 5. Test campaigns analysed
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Intended audience / Classification

This document is public.

1.3

Associated documentation

All the associated documentation has been included in section 2 of this report within the national
legal framework.
Additionally VITE-WP2-INE-REP-001-v0.2_Questionnaire for the State of the art of the test
process (Restricted) was prepared to collect contributions.

1.4

Abbreviations and Acronyms

AT

Austria

CCS

Control, Command and Signalling

EC

European Commission

EDOR

ETCS Data Only Radio

EVC

European Vital Computer

IC

Interoperability Constituent

IM

Infrastructure Manager

GA

Grant Agreement

NoBo

Notified Body

NSA

National Safety Authority

OB

On Board

S2RJU

Shift2Rail Joint Undertaking

VITE

Virtualisation of the Test Environment

CA

Consortium Agreement

OBU

On-board Unit

OTS

Operational Test Scenarios

PC

Project Coordinator

RBC

Radio Block Centre

TR

Trackside

TSI

Technical Specification for Interoperability

WP

Work Package

WPL

Work Package Leader
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LEGAL FRAMEWORK FOR ERTMS TESTING

This section includes the summary and references to the current legislation that applies to ERTMS
testing.
According to the article 2(f) of Directive 2016/919/EU, interoperability constituents are “any
elementary component, group of components, subassembly or complete assembly of equipment
incorporated or intended to be incorporated into a subsystem, upon which the interoperability of the
rail system depends either directly or indirectly. The concept of a constituent covers both tangible
and intangible objects such as software.”
To assess the conformity of an interoperability constituent, all verifications of the basic parameters
must be done. The basic parameters stated bellow are specified in Chapter 4 of the TSI CCS
(Commission Regulation (EU) 2016/919).
Also the SUBSET-076 and 094 must be followed by the laboratory accredited in accordance with
regulation (EC) No 765/2008
1. Conformity
Functions, interface and performances
Interoperability Constituent in the
CCS on-board subsystem
ETCS on-board

Characteristics and specific requirements


ETCS on-board:
On-board ETCS functionality (4.2.2)
 ETCS and GSM-R air gap interfaces
(4.2.5)
o ETCS and GSM-R air gap interfaces (4.2.5)
o Interfaces
o

Odometry Equipment


o

Interface of External STM



GSM-R voice cab radio



Interfaces of External STM (4.2.6.1)

o

GSM-R ETCS Data only radio



Odometry equipment
On-board ETCS functionality (4.2.2)

GSM-R voice cab radio
Basic communication functions (4.2.4.1)
 Interfaces GSM-R air gap (4.2.5.1)
 Interface
GSM-R
Driver-Machine
Interface (4.2.13)

GSM-R ETCS data only radio
Interfaces
 On-board ETCS (4.2.6.2)
 GSM-R air gap (4.2.5.1)
o Basic communication functions (4.2.4.1)
o

GSM-R SIM card


o

VITE: Virtualisation of the Test Enviornment
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Trackside
ETCS
functionality
(4.2.3)
(SUBSET-026)
ETCS and GSM-R air gap interfaces: only
radio communication with train (4.2.5.1)




o
o
o
o


Eurobalise

28/05/2018

Characteristics and specific requirements


Radio in-fill unit

Date:



Trackside ETCS functionality (4.2.3)
ETCS and GSM-R air gap interfaces: only
radio communication with train (4.2.51)
Interfaces:
Data radio communication (4.2.7.3)
Key management system (4.2.8)
ETCS-ID Management (4.2.9)
Interlocking and LEU (4.2.3)
ETCS and GSM-R air gap interfaces: only
eurobalise.(4.2.5.2) (SUBSET-036)
Interfaces
(LEU
eurobalise)
(4.2.7.4)
(SUBSET-036)

Euroloop



ETCS and GSM-R air gap interfaces: only
euroloop.(4.2.5.3)

LEU Eurobalise




Trackside ETCS functionality (4.2.3)
Interface LEU Eurobalise (4.2.7.4) (SUBSET036)

LEU Euroloop




Trackside ETCS functionality (4.2.3)
Interface:
o LEU Euroloop (4.2.7.5)

Table 1 – Functions, interfaces and performance
1.1. Construction of Equipment
Construction of Equipment
Interoperability
Constituent in the
CCS trackside/onboard subsystem
FOR ALL

What to do

Characteristics and
specific
requirements

When necessary, tests to ensure that the o
requirements of the basic parameters
referenced in Chapter 5 are satisfied.
Test according to the applicant’s
specification

Construction
equipment
(4.2.16)

of

Table 2 – Construction of Equipment
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1.2. RAMS
RAMS
Interoperability
Constituent in the
CCS trackside/onboard subsystem
FOR ALL

What to do

Characteristics and
specific
requirements

1. Calculations of THRs by random o
failures
The manufacturer’s quality and safety
management
throughout
design,
manufacturing and testing conforms to a
recognized standard (see note)

RAMS
4.5.1)

(4.2.1,

Table 3 - RAMS
When verifying a CCS subsystem, the following checks must be carried out, respecting the basic
parameters from the TSI stated:
2. CCS on-board subsystem basic parameters
2.1. Integration with CCS trackside subsystems:
What to asses
Eurobalise check

What to do
Where to do it
Test
using
a
certified Not specified by the TSI.
Eurobalise (check antenna is
appropriately installed). The
ability to read correctly the
telegram is the supporting
evidence (related to basic
parameter 4.2.5). (SUBSET036)

Euroloop check

The ability to read correctly Not specified by the TSI.
the telegram is the supporting
evidence (related to basic
parameter 4.2.5). (SUBSET036)

GSM-R check

The ability to set up, maintain Not specified by the TSI.
and disconnect a connection
is the supporting evidence.
Table 4 – Integration with CCS trackside subsystems

2.2. Integration with CCS trackside subsystems and other subsystems: Test under operational
conditions
What to asses
What to do
Where to do it
Test the behaviour of the Verify:
Not specified by the TSI.
subsystem under as many
 Odometry functions are
operational conditions as
correctly
performed
possible (line gradient, train
(basic parameter 4.2.2)
speed…)
 On
board
CCS
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Where to do it

Test
under
operational
conditions are not necessary
for on-board GSM-R voice
equipment.
Table 5 – Integration with CCS trackside subsystems and other subsystems: Test under
operational conditions
3. CCS trackside subsystem basic parameters
3.1. Integration with CCS On-board subsystems and with rolling stock
What to asses
GSM-R coverage

What to do
Where to do it
On site measurements (basic On-site
parameters 4.2.4)

Compliance of the train On site measurements (basic On-site
detection system with the parameters 4.2.10)
requirements of the TSI
Check that the train detection Perform tests according to Not specified by the TSI
system comply with the standard for new types (basic
requirements of this TSI
parameters
4.2.10
and
4.2.11):

Check that all functions
required by the application
are
implemented
in
accordance
with
the
specifications referenced in
this TSI.

VITE: Virtualisation of the Test Enviornment

1. Vehicle
design:
axle
distances,
wheel
geometry,
sanding
equipment…
2. Electromagnetic
compatibility:
electromagnetic
field,
conducted interference…
Test scenarios specified in You
can
choose
point 6.1.2 (Testing ETCS (laboratories, tests lines or
and GSM-R) with different real implementation).
certified
CCS
on-board
subsystems. The goal is that
a CCS On-board subsystem
covered by an EC declaration
of verification should be able
to run on every CVCS
trackside subsystem covered
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Where to do it

Table 6 – Integration with CCS on-board subsystems and with rolling stock
3.2. Integration with CCS On-board subsystems and rolling stocks: test under operational
conditions
What to asses
What to do
Test the behaviour of the The test must be able to
subsystem
under
such verify:
different
operational
1. Performance
of
train
conditions as reasonably
detection systems (basic
feasible (train speed, number
parameters 4.2.10 and
of trains,).
4.2.11):
1.1. Vehicle design: axle
distances,
wheel
geometry,
sanding
equipment…
1.2. Electromagnetic
compatibility:
electromagnetic field,
conducted
interference…
2. CCS trackside subsystem
is
compatible
with
trackside
environment
(4.2.16):
2.1. Environmental
conditions
These tests will also increase
confidence in the absence of
systematic failures

Where to do it
Not specified by the TSI.
Everything that comes with
an EC declaration does not
need any testing.
If any testing is needed
beyond the EC declaration,
there has to be an extension
of
the
documentation
accompanying the certificate.

Table 7 – Integration with CCS on-board subsystems and with rolling stock: Test under
operational conditions
In addition, the following normative are also taken into account:
[01] Subset 076: Scope of the test specifications, test sequences and tests cases (Mandatory)
[02] Subset 085: Test Specification for Eurobalise FFFIS (Mandatory)
[03] Subset 093: GSM-R interfaces (Optional)
[04] 0-2475: ERTMS/GSM-R QoS Test Specification
[05] Subset 094: Functional requirements for an on-board testing facility (Mandatory)
[06] Spanish Operational Tests
[07] 2008/232/CE - HS RST TS and its amendment 2012/464/EU
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[08] 2012/88/EU: TSI for interoperability relating to the CCS subsystem of the trans-European
rail system (notified under document C(2012) 172)
[09] Spanish Order FOM / 167/2015, of February 6th, which regulates the conditions for the
entry into service of structural subsystems, lines and rail vehicles.
[10] Commission Implementing Regulation (EU) No. 402/2013 of 30 April 2013 on the adoption
of a common safety method for risk assessment and risk assessment and repealing
Regulation (EC) No. 352/2009.
[11] Commission Implementing Regulation (EU) No 2015/1136 of 13 July 2015 amending
Implementing Regulation (EU) No 402/2013 on the adoption of a common safety method
for Evaluation and assessment of risk.
[12] Railway

Applications.

Specification

and

demonstration

of

reliability,

availability,

maintainability and security (RAMS). Part 1: Basic requirements and generic processes.
Ref. UNE-EN 50126-1: 2005 CORR: 2006, 2007 Erratum, 2010 Corrigendum.
[13] Railway Applications. Communication, signaling and processing systems. Software for
railroad control and protection systems. Ref. UNE-EN 50128: 2002, 2010 Corrigendum.
[14] Railway Applications. Communication, signaling and processing systems. Security-related
electronic systems for signaling. Ref. UNE-EN 50129. 2005 Version, 2010 Corrigendum.
[15] Technical Specification for Interoperability (TSI / TSI) of the Control, Command and
Signaling subsystem (CMS) in force on the date of contract. 2008/232/CE - (2012/464/EU)
[16] Functional requirements and ERTMS Level 1 and Level 2 Engineering Rules. = Set of
specifications #1
[17] Technical Note on the braking curves and their effect in the calculation of the Motion
Authorizations.
[18] Functional specification of ERTMS Central Station (PCE).
[19] Operational Procedure for Key Management ERTMS Level 2 (KMS).
[20] TFM021046 - DF - 4 - Part 2, V18 "National Functionality of the ERTMS System.
[21] Technical recommendation 1/2015 of the Spanish State Agency of Railway Safety on the
processes prior to the commissioning of new lines or the beginning of the operation of new
types of services.
[22] * Cab Radio User Manual.
[23] * Mobile Terminals User Manual.
[24] EIRENE - Functional Requirement Specification (FRS) Version 7.3.0.
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[25] EIRENE - System Requirement Specification (SRS) Version 15.3.0.
[26] UIC O-3001 1.0 – Cab Radio Functional Test Specification – UIC GSMR OG
[27] * Document [1] refers to the user manual of the terminal to be tested.
References for GSMR-RBC validation and integration test in ADIF infrastructure:
[28] EIRENE - Functional Requirement Specification (FRS) Version 7.3.0.
[29] EIRENE - System Requirement Specification (SRS) Version 15.3.0.
[30] - 0-2475: ERTMS/GSM-R Quality of Service Test Specification
[31] - SRS EIRENE/MORANE System Requirements Specification
[32] - FRS EIRENE/MORANE Functional Requirements Specification
[33] Rail freight corridor 1 NSA working group. Guideline for ccs authorisation on rail freight
corridor 1
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EXAMPLES OF ERTMS TESTING CAMPAIGNS

This section includes different examples of ERTMS testing campaigns that will cover the complete
identification of the functional needs of the ERTMS testing, description of the tests, whether they
are performed on site/ in the laboratory, the entities involved in the testing campaign and the stage
of the validation / authorisation process these testing campaign belongs to.
These examples have been obtained from the different partners according to their experience and
responsibilities.

3.1

Tests to validate Interoperability Constituents

On Board (OB) Interoperability Constituents (IC)
The OB IC are the following: ETCS on-board, Odometry equipment, Interfaces of
External STM, GSM-R voice cab radio, GSM-R ETCS data only radio and GSM-R SIM
card.
The examples received from different type of partners regarding OB IC are 3 examples
of execution of subset 76 test campaigns, 1 example of test execution of subset 85, 1
example of test execution for cab radio and 1 example for EDOR.
Scope of the tests

The system under test for these examples is always one of the IC listed above (or their
grouping). However, even at IC level, all the examples of testing campaign analysed
require interfaces to the rolling stock, other OB IC and the trackside through the airgap.
All the different examples for OB IC tests are defined with a full testing protocol for the
new IC and there are reduced testing protocols for any update defined specifically after
analysis of the applicable delta in the update.
The specific technical scope of the different examples are the following:
 SS-76. To demonstrate fulfillment of SS 26 requirements
 SS-85. To demonstrate fulfillment with SS-36
 Cab Radio. Validation of the cab radio equipment before it starts working in a highspeed line
 EDOR. The scope is to demonstrate the suitability for use of an EDOR in an ERTMS
application in terms of both functionality and performance. AT commands are tested in
accordance with the O-3001 currently under preparation. Up to now, the NoBos were in
charge of defining specific tests. The reference standard for QoS tests is the O-2475 rev
3.0.
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On Board (OB) Interoperability Constituents (IC)
Execution of the tests and stage
in the overall process

All the testing campaigns included as example for the OB IC are mandatory in the
experience of the different partners.
Suppliers, NoBo, accredited laboratories are involved in the execution of the testing
campaigns. The test reports are given as an input to the NoBo for the certificate as well
as to the supplier of the IC.
An exemption is the example of the Cab Radio, where the test report will be given to the
IM and only the IM and suppliers are involved in the execution of the tests. These tests
protocols are confidential.
All the examples received in this category of testing campaigns are executed in
accredited laboratory with the following exceptions:
 For SS-76. It is also highlighted by the NoBo that starting from the CCS TSI
2012, the execution of these tests shall be done in an accredited laboratory.
Before, the NoBo checked the compliance with all relevant requirements from
tests sometimes executed in suppliers laboratories
 Cab Radio is tested on site
 EDOR is tested in a laboratory but no accreditation is necessary
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Trackside (TR) Interoperability Constituents (IC) and GSMR
The TR IC are the following: RBC, Radio in-fill unit, Eurobalise, Euroloop, LEU
Eurobalise and LEU Euroloop.
The examples received from different type of partners regarding TR IC are 2 examples
of GSMR, 2 examples for balise and 2 examples for RBC IC.
Scope of the tests

The system under test for these examples is always one of the IC listed above but in
order for the tests to be executed, there is need for the interface systems mainly with the
train through airgap for the balises, to the IXL for the RBC and to other OB IC for the
GSMR network.
The specific technical scope of the different examples is the following:




Validation of GSM-R network reception in a new high speed line, in terms of
functionality and performance.
For the Balise IC, SS-85 aims to demonstrate fulfillment with SS-36 and additionally
they can be performed for theoretical studies and field tests, which result in a
proposal for best ERTMS balise installation in multi-rail tracks.
Regarding the RBC, functionality of machine-man and vice versa communication,
comm. Interface for man-machine activities, functions, interface and performances:
in accordance with the basic parameters (design specification compliance with ss026,
ss040, ss108, ss41, ss54, ss037, ss092-1 092-2. ss039, ss098

It should be highlighted that the functions implemented in a RBC depends on its
integration with track side signalling, which is not harmonised in the scopes on the TSI.
Not harmonized tests such as the performed to validate the installation of balises in
multirail tracks need to be performed with different onboard units to cover the complete
scope of the tests.

Execution of the tests and stage in the
overall process
All test campaigns included as example for the TR IC are mandatory except for the
installation of balises in multirail. Also, the amount of tests performed for the RBC will
vary due to the lack of specification.

The entities involved in these tests vary in all the different examples mentioned for TR
IC. Test reports will be sent for the RBC IC and ss-85 to the NoBo and ISA, the rest of
the test reports even when applicable for the same system they are sent to different
stakeholders.
Regarding the location for their execution, for the RBC IC tests are performed in the
suppliers laboratory, ss-85 is performed in accredited lab and the GSMR tests as well as
the installation of balises are performed on site.
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Tests to validate Subsystems

On Board (OB) Subsystems
Three examples have been received from different type of partners regarding OB
subsystem.
Scope of the tests
The system under test for these examples is always the Onboard subsystem installed in
a train with a specific configuration.

All examples are performed for new and updated systems. They all look for the
verification of the good integration of the different constituents and functionality.
The tests scenarios are confidential, but they test as many operational conditions as
possible: ETCS modes and transitions, speed profiles and different errors that may
occur during operation in both L1 and L2.
The complete Functional interfaces are necessary: IXL, trackside ERTMS equipment,
TSR manager, Signalling, GSM-R, Rolling stock, Energy subsystem, Class B systems.
Monitoring interfaces: internal logs, JRU and monitoring devices (manufacturer’s
devices)
Execution of the tests and stage
In all cases the tests are mandatory before certification and ISA.in the overall process

The ETCS supplier is the responsible of the tests while the IM and the NSA are involved.
The test report are given to the ISA and the NoBo while in the case of Belgium also the
NSA examine the reports.
These tests are performed all on-site. They are tested preferably on certified lines to be
confident with the test results.
There are no specifications about the requirements for the trackside systems where the
on-board equipment is tested. The NoBo or ISA may establish the requirements or ask
for additional tests if necessary.

VITE: Virtualisation of the Test Enviornment

Grant Agreement No: 730815

State of the art of the test
process

Ref: VITE-WP2-INE-DEL-2.1
Date:

Issue: 2.0

28/05/2018

Class: PU

Page 21 / 31

Trackside (TR) subsystem
There are 4 example of test campaigns related to the Trackside subsystem testing data
integrity, testing functionality, integration to GSMR and tests necessary for certification.
Scope of the tests

The system under test is the trackside subsystem but for all of these tests a train
equipped with ETCS is necessary, only for the data integrity tests a train simulator could
be used. For integration with GSMR, regarding vehicle only the cab radio constituent is
necessary. Also additional interfaces of the trackside are necessary e.g. interlocking.
The specific technical scopes of the different examples are the following:





For data integrity: Verify that the design and implementation of the system has been
correct and that the integrity of the data is guaranteed.
For functionality testing: They are part of the IM testing process to accept the ERTMS
contracted system, also they can be considered as operational test scenarios
For integration with GSMR: correct integration between both systems, both from a
functional point of view and availability.
Regarding certification: On site measurements (GSMR and train detection systems).
The report of the operational test scenarios, tests under operational conditions,
compatibility tests and management of errors (optional)

These tests campaigns are performed both for new and updated systems
Execution of the tests and stage in the
overall process
All test campaigns included as example for the TR subsystem are mandatory. Test
reports are delivered to the IM, NoBo and ISA.

The entities involved in these tests are mainly different departments of the IM and the
suppliers.
Regarding the location for their execution, data integrity tests can be performed in a
laboratory and the rest are mainly tested on site.
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Integration Tests

Integration tests
There are 5 examples of test campaigns related to integration: integration of the EVC in
the laboratory, integration of EVC with the rolling stock and 3 examples of integration
between ETCS OB and TR subsystem.
Scope of the tests
The scope of the EVC-LAB integration tests is to ensure that the device under test will
be exchanging data expected according to its respective interfaces and that all
interfaces work. This integration tests are carried out for new and old systems when a
major updated is carried out. The specific technical scope is the lab environment
described in the SS-94.

The scope of the EVC-RS integration tests is beside the verification of the correct
HW/SW configuration the tests safeguard that no critical failure in wiring or assembly
remains after commissioning. They are performed for new systems, but they could also
be performed on existing systems depending on the modification. The testing protocol is
confidential, but they may include entry in no power and isolation, Braking, Odometry
and Eurobalise reading…
The scope of the OB-TR subsystem integration tests is to clearly demonstrate the
interoperability and technical compatibility between On-board installed in a train and
Trackside subsystems. All examples are performed on new systems, but in case there
are new updates they may be repeated for the subsystems modified. The testing
protocols are confidential and defined at national level. Some examples are: Entry in OS,
conditional emergency stop, etc. and are adapted to the functionality of the line.
Execution of the tests and stage in the overall process

Regarding the EVC-LAB integration tests, these are carried out before lab testing
campaign starts. These tests are not mandatory.
EVC-RS integration tests, they are mandatory for the authorization of each vehicle. They
are executed at the end of the validation process, once the subsystem in the train class
is authorized. Normally the NoBo/ISA receives the report. ETCS supplier, RU and IM
(only of management of routes necessary) are involved in these tests which are
performed on site or in depot.
Concerning OB-TR subsystem integration tests, both in Spain and Italy are mandatory.
However, in Italy they are mandatory for EC verification (i.e. before issuing the
integration safety case), while in Spain they are commonly used for the route
compatibility to run in a specific line (i.e. once validation is finished).
The supplier of the ETCS system is always involved and normally the IM or operator.
The NoBo is also invited and involved. There is one example done in a lab with the RBC
connected remotely. In Spain in the past they were done on-site but now they are run at
first in the lab, after that is the choice of the IM or operator to repeat them on-site or not.
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Reliability and Running Dynamics tests

Reliability and running dynamics
There are 2 examples of reliability and 1 of uncertainties from different partners.
Scope of the tests

Reliability tests are necessary both for the trackside and onboard installations under
operational conditions and they are performed for new and updated systems. The tests
consist of operation simulations.
The example of running dynamics tests is not related to ERTMS, but to the rolling stock
subsystem. However, it is included in this state of the art report since we will include this
information as benchmarking for the ERTMS validation, since the issue of replacing
parts of the tests with virtual or laboratory methods has been widely addressed.
Execution of the tests and stage in the
overall process
In the examples given, reliability tests are the last tests executed before commercial
operation. For trackside subsystem this report is delivered to the NSA whereas for the
onboard subsystem this report is delivered to the RU.

In the Spanish legislation the requirements for reliability are mandatory for the
authorization of vehicles, but there are no requirements for the authorization of CCS
subsystems.
Regarding running dynamics tests, they are executed on track, with well defined track
layout characteristics (e.g. distribution of curve radius, cant deficiency) and in the lab
(simulations) if necessary conditions are satisfied. The tests are traditionally on-track
tests. The on-going shift to other types of testing is slow probably due to the lack of
knowledge regarding the accuracy of alternative testing (e.g. virtual testing) - there is an
issue of confidence in the test results with alternative methods that needs to be solved
by demonstrating and further increasing the reliability of the methods, and precisely
determining the conditions in which they may be used.
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CURRENT USER’S NEEDS AND REQUIREMENTS IN THE TESTING CAMPAIGNS

This section includes general comments and the identification of the user’s needs and
requirements for the different testing campaigns. This will be based in the examples provided
within section 3 of this deliverable and will be complemented in order to be able to provide the
necessary input for the development of the Test process framework as described in the deliverable
2.2 of VITE project.
In general, laboratory partners state that in the case of these operational tests, the execution at lab
can accelerate and strongly improve the process of placing in service. Labs are ready to execute
most of the test currently executed on track. There are examples of current approaches of running
the entire test first in the lab to debug everything and later on run the tests again on track, is a first
step in the process of moving the test from onsite to the lab. Even in this case of repeating all the
test onsite, the reduction of the time to testing everything is high, because everything is debug first
and after that the test onsite will be very fast. Debugging the whole system by testing onsite as in
the past is much more expensive and time consuming.
Infrastructure Manager state that the monitoring phase of the ERTMS projects need to be
improved. It can be useful to monitor the systems in service, in order to evaluate their
performances, their reaction times, the real error of the odometry etc. More simulators have to be
developed, verified and validated. Data from a monitoring process can be used to better define the
operational scenarios particularly relevant for the ERTMS and to test them in a simulated
environment.
RU states that the validation process should be more exhaustive. The tests should include the
testing of any combination of information that could be sent by the trackside.
Interoperability tests should not be responsibility of RU, train-track integration tests should be
limited to testing the operational scenarios relevant to its operation. However, responsibility for
cross-product compatibility tests is being transferred to the RUs, which is not acceptable because
this must be suppliers responsibility. The result of these tests is that errors are always detected in
the products, which shows that the certification processes are not complete, since the tests carried
out by the suppliers are not enough.
Other examples show that in some countries the IM is still responsible for integration tests, which
leads IM to be in a similar situation to that of RU in this aspect.
Regarding the improvements necessary for the laboratories, RU states that the integration tests
could be completed testing all the combination of information for each route of each line, this could
not be possible on site, it would take so long time and they would not be effective. The laboratory
would permit perform complete testing saving cost and time. However, some tests still have to be
performed on site because the real conditions are necessary for testing braking distance,
odometry, etc.
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On Board (OB) Interoperability Constituents (IC)
For all the different type of partners, these test reports are complete, improve the quality
of the validation process and are necessary for the authorization of ERTMS.
Needs and requirements for NoBo

The main requirements for these testing campaigns for the NoBo are that the test report
covers the mandatory functionality (as included in CCS TSI, e.g. ss. 76. 85. 92, 93 etc).
In any case, it is considered that the testing on site is also necessary for these OB IC.
However, the testing in laboratory improves depurating errors before onsite campaigns
and for the EDOR, they are the main evidence in the validation process.
For OB IC These necessary on site testing campaigns could be performed in the
laboratory only if all casuistic trackside functional implementation was available in the
lab.
Specific improvement has been stated for the EDOR testing campaign, i.e. an
improvement of QoS tests is recommended but to do it the requirements should be
reviewed on the basis of the real needs of ETCS system. A separation of the tests of
EDOR and GSM-R Network should also be introduced in order to make possible an
introduction of QoS requirements and tests as mandatory in the next CCS TSI.
QoS tests at the time being would require the definition of a “reference” GSM-R Network
in order to increase the uniformity and the repeatability of the performed tests. A
standardised test specification for covering the requirements of A11T6001 - (MORANE)
Radio Transmission FFFIS for EuroRadio – rev 13.0.0 should also be introduced to
improve uniformity and repeatability of tests.
Needs and requirements for laboratories

As for the laboratories, the main requirements are the collaboration from the suppliers to
deliver the necessary interfaces to integrate their IC in the laboratory.
The main requirements that fulfil the testing campaigns for OB IC executed in their
laboratories is that they can be executed faster than on site, tests are reproducible in
laboratory immediately with the good starting conditions as the reproducibility is
achieved without human factors, companies have used the pretesting campaigns to
solve several issues non-compliant with the specifications and automation.
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On Board (OB) Interoperability Constituents (IC)
Needs and requirements for IM
Regarding the Cab radio IC tests, the IM main requirements is to check compliance with
the Cab Radio functional validation test protocol in the network for new equipments that
will operate in the infrastructure.
These tests are considered to improve the quality of the validation process by avoiding
many problems in use by configuration.

In order to be able to execute these tests in the laboratory, it would be necessary to
achieve interfaces similar to real ones
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Trackside (TR) Interoperability Constituents (IC)
For all the different type of partners, these test reports are complete, improve the quality
of the validation process and are necessary for the authorization of ERTMS.
Needs and requirements for NoBos
RBC IC tests are mandatory within the CCS TSI so the NoBo requirements are to check
that all mandatory and optional functions, interfaces and performances complies with the
basic parameters. It is very important to declare and identify in the certificate or in the
NoBo technical report the functionality not implemented and/or validated, or partially
implemented /covered, to consider at subsystem implementation level RBC.

Tests included in Chapter 16 of EIRENE norms, MORANE A11T6001 and Subset-093
are also mandatory. QoS tests at the time being would require the definition of a
“reference” EDOR in order to increase the uniformity and the repeatability of the
performed tests. A larger use of dedicated measuring wagons would also improve the
repeatability of tests and reduce the required time. Laboratory tests are applicable just
for IOT test cases but in any case the real configuration of the interconnected network
have to be replicated in laboratory and it is not easy. Moreover at the time being an
independent laboratory with the Networks produced by the different Manufacturers is not
available for the certification tests. To achieve effective testing campaigns it is critical to
acquire and adequate confidence level.
Needs and requirements for laboratories
As for the laboratories, the main requirements are the collaboration from the suppliers to
deliver the necessary interfaces to integrate their IC in the laboratory.

The main requirements that fulfil the testing campaigns for TR IC executed in their
laboratories is that they can be executed faster than on site, tests are reproducible in
laboratory immediately with the good starting conditions as the reproducibility is
achieved without human factors, companies have used the pretesting campaigns to
solve several issues non-compliant with the specifications and automation.
Needs and requirements for IM
The requirements for the GSMR tests are to comply with the correct levels in Coverage,
Dedicated Mode, Idle mode, Data Quality of Service KPIs and specific tests of
communication cab radio-circulation station. These tests have not been performed in
laboratory due to the lack of possibility to simulate all subsystem interfaces.
Regarding the installation tests for the balises there is a need to research in which
condition a single balise can be read in a multi-rail track for several trains and different
on-board ERTMS equipments.
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On Board Subsystems
For all the different type of partners, these test reports improve the quality of the
validation process and are effective campaigns. Also the final tests report should be
included in the final validation for one IM and it is needed for authorization for one NoBo.
Needs and requirements for NoBo
One NoBo is more focused on the interoperability integration of the on-board subsystem
in the trackside subsystem and the other subsystems, whereas another partner follows
the SS-26 for the functional requirements and the other subsets (concerning the
interfaces) in order to check the good integration

For both partners this campaign improves the quality and the confidence of the NoBo in
the compliance against the TSI of each subsystem tested.
It is stated that it may be possible to switch to the laboratory but it is difficult because the
laboratory has to be able to play exactly the same way with the same interfaces as the
on-site scenario, but there is an understanding that on-site onboard testing are very
useful in correcting errors at the application.
Needs and requirements for RU
The main requirements for the RU is to focus the test in finding errors in:

- The installation of the subsystem in the vehicle (prototype)
- The functionality of the subsystem
These tests are necessary for the validation process to assure the quality of the
subsystems installed.
To switch from on-site to laboratory the interfaces between on-board and rolling stock
are needed. Also all infrastructure: IXL, trackside ERTMS equipment, TSR manager,
Signalling, GSM-R.
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Trackside (TR) subsystem
For all the different type of partners, these test reports are complete, improve the quality
of the validation process and are necessary for the authorization of ERTMS.
Needs and requirements for NoBos
NoBo only checks the tests protocols and the results and whether they are enough to
demonstrate the correct implementation of the design requirements depending on the
certification module to apply. In this case NoBo doesn’t perform on-site tests, but only
attends them. They may ask for additional tests if necessary such as handover and level
transition tests.
From the NoBo point of view on site tests shall cover at least, start of mission, level
transitions, mode transitions applicable, handovers, management of emergency
messages and degraded situations, test running at maximum operational speed.
There are tests that should be done on site to provide the evidence of the integration
with other subsystems, such as, rolling stock, infrastructure, energy, and GSMR
network. On site test helps to show a right consolidation and implementation of trackside
functionality. On site test also increase confidence in the absence of systematic failures.
Needs and requirements for IM

Requirements for the data integrity tests are to have the data and ERTMS equipment
fully validated by the supplier in order to be able to perform the infrastructure tests and
the corresponding commissioning with guarantees. If the test report issued by the
technician does not cover the necessary evidences, the construction management could
ask for an integration independent laboratory test, as it is assumed in the contract sheet
by the technician. This is only possible if all the necessary interfaces even if they are
from other manufacturers are available, including the appropriate protocols and
simulators.
Regarding the operational test scenarios, they are particularized to the most critical
points in infrastructure. These tests may change depending on each line although the
typology is the same. Previous experiences indicate that these tests have allowed to
detect problems and to correct situations that had not been detected in previous tests,
mainly for verifying Dynamic Behaviors and Degraded Situations.
Regarding GSMR, IM have the need to perform these tests because the RBC
manufacturer does not have the necessary interfaces or simulators to perform the tests
with the MSC / GSMR network systems

VITE: Virtualisation of the Test Enviornment

Grant Agreement No: 730815

State of the art of the test
process

Ref: VITE-WP2-INE-DEL-2.1
Issue: 2.0
Class: PU

Date:

28/05/2018
Page 30 / 31

Integration tests
For all the different type of partners, these test reports are complete, improve the quality
of the validation process and are necessary for the authorization of ERTMS.
Needs and requirements for NoBos

Main requirement for the integration with the laboratory is to be able to verify if
calibration are up-to-date and were correctly realized before a test campaign is engaged.
To shift from on-site to a laboratory all I/O onsite should be respected.
Regarding the TR-OB subsystem integration tests, the main requirements are the proper
connection of the OBUs and RBCs to the lab, as well as the reception of the track data
in a common format. For the OBU the interfaces are defined in SS-094. For the RBC
connection, there are currently several approaches with the different suppliers. A
common interface (at least for testing) shall be defined in the VITE project. For track
data several formats are still used by the different suppliers. Also a common format shall
be selected at VITE.
Regarding the TR-OB subsystem integration, the main requirement is to have a
validation of the lab, by comparing execution onsite and at lab of similar tests. The lab
shall be able to simulate the train movement in an accurate way

Needs and requirements for IM and RU

Regarding integration of OB subsystem and RS, the main requirements for the RU is to
find any error in the installation of the subsystem in the vehicle. These tests have to be
done on-site because they prove the correct installation of the subsystems.
Regarding the TR-OB subsystem integration, the main requirement for the IM and RU is
to tests the real behavior of the on-board system with the integration of the various
trackside subsystems.
To perform these tests in laboratory, it would be necessary to test the real behaviour of
the system, with the integration of the various subsystems (STM, IXL, trackside ERTMS
equipment, TSR manager, Signalling, GSM-R) and to evaluate the timings of the system
and consider them in the simulation. These timings may be estimated by a monitoring
campaign.
There is an understanding by the partners that there is a big margin of improvement on
the simulation of various subsystems. Also, it is considered that within the product
certification interoperability tests between different ERTMS suppliers could be included.
In some cases the suppliers have exported rules as “The equipment has to be tested
with RBCs of other concrete suppliers if the train is going to operate on a line of that
RBCs suppliers” to the railways undertaking.
Interoperability tests should not be responsibility of RU, train-track integration tests
should be limited to testing the operational scenarios relevant to its operation. However,
responsibility for cross-product compatibility tests is being transferred to the RUs, which
is not acceptable because this must be the supplier’s responsibility. The result of these
tests is that errors are always detected in the products, which shows that the certification
processes are not complete, since the tests carried out by the suppliers are not enough
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Reliability and running dynamics tests
For all the different type of partners, these test reports are complete, improve the quality
of the validation process and are necessary for the authorization process.
Needs and requirements from engineering company
Regarding running dynamics tests, it is very complex, and it takes much effort to identify
parts of the campaign that may be carried out with alternative methods, reducing the
high costs of the campaign whilst not affecting its quality.

Currently running dynamic behaviour tests are mostly on-track. The main alternatives
are virtual testing in the laboratory and stationary tests on industrial sites. The approach
used in Europe is to replicate the entirety of the on-track tests with simulations. The main
issue is the validation of the simulation models used for virtual type testing. This issue
generates a large number of requirements. Other requirements regard e.g. input
information, vehicle model, track data, staff competence (see ERA/TD/2012-17/INT rev
3.0).
Needs and requirements from engineering company

Regarding reliability tests, they are considered to improve the quality of the system since
even if they are performed once the validation process has finished, experience shows
that in some cases the validation processes are not complete because errors are still
detected at this stage.
In the Spanish legislation the requirements for reliability are mandatory for the
authorization of vehicles, but there are no requirements for the authorization of CCS
subsystems
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