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SIA

Executive Summary

This document covers deliverable D8.2 “Validation of SIA” of SIA project. This deliverable
describes the results of the SIA system validation in the testing operational scenarios provided
by the end users involved in the project. The testing scenarios used for the validation are
described in deliverable D8.1 [16], and the validation tests have been carried out within the
scope of Task T8.2 “Qualification and Validation of SIA functionality” during the last year of the
project, concluding by the end of August 2021.

After the introduction and an architecture overview reminder, the document describes the
individual validation of the different SIA subsystems and the four SIA services (iCatMon,
iPantMon, iRailMon and iWheelMon) in the corresponding applicable testing scenarios. The
subsystems had been already tested with lab data in controlled scenarios during their
development, as justified in previous SIA deliverables of WP3 to WP7. This deliverable
describes how the subsystems and the integrated SIA system and services have been tested in
real operational scenarios with real field data, and their functional requirements have been thus
fully validated.

Unfortunately, it should be taken into consideration that due to the restrictions imposed by the
COVID-19 pandemic, the nine months testing period has been significantly reduced even though
the six months project extension.

Nevertheless, when analysing the results achieved during the tests and compiled in this
document, the full SIA system and its 4 services have been successfully validated reaching TRL
of 7.
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Abbreviations and acronyms
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1 Introduction

1.1 SIA Overview

The SIA project (System for vehicle-infrastructure Interaction Assets health status monitoring)
has the objective of developing four ready-to-use new services (iWheelMon, iRailMon, iPantMon
and iCatMon) to provide prognostic information about the health status of the railway’s most
demanding assets in terms of maintenance costs (wheel, rail, pantograph and catenary).

1.2  Purpose and Scope of this Document

The main purpose of this document is to validate the SIA system detailing and reporting the
results of the tests of the developed system. These tests have been carried out in different real
operational environments described in D8.1 [16].

As each scenario covers a different set of functionalities provided by SIA, the different
components and services of SIA system, described in Chapter 2, have been tested
independently and as a whole in their corresponding scenarios to completely validate SIA
requirements. VIAS scenario was intended to validate the integration of the SIA system and its
functionalities prior the major tests in FGC and OBB scenarios. FGC scenario has been used to
qualify SIA_PANT onboard equipment and iCatMon and iPantMon services, while OBB scenario
assesses SIA _ABA onboard equipment and iWheelMon and iRailMon services. SIA POS,
SIA_DH, SIA_CDM and SIA_VP are common to all scenarios.

This deliverable is the final output of WP8 “Test setup preparation and validation” and has been
led by INGECONTROL with contributions from all partners including technology providers CEIT,
DLR and GMV NSL, and end users FGC, VIAS, TELICE and OBB.

1.3 Intended Audience and Distribution

This is a public deliverable, but the reader should be aware that not all details are disclosed here.
For further information see other SIA deliverables compiled in References section of this
document.

14 Structure of the Document

This document starts with an introduction and the SIA architecture overview. Then, it is divided
in six chapters describing the testing results and validation of the different components of SIA
system: SIA_POS, SIA_ABA, SIA_PANT, SIA_DH, SIA_CDM and SIA_VP. Then internally each
chapter is divided describing separately the scenarios addressed.

Afterwards, the fulfilment of the requirements of the four SIA Services constituting the SIA
system as a whole is justified, and the document ends with the conclusions.
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2

SIA Architecture Overview

According to the deliverable D2.2 [2], and in order to fulfil the requirements defined in D2.1 [1],
the following sub-systems have been defined for the SIA system:

2.1

Pantograph/catenary interaction assessment subsystem (SIA_PANT)

Wheel/rail interaction assessment subsystem (SIA_ABA)

Positioning subsystem

Data Hub (SIA_DH)

(SIA_POS)

Component Degradation modelling and algorithms (SIA_CDM)
Visualisation Platform (SIA_VP)

Architecture Description

As a visual representation of the above subsystems, the following diagram was created to define
the overall architecture and the associated interfaces of the SIA system.

IF534%  41F0.1

IFO IF6
. ! On—board;ﬂack—om'ce
IFO.3Yy ¥ :
IF5.3_
A.__IF_POS PANT _ SIA_POS : SIA_CDM
IF5.3 O
“vv wiro.1 |FFOSABAY RrposoH | iFo4 417 com_vp
| L
'S SIA_PANT 5
IF_Di_VP
IF5 Il SIADH M<——>HN  SIA VP
IF5.1 “FLABA_oH
—=HM SIA_ABA B+—F» :

IF0.2 4 T
IF5.3

Figure 2-1. SIA Architecture

IF1 IF2 IF3 IF4

With this architecture, SIA will provide four services with characteristics defined below:

IF7
IF8
IF9
IF10

- iWheelMon, which is intended for TOCs and integrated operators, will provide real time
information about the status of the wheels (e.g. the presence of wheel flats) and prognostic
health status information within a certain time frame such as predicted wear, RCF and

GA 776402
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polygonization, and maintenance recommendations for meeting ISO 1005-8 [3] and TOC
specific requirements.

- iPantMon, which is intended for TOCs and integrated operators, will provide real time
information about the status of the pantograph (e.g. if there is incorrect vertical damping forces
of upper arm) and prognostic health status information in a certain time frame such as wearing
of contact stripes, and maintenance recommendations for meeting EN 50405 [4] and TOC
specific requirements.

- iRailMon, which is intended for IMs and maintenance subcontractors, will provide real time
information about the status of the rail (e.g. broken rail) and prognostic health status information
in a certain time frame such as squats, corrugation, wear and RCF, and maintenance
recommendations according to ISO 5003:2016 [5] and IM specific maintenance requirements.

- iCatMon, which is intended for IMs and maintenance subcontractors, will provide real time
information about the catenary status (e.g. wearing of cable) and prognostic health status
information in a certain time frame such as inclination of the mooring balance with respect to the
rail, break of the automatic regulation pulley, wear of cables, and maintenance
recommendations for meeting EN50119 [6].

These services will be delivered by the different sub-systems of the SIA system according to the
next table.

SIA SIA Services
Subsystems

iWheelMon iPantMon iRailMon iCatMon
SIA_PANT N v
SIA_ABA V V
SIA_DH v N V N
SIA_POS v v
SIA VP v V v v
SIA_CDM v v v v

Table 2-1. SIA services mapped to sub-systems
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3 SIA_POS Test results

The SIA Positioning System (SIA_POS) has been initially validated in the lab environment, with
some initial results shown reported in deliverable D3.2 [8]. This chapter contains the validation
results of SIA_POS with the results obtained in the relevant validation scenarios, as described in
deliverable D8.1. For validation, the SIA Positioning System has been tested in three different
rail environments with our consortium rail operators, VIAS, OBB and FGC.

As described in [8], to identify the evolution of failures in the infrastructure, accurate positioning
and time stamping that synchronizes measurements from sensing nodes within the vehicle is
essential. To fulfil this requirement, the main functionality of SIA_POS is to provide high
accuracy positioning in the railway environment. This document also defines the performance
requirements for the SIA_POS subsystem as documented in D2.1 [1]. Therefore, for the above
mentioned validation scenarios real time SIA_POS data has been validated against the
performance requirements described in Table 3-1. In addition to this, it also covers the benefits
of Galileo being collected and utilised in the SIA_POS results.

Req_ID Description Source

POS_PF_001 SIA must guarantee its functionality with a train velocity up to 100 | SIA_PF_001
km/h.

POS_PF_006 The accuracy requirements of the positioning subsystem shall | SIA_PF_006

comply with sub-20m horizontal positioning for the localization of
failures on infrastructures assets.

Internal Availability: The POS sub-system shall be capable of providing a Internal
position 100% of the time in the railway environment for monitoring
purposes.

Table 3-1. SIA_POS Performance Requirements

3.1 Key Performance Indicators

The rail test campaign results are analysed in terms of the following Key Performance Indicators
(KPIs):

¢ Horizontal (2D) positioning accuracy in meters
e Horizontal (2D) positioning accuracy with reference to speed

¢ Availability of position solution (as a percentage of total test duration)
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3.2 SIA_POS Test Results (OBB Validation Scenario)

The SIA-POS system was tested in the following scenarios whilst it was installed in the OBB
locomotive:

e Static tests in the workshop
¢ Functional check under electrification
e Tests in the workshop

e Tests in the track

3.2.1 Static tests in the workshop

In this activity, a few basic tests were carried out whilst the locomotive was in a static position.
These tests were carried out mainly to verify that the installation of the system has been
correctly completed and according to the description in Deliverable D8.1. The test results
applicable to SIA_POS (extracted from those described in D8.1) are summarized in Table 3-2.

Test ID Test Description Passed? (Y/N) Comments

OBB_W_001 Visual inspection of the system: Y Visual inspection is

alidated by OBB personnel:
e Antenna is correctly fixed on the top vel y P

of the test train. e Antennas are correctly
e  Wires enter the equipment cabinet fixed to the magnetic

without tension plate on the roof of test
e Connections of the system are ok locomotive

¢  Wires from roof to
equipment cabinet are
properly placed without
harmful tensions

e All connections of the
system are good
(electrical continuity is
provided) and reliable

OBB_W_002 SIA-POS unit placed on the train in a Y SIA equipment is firmly fixed
suitable secure manner on a platform and placed in
train cabinet.

OBB_W_003 On the SIA-POS unit is an arrow that Y Checked
indicates the direction of travel. Check that
arrow must be pointing towards the direction
the train will move in so the IMU is orientated
correctly.

GA 776402 Page 11 of B3
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Test ID Test Description Passed? (Y/N) Comments
OBB_W_004 Connect the SIA_POS via antenna cable Y Checked
OBB_W_005 Power supply cable connect properly into Y The positive cable MUST be
supply connector of SIA_POS aligned with + (LEFT) and
the negative cable MUST be
aligned with the — (RIGHT)
symbol.
OBB_W_006 Check that the input power supply should be Y Required power is supplying
between 9 and 36 Volts. to the SIA_POS
OBB_W_007 Check Etherf\et cable of . SIA_POS is Y Ethernet connection was
connected for internet connection. ,
proper and provides
SIA POS  with internet
access.
OBB_W_008 measure the 3-D offset (lever arm) from the Y Lever arm offset has been

centre of the IMU sensor to the GNSS
antenna

measured by OBB

Table 3-2. SIA POS OBB Static Tests in Workshop Results

3.2.2 Functionality checks under electrification

These tests have been completed to check the functionality of the SIA_POS system at
deployment, when the train is electrified. The tests results applicable to SIA_POS (extracted
from those described in D8.1) are summarized in Table 3-3 below:

Test ID Test Description Passed? (Y/N) Comments

OBB_W_009 Power up the SIA_POS and check that the Y All LEDs changed into green
start-up process is successful (LEDs change
to Green).

OBB_W_010 Use real time software to log GNSS, IMU, Y Checked via connecting
IONEX and RTCM data SIA_POS unit via team-

viewer
OBB_W_011 Use Novatel Application Suite (NAS) Y Manually start NAS software

software to log data from SPAN

via team-viewer.

Table 3-3. SIA POS OBB Functionality check under Electrification Test Results

GA 776402

Page 12 of B8




SIA

3.2.3 Test In the workshop

Once the equipment’s performance under electrification has been verified, a few basic cross-
checking activities were carried out in the workshop before starting the tests in the track as

follows.
Test ID Test Description Passed? (Y/N) Comments
OBB_W_012 Configuration parameters can be received Y
by:
¢ SIA POS
OBB_W_013 Following information related to EGNSS can Y Checked via connecting
be received and processed by SIA: SIA_POS unit via team-
e GNSS signals viewer
e Inertial signals
OBB_W_014 Following information related to EGNSS can Y Checked via connecting
be received by SPAN: SIA_POS unit via team-
viewer

e GNSS signals
e Inertial signals

Table 3-4. SIA POS OBB Tests in the Workshop Test Results

3.2.4 Tests on the track

Once the equipment’s performance has been verified whilst in the workshop, the tests in the
track were performed as follows.

Test ID Test Description Passed? (Y/N) Comments
OBB_T_001 Configuration parameters can be received Y
by:
e SIA POS
OBB_T_002 Following information related to EGNSS can Y Checked via connecting
be received and processed by SIA: SIA POS unit via team-
«  GNSS signals viewer
e Inertial signals
OBB_T_003 Configured parameters can be logged by Y Connected SIA POS unit
GA 776402 Page 13 of B8
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Test ID Test Description Passed? (Y/N) Comments

SPAN. via team-viewer. Checked in
D drive, all selected
parameters start logging and

saved in designated
directory (D) of SIA_POS
Unit.

Table 3-5. SIA POS OBB Tests on the Track Results

3.2.5 Validation test results

3.2.5.1 Reference trajectory

As described in D8.1, the first SIA_POS unit (an interim version) was used for the OBB real time
test. This unit was equipped with a GNSS Inertial Measurement System (Novatel SPAN). The
reference trajectory for the OBB campaign was therefore generated from the Septentrio GNSS
receiver and IMU with comparison to the SPAN Inertial Unit (Novatel PwrPak 7D E2). During the
real time data collection the SPAN was continuously logging the best positioning solution
(BESTPOS configuration), this config provides the best available combined GNSS and Inertial
Navigation System position computed by the receiver. Figure 3-1 represents the reference
trajectory obtained by SPAN vs GNSS+IMU Unit.
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Figure 3-1. Reference trajectory obtained by SPAN + IMU Unit

3.2.5.2 Positioning performance analysis results

From the real time online data, the positioning results from each epoch are compared against a
reference position to compute the horizontal errors and generate statistics in post process. The
data analysis and statistics are based on the whole data set, which includes durations when the
train is dynamic as well static in rail stations.
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Figure 3-2. Real time and Reference Trajectory

Figure 3-2 shows the scatter plot of XY coordinates from the real time solution (in green) along
with reference trajectory (in blue) from the testing with OBB. The scatter plot shows that the real
time solution shows close correlation with reference trajectory. However, there is an area where
some divergence in the real time solution was observed with respect to the reference trajectory.
Figure 3-2 highlights a section (zoomed in) where the real time solution shows divergence from
the reference trajectory. In order to find out the reason behind this divergence during the online
data collection, horizontal position error with regards to the XY coordinates obtained from the
real time solution has been plotted in Figure 3-3. This is only for the selected period when the
divergence was observed. Figure 3-3 shows that the horizontal position error reached up-to
1000km during the online analysis. Figure 3-4 shows the number of locked satellites for the
same duration. This shows that during the real-time solution when the position error was high
the number of locked satellites was 0 and afterward less than 5. This clearly shows that the
position accuracy was decreased in the real time solution due to unavailability/a lower number of
GNSS signals.
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Percentage 50% 68% 95%
Horizontal Position 0.66 0.90 205
Error [m]
Mean Number of 15
Satellites
Solution Availability 100%

Table 3-6. Statistical analysis of horizontal error obtained from GNSS in real time during the OBB

test campaign

Overall the results for the day of testing that was completed on the 21st of June 2021 with OBB
are tabulated in Table 3-6. This table shows the statistical analysis of horizontal error obtained
for the GNSS real time solution for the OBB campaign. The results show the 50%, 68% and 95%
of horizontal error, for the overall data set. During the online analysis 95% of the time the
accuracy of 2.05m was observed, while 68% of the time an accuracy of 90cm was obtained.
Furthermore, 50% of the time the real time solution gives an accuracy of 66cm. The analysed
results show that an average number of 15 satellites were used whilst 100% of the solution was
available during the test period.
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3.2.5.3 The benefits of E-GNSS

To see the impact of E-GNSS on the positioning solution, the logged real time data has been re-
processed and analysed using GPS only observations. Using the same reference trajectory, the
horizontal error was computed for a GPS only solution and tabulated in Table 3-7, the analysed
results show that with GPS alone 95% of the time, an accuracy of 2.75m was observed, whilst
1.0m and 77cm of accuracy was obtained during 68% and 50% of the time period respectively.

However while comparing GPS only results with GPS+Galileo positioning performance, it was
clearly seen that the GPS+Galileo solution shows an improvement of 25% in 95% of position
accuracy.

Probability 50% 68% 95%

Horizontal

Position Error [m] 0.77 1.00 2.74

Percentage of
improvement in
GPS+Galileo
solution in
comparison to
GPS only

14.28% 9.99% 25.18%

Mean Number of
Satellites

Solution

0,
Availability 100%

Table 3-7. Statistical analysis of horizontal error obtained from a GPS only post processed data
solution from the OBB test campaign

3.2.5.4 Position performance with high train velocity

One of the main requirements of the SIA-POS subsystem is to guarantee its functionality with a
train velocity of up to 100 km/h.

For this purpose, the temporal variation of horizontal error is plotted where the color represents
the corresponding velocity as display in Figure 3-5. Similarly, Figure 3-6 shows the temporal
variation of horizontal error where the color represents the locked number of satellites. Figure
3-5 shows that when the velocity is increased and reaches more than 100km/hour (27.7m/s)
most of the time the horizontal error was less than 5m. In a few instances, the results show that
the horizontal error was increased due to a lower number of locked satellites or a loss of GNSS
signal as shown in Figure 3-6.
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Figure 3-6. Temporal variation of horizontal error with corresponding number of locked satellite
show via colour.

A statistical analysis of horizontal error was measured for the epochs where velocity was greater
than 20m/s, this is displayed in Table 3-8. The results show that when the train was dynamic and
the train speed was greater than 20m/s, the probability of getting a position accuracy of 2.12m is
95% probable, whilst 50% and 68% of the time SIA_POS gives an accuracy of 91cm and 1.5m
respectively.
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Probability 50% 68% 95%
Horizontal
Position Error 0.91 1.5 2.12
[m]

Table 3-8. Statistical analysis of horizontal error obtained from GNSS real time OBB test campaign
data where the velocity >20m/s

Overall the validation test results for the SIA POS subsystem show that the system meets the
performance requirements described in Table 3-9:

Req_ID Description Passed? Y/N Comments
POS_PF_001 SIA must guarantee its functionality with a train Y
velocity up to 100 km/h.
POS_PF_006 The accuracy requirements of the positioning Y
subsystem shall comply with sub-20m
horizontal positioning for the localization of
failures on infrastructures assets.
Internal Availability: The POS sub-system shall be Y

capable of providing position 100% of the time
in the railway environment.

Table 3-9. Validation test results against the performance requirements for SIA POS during the

OBB test campaign

3.3 SIA POS Test Results (VIAS Validation Scenario)

3.3.1

Testing activities

The following tests were carried out with VIAS to validate the integration of SIA components.

Test ID Test Description Passed? (Y/N) Comments
VIAS_ T 001 Configuration parameters can be received Y
by:
e SIA POS
VIAS_ T 003 Following information related to E-GNSS can | Y Checked D drive of
be received and processed by SIA: SIA_PQOS, all required data
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Test ID Test Description Passed? (Y/N) Comments
e GNSS signals are received and analysed
e Inertial signals by SIA_POS software.

Table 3-10. SIA POS VIAS Tests Results

3.3.2 Validation test results

This test scenario was carried out from the 24th of March 2020 when all the devices were
installed until the 9th of April 2020. The objective of this testing campaign was:

e To validate, in an operational scenario, the integration of the different subsystems
(except SIA_ABA) at a functional level
e To collect EGNSS data to validate the algorithms of SIA_POS

During the test campaign the SIA_POS unit was successfully logging the GNSS and IMU data
and also generating a positioning solution with the SIA_POS algorithm software. During the
testing period it was noticed due to some service issues that the real time correction data was
not available and therefore the position computation was without the SSR corrections. This issue
was resolved on the 6th of April 2020 and afterwards the positioning solution was correctly
generated applying SSR corrections for a PPP solution.

3.3.2.1 Reference trajectory

In order to validate the real time GNSS position performance, a reference trajectory is required.
For the FGC test scenario the reference trajectory was obtained from post-processing the
Septentrio GNSS data + IMU data using Novatel’s Inertial Explorer software. For more precise
positioning, precise products (satellite orbits, clocks, ionosphere models) from IGS (The
International GNSS service) were used. The reference trajectory computed for the 6" to the 9"
of April using the data by the Septentrio receiver + UM7 IMU can be seen in Figure 3-7.
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Figure 3-7. Reference trajectory produced by IE Software

3.3.2.2 Position performance analysis results

From the real time solution, the positioning results from each epoch are compared against a
reference position to compute the horizontal errors and generate statistics in a post processed
way. The data analysis and statistics are based on the whole data set, which includes the
duration when the train was dynamic as well as whilst it was static in stations.
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Figure 3-8. Real time vs. Reference Trajectory

Figure 3-8 shows the scatter plot of the XY coordinates from the real time solution (in green)
along with the reference trajectory (in blue). The scatter plot shows that the real time solution
shows close correlation with the reference trajectory. To quantify the difference between the real

time solution and the reference trajectory, a horizontal error has been computed for all available
data and its mean, this is tabulated in Table 3-11.

Probability 50% 68% 95%
Horizontal Position 046 058 179
Error [m]
Mean Number of 15
Satellite
Solution Availability
100%

Table 3-11. Statistical analysis of horizontal error obtained from GNSS real time solution during
VIAS test campaign data
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The results show the 50%, 68% and 95% of horizontal error for the overall data set. For the
online solution 95% of the time an accuracy of 18m was observed, while 68% of the time an
accuracy of 46cm was observed and finally, 50% of the time an accuracy of 58cm was observed.
The analysed results show that an average number of 15 satellites were used whilst 100% of the
solution was available during the test period.

3.3.2.3 The benefits of E-GNSS

To see the impact of E-GNSS on the position solution, the real time solution has been re-
processed and analysed using GPS only observations. Using the same reference trajectory, the
horizontal error was computed for a GPS only solution, this has been tabulated in Table 3-12.
The analysed results show that with a GPS only solution, 95% of the time an accuracy of 19m
was observed, while accuracies of 61cm and 42cm were obtained 68% and 50% of the time
respectively.

While comparing GPS only results with GPS+Galileo positioning performance, it was clearly
seen that the GPS+Galileo solution provides a 6% improvement in 95% of position data
accuracy.

Probability 50% 68% 95%

Horizontal

Position Error [m] 0.42 0.61 19

Percentage of
improvement in
GPS+Galileo
solution in
comparison to
GPS only

-9.5% 4.9% 6.14%

Mean Number of

Satellites 1

Solution

0,
Availability 100%

Table 3-12. Statistical analysis of horizontal error obtained from GPS only post processed data
from the VIAS test campaign

3.4 SIA_POS Test Results (FGC Validation Scenario)
The testing of SIA_POS with FGC comprised of the following activities:

e Static tests in the workshop
¢ Functional checks under electrification
e Tests in the workshop
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e Tests on the track

3.4.1 Static tests in the workshop

In this activity, a few basic tests were carried out whilst the train was static. These tests were
completed to verify that the installation of the system was correct and according to the
description in deliverable D3.1. The test results applicable to SIA_POS (extracted from those
described in D8.1) are summarized in Table 3-13.

Test ID Test Description Passed? (Y/N) Comments
FGC_W_004 Connect the SIA_POS via antenna cable Y SIA_POS was properly
connected via antenna
cable.
FGC_W_005 Power supply cable connect properly into Y The positive cable was
supply connector of SIA_POS aligned with + (LEFT) and

the negative cable was
aligned with the — (RIGHT)

symbol.
FGC_W_006 Check that the input power supply should be Y Required Power was
between 9 and 36 Volts. suppled to SIA_POS Unit
FGC_W_007 Check Etherhet cable of . SIA_POS is v
connected for internet connection.
FGC_W_008 measure the 3-D offset (lever arm) from the Y
centre of the IMU sensor to the GNSS
antenna
FGC_W_009 Power up the SIA_POS and check that the Y After power up all LED was
start-up process is successful (LEDs change working accordingly.
to Green).
FGC_W_010 Use real time software to log GNSS, IMU, Y Once SIA_POS was power-
IONEX and RTCM data up, all required data was

logged in designated
directory. Was confirmed by
checking the designated
directory.

Table 3-13. SIA_POS static tests in the workshop (FGC)

3.4.2 Functionality checks under electrification

These tests were completed to check the functionality of SIA_POS when the unit is installed and
connected to antenna and the train is electrified. The test results applicable to SIA POS
(extracted from those described in D8.1) are summarized in Table 3-14.
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Test ID Test Description Passed? (Y/N) Comments
FGC_W_014 Power up the SIA_POS and check that the Y All LEDs changed to Green
start-up process is successful (LEDs change
to Green).
FGC_W_015 Use real time software to log GNSS, IMU, Y SIA_POS unit was
IONEX and RTCM data connected to Team viewer
and checked that all the
required data are logged.

Table 3-14. SIA_POS functionality checks under electrification in the workshop (FGC)

3.4.3 Tests in the workshop

Once the equipment’s performance under electrification was verified, a few basic cross-checking
activities were carried out in the workshop before starting the tests on the track as shown in
Table 3-15.

Test ID Test Description Passed? (Y/N) Comments
FGC_W_016 Configuration parameters can be received Y SIA_POs receives
by: configuration parameters
e SIA_POS
FGC_W_018 Following information related to EGNSS can Y SIA_POS received all
be received and processed by SIA: required GNSS and inertial
. signals.  Signals are
*  GNSSsignals processed by SIA_POS
e Inertial signals
software to generate
position solution

Table 3-15. Verification activities in the workshop (FGC)

3.4.4 Tests on the track

Following the static tests in the workshop, the SIA_POS system was tested whilst the train was
in motion in the following scenarios:

e A few runs at nominal speed (up to 90km/h) in the validation scenario (as described in
D8.1) for one night

e With the train in commercial service in the whole FGC network for 6 days.
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Test ID Test Description Passed? (Y/N) Comments
FGC_T_001 Configuration parameters can be received Y SIA_POs receives
by: configuration parameters
¢ SIA POS
FGC_T_003 Following information related to EGNSS can Y SIA_POS received all
be received and processed by SIA: required GNSS and inertial
. signal Signals and
¢ GNS,S sgnals processed by SIA_POS
e Inertial signals
software to generate
position solution

Table 3-16. Verification activities on the track (FGC)

3.4.5 Validation test results

3.4.5.1 Reference trajectory

In order to validate the real time GNSS positioning performance, a reference trajectory is
required. For the FGC test scenario the reference trajectory was obtained from post-processed
Septentrio GNSS data + IMU data using Novatel's Inertial Explorer software. For precise
positioning precise products (satellite orbits, clocks, ionosphere models) from IGS (The
International GNSS Service) were used. A reference trajectory was computed for the 13" of July
2021 using the data provided by the Septentrio receiver and the UM7 IMU which can be seen in
Figure 3-9. This was used for the duration test of the campaign for all 6 days.

3.4.5.2 Position performance analysis results

In D3.2 [8], it is mentioned that the real time test for the developed SIA system was performed in
one of FGC’s main lines, the Barcelona to Vallés (BV) railway line. The BV line has metro
services inside Barcelona city and has commuter services between Barcelona and surrounding
areas. It has 53 km of double track with international gauge. Most of the track area of the BV line
is underground as it is inside Barcelona city. Because of the underground route, the possibility of
the loss of GNSS signals is extremely high. Therefore it is interesting to show results in such a
harsh GNSS environment.

The real time solution is shown in Figure 3-9, the trajectory looks smooth but a few epoch show
a big divergence from the original train track. Figure 3-10 shows a closer zoomed in look of the
trajectory as the train enters the underground track.
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Figure 3-9. Real time solution for the 13t of July 2021 during the FGC test campaign
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Figure 3-10 Real time solution when the train enters the underground track

The above figure shows that when train enters the underground track afterwards a big
divergence is present. This clearly indicates that the position performance is degraded. Figure
3-11 also highlights the area where the train comes out from the underground track. The results
show that just after coming out of the underground, the trajectory is again suitable.
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Train comes out from the underground track

Figure 3-11. Real time solution when train comes out from the underground track

In order to see the effect of this on the GNSS signal and the positioning performance, data was
selected whilst the train was underground and just before and after it. Figure 3-12 shows the
number of locked satellites with regards to the XY coordinates. Figure 3-12 shows that before
the train enters the underground track the number of locked satellites is between 10 and 15, but
in the area where the train is underground, the SIA_POS unit lost GNSS and the number of
locked satellites was 0. It also shows that once the train comes out from the underground, the
GNSS signal was restored and again the locked number of satellites reached up to 15.

In order to see the effect of the underground route on position performance, the horizontal error
with reference to the XY coordinates for the selected area is illustrated in Figure 3-13. Figure
3-13 shows that for the duration that the train was underground the position error was very high
and reached more than 40 m. Also, once the train comes out from the underground route, the
horizontal error shows improvement.
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Figure 3-12. Number of locked satellites wrt XY coordinates for the selected trajectory, the colour
scale shows the number of locked satellites
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Figure 3-13. Horizontal error wrt XY coordinate for the selected trajectory, the colour scale shows
the magnitude of horizontal error

Due to the analysis above, the validation of SIA POS in the FGC test scenario was very
challenging. Because the route was mostly underground, all real time logged data was divided
into two categories:

e Open sky track (GNSS available) and minimum number of 6 satellites are available
e Underground track (GNSS signal may lost or less)

The position performance has been measured for the open sky environment as in the
underground most of the time the position performance was very poor.

For the performance analysis, the position results from each epoch are compared against a
reference position to compute the horizontal errors and generate statistics. Each day of data has
been analysed to compute the horizontal error. As mentioned above, the data was divided into
two categories, the divide was done on the basis of reference trajectory map. The time where
reference trajectory track shows that the train is underground the time was noted and then the
data is separated to analyse performance without an open sky.
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The position performance statistics have been computed for the whole data set whilst the train
was in an open-sky environment. These statistics have been tabulated in Table 3-17.

Probability 50% 68% 95%
Horizontal Position 19 310 4.36
Error [m]
Mean Number of 12
Satellites
Solution Availability 100%

Table 3-17 Statistical analysis of horizontal error obtained from the GNSS real time solution for
the FGC test campaign data

The results show the 50%, 68% and 95% of horizontal error for the overall data set. In the FGC
open sky scenario, an accuracy of 4.36 m was observed 95% of the time. Whilst 68% of the time
an accuracy of 3.1m was observed and 50% of the time the online solution gave us an accuracy
of 1.9m. This is however the average accuracy based on when the train was dynamic as well as
static.

However, if we talk about the overall accuracy, for the FGC scenario it was very poor and it was
hard to maintain the accuracy of 20m for the whole duration of the test. Because the track was
mostly underground, the accuracy was degraded very quickly.

3.4.5.3 The benefits of E-GNSS

To see the impact of E-GNSS on the position solution, the logged real time data has been re-
processed and analysed using GPS only observations. Using the same reference trajectory, the
horizontal error was computed for a GPS only solution (only for an open sky environment and a
minimum number of 6 satellites), this analysis is tabulated in Table 3-18. The analysed results
show that with GPS alone 95% of the time an accuracy of 4.79m was observed, while
accuracies of 3.80m and 1.93 m were obtained 68% and 50% of the time respectively.

While comparing GPS only horizontal accuracy with GPS+Galileo position performance, it was
clearly seen that the GPS+Galileo solution shows a 9% improvement in 95% of the position
accuracy.

Probability 50% 68% 95%

Horizontal Position

Error [m] 1.93 3.80 4.79
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Percentage of
improvement in
GPS+Galileo in 1.5% 18.1% 9.0%

comparison to GPS
only

Mean Number of
Satellites

Solution Availability 100%

Table 3-18 Statistical analysis of horizontal error obtained from GPS only post processed data
from the FGC test campaign

3.4.5.4 Position performance with high train velocity

During the FGC real time tests, when the velocity of the train was on or around 100km/h, the
SIA_POS system was able to provide positioning solution. However, the system wasn’t able to
maintain the position accuracy of 20m for the whole duration due to the underground route.
Overall validation test results against the performance requirement described in Table 3-19:

Req_ID Description Passed? Y/N Comments
POS_PF_001 SIA must guarantee its functionality with a train N The real time
velocity up to 100 km/h. solution was

maintained when
speed was up-to
100 Km/h,
however the
system wasn’t
able to maintain
the position
accuracy of 20m.

POS_PF_003 Availability: The POS sub-system shall be Y
capable of providing position 100% of the time
in the railway environment.

POS_PF_005 The accuracy requirements of the positioning Partially Fulfilled only in
subsystem shall comply with sub-20m open sky
horizontal positioning for the localization of

failures on infrastructures assets. environment.

Table 3-19. Validation test results against the performance requirement for FGC test campaign
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4 SIA_ABA Test results

This section summarizes tests performed for the SIA_ABA subsystem and relevant insights.
Whereas details of the specific design can be found in Deliverable 4.1 [10], the presentation
here is more condensed.

SIA_ABA comprises the hardware and software to collect and process axle-box acceleration
(ABA) data that contains information about the vehicle wheels and the railway track surfaces.
This information is extracted using different analysis algorithms.

The SIA_ABA module comprises different hardware components. Most important are the ABA
sensors, that is, analog accelerometers that measure three-dimensional accelerations at the
axle-box. Two ABA sensors have employed in the pilot operation on an OBB in-service vehicle
since November 2020. A single ABA sensor was employed in an initial campaign on an OBB
measurement vehicle in June 2019. The SIA_ABA architecture is flexible so that further ABA
sensors can be added.

The ABA sensors need to be mounted on the wheelsets, which is a challenging environment in
terms of vibrations, shocks, dirt, water, etc. Hence, robust custom mounting options have been
designed and manufactured. Cables and connectors have been chosen to provide the required
protection. Details on this, including requirements derived from the overall SIA requirements in
Deliverable 2.1 [1], can be found in Deliverable 4.1 [10].

The ABA sensors provide an analog output signal that is sampled by an analog-to-digital
converter (ADC) at kHz rates. A module to configure the sampling rates, message sizes, ADC
channels to read, etc. and to read the sensor data has been implemented in the software
framework ROS. The ROS module outputs ROS messages that contain ABA data of a defined
length at a defined rate, for example, 1024 samples for 6 ADC channels every second. Details
on the actual configuration are not revealed here. Further ROS modules have been developed
to provide online processing of the ABA data, for example, to monitor if ABA features exceed
certain thresholds. Furthermore, a module to generate events from the ABA data and
communicate those events to the software framework of the SIA data hub (Chapter 6) has been
implemented.

4.1 Lab tests

Prototypic sensor units comprising ABA sensors, ADC, and processing hardware have been
designed and implemented. Commercially available components suitable for the harsh railway
environment have been chosen.

Hardware testing routines were performed in the lab to ensure the correct configuration of the
sensor set-up in terms of rates and message sizes before mounting on any rail vehicle.

Software tests were performed on the developed ROS modules using the rosbag recording and
replay functionalities of ROS. The software development of SIA_ ABA was carried out
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collaboratively among a group of researchers. Documentation, coding, and testing were carried
out in a DLR gitlab repository.

4.2 First OBB tests

A first prototype of a SIA system including SIA_ABA functionality was field-tested on a two-week
measurement campaign in June 2019.

The SIA system including a magnetically mounted GNSS antenna and one ABA sensor was
installed on an OBB measurement train. Prior to installation DLR and OBB visited the vehicle
and discussed the installation details. The beginning and end of the campaign were executed in
the presence of DLR employees and the OBB vehicle staff to ensure correct operation. The
system was configured to record autonomously beforehand, though, so that no interaction
during the campaign was needed. The correct functionalities in terms of ABA and position data
recording were monitored remotely by accessing the prototype through the mobile network.

The campaign could show successful testing of
¢ the autonomous operation of the system including the recording of ABA and GNSS data,

¢ the robustness of the system and sensor installation at the axle-box in actual use with
vehicle speeds above 100 km/h,

e the feasibility of remote monitoring of SIA_ABA.

All campaign data were recorded as rosbag files and subsequently used for the continued
analysis and development of SIA_ABA and the ABA data analysis algorithms.

4.3 OBB Pilot operation

Following the initial campaign, the installation of a SIA pilot system including the full SIA_ABA
functionality (two ABA sensors, a rail-certified PC shared by SIA_ABA and SIA_DH, ROS
modules for online analysis and event generation) on an OBB in-service train was prepared.

Due to the impact of the Corona pandemic and limited access to the OBB workshop the
installation had to be delayed until October 2020, when access to an OBB vehicle could be
granted. Prior to the installation a DLR visit to the OBB workshop was conducted in September
2020. The installation in a confined part, not accessible to the train passengers, was decided.
Mounting options for the ABA sensors, cables, and the sensor unit inside the vehicle were
discussed. As final adjustments the sensor unit in a railway-suitable enclosure was equipped
with fire-proof ventilation grids.

The sensor units and components for on-site assembly were prepared and shipped by DLR. The
actual installation was performed by OBB staff during scheduled maintenance of the OBB train
in October 2020. Participation by DLR was not possible due to traveling restrictions. Therefore,
detailed installation instructions were prepared by DLR.
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The pilot operation could verify:
¢ the full functionality of SIA_ABA according to the specifications,
e the continuous recording of ABA and positioning data for later analysis by DLR,

¢ the robust operation of the system over the entire pilot operation from November 2020
until the end of the project in August 2021.
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5 SIA_PANT Test results

SIA_PANT has been initially validated in the lab, with the results already reported in deliverable
D4.1 [10]. This chapter contains the validation results of SIA_PANT with the results obtained in
the relevant validation scenarios, as described in deliverable D8.1 [16]:

e SIA_PANT test results (VIAS validation scenario)
e SIA PANT test results (FGC validation scenario)
e D41

5.1  SIA_PANT test results (VIAS validation scenario)

Table 6-1 compiles the results of the tests that are relevant for SIA_PANT in the validation
scenario of VIAS (see deliverable D8.1 for details about the system installation and description
of tests). It must be noticed that, in this case, the sensors are not installed in a pantograph (as
the maintenance vehicle is not electric), but only accelerometers are installed in the bogie of the
unit for functional checks only.

Test_ID Test Description Passed? (Y/N) Comments
) . . SIA_PANT receives
Configuration parameters can be received by = .
VIAS_T_001 SIA PANT Y configuration parameters
- (via SIA_DH)
Signals that represent the
relevant ambient for
Following information related to Ambient can SIA_PANT are properly
be received and processed by SIA_PANT: acquired by SIA:
VIAS_T 002 Y
e Wheel-Rail contact, i.e. physical e Acceleration
magnitudes (e.g. accelerations) signals are properly
acquired by
SIA_PANT
IF_POS_PANT: Timing related information Timina related information is
VIAS_T_005 can be sent by SIA_POS and received by N/A receivge dbv SIA DH
SIA_PANT Yo
IF_PANT_DH: Sensor information can be sg:;fl;azg;:ggjlzyare
VIAS_T_006 tSrT:sgll_tlted by SIA_PANT and received by Y SIA_PANT and received by
- SIA_DH

Table 5-1. Tests in the track (VIAS scenario)
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5.2  SIA_PANT test results (FGC validation scenario)
The testing of SIA_PANT in the scenario of FGC comprised the following activities:

e Static tests in the workshop

e Functional check under electrification
Tests in the workshop

Tests in the track

5.2.1 Static tests in the workshop

In this activity, a few basic tests were carried out in static condition. They were used mainly to
verify that the installation of the system is correct and according to the description of deliverable
D4.1. The tests results applicable to SIA_ PANT (extracted from those described in D8.1) are
summarized in Table 5-2.

Test_ID Test Description passed? Comments
(Y/N)

Visual inspection is validated by
FGC personnel with the pantograph
disassembled:

e Base unit of SIA_PANT is

i i i properly fixed to the base frame
FGC_W_001 Visual |nspect|on. SIA_PANT v o t \
subsystem after installation or theé pantograp
e Sensors are firmly attached to
their position
e  Wires are correctly routed from
sensors to base unit
Free movement of the pantograph is
not affected .by thg installation of Pantograph’s movement is ok after
SIA_PANT, including the cables the installation of SIA_PANT:
FGC_W_003 i . Y
- = *  Option 1: pantograph e With pantograph disassembled
disassembled
e  Option 2: pantograph already e  With the pantograph installed
on the roof

Table 5-2. Static tests in the workshop (FGC scenario)

5.2.2 Functionality check under electrification

This activity aims at checking the functionality of SIA_PANT when the pantograph is deployed
and the train is electrified. The tests results applicable to SIA_PANT (extracted from those
described in D8.1) are summarized in Table 5-3.
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Test_ID Test Description passed? (Y/N) Comments

Pantograph is installed in
the train and electrification is
powered-on in the
workshop. Then, the

Y pantograph is deployed, and
it contacts the OHL. By
visual inspection, the
performance of the system
looks normal.

Visual inspection of the system (SIA_PANT)
once the pantograph is contacting the
catenary and the system is electrified.
Performance looks normal.

FGC_W_011

SIA_PANT is streaming data
under electrification. Signals
are correctly acquired and

Y no significant noise is
observed. Streaming is
received by SIA_DH
correctly.

SIA_PANT is streaming data (connection via

FGC_W_012 tablet)

SIA_PANT is powered up:

e  Switched-on to “stand-
by” mode (with on/off
FGC_W_013 SIA equipment is powered-up Y switch)

e  Switched-on to
“operation” mode (from
SIA_DH)

Table 5-3. Functional check under electrification in the workshop (FGC scenario)

5.2.3 Tests in the workshop

Once the equipment’s performance under electrification has been verified, a few basic cross-
checking activities were carried out in the workshop before starting the tests in the track.

Even though the verification plan described in D2.2 has been materialized in the lab and in field
tests using a maintenance vehicle by VIAS, some of the tests were repeated in FGC’s workshop,
according to Table 5-4.

Test_ID Test Description passed? (Y/N) Comments
) . . SIA_PANT receives
Configuration parameters can be received by ) .
FGC_W_016 SIA PANT Y configuration parameters
- (via SIA_DH)
Following information related to Ambient can Signals that rgpresent the
be received and processed by SIA_PANT: relevant ambient for
FGC_W_017 Y SIA_PANT (according to the
e Catenary-Pantograph contact, i.e. description of D4.1) are
physical magnitudes (e.qg. properly acquired. All
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Test_ID Test Description passed? (Y/N) Comments
accelerations) that will be channels are working
processed in order to assess the properly, with no significant
health status of both catenary and noise.
pantograph

IF_POS_PANT: Timing related information Timing related information is
FGC_W_020 can be sent by SIA_POS and received by N/A receiv?ed bv SIA DH

SIA_PANT b

IF_PANT_DH: Sensor information can be g:f%f,f_ra:;u'r;d te?ll
FGC_W_021 transmitted by SIA_PANT and received by Y — properly

SIA_DH

streamed and received by
SIA_DH.

Table 5-4. Verification activities in the workshop (FGC scenario)

5.2.4 Tests in the track

After static tests in the workshops, SIA_PANT was tested with the train in motion:

e A couple of runs out of the workshop (500m) and back, at Skm/h

e A few runs at nominal speed (up to 90km/h) in the validation scenario (as described in
D8.1) for one night

e With the train in commercial service in the whole FGC network, for 6 days.

Test_ID Test Description passed? (Y/N) Comments
) . . SIA_PANT receives
Configuration parameters can be received by - .
FGC_T_001 SIA PANT Y configuration parameters
- (via SIA_DH)
Following information related to Ambient can Signals that represent the
be received and processed by SIA_PANT: relevant ambient for
e  Catenary-Pantograph contact, i.e. SIA_E’ANT (according to the
FGC T 002 physical magnitudes (e.qg. v description of D4.1) are
- accelerations) that will be properly acquired. All
processed in order to assess the channels are working
health status of both catenary and properly, with no significant
pantograph noise.
IF_POS_PANT: Timing related information Timing related information is
FGC_T_005 can be sent by SIA_POS and received by N/A receivge dbv SIA DH
SIA_PANT y SIA_DH.
FGC_T_006 IF_PANT_DH: Sensor information can be Y All signals acquired by
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Test_ID Test Description passed? (Y/N) Comments
transmitted by SIA_PANT and received by SIA_PANT are properly
SIA_DH streamed and received by
SIA_DH.
Table 5-5. Verification activities in the track (FGC scenario)
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6 SIA_DH Test results

SIA_DH has been initially validated in the lab, with the results already reported in deliverable
D4.3 [11]. This chapter contains the validation results of SIA_DH with the results obtained in the
relevant validation scenarios, as described in deliverable D8.1:

e SIA_DH test results (VIAS validation scenario)

o SIA DH test results (FGC validation scenario)

6.1 SIA_DH test results (VIAS validation scenario)

Table 6-1 compiles the results of the tests that are relevant for SIA_DH in the validation scenario
of VIAS (see deliverable D8.1 for details about the system installation and description of tests).

Test_ID Test Description passed? (Y/N) Comments
SIA_DH receives
VIAS T 001 Configuration parameters can be received by v conflguratlon.parameters
- - SIA_DH and can configure
SIA_PANT
ing inf ) . SIA system is connected to
FoIIowu?g information related to ﬁ:nzi:}-ﬁan 72VDC. The power supply
VIAS_T 002 be received and processed by SIA_PANT: Y unit provides SIA_DH with
° Electric power supp|y 24VDC with the required
protection.
IF_POS_DH: Positioning related information SIA DH receives positionin
VIAS_T_004 can be sent by SIA_POS and received by Y R P 9
information by SIA_POS.
SIA_DH
Timing related information is
IF_POS_PANT: Timing related information irsezeslgjciob: iﬁ_roDnTz’(;Nt:zh
VIAS_T_005 can be sent by SIA_POS and received by Y . . y
SIA PANT different signals of the
- sensors of SIA_PANT in the
generation of files.
IF_PANT_DH: Sensor information can be g‘:;s'%f,hs_ra:r‘l“'r;d Zi’l
VIAS_T_006 transmitted by SIA_PANT and received by Y ~ P p y
SIA DH streamed and received by
- SIA_DH.
VIAS T 007 IF_DH_VP: Generated data in SIA_DH can v go;:::;l;r;lscfitll.on with SIA_VP
- = be transmitted and received by SIA_VP '
o——Data.can be sent by
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Test_ID Test Description passed? (Y/N) Comments
SIA_DH to SIA_VP
using SFTP

Events are properly
generated and sent by
SIA_DH to SIA_VP using
MQTT
Table 6-1. Tests in the track (VIAS scenario)
6.2 SIA _DH test results (FGC validation scenario)

The testing of SIA_DH in the scenario of FGC comprised the following activities:

e Static tests in the workshop

e Functional check under electrification

e Tests in the workshop

e Tests in the track

6.2.1

Static tests in the workshop

In this activity, a few basic tests were carried out in static condition. They were used mainly to
verify that the installation of the system is correct and according to the description of deliverable
D4.1. The tests results applicable to SIA_ PANT (extracted from those described in D8.1) are

summarized in Table 6-2.

Test_ID Test Description passed? Comments
(Y/N)
Visual inspection is validated by FGC
personnel:
Visual inspection of the system:
P y e Antennas are correctly fixed to the
e Antennas are correctly fixed extension plate on the roof
* erlng of anFennas to the e  Wiring of antennas to the electric box is
electric box is correct . .
Wi h ) conducted by a corrugated pipe, which
¢ |r.es entfert © eqm.pment is sealed for better water proofing
cabinet without tension
FGC_W_002 e Connections of the system Y e  Wires from roof to equipment cabinet
are ok are properly placed without harmful
e SIA equipment is correctly tensions
fixed in the open frame rack e  All connections of the system are good
¢ (.)pen.frame ragk Is correctly (electrical continuity is provided) and
f|xeq in the equipment reliable
cabinet
e  SIA equipment is firmly fixed in the open
frame rack. It does not interfere with the
operatian of ether-systems anc-the
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Test_ID Test Description passed? Comments
(Y/N)

doors of the cabinet close properly

e SIA DH'’s enclosure is properly fixed
(racked) in the open frame rack

SIA _DH is connected to SIA_POS via
Y Ethernet connection and provides SIA_POS
with internet access.

Check Ethernet cable of SIA_POS is

FGC_W_007 connected for internet connection.

Table 6-2. Static tests in the workshop (FGC scenario)

6.2.2 Functionality check under electrification

This activity aims at checking the functionality of SIA_DH when the pantograph is deployed and
the train is electrified. The test results applicable to SIA_DH (extracted from those described in
D8.1) are summarized in Table 6-3.

Test_ID Test Description passed? (Y/N) Comments

SIA_PANT is streaming data
under electrification. Signals
are correctly acquired and

Y no significant noise is
observed. Streaming is
received by SIA_DH
correctly.

SIA_PANT is streaming data (connection via

FGC_W_012 tablet)

e SIA DH is receiving

FGC_W_013 SIA equipment is powered-up Y 24VDC from the power
supply unit

Table 6-3. Functional check under electrification in the workshop (FGC scenario)

6.2.3 Tests in the workshop

Once the equipment’s performance under electrification has been verified, a few basic cross-
checking activities were carried out in the workshop before starting the tests in the track.

Even though the verification plan described in D2.2 has been materialized in the lab and in field
tests using a maintenance vehicle by VIAS, some of the tests were repeated in FGC’s workshop,
according to Table 6-4.

Test_ID Test Description passed? (Y/N) Comments
Configuration parameters can be received by SIA_DH receives
FGC_W_016 SIA DH Y configuration parameters
h and can configure
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Test_ID Test Description passed? (Y/N) Comments
SIA_PANT
i in i ) SIA system is connected to
FoIIownlwg information related toSAmblent c.an 72VDC. The power supply
FGC_W_017 be received and processed by SIA_PANT: Y unit provides SIA_DH with
° Electric power supply 24VDC with the required
protection.
IF_POS_DH: Positioning related information SIA DH receives positionin
FGC_W_019 can be sent by SIA_POS and received by Y s P 9
information by SIA_POS.
SIA_DH
Timing related information is
IF_POS_PANT: Timing related information ::Zi':jciob: ilc':ot\w_rcl))nl-ilz‘(:vt::h
FGC_W_020 can be sent by SIA_POS and received by Y . . Y
SIA PANT different signals of the
- sensors of SIA_PANT in the
generation of files.
IF_PANT_DH: Sensor information can be g:lASIiT[LSTa:,iW;d te?ll
FGC_W_021 transmitted by SIA_PANT and received by Y - properly
SIA DH streamed and received by
- SIA_DH.
Communication with SIA_VP
is successful:
e Data can be sent by
: SIA_DH to SIA_VP
IF_DH_VP: Generated data in SIA_DH can — —
FGC_W_022 - = - Y using SFTP

be transmitted and received by SIA_VP

e Events are properly
generated and sent by
SIA_DH to SIA_VP
using MQTT

Table 6-4. Verification activities in the workshop (FGC scenario)

6.2.4 Tests in the track

After static tests in the workshops, SIA_DH was tested with the train in motion:

e A couple of runs out of the workshop (500m) and back, at 5km/h

e A few runs at nominal speed (up to 90km/h) in the validation scenario (as described in
D8.1) for one night

e With the train in commercial service in the whole FGC network, for 6 days.
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Test_ID Test Description passed? (Y/N) Comments
SIA_DH receives
FGC_T 001 Configuration parameters can be received by v conflguratlon.parameters
SIA_DH and can configure
SIA_PANT
Following i ) lated to Ambi SIA system is connected to
o own?g information relate toS mbient c.an 72VDC. The power supply
FGC_T 002 be received and processed by SIA_PANT: v unit provides SIA_DH with
e  Electric power supply 24VDC with the required
protection.
IF_POS_DH: Positioning related information SIA DH receives positionin
FGC_T 004 can be sent by SIA_POS and received by Y L P 9
information by SIA_POS.
SIA_DH
Timing related information is
IF_POS_PANT: Timing related information irszes";’g‘:ob;' ‘:’]ﬁ—rs:iiz’;"’t::h
FGC_T 005 can be sent by SIA_POS and received by Y . . y
SIA PANT different signals of the
- sensors of SIA_PANT in the
generation of files.
IF_PANT_DH: Sensor information can be gllIAs%rELsTa:rc;mr;d :3/'
FGC_T 006 transmitted by SIA_PANT and received by Y - properly
SIA DH streamed and received by
- SIA_DH.
Communication with SIA_VP
is successful:
e Data can be sent by
FGC T 007 IF_DH_VP: Generated data in SIA_DH can v iﬁ—D:F?PSIA—VP
- - be transmitted and received by SIA_VP 9
Events are properly
generated and sent by
SIA_DH to SIA_VP using
MQTT
Table 6-5. Tests in the track (FGC scenario)
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7 SIA_CDM Test results

As described in deliverable D2.2, SIA_CDM is the subsystem in charge of processing the
algorithms necessary to transform the signals from sensors (from SIA_ABA and SIA_PANT
subsystems) into health related KPls, as described in depth in deliverables D5.4 [12] and D5.5
[13].

In this chapter, the use cases defined in deliverable D2.1 are presented and validated with field
data. The use cases list is the following:

e Use Case #1. Contact wire wear

o Use Case #2. Contact wire height and stagger

e Use Case #3. Contact strip wear (normal / asymmetric)
o Use Case #4. Wheel flats and polygonization wear

o Use Case #5. Rail Corrugation

o Use Case #6. Short-wave irregularities

71 Use Case #1. Contact wire wear

Contact wire wear estimation is done by the calculation of the ratio between the original section
and the worn area of the wire. The threshold for its overhaul is fixed at 80% of the original cross
section. However, the worn process is a slow phenomenon that takes decades, and therefore its
validation cannot be assessed with field data in short campaigns. However, the validation of this
use case has been carried out with the simulation framework that was developed to assess the
pantograph-catenary interaction, and has been already described in deliverable D5.4.

7.2  Use Case #2. Contact wire height and stagger

For the generation of contact wire height and stagger, the FGC validation scenario has been
used. Data has been collected across FGC’s network. However, a representative section
between Rubi and Hospital-General stations has been selected, where benchmark
measurements have been taken by tCat® equipment. The following plots show the KPIs
extracted by SIA_CDM for this use case.
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Figure 7-2. Overhead line stagger

7.3  Use Case #3. Contact strip wear (normal / asymmetric)

The wearing of the pantograph’s contact strips is not that slow as the wearing of the contact wire.
The assessment methodology was described in deliverable D5.4. However, its validation with
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field data is not possible given the short time available for field tests, as no degradation of the
strips happens in the matter of a few days.

However, alternative KPIs were introduced and described in deliverable D5.4 to assess the
dynamic interaction between the pantograph and the catenary, that were indeed analyzed with
field data. These parameters are the contact force (Figure 4), the evolution of the contact point’s

height (Figure 5) and the apparition of shocks (Figure 6), as depicted in the following figures,
also extracted from the FGC validation scenario.
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Figure 7-3. Estimated contact force
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Figure 7-4. Evolution of the contact point
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Figure 7-5. Apparition of shocks

7.4  Use Case #4. Wheel flats and polygonization wear

The wheel wear is monitored by applying cepstrum analysis to the vertical component of the
ABA data. Two wheel health status indicators can be extracted through this kind of analysis,
namely the wheel diameter and an out-of-roundness indicator (OORI). The wheel diameter
provides information on the abrasion of the wheel. In contrast, the OORI indicates sudden
changes of the roundness of the wheel, as occurs with wheel flats. For further information on the
feature extraction see deliverable D5.4 [12] and [17].

The nominal new wheel diameter of the wheels of the equipped wagon in the validation scenario
is 0.84 m. We assume that the wheel diameter of this kind of wheel reduces by 0.06 m
throughout the lifespan of a wheel, so that the wheel diameter at end-of life is 0.78 m. Therefore,
we define diameter of 0.78 m as the threshold of intervention. In Figure 7-6 the estimated wheel
diameter is shown for seven different journeys between December 2020 and April 2021. It can
be seen that the diameter is well above the threshold of 0.78 m. Figure 7-7 shows the
corresponding OORI for the same journeys. As aforementioned, the OORI can be used to detect
sudden changes related to wheel flats. In order to determine an absolute threshold of
intervention, more empirical studies including data from defected wheels would be necessary.
However, the trend of the OORI can be analysed to detect suddenly or continuously emerging
wheel defects. The OORI observed during the campaign (Figure 7-7) reveal a normal condition
of the wheel. A wheel out-of-roundness defect, such as a wheel flat, would result in a sudden
increase of the OORI of several orders of magnitude.
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Figure 7-6. Estimated wheel diameter per journey, dots show the mean value and the filled area the
standard deviation per journey, dashed line indicates possible threshold of intervention.
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Figure 7-7. Out of roundness indicator (OORI) per journey, dots show the mean value and the filled
area indicates the standard deviation per journey.

7.5 Use Case #5. Rail Corrugation

The longitudinal level is the standard physical parameter to assess vertical track irregularities.
According to deliverable D5.4 [12]short pitch corrugation can be detected by analysing the
longitudinal rail level in the wavelength range of 30-100 mm. A relative measure of the
longitudinal level can be directly recovered from the ABA data. To reconstruct an absolute
measure of the longitudinal level, calibration by means of ground-truth data_is required-that was
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not available for the validation scenario. In Figure 7-8 the longitudinal level in the wavelength
range 30-100 mm is shown. The values are averaged over four runs over the same track section
to increase the reliability of the analysis. It is assumed that all values are in an acceptable range,
since no corrugation defects are known for this track segment.

20 1

154

101

longitudinal level in dB

0 2000 4000 6000 8000 10000
distance in m

Figure 7-8. Longitudinal level (30-100 mm) averaged over four runs of the same track section.

7.6  Use Case #6. Short-wave irregularities

Similarly to corrugation, short-wave irregularities can be detected via the longitudinal level.
Squats and other rolling contact fatigue phenomena that fall into the category of short-wave
irregularities have a dominant wavelength range between 10 and 30 mm. Figure 7-9 shows the
corresponding longitudinal levels. It is assumed that all values are in an acceptable range, since
no short-wave defects are known for this track segment.
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Figure 7-9. Longitudinal level (10-30 mm) averaged over four runs of the same track section.
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8 SIA_VP Test results

Chapter 8 shows how SIA VP displays the results obtained during the different field tests
carried out in WP8 by SIA partners. Each of the next subsections compiles different screenshots
describing how the information generated in each testing scenario is displayed in SIA_VP.

These scenarios with the monitoring systems used to validate the SIA Services are reflected in
next table:

T Monitoring system SIA Service
SIA_ABA | SIA_PANT tCat® iRailMon |iWheelMon | iPantMon iCatMon
VIAS X X
FGC X X X X
OBB X X X

Table 8-1. Scenarios and systems used to validate SIA Services

Overall, this section displays similar information to deliverable D6.1-D6.2 [14], but using real
data obtained during field testing. The validation of SIA_VP functional requirements for the 4 SIA
services is assessed in Chapter 9.

8.1 VIAS validation scenario

In order to test SIA system integration while the OBB and FGC test setups were being prepared,
SIA partners carried out a short testing campaign hosted by VIAS. This setup was assembled
near Madrid in the high-speed railway line Madrid-Seville (Spain) as described in Chapter 6 of
Deliverable D8.1 [16].

Data collected during VIAS testing affect iRailMon and iWheelMon SIA services. So, to check
the testing results, we need to log-in SIA_VP and access iRailMon and iWheelMon services
clicking on the corresponding icons:
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Figure 8-1. SIA Home page

If we go to the configuration menu, we can create a new online inspection (type=Monitoring)
associated to the Rail Head component, and with 4 associated failure mode KPIs which in this
case correspond to the parameters (accelerations) the onboard equipment monitors:

Inspection tab

Inspection name Identifier

M_VIAS SIA VIAS TEST [ visible

Type
Monitoring

Associated system Associated components Maintenance failure mode

~

i €3 o (D) sewncanvn @) eviceomt @) cwecws:

e it v (£

Figure 8-2. iRailMon inspection management tab

Those failure mode parameters have been created before using the configuration menu too, and
their thresholds are set too:

O
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SYSTEM FOR VEHICLE-INFRASTRUCTURE
RS e AISITS RERL T BTATGT MG

w Filters €5
System Subsystem

Rail w Head ~
~ Results

o~

32 Head Twist mm
33 Head Widening mm
913 Head _Ac Lat Caja Veh m/s2
914 Head _Ac.Vert.Caja Grasa 1 mis2
95 Head _Ac.Vert Caja Grasa 2 m/s2
916 Head _Ac.Lat.Caja Veh mis2

Figure 8-3. iRailMon failure modes list

Limits/Values Uinits
Limits m/s2
slight Moderate Critical Fault

CORRECT MONITORING MODERATE CRITICAL FAULT

Nogafive values (F/T) _ . 15 . 10

Poaitive Values (F/T)

4 Visible

Figure 8-4. iRailMon failure mode administration pop-up window

Once configured the system and created the GIS model in the Database, users can start using
the system. In the Assets section, they can check the whole line zooming in and out, and moving
over the map (Figure 8-5).
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SYSTEM POR VEIMICLESNFRASTRUCTURE

...... CTH AREITL, S|S0 P25 MCITNG

ASSETS ~

» Filters

Figure 8-5. iRailMon assets inventory map view

Clicking on a point on the line, they can see the component (Rail) and location in UTM
coordinates as in Figure 8-6:

ASSETS ~

Fuarhahrada

Figure 8-6. iRailMon assets inventory map representation with details after zooming in

Once again, clicking on the asset displayed in the tab in the previous image, the corresponding
asset tab is displayed with all the component information:
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Acoptt
Asset tab

Component
System Subsystem Companent refarence

Rall Head UIC 54 REFFAB1

Description

UIC 54

Manufacturer Manufacture date
Arcelar (carril) 01/01/1985
Characteristics

Bem T ket

Location
Ling

Madrid-Sevilla

Installation Manager Installation date Date of efimination

Abengoa, SIA 01/01/1999

Name Identifier

CAR UIC 54

Figure 8-7. iRailMon asset tab

Then, going to the Monitoring section in the Menu, user can access to the data collected by the
onboard equipment of SIA VIAS TEST online inspection during the tests and calculated KPIs
placed over the line shown in a map (Figure 8-8). If the 4 monitored parameters are within
acceptable thresholds, they are displayed in green, otherwise they are highlighted in their
corresponding colour based on the configured status. A Maintenance recommendation is
suggested based on the KPIs status.

LLLLLL L I
S ron ec At tns i e
Line N Rail ~  SIA VIAS Test v KPl v m
> Filters

s i 2] —
= = e A =

Magdrid-Sevilla Via 1[30.8 - 31.2]

== UTM: B55708.0, 95826368 to 655747 4, 8592511.0
o \ AcVert.Caja Grasa 2. 1.83 =
i ft="i] i 1.85 d
o 1.86 R A Legen:
i 54 Zoom; 400 m
»s F At Caga Veh.: 0.66
. ¥ - o =]
J = d mainienance: T i Correct
g Mild
B Moderate
et Bcitical
| NFault

O
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In the previous image, we could see an average of the KPIs over a particular section, but if we

zoom-in enough, individual measures will be displayed:

AYETEM FOR VEHICLE-INFRASTRUCTURE
B e A
Line ~ Rail

» Filters

Y + L

MONITORING ~

~  SIAVIAS Test v KRl 5 m

Ll T T

Madrid-Sevilla Via 1 [60.18)
UTH: 4361316, 4448862.5
_AcMerCaja Grasa2:  1.80
_AcMer.Caja Grasa 1: 185

|
_Ac.Lat Caja Veh.: 187 { Lagand
Zoam: em
Ac.Lat.Caja Veh.: n.6e
Recommended malntenance: 'CU““‘
Ganeral malnenance Wil
L= = vt n - § Moderate
b4 B Critical
: 0 Fau
= 1

Figure 8-9. iRailMon individual monitoring values displayed in map with maximum zoom

The system also offers a graphic mode (Figure 8-10) to analyse the data using charts apart from

the mapping view:

AYEIEM B VR IHAATIHCTINE

Madrid-Sevilla ~ Rail

% Eillers

Ac.Lat.Caja Vel (m's2)

Verl Cajn Grass 1 [m/
52)
3

Ae

Ac Vert Caja Grasa 2 (md

MONITORING -

~ SlACeitVIASTest ~ KP \.—

KE (k)

HE fkm)

Figure 8-10. iRailMon monitoring values displayed in charts

Finally, also a Table view mode displaying the individual measurements collected by the

onboard sensors:
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ne !IIS I
HE L A e
SIA VIAS Test v e v

o Rail
? Filters
~ Results
STATE *
24/0 2318 MD-SV Via 1 3.795 CAR uic 54 _AcVert.Ca 1.852257
24/0 2318 MD-5V Via1 39.795 CAR 0658119
318 MD Via 1 025 AR uIg s 218
24/03/2021 2318 MD-SW Vial 40.025 CAR uic 54 BE2TEZ
2318 MD-5V Via1 40.025 R G 54
2318 MD-3V 1 40.2 CAR 811964

Figure 8-11. iRailMon monitoring values displayed in table mode

In the Reports menu option, iRailMon displays data of other auscultation systems that users may
upload to SIA as shown in D7.1 [15], not related to SIA onboard equipment. The information is
displayed in maps, tables and charts similarly to what has just been described for Monitoring
Menu. In this case we have linked automatically SIA to VIAS maintenance application
(SISTEPLANT) using webservices to import to SIA new inspections. As VIAS only records
measured values out of limits, that's why all the measurement points are highlighted in red in

Figure 8-12 and with an immediate Maintenance recommendation:

IlllllS | REPORTS

SYSTEM 18 VENICU INTASTIUCTURE
LA St AL AT e
Rail Dynamic ~  2020-11-2600:00 ~  KPI m

> Filters

Legend
Madrid-Seviila Track 1 [34,2686] ) ql 55
uth 9, 4445478 7 A
MV g Gt 32068 B comect
Recommended malntenance: Mid
AMan endsd M
. % | &
v Fel
!
+

Figure 8-12. External auscultation report displayed in iRailMon Reports
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We can also switch to iWheelMon to check the results of the testing, as data collected by
onboard sensors in this test can be used to assess health status of wheels as well as of rail.
Then, in the Assets menu, instead of showing a map of the line as in iRailMon, the users can
see vehicles and their components in table view mode. In this case we have a locomotive and its
wheelset, where the onboard sensors were installed:

%I

VEH 1 Vehicle Vehicle

ASSETS =

Figure 8-13. iWheelMon assets inventory table

In iWheelMon configuration section, administrator users have the ability to configure different
KPls, thresholds, failure modes and maintenance actions different to those we have used in
iRailMon, specific to iWheelMon, if needed.

Subsystem

Wheels v All types of wheels

Results

Figure 8-14. iWheelMon failure modes configuration

Then in the rest of menu options users can check the measured parameters/KPls in a similar
way as exposed before in iRailMon:
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SYSTEM FOR VEHICLE-INFRASTRUCTURE
ALEACTICH ATIETL MIALSE TIATES MORODANG

VEH_1 Wheels ~  SIA VIAS Test ~ Vert. Acc. Grease Bo m
» Filters
L ]

i 7 y 3 4 Madrid-Sevilla Via 1 [78.839]
UTM: 4 4

. e 118 L I\
Recommended maintenance: |

General maintenance

Figure 8-15. iWheelMon monitoring values and KPIs displayed in map mode

If we set tighten thresholds in the configuration to raise a mild warning on one of the KPlIs, we
can see that the system recommends a different maintenance action based on the new asset
status. Maintenance recommendations in the system are sample ones not provided by an IM.

SYSTEM FOR VEHICLE-INFRASTRUCTURE
PITLACTIN ATSITE MEALSs TIATSS MOMITAG

VEH_1 W Wheels ~  SIAVIAS Test ~ Lat Acc.Veh.Box m
> Filters
, "™
+ % : o)
; .
.l
Ll
]
g L]
A}
2L -
& Madrid-Sevilla Via 1 [88.362] , Legend
- Zoom: |tem
= | UTM; 4428158, 44711877
0 Correct

Recommended maintenance:
Inspection Recammended

Figure 8-16. iWheelMon maintenance recommendations in Monitoring screen

Finally, in iWheelMon Reports menu option, external auscultation inspections reports can be
uploaded to SIA. In this case, as previously explained in this scenario for iRailMon, SIA has
been automatically linked using webservices to import auscultation reports from VIAS CMMS
application (SISTEPLANT). As VIAS only records out of limits measurements, all points in Figure
8-17 are highlighted with warning colours.
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g e s, BERORES
VEH1 ~ Wheels ~  Dynamic ~  2020-11-2600:00 =~ KPI L m
» Filters
‘B N .1'.-_-4-
-‘l + - f’
- = Y = S
| — i B + 4 \ Ei
| ikl Madrig-Sevilla Track 1 [14.2 - 14.4] \ —
o] urw Esarue 0, s 8t sk 4, BIETI D A
e
"
| 3O Recommendad maintenance:
" Vi Ingpschion Hscammencsd #
L FagraTt | 7
. = W : 7
. Legend
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¢ A=A L  Crvcal
{ - chy U jod I Faun
[} i Lo ")’ 4
s = - = Tl L= o

Figure 8-17. External auscultation report displayed in iWheelMon Reports

8.2 OBB validation scenario

Field tests in OBB network correspond to SIA_ABA onboard measurement equipment to provide
data for iRailMon and iWheelMon SIA services. The test set up is described in Chapter 5 of
deliverable D8.1. Authorized users can create in iRailMon Configuration a new online Monitoring
inspection associated to rail head which we call MONITORING SIA_ABA. It has associated field
measurements and KPIs as Maintenance failure modes.

Inspection name Identifier

MOND MONITORING S1A_ABA
Type

Manitaring

Assoclated system Assoclsléd components Maintenance fallure mode

Figure 8-18. Creation of SIA_ABA inspection using SIA configuration in iRailMon
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In Configuration we can configure thresholds for KPIs and raw field measurements as well.

LYSTEM FOR VIMICLE INFRASTRUCTURE
|MBRAT L ALLIES MEALIN 1148 MR

» Fllters &

~ Resultsil

D~
28 Head
24 Head
30 Head
31 Head
32 Head
33 Head
13 Heac
014 Head
915 Head
N Head
o3 Head
03z Head
73 Head
G4 Head

Right Alignment
Left Leveling
Right Leveling
Cant

Twist

Widening

_Ar Lal Caja Vieh
_AcVert Caja Grasa 1
Ac.Vert Caja Grasa 2
_Ac Lat Caja veh
dummy_kpi

h_aece

g spesd

5_8CC

mm

mm

mim

mim

mm

msl

mis2

Figure 8-19. Creation of SIA_ABA monitoring parameters and KPIs using failure modes
configuration in iRailMon

X " Failure mode tab

Comect
CORRECT
Negative values (F/T)
Positve Values (F/T) 0

¢ Visinle

Slight
MILD

Limits/Values
Limits

Moderate Critical

MODERATE CRITICAL

Figure 8-20. Setting SIA_ABA parameters thresholds in iRailMon

Once the system is configured and the georeferenced assets loaded, we can access to the user
interfaces to check the data and information collected during testing campaign.
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First, in iRailMon Assets Inventory users can check the line where the tests have been carried
out. It is a railway track going from Linz to the Czech border. As shown in D6.1-D6.2 users can

click on any point of the track to get assets information.

||||||| -5 I ASSETS

ETETIM PO VW TH-MEEASTIUCTIN

QBB-AUT Via 275 (0,000 - 0.213]

UTM: 4541710, 5355891 6

Figure 8-21. iRailMon assets inventory displayed in a map

In Monitoring menu section, users can access to raw data collected during the campaign and
calculated KPlIs selecting the type of inspection. In “Current” menu option they will see the latest
data in the system. In the Map view the data are displayed georeferenced with different zoom
levels reaching to individual measurement points supported by colours to highlight assets status.

Maintenance recommendations are also displayed here.
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|-||ll..5| MONITORING «

ATLTIM FOM VESICLE SSASTRUCTURE

Rail v Maonitoring SIA_ABA  ~ m

Legend

Zoom' 400 m

nimded mamtenance

Figure 8-22. SIA_ABA measures and KPlIs displayed in iRailMon Monitoring screen

As aforementioned, zooming in we can see the individual values on the map. If we click on a
place with a warning on any of the values, recommended maintenance changes based on the
configuration of the system. The recommended actions currently displayed by the system are
only samples to demonstrate functionality. Real maintenance measures and recommendations
in an operational system must come from IM expert knowledge.

MONITORING

Rail v Monitoring SIA_ABA ~  Ki . u

OBB-AUT Via
UTM: 455773 4 &

174

Legend

», Zoom, item

Figure 8-23. iRailMon SIA_ABA individual measurement points and maintenance
recommendations zooming in in the map representation
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The system also displays the data in table mode and in chart mode, as shown in VIAS scenario
as well.

I.I.“..-l-nlINn ] MONITORING ~
Rail Monitoring SIA_ABS ~ m

Figure 8-24. iRailMon SIA_ABA individual measures in table view mode

In the menu section Events, online notifications of possible issues generated by onboard
equipment and immediately sent to SIA_VP are displayed to the network operators, who can act
on them immediately if needed.

......-.5 I EVENTS ~
SRt
ABA_2_axis_0_low_peak Naw b

ter
i i i o Vil ozl smazadsnl.  New
1710872 . - riive el e
177031202 . A 2 . oA 2631605 suszausol.  [New
17/03/2021 12:50 AU Vis 5510 018 VEH_1 Locomotive Alsto. 471723 ABA.2 axis 0| Read
R — p— w5 veRCA (SO AR, H01E saazowol  Iiotates
Figure 8-25. iRailMon online events raised by SIA_ABA displayed in Events menu option
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And double-clicking on any of the events, it is positioned on the map.

e I v
STHIEM PO VISRCLE AR R EVENTS

Lins ~ ABA_2 axis_D_low_peak All ~ m

» Filters

f
o OBB-AUT Via 5518 [0.218] ~ o
UTM: 464755 B, 5356005.7 | % -
StAevents ABA_Z_aws 0 jow pesk | _e==m==T" ANDLEITEN
Recommended maintenance: i b
investigate
i il

¥ > S —"

.“' ~ . e e

Figure 8-26. iRailMon map positioning of an online event

Similarly, the data collected by SIA_ABA can also be used in iWheelMon to assess the wheelset
health status instead of the rails. Authorized users can create a similar inspection in iWheelMon
configuration addressing relevant KPlIs for the wheelset.

Inspection tab

Inspection nams identifier

MONO MONITORING SIA_ABA

Type

Monitoring

Associated system Associated components Maintenance failure mode

Figure 8-27. iWheelMon SIA_ABA inspection configuration
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Raw data and KPIs are also displayed on map, table and charts with maintenance
recommendations. In the next figure, configuring very narrow limits we can get a Critical warning
requiring an immediate Maintenance recommendation.

Locomotive Alstom @ ~ Wheels < Monitoring SIA_ABA ~  KE ; m

Legend
Zoom dem

W Coerect

Figure 8-28. iWheelMon monitoring data and maintenance recommendations in Monitoring screen

iWheelMon has its own Events associated to vehicles assets instead of railtracks.

EVENTS ~
Locomotive Alstom | ~ ABA_1_axis_0_low_rms New v
Filters . E
Rezult
W H L mot C 4 BA_1_axia | New
7/03/202 B A 2 B Locomotive & 0.267771 ABA_1_axl New
4 " 1 e ATk 1.989, ABA 1 _axis 0| New
7/03/202 071 A a z EH Locomaotive Als 2229307 ABA_T anl New
T B H_ | not 30644018 ABA_T_axis_| New
202 21 Al g VEH. Locomotive A 03002799 ABA 1 axs New
f v H_ Loceomiot 01 34883347 ABA_1_axiz_ New
S — -

Figure 8-29. iWheelMon online events
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8.3 FGC Validation Scenario

Field testing in FGC network correspond to SIA_PANT onboard measurement equipment to
provide data for iCatMon and iPantMon SIA services. The test set up is described in Chapter 4
of deliverable D8.1. Additionally, TELICE has carried out an offline catenary inspection using its
tCat® system. This test is described in Section 4.3.2 of D8.1 and the results loaded in iCatMon
as described in next section 8.3.1.

8.3.1 SIA_PANT testing results representation

As in previous scenarios, authorized users can create in iCatMon Configuration a new online
Monitoring inspection associated to the contact wire which we call MONITORING SIA_PANT. It
has associated field measurements and KPIs as Maintenance failure modes, whose thresholds
can be configured in Failure Mode Tab:

Inspection tab

Inspection name Identifier Inspection description

MONF SIA_C_MON_FGC Monitoring SIA_PANT

Type

Moenitoring

Associated system Associated components Maintenance failure mode

Figure 8-30. Creation of SIA_PANT inspection using iCatMon configuration
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Failure mode tab

Iderttifier Description

SIA_C_ACCY Acceleration ¥ base
Lirnits/Values
Contact wire Limits
Comect Slight Moderate Critical
SIA_MF_D_CORREC f L SIA_MF_D_CRITICA SIA_MF_D_FAULT
Megative values (F/T) 0,1 0
Positive Values (F/T) 0 01

Visible

Figure 8-31. Setting SIA_PANT parameters thresholds in iCatMon

Once the system is configured and FGC’s georeferenced assets loaded, operators can access
to the user interfaces to check the data and information collected during testing campaign.

In the case of Assets information, in the corresponding menu screens display the assets in FGC
network in table mode or georeferenced in a map with different filtering options.

ASSETS -

Les Planes Termrasa Nacions Wnids 1
(10,000 - 10,400}

.......

Legend

Zoom 400 m

[ Removes
B instaien

Figure 8-32. Catenary assets displayed in iCatMon

As stated in D8.1, testing campaign in FGC has been carried out switching on SIA_PANT
system automatically and remotely to collect data from the secﬂeﬁs\of rn’ferest\for ty?\prOJ ct
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between the stations of Rubi and Mirasol. In Monitoring Menu in the Option Current Monitoring,

the screen displays the latest data/KPls in the system. By default, low zoom resolution is

displayed, with data aggregated by sections showing minimum, maximum and average values.
Sl

iCAtMon also suggests a recommended maintenance based on the asset status.

MONITORING ~
Manitoring SIA_CAT

Zoom: 200 m

Figure 8-33. iCatMon monitoring information displayed in map representation
As in previous scenarios, zooming in more the screen displays individual measurement points
on the track with the values of the parameters.

MONITORING «
Moniloring SIA_CA

b1 Lo
L) | )
%, 2
‘%‘a o
Figure 8-34. iCatMon individual measurements/KPIs ge
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Data selected can be also displayed in table and chart views for their analysis.

= q I A -|. A# 1) :1_}.:1 Harcalana-Villes
= e e = HA - MONITORING =
| in v Wires ~  Monitoring SIA_CAT Acceleration X base
* Filters
+ Resullsta)
DATE LOCATION ABSET VALUES =
oAY HOUR INE TRACK P N KPEND HANSE GESCAFTION WPy VALLE STATE I
0B/07 /2021 a1s2 LP-fa Track 1 o403 CNTW_Y Wire 1 Track 1 Acreleration ¥ b 015624 Corract
08/07/2027 a5z LP-NA Track 1 ERUY CHTW_1 Wire T Track 1 Accelsration Kb 01.003906 Corract
“OB/07/2021 0152 LPps Track 1 2405 CHTW_1 Wire T Treck 1 Accelerstion X o_ 00178 Corresct
0B/07/2021 sz LPA Track 1 9.408 CNTW_T Wire 1 Track 1 acceleration Xo_ 007812 Carrect
08/07/2021 o:s2 e Track 1 9411 CNTW.T Wire 1 Tragk 1 Avcelerstion Xb. 011718 Oaxrect
0807200 M52 [ Track 1 5,414 CNTW_T Wire 1 Track 1 Accaleration X b D015624 oot
08/07/2021 sz LP-Ma Track 1 2418 ENTW_T Wire 1 Trach 1 Asreleration ¥ b <0.003506 Cortect
08/07/2021 o152 LP-NA Track 1 9422 CNTW_1 Wire T Track 1 Acceleration X b 4onme Corract
08/07/2021 oSz LPNA Track 1 3,426 CNTW_1 Wire 1 Treck 1 Acceleration Xb_ QOVITE Cawract
08107200 52 LA Track 1 9.42 ONTW_1 Wire T Track 1 Acceleration Xb_ 0007812 Carmect
08/07/2021 o152 LPna Track 1 9434 CNTW.1 Wire 1 Track 1 Acceleration k6 0015604 Comact
08/07/2621 o152 LPNa Track 1 D438 CHTW_1 Wire T Trach 1 Acreleration ¥ b_ 4.007812 Cowrect
‘0B/07/2021 oSz LA Track 1 9443 CHNTW_1 Wire 1 Track 1 soreterstion X b 0015624 Corract
DB/T7 2021 a1:52 LA Track 1 2447 CNTW 1 Wire 1 Track 1 Acceleration ¥b. 007812 Conact =

Figure 8-35. iCatMon measured data displayed in table view
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Figure 8-36. iCatMon measured data displayed in charts

Also in monitoring Menu, if we select Historical option, SIA_VP displays a similar screen to the
Current one we have just shown. Main difference is that there is date selector to select past data

in a specific day, week, month or year, instead of the latest ones.
\\ _\\ /X\ [
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Then, for a specific position in the map, the average, minimum and maximum values in the
period will be shown to the user.

MONITORING -

Lin b og/o7/2021 = Monthly Wires w Monitoring SIA_CAT ~ KPP v m

Las I"Ianes Temrasa Nacions Unids Track 2

Legend

| Zoom Nem

N Comect
M

1 Moderata

Boitcal

B Faut

Figure 8-37. iCatMon historical data displayed in a map

As usual in SIA_VP, there is also available the option of displaying the data in table or graphic
mode. In the case of the charts, for historical data there is the possibility of doing both a spatial
and a time analysis. The spatial analysis is like the one we have already seen in previous
examples, but for each position the range of values in the period of analysis is displayed.

MONITORING ~
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Figure 8-38. iCatMon historical data displayed for spatial analysis in charts
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In the case of the asset evolution with time, users can select a period of time and a section of
the track (200 m in the example in Figure 8-37), and the system displays the average, maximum
and minimum values for all the values measured and calculated each of the occasions a train
with SIA_PANT has operated in the area.

MONITORING ~

Les Planes-Terrasa 07/07r2021 Weekly W Wires Maonltoring SIA_CAT Acceleralion X base m

Track 2 10,417 10617

Accalaraion X tase

Figure 8-39. iCatMon historical data displayed for time analysis in charts

In iCatMon there is also an Events screen, where events raised online by SIA_PANT are
immediately sent to be displayed to the SIA operators.

EVENTS =

ult
t 1 0. m New
VEHt VEHL1 218 mgact New|
VEH1 VEH.1 2098 mgEct New
FEH1 VEH_1 263 mpact New
4 {=7] H New
..... H = 4. New
H H New
H New
3 El 8. New

Figure 8-40. iCatMon events screen
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Double-clicking on any of them, SIA_VP positions it on a map with a recommended action.

AN O AL SN

razs Nacipns Unids Track 2 -

Figure 8-41. iCatMon event positioned in a map with recommended action

Data collected by SIA PANT are also useful to assess the health status of pantograph
additionally to what we have just checked for catenary. So, selecting the iPantMon SIA service in
the main menu (Figure 8-1. SIA Home page). Authorized users can create a similar online
inspection in iPantMon configuration addressing relevant KPIs for the pantograph, and also
create pantograph related assets in the system.

X

inspection tab

Inspection name Identifizr Inspection description

MONF SIA_P_MON_FGC Monitoring SIA_PANT

Type

Monitoring

Associated system Associsted companents Maintenance failure made

Figure 8-42. iPantMon Inspection configuration module

O

—~\
GA 776402 ) . J)pa ﬂ of




SIA

Once iPantMon is ready to be operational, users can check the assets, which in this case are
locomotives with a pantograph and its components (e.g. contact strip). They are only displayed

in Table mode as they are not assets fixed to a position.

b I i AT ASSETS -

Vehicle Vehicle

Figure 8-43. iPantMon assets screen

In Monitoring users can check the measurements and KPls associated to pantograph
components selecting the appropriate failure mode previously configured (Monitoring
SIA_PANT). Data are displayed in map, table and charts mode for their analysis as seen for
iCatMon previously. The system also recommends maintenance activities based on the health

status of the assets that data reveal.

“"'.:5 ""'f”'.!'.'i —]

Pantograph héad - Maonitaring S1A_PAN

Legend
Toom mem

N Comect
Mic
Modsrate

fl Crsica

Figure 8-44. SIA_PANT measured values displayed in map in iPantMon

Data can be also displayed in a table mode, with the associated pantograph asset in the vehicle
carrying SIA_PANT equipment.
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Pantograph head +  Monitoring SIA_PAN k Table
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Figure 8-45. iPantMon measures associated to rolling stock assets in table mode

Monitoring information can be also displayed in table and graphical mode as in the other SIA
services described in previous sections. Historical and predicted values are also available in
Monitoring menu with similar functionalities.

MONITORING -

Weekly ’ Pantograph head Monitoring SLA_PARK [ g m

08/07/2021

+
&

\ Les Planes.-Terrasa Nackons Unids Track 2

Lagend
Zoomr tem

fcoment
g
\ioderate

f Crteai
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e ———. ...

s

Figure 8-46. iPantMon historical data displayed in map mode

Finally, iPantMon also displays its own online real time Events warning about the pantograph
status. Double clicking on each one user will be positioned in-the_map-where_the event was
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Figure 8-47. iPantMon events

8.3.2 tCat® testing results representation

The last testing scenario is related to uploading to SIA platform the results of catenary
auscultation carried out with tCat® system in FGC. Similarly to what was described in
deliverable D7.1 [15] to upload SIA the tCat® reports or any other inspection, auscultation or
maintenance reports, we create in iCatMon an associated type of inspection called “Catenary
Inspection TELICE FGC”:

Inspection tab

Inspection name Identifier Inspection description

INSTF SIA_A_INSTF Catenary Inspection TELICE FGC Vieible

Type

Inspection

Associated system Associated components Maintenance failure mode

e

» File Format

Figure 8-48. tCat® inspection creation using iCatMon iWn <Wtion
— A
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In the same tab authorized users can configure the file format we need to import:

% Inspection tab

Wires. 6

 File Format

Zomact wire 6 Zatanary a

Format Data origin
Thousands sep. Decimal sep. Field Sep Date Form Sheet
None ~  Point ~  Comma ~ d/m/Y Him:s
Line Track
Col Row Value Col Row Track
— 4+ v — 4
Date
Col Row Value
KPI1 KPi2
Subsystem Failure mode Cols Subsystem
Contact wire - Height ~ B Contact wire ~
KPI13 KP1 4
Subsystem Failure mode Cols Subsystem

segne ) Decervaiemor @) Lossrgoace
Row data
> s =
KP (inifend)
Col Col Units
L8 A m Lo
Failure mode Cols
Decentralisatic ~ c
Failure mode Cols

Figure 8-49. tCat® file format configuration in iCatMon

Afterwards, going to Reports menu section, in table mode view users can import new tCat®
inspection reports clicking the + button on the bottom right of the screen:

x

Import inspection file

Inspection type «

Zelett value

Upload File...  + Drop fhe hete

» File Values

Figure 8-50. tCat® inspection file selectio

n iCzi{ﬂO‘

[\ m

GA 776402

L) Paﬁof

O




SIA

Wires

Catenary Inspectior

REPORTS

2021-06-09 00:00

And new data are displayed in Reports section selecting the type and date of the inspection:

Legend
|m||5 '
e

Zoomy, 200 m
]
[l

depending on parameters status:

Wires

p
Figure 8-51. New tCat® inspection data displayed in iCatMon Reports map representation

Catenary Inspection

REPORTS

The same way as in previous examples using SIA mapping functionality, we can zoom in to get
2021-06-09 00:00

access to individual measurement points in the map and recommended maintenance actions
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Figure 8-52. Individual measurements displayed after zooming-in-in iCatMon Reports screen
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Users also have the ability to analyse inspection reports of external applications using tables
and charts:

. Harcolona-Valles
T ml A'" {Cat_IMaIn HOME ~ ASSETS -~ 'REPORTS: MONITORING - EVENTS =

! Line:

e = =
o KPL v RESESNN Graph |

> Filters

Decentralisation (mm) Haight fmm)

jauge (mm)

3000

4800

4600

90 92 94 95 ) 98 100 102
KP (iemj

Figure 8-53. iCatMon charts representation of tCat® inspection data
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9 SIA Validation

Deliverable D2.1 describes in Chapter 7 the overall SIA Validation Plan, based on test cases
checking the fulfillment of SIA functional requirements. Specifically, Section 7.3 in D2.1 included
the tables to be used for the validation for each of the four new SIA services in the two testing
scenarios at OBB (Scenario 1) and FGC (Scenario 2). In those scenarios the following use

cases, also defined in D2.1, have been tested per SIA service:

e (CAtMon:

o Use case #1: contact wire wear

o Use case #2: contact wire incorrect height & stagger

e iPantMon:

o Use case #3: contact strip normal wear (normal / asymmetric)

e iWheelMon:

o Use case #4: wheel flats and polygonization wear

e jRailMon:

o Use case #5: Rail corrugations

o Use case #6: Short-wave irregularities

Next sections compile those D2.1 tables filled out with the results obtained in the testing

campaign of the SIA project.

9.1 iCatMon
Use | Validation
Req_ID | Functionality description | case | successful Validation notes
no. (Y/N)
Figure 8-2. iRailMon inspection
SIA F1 001 | iCatMon allows setting 192 Y management tab
-7 configuration parameters Figure 8-3. iRailMon failure modes list
Figure 8-4. iRailMon failure mode
administration pop-up window
SIA_PANT has been configured
successfully using a wired port (as
Th board . t related described in in D4.1). It also has been
¢ %O?Moar ”equu:;rt?ep .tr.e Ia e successfully re-configured (from SIA_DH)
SIA_F1_002 | '© 1-ativion allows the initia 1,2 Y using a wireless link (WiFi).

configuration of the firmware by
means of the necessary port(s)

SIA_POS has been configured by means
of a physical (Ethernet) port (as described

in-D8-1).
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Use | Validation
Req_ID | Functionality description | case | successful Validation notes
no. (Y/N)
e SIA_DH has been configured by means of
a physical (Ethernet) port (as described in
D4.3).
See:
. . . e  Figure 8-48. tCat® inspection creation
'C;?"V'OH E}"OVQS the 'rtrogUCt'ﬁn using iCatMon inspection configuration
IA F2 001 | of inspection data related to the 12 Y ) ]
SIAF20 catenary with the associated ’ o  Figure 8-49. tCat® file format
electronics forms configuration in iCatMon
e  Figure 8-50. tCat® inspection file
selection in iCatMon
iCatMon allows the introduction . .
SIA_F3_001 | of auscultation data (if any) 1,2 % See sectloq 8.3.2 tCat® testing results
representation
related to the catenary
SIA_F4_001 Map, table and chart representation available
iCatMon informs about the with color code to highlight health status and
SIA F5 002 historic health status of the maintenance recommendations. See:
- - catenary, by integrating data ) . L
from inspections, and . F_|gure 8-3_7. iCatMon historical data
SIA_F5_003 | auscultations. The historic health 1,2 Y displayed in a map
status of the catenary is e  Figure 8-38. iCatMon historical data
visualized by means of a time displayed for spatial analysis in charts
SIA F5 004 representation of its relevant
- = KPIs e  Figure 8-39. iCatMon historical data
displayed for time analysis in charts
SIA_F5_001 Map, table and chart representation available
with color code to highlight health status and
SIA F5 002 maintenance recommendations. See:
iCatMon informs about the e  Figure 8-33. iCatMon monitoring
current health status_of the information displayed in map
catenqry, by integrating data representation
from historic health status and
from onboard systems. The 1,2 Y e  Figure 8-34. iCatMon individual
current health status of the measurements/KPIs georeferenced in a
SIA F5 003 | catenary is visualized by means map
- of a time representation of its
relevlant KPFI)S I I e  Figure 8-35. iCatMon measured data
displayed in table view
e  Figure 8-36. iCatMon measured data
displayed in charts
SIA_F6_001 Due to short time available for real testing it
has not been possible to collect enough data
SIA F6 002 iCatMon visualizes the future to predict degradation and validate it, but D5.5
- = (i.e. predicted) status of the justifies this predictive functionality by means
overhead contact wire in terms 1,2 Y of a “digital twin” developed in SIA using
SIA_F6_003 | of its wear, height and stagger synthetic data instead of real data. Visual
with their relevant KPIs representation in SIA services would be similar
to the historical data one but displaying future
SIA_F6_004 instead of past time.
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Use | Validation
Req_ID | Functionality description | case | successful Validation notes
no. (Y/N)
iCatMon displays a warning
message if a failure related to See Figure 8-40. iCatMon events screen and
SIA_F6_005 | wear, height and/or stagger of 1,2 Y also Figure 8-41. iCatMon event positioned in
the overhead contact wire is a map with recommended action
detected
iCatMon proposes a set of See:
related maitienance actiors. Figure 8-34. iCatMon individual
SIA_F7_001 | "écommendations when a taiure 1,2 Y measurements/KPIs georeferenced in a map

related to wear, height and/or
stagger of the overhead contact
wire is detected

Figure 8-41. iCatMon event positioned in a
map with recommended action

Table 9-1. iCatMon validation requirements

9.2 iPantMon
Use N
. . L. Validation o
Req_ID | Functionality description | case Validation notes
successful
no.
SIA F1 001 iPantMon allows setting 3 Y Similar to iCatMon. See Figure 8-42. iPantMon
- - configuration parameters Inspections configuration module
e SIA_PANT has been configured
successfully using a wired port (as
described in in D4.1). It also has been
successfully re-configured (from SIA_DH)
The onboard equipment related using a wireless link (WiFi).
SIA F1 002 | toiPantMon allows the initial 3 Y e SIA_POS has been configured by means
- - configuration of the firmware by of a physical (Ethernet) port (as described
means of the necessary port(s) in D8.1).
e SIA_DH has been configured by means of
a physical (Ethernet) port (as described in
D4.3).
. . . iPantMon allows users to create inspection
|I?a.|ntMont.allogvst thellnttrgciuc;trl]on and maintenance reports in a similar fashion
SIA_F2_001 Oa:wntzp?g Iﬁr:/viti ?hr::sioci(;teg 3 Y to iCatMon (see Chapter 8.3.2). Check also
P grap Figure 9-1. iPantMon Inspection configuration
electronics forms screen
iPantMon allows the introduction iPantMon allows users to create auscultation
. . reports and upload them to SIA in a similar
SIA_F3_001 | of auscultation data (if any) 3 Y fashi iCatM Ch 832). Th
related to the pantograph ashion to iCat fon (seg apter 8. . ). There
aren’t any considered in SIA scenarios.
SIA_F4_001 iPantMon informs about the 3 Y Simitar-te-iCatMagn--See-also Figure 8-46.
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Use N
. . . o Validation L
Req_ID | Functionality description | case Validation notes
successful
no.
historic health status of the iPantMon historical data displayed in map
SIA_F5_002 pantograph, by integrating data mode
from inspections, and
SIA_F5 003 | auscultations. The historic health
status of the pantograph is
visualized by means of a time
SIA_F5_004 | representation of its relevant
KPIs
SIA_F5 001 | iPantMon informs about the
current health status of the Similar to iCatMon. See also:
SIA_F5_002 | Pantograph, by integrating data «  Figure 8-44. SIA_PANT measured values
- = from historic health status and displaved in. mao in iPantMon
from onboard systems. The 3 Y Ispiay P
SIA_F5_003 | current health status of the e  Figure 8-45. iPantMon measures
pantograph is visualized by associated to rolling stock assets in table
means of a time representation mode
of its relevant KPIs
SIA_F6_001 | iPantMon visualizes the future 3 Y Due to short time available for real testing it
(i.e. predicted) status of the has not been possible to collect enough data
SIA F6 002 pantograph in terms of its wear, to predict degradation and validate it, but D5.5
- - with the relevant KPlIs justifies this predictive functionality by means
of a “digital twin” developed in SIA using
SIA_F6_003 synthetic data instead of real data. Visual
representation in SIA services would be
SIA F6 004 similar to the historical data one but displaying
-7 future instead of past time.
SIA_F6_005 | iPantMon displays a warning 3 Y Similar to iCatMon. See also Figure 8-47.
message if a failure related to iPantMon events
the wear of the pantograph
contact strips is detected
SIA_F7_001 | iPantMon proposes a set of 3 Y Similar to iCatMon. See also:
+ Fiuro .44 SA PANT measured e
related to wear of the contact displayed in map in iPantMon
strips is detected e  Figure 8-46. iPantMon historical data
displayed in map mode
Table 9-2. iPantMon validation requirements
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X ' Inspection 1ab

Inspection name

INSPT

Type

Inspection

» File Format

Inspection description

Vizual Inspection

Figure 9-1. iPantMon Inspection configuration screen

9.3 iRailMon
Use A
. . oy Validation N
Req_ID | Functionality description | case Validation notes
successful
no.
Similar to previous services. See also:
e Figure 8-2. iRailMon inspection
management tab
e  Figure 8-3. iRailMon failure modes list
e  Figure 8-4. iRailMon failure mode
administration pop-up window
iRailMon allows setting , .

SIA_F1_001 configuration parameters 56 Y »  Figure 8-18. Creation of SIA_ABA
inspection using SIA configuration in
iRailMon

e  Figure 8-19. Creation of SIA_ABA
monitoring parameters and KPIs using
failure modes configuration in iRailMon

e  Figure 8-20. Setting SIA_ABA parameters
thresholds in iRailMon

The onboard equipment related iRailMon is based on ABA data collected by
SIA F1 002 | toiRailMon allows the initial 56 Y the SIA_ABA subsystem. The configuration of
- - configuration of the firmware by ' the SIA_ABA subsystem is described in the
means of the necessary port(s) hardware deliverable D4.1.
N\ /A\ —
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Use I
. . e Validation N
Req_ID | Functionality description | case Validation notes
successful
no.
SIA_F2 001 | iRailMon allows the introduction 5,6 Y iRailMon allows users to create inspection and
of inspection data related to the maintenance reports in a similar fashion to
rail with the associated iCatMon (see Chapter 8.3.2). Check also
electronics forms Figure 9-2. iRailMon Inspection configuration
screen
SIA_F3_001 | iRailMon allows the introduction 5,6 Y See Figure 8-12. External auscultation report
of auscultation data related to displayed in iRailMon Reports
the rail
SIA_F4 001 | iRailMon informs about the 5,6 Y Similar functionality to the one described for
historic health status of the rail, iCatMon with availability to display info in map,
SIA_F4 002 py integrating data from . charts and table mode. See also:
inspections, and auscultations. . o . .
The historic health status of the . Fllgure 9-3.. iRailMon historical data
SIA_F4_003 | rail is visualized by means of a displayed in map mode
time representation of its o Figure 9-4. iRailMon historical data
SIA_F4 004 | relevant KPls displayed in charts
SIA_F5 001 | iRailMon informs about the 1,2 Y Similar to previous services. See also:
current health status of the rail, . o o
SIA F5 002 by integrating data from historic . F_|gure 8-8_. iRailMon monitoring values
- - health status and from onboard displayed in map
SIA F5 003 systems. The current health e  Figure 8-9. iRailMon individual monitoring
— o= status of the rail is visualized by values displayed in map with maximum
means of a time representation zoom
of its relevant KPIs
e  Figure 8-10. iRailMon monitoring values
displayed in charts
e Figure 8-11. iRailMon monitoring values
displayed in table mode
e  Figure 8-22. SIA_ABA measures and
KPls displayed in iRailMon Monitoring
screen
e  Figure 8-23. iRailMon SIA_ABA individual
measurement points and maintenance
recommendations zooming in in the map
representation
e Figure 8-24. iRailMon SIA_ABA individual
measures in table view mode
SIA_F6_001 | iRailMon visualizes the future 5,6 Y Due to short time available for real testing it
(i.e. predicted) status of the rail has not been possible to collect enough data
SIA F6 002 in terms of the apparition of to predict degradation and validate it, but D5.5
- = corrugation and short-wave justifies this predictive functionality by means
irregularities, with the relevant of a “digital twin” developed in SIA using
SIA_F6_003 | KPIs synthetic data instead of real data. Visual
representation in SIA services would be similar
SIA F6 004 to the historical data one but displaying future
- instead of past time.
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Use C .
. . L. Validation o
Req_ID | Functionality description | case Validation notes
successful
no.
SIA_F6_005 | iRailMon displays a warning 5,6 Y Similar to previous services. See also:
message if a failure related to
corrugagtion and short-wave e  Figure 8-25. iRailMon online events raised
defects of the rail is detected by SIA_ABA displayed in Events menu
option
e  Figure 8-26. iRailMon map positioning of
an online event
SIA_F7_001 | iRailMon proposes a set of 5,6 Y Similar to previous SIA services. See also:

related maintenance actions
recommendations when a failure
related to corrugation and short-
wave defects of the rail is
detected

Figure 8-23. iRailMon SIA_ABA individual
measurement points and maintenance
recommendations zooming in in the map
representation

Figure 8-26. iRailMon map positioning of
an online event

Table 9-3. iRailMon validation requirements

Inspection tab

identifier

SIA_VISUAL_INSP

Inspaction name

INSO04

Type

Inspection

Associated system

> File Format

Inspection description

Visual Inspection

Assoclated components

Visible

Maintenance failure mode

Figure 9-2. iRailMon Inspection configuration screen
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Figure 9-4. iRailMon historical data displayed in charts

O

/A
GA 776402 T rage i o




SIA

9.4  iWheelMon
Use I
. . L. Validation o
Req_ID | Functionality description | case Validation notes
successful
no.
. . Similar to previous services. See also Figure
SIA_F1_001 | IWheelMon allows setling 4 Y 8-25. iWheelMon SIA_ABA inspection
configuration parameters . -
configuration
The onboard equipment related iWheelMon is based on ABA data collected by
SIA F1 002 to iWheelMon allows the initial 4 Y the SIA_ABA subsystem. The configuration of
- = configuration of the firmware by the SIA_ABA subsystem is described in the
means of the necessary port(s) hardware deliverable D4.1.
iWheelMon allows the |WheeIMon allows users tp cregtg msfpect'lon
introduction of inspection data anq maintenance reports in a similar fashion
SIA_F2_001 . 4 Y to iCatMon (see Chapter 8.3.2). Check also
related to the wheelset with the . ; :
: ; Figure 9-5. iWheelMon Inspection
associated electronics forms X .
configuration screen
iWheelMon allows users to create auscultation
iWheelMon allows the reports and upload them to SIA in a similar
SIA_F3_001 | introduction of auscultation data 4 Y fashion to iCatMon (see Chapter 8.3.2) or
(if any) related to the wheelset iRailMon. There aren’t any considered in SIA
scenarios.
SIA_F4_001 Similar functionality to the one described for
iWheelMon informs about the the othgr SIA services with availability to
SIA_F5_002 | historic health status of the display info in map, charts and table mode.
wheelset, by integrating data See also:
SIA F5 003 | frominspections, and e  Figure 9-6. iWheelMon historical data
- auscultations. The historic health 4 Y grouped by sections d|sp|ayed in map
status of the wheelset is mode
SIA_F5_004 | visualized by means of a time
representation of its relevant e Figure 9-7. iWheelMon historical data
KPls displayed in charts
SIA_F5 001 | iWheelMon informs about the 4 Y Similar to previous services. See also:
current health status of the , . L
SIA F5 002 wheelset, by integrating data e Figure 8-15. |Whe§IMon mgnltorlng
_FO_! from historic health status and values and KPlIs displayed in map mode
from onboard systems. The e  Figure 8-28. iWheelMon monitoring data
SIA_F5_003 | current health status of the and maintenance recommendations in
wheelset is visualized by means Monitoring screen
of a time representation of its
relevant KPlIs
SIA_F6_001 | iWheelMon visualizes the future 4 Y Due to short time available for real testing it
(i.e. predicted) status of the has not been possible to collect enough data
SIA F6 002 wheelset in terms of the to predict degradation and validate it, but D5.5
- = apparition of wheel flats and justifies this predictive functionality by means
polygonization wear, with the of a “digital twin” developed in SIA using
SIA_F6_003 | relevant KPIs synthetic data instead of real data. Visual
representation in SIA services would be similar
SIA F6 004 to the historical data one but displaying future
- instead of past time.
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Use A
. . e Validation N
Req_ID | Functionality description | case Validation notes
successful
no.
SIA_F6_005 | iWheelMon displays a warning 4 Y Similar to previous services. See also Figure
message if a failure related to 8-29. iWheelMon online events
wheel flats and polygonization
wear of the wheelset is detected
SIA_F7_001 | iWheelMon proposes a set of 4 Y Similar to previous services. See also:
related maintenance actions . . .
recommendations when a failure e Figure 8-16. iWheelMon maintenance
related to wheel flats and recommendations in Monitoring screen
polygonization wear of the e Figure 8-28. iWheelMon monitoring data
wheelset is detected and maintenance recommendations in
Monitoring screen

Table 9-4. iWheelMon validation requirements

Inspection tab

Inspoction name identifier Inegection desceiption

INSDOT SIA_IWH_VIS007 Wheelset Visual Inspection 3 visible

Type
Inspection

Ansociated syatam Azzoointed components Minintenmnee frilurs mode

s
* File Formal
Damage resulting from Identification
markings

nage from lathe driving toals

Shal
he web o wheel &

Sharp-edged radial defect on the web
Whea flat
‘Wheel web hole defects

Gracks in the wheel hub

Figure 9-5. iWheelMon Inspection configuration screen
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10 Conclusions

The aim of this document has been to provide an overview and results of the validation activities
of the SIA system carried out in real operational demonstration scenarios in WP8. The testing
process and results achieved in the different scenarios described in Deliverable D8.1 have been
presented for each SIA subsystem validating that data collection, georeferentiation,
transformation, transmission and visualization meets the requirements established at the
beginning of the project. Specifically, partners have performed the SIA Validation Plan designed
in Chapter 7 of Deliverable D2.1 to check that the four services (iCatMon, iPantMon, iRailMon
and iWheelMon) delivered fulfill SIA functional requirements.

There have been important deviations in test setup preparation and SIA validation in WP8 from
the project work programme/Annex | (DOW). Unfortunately, the pandemic outbreak happened
right when SIA testing preparations started, so even though the project was granted a six month
extension, the nine months validation campaign has been shorter, but the results achieved have
been enough to grant at least a TRL 7 for all SIA subsystems and the four SIA services.

The main conclusions and achievements drawn from the validation process are summarised
below:

e Positioning improves by 9% thanks to the use of Galileo with an availability of 100%,
although further improvements are required to guarantee a position accuracy of 20m for
trains with velocity up to 100 km/h.

e Onboard measurement equipment SIA_ABA and SIA_PANT have been tested in
different scenarios to show their accuracy and their operational availability with different
configurations in a cost-effective way.

e SIA is a pluggable modular system, flexible for the adoption by end users. Each
subsystem has been validated independently, increasing reliability and ensuring errors
are not propagated unnoticed to other modules.

e Partners have implemented field data post-processing algorithms to generate relevant
KPlIs for the defects SIA pretends to mitigate.

e Degradation forecasting algorithms have been also developed, although not tested in
real scenarios for lack of enough data due to time constraints imposed by the pandemic.

e SIA services are interoperable with other IT systems as shown in D7.1 and tCat® testing
in this document.

e SIA Visualization platform provides for the four SIA services open-source friendly user
interfaces for system configuration, assets monitoring, data analytics and real time
warnings.

Overall, the consortium believes the functional and technical objectives of SIA have been mostly
achieved as described in this document, and SIA system is ready-t{o support-lMs and TOCs
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through condition based & predictive maintenance in reducing their maintenance costs and
increasing the availability of assets. Next steps to create a fully commercial product are
assessed in Deliverable D9.2 “Development and delivery of the exploitation plan” [18].
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