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EXECUTIVE SUMMARY

This isthe del i verable fAD4.5 Proceds thxecEHRS AT hilR&® op
document reports the execution of the track area classification process developed during the

wor k package AWP4 Track Survey and Touconkesddd as si
results obtained during this process.

The goal of WP4 is to set up a standard measurement and classification system that is able to
provide a prediction of the expected presence of GNSS hazard causes and degraded
performance to be expected at a given track area, in order to enable the evaluation if the specific
environment is suitable or not to place virtual balises or on the contrary should be discarded
beforehand.

In this document, we detail the results of applying the classification standard process, by means
of the developed software Toolset to the measurement data collected in the three measurements
campaigns during ERSAT GGC project. This execution report addressed the main important
aspects that need to be carried out for the correct application of the classification process and the
results obtained with the data collected.
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DEFINITION AND ABBREVIATIONS

European

COTS Component-Off-The-Shelf
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1. INTRODUCTION

The main goal of WP4 of ERSAT GGC project is the definition of a track area classification
process with respect to the presence of local GNSS hazard causes along the railway lines to be
potentially equipped with Virtual Balises. The classification process requires the collection of
measurement data with COTS hardware equipment as well as the processing of this data with a
dedicated software toolset. The classification process was first defined in the deliverable D4.1 [1]
and further in D4.2 [2]. The development and implementation of the software toolset is presented
in D4.3 [3]. A summary of the outcome of this deliverables is provided in the first sections of this
document in order to support the understanding of the rest of the document.

In order to verify the classification process with respect to the proposed measurement hardware
and the related experimental setup for the data collection process and to support the validation
and analysis of the data with the software toolset, within the context of ERSAT GGC, three
measurement campaigns have been carried out in three different countries: Spain, Italy and
France.

The relevant information about the data collection process in these three campaigns was
provided in D4.4 [4]. This includes the procurement and installation of the measurement
equipment on the train, the specific measurement equipment setup and operation for the different
campaigns as well as the scheduling of the train runs in the selected lines. A summary of the
campaigns important aspects is also provided in this document related to each of the countries.

In this document, we detail the results of applying the classification process, by means of the
developed software Toolset to the measurement data collected in the two identified lines where
the process execution was planned, i.e. ltalian and Spanish Lines. This execution report
addresses the main important aspects that need to be carried out for the correct application of the
classification process and the results obtained with the data collected in Spain and Italy.

D4.5 Process Execution Report Project: ERSAT GGC 10
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2. CLASSIFICATION PROCESS

In order to instantiate the Enhanced Functional ERTMS Architecture Capable of using GNSS and
Public Radio telecommunication Technologies described in ERSAT GGC deliverable D2.1 [5], the
railway line shall be designed in order to locate the virtual balises in areas where the GNSS local
phenomena would always lead to bound VB position errors, in accordance the accepted residual
integrity risks. The aim of the WP4 is to set up a standard measurement and classification
process able to provide to the railway trackside designer and the railway operator an indication
on the track areas where virtual balises can be potentially located to mitigate the potential risk
that the VBR Error Model might not bound the VB detection error.

In order to bound a-priori the risk that the presence of local hazards might lead to unbounded VB
location errors at the virtual balise level, the following approach is followed during the process:

1 The expected presence of the different hazards along the line is studied by means of a
generic classification process, where generic means independently of a specific
implementation of a VBR

1 The track areas are classified according to their suitability for placing virtual balises

I The classification results are made available to the signalling trackside engineers that
have to take the results of the classification into account during the signalling trackside
subsystem design phase

Note that the assumptions and models of the classification process are exported to any virtual
balise reader to guarantee the coherence of the results of the classification process with the FDE
capability and GNSS Positioning algorithms implemented in a VBR. An example of the expected
results of the track area classification process is depicted in Figure 1.

\ ’; Multlpath

Radio Frequency
Interference i ! /

\ Degraded

~ Performance

NLOS | WA\
Propagation \\ L
N‘“

Figure 1: Example of track classification
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2.1 HIGH LEVEL REQUIREMENTS

The classification process has been designed and developed with the expectation to become a
standard and cost-effective process:

1 The process instantiation shall foresee a modular and scalable measurement
environment, and allow to use different and interchangeable hardware and detection
methods

1 The process instantiation shall be based on the use of COTS measurement components

1 The process will only address the local hazard causes due to the permanent properties of
the track area that could potentially lead to hazardous consequences and shall be
compatible with any Virtual Balise Transmission System (VBTS)

1 Since there is currently no Minimum Operational Performance Standards (MOPS)
reference document for the railway GNSS applications, the process shall be configurable
through run time parameters, which shall be exported to the virtual balise reader

The process shall classify each track area of the line based on virtual balise placement suitability
status in terms of three colours:

1 Green, meaning that the area is suitable for the virtual balise placement

1 Red, meaning that the area is not suitable for the virtual balise placement

1 Yellow, meaning that there is not enough information to classify the area as Green or
Red, and the area shall not be used for placing virtual balises. However, if necessary,
further measurements and analysis would be performed in order to obtain a classification
of this specific area as Green or Red.

The process shall evaluate the potential local hazard causes, such as Multipath, Non-Line-Of-
Sight, and Interference, and shall give an indication of the hazard cause leading to the
classification of an area as not suitable.

The classification process shall guarantee the coverage of the track areas in terms of spatial and
temporal dynamics, and take into consideration the augmentation information to discard
unhealthy satellites so as to avoid wrong and pessimistic classification results. The process shall
allow the use of different detection techniques applied offline to the data acquired on the field
during the campaign, and the inclusion of the results from simulation methods based on external
data, when available, such as 3D models of the environment.

The process shall be based on an incremental collection of data from multiple train runs, and
allow a comparative analysis of different sub-sets of data and enable the subsequent monitoring
of the surveyed line, to deal with potential modifications of the environment that would lead to a
different classification of some areas.

D4.5 Process Execution Report Project: ERSAT GGC 12
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2.2 CLASSIFICATION PROCESS OVERVIEW

The Track Survey and Track Classification is a comprehensive process which includes several
phases, starting from the preparation of the track survey and leading to the evaluation of the
results and, after the trackside commissioning phase, monitoring the validity of the classification
results along the line during the time or periodically. A diagram with the overview of the different
steps of the classification process is presented in Figure 2.

The Monitoring Process of the results of the Classification Process after the trackside-
commissioning phase is out of the scope of the ERSAT-GGC project. D4.1 [1] provides high level
requirements only of this process phase.

Toolset
processing

Data collection Calibration

and acquisition

Preparation _
Satic

measurements
Installation

Detection

. Evaluation and
Track domain i monitoring

1 Dynamic
measurements

3 Dmodels &
GNSSAlmanac

mapping

Run planning

Threats
assessment

Qassification

Figure 2: Classification process

2.2.1 PREPARATION PHASE

The preparation phase includes the activities needed to equip the train being used for performing
the measurement campaign, prepare the measurement equipment and to plan the measurement
campaign. The train can be a train dedicated to the execution of diagnostic activities or a
commercial train where temporally the measurement equipment has to be installed. For example,
a commercial train has been used for the application of the Classification Process to the Italian
Lines and a dedicated Diagnostic Train for the Spanish and French Lines.

Global Navigation
Satellite Systems
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The activities of the preparation phase are:

i The installation consists in the identification / procurement of the measurement
equipment compliant with the requirements / recommendations described in the
Classification process specification, the design of the layout of the equipment on-board of
the train, the fulfilment of the necessary authorization process and the installation of the
measurement equipment on the train

1 The run planning involves the evaluation of the schedule of the train runs and of the
measurements in order to obtain the desired spatial and temporal coverage and the
attainment of the authorizations from the operator and infrastructure manager to perform
the runs. In order to reduce the cost of dedicated runs only for the purpose of the track
area classification, the process can be combined with other surveying activities carried out
by infrastructure managers.

2.2.2 DATA COLLECTION AND ACQUISITION PHASE

The data collection and acquisition phase includes the field measurement campaign, the
collection of the raw data from the measurement equipment on-board of the train and the
acquisition of any additional data necessary to perform the degraded performance simulation
based on 3D models:

1 The static measurements consist in the collection of measurement data with the
measurement on-board equipment while the train is standstill and stored in a location with
nominal GNSS conditions (i.e. stored in a location with a good open sky visibility and no
permanent sources of local phenomena), which will be used to determine the nominal
error models or to derive the relevant detection thresholds. These thresholds are
considered as calibration parameter values of the detection techniques.

i The dynamic measurements involve the collection of measurement data while the train
is performing the runs as defined in the run planning phase, in order to gather the raw
data necessary to cover the spatial and temporal dynamics of the GNSS signal behaviour
along the line. The collected data will then be processed offline with the Software Toolset.
During this process, relevant information about the times of the measurement runs and all
the lines covered must be stored. Later on, this information is required to generate run
tables that are required by the Toolset to identify relevant measurement data intervals and
associate the subsequent detection results to the correct tracks.

1 The 3D models & Other GNSS Navigation data: GNSS navigation data includes the
augmentation data information and the constellations almanac. On the other hand, when
the optional use of the toolset simulator is foreseen for extending the classification also to
the degraded performance analysis due to the morphology of the environment, data
acquisition consists in the gathering of 3D terrain models of the areas around the train line
from the available public sources.

D4.5 Process Execution Report Project: ERSAT GGC 14
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2.2.3 TOOLSET PROCESSING PHASE

The Toolset processing phase consists in the offline processing of the data collected during the
previous phase, and involves the execution of the detection techniques on the acquired data and
the subsequent track classification.

Detection Parameters Classficabon Parameters

CEE G

g
/ Classification based on Interference
\

= VR

Final Track Classification

j——= 3
Classification based on Multipath
and NLOS /

] { Classification based on Degraded
/ \.Performance

) N I

Figure 3: Toolset processing: A hazard driven process, Hazard causes assessment and general classification

1 The calibration phase consists in the evaluation of the static measurement data in order
to compute the calibration parameters for each detection technique, and allows to tailor
the thresholds and the models used by the techniques to the specific train, antenna
installation, cabling and measurement equipment configuration

i The detection phase consists in executing the detection techniques on the dynamic
measurement data acquired during the train runs, and in performing the simulation of the
GNSS constellations and their visibility accounting for the 3D terrain models of the line. It
includes the analysis of the augmentation data in order to discard unhealthy satellites
from the evaluation

i The track domain mapping & multiple runs accumulation consists in the translation of
the detection techniques results from the time domain to the space domain, the projection
of the detection results to the track domain (based on a given reference track database)
and finally the accumulation of the results from multiple runs. A schematic of this process
step is shown in Figure 4.
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Figure 4: Track domain mapping

I The Hazard causes assessment consists in taking a decision about the presence of a
certain local GNSS hazard cause in a certain point of the railway line. This decision is
made by taking into account the information of different runs, and when applicable the
different satellites detection results, to reach to a final classification per threat. This
assessment builds upon statistical evaluations to provide a higher and higher confidence
on the detected presence of hazard causes and to discard a pessimistic classification due
to a non-permanent presence of threats. The level of confidence will increase with the
size of the statistical sample.

1 The overall classification consists in the logical combination of the presence of the
different hazard causes along the line to reach to a final classification result. This process
also introduces a space margin or confidence interval to the results in order to provide
more coherent information in case of the possible intermittent presence of threats in a
certain area.

2.2.4 EVALUATION AND MONITORING PHASE

The evaluation and monitoring phase consists of the evaluation of the final classification results,
the judgement of the line from a rail signalling perspective, and the inclusion of the output data in
the supporting material for the signalling trackside design phases also based on the use of virtual
balises.

Once the trackside subsystem is commissioned, the validity in time of the classification would be
monitored to detect degradation events with respect to the classification used for the last
trackside commissioned. This monitoring phase is outside the scope of the ERSAT-GGC project.

Global Navigation
Satellite Systems
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3. TOOLSET SOFTWARE

3.1 TOOLSET STRUCTURE

In Figure 5, a high level structural overview of the Toolset software developed within the project is

presented.
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Figure 5 Toolset Software Structure
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The three main components, namely a central processing chain, campaign data storage as well
as a graphical user interface, are presented in the following.

3.1.1 MAIN TOOLSET PROCESS

The main block of the software represented in Figure 5 is composed of the different processing
algorithms developed according to the classification process. It consists of the following

functionalities:

0 Pre-processing:

This step foresees the conversion of the raw measurement data, collected with the different
measurement equipment specified by the classification process, into common input files with
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specified formats. These fixed formats represent the input interfaces of all the different
detection blocks. The pre-processing stage enables the use of different measurement
hardware within the toolset because this phase acts as a front-end for the Toolset. As long as
the measurement equipment can provide the required measurement information as requested
by the classification process, the measured data can be converted to the defined input file
formats making the native data format transparent to the further data analysis in the survey
Toolset.
In addition to the conversion of raw data into specified input file formats, the generation of
commonly used information like reference location and satellite azimuth and elevation is
added in this step.
Calibration:
Calibration has to be executed at least once per unique combination of antenna, installation,
cabling and receiver. It is used for several detections techniques to account for the nominal
noise and multipath levels of each installation in order to adjust the techniques to achieve the
desired false alarm probabilities.
Detection: It consists in the sequential processing of the different selected GNSS local
threats detection techniques targeting the specific threats. In particular, the implemented
detection techniques per threat are [6]:

A Interference:

I Automatic Gain Control (AGC): Detection based on changes in the AGC
Levels given by the receiver.

1 Power Spectrum Density (PSD): Detection of the presence of interference by
comparing the nominal and the current shape of the spectrum in the in-band
and near band frequencies of GNSS signals.

A Multipath:

1 Code-minus-Carrier Delta: based on the time difference of the code minus
carrier observable.

9 Carrier to Noise (CNO0): Detection based on multiple frequency information of
the CNO provided by the receiver.

A NLOS:

1 PVT Residual: Fault detection based on the least-squares position residual
computation. This technique may detect also large multipath error.

1 Eye-fish Camera NLOS detection: based on the comparison between received
satellites and visible satellites based on the information of the horizon provided
by an eye-fish camera.

A Degraded Performance: Detection based on the simulation of areas and the
expected performance in terms of number of visible satellites and Dilution of Precision.

o Classification: The classification processing, as presented in Section 2.2.3, consists in the

translation of the detection results into the track area domain, the combination of the
information of different runs for the same point on the track and the final decision logic about
each of the considered local hazard causes and the overall classification. The final
classification results account for a space domain margin or confidence interval as a VBR
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receiver may need some time to recover after the presence of corrupted or limited
measurements. A graphical overview of the whole classification is depicted in Figure 6.
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Figure 6 Classification Processing

3.1.2 DATA STORAGE

The second major part of the Toolset is the structured data repository that keeps all relevant
measurements and information to perform the track area classification based on a
measurement campaign. The storage of the different types of data that are input or are
generated during the Toolset processing are stored in an FTP server repository to be easily
accessed by each of the partners and/or users of the campaigns evaluation. Different type of
information is generated during the processing, including:

(0]

Input Data: Consist of the raw measurement data recorded during the
measurement campaigns, the information about the track DB of the areas to be
classified, 3D models data used for the proper simulation of the degraded
performance and other information like augmentation GNSS data or almanac
information.

Pre-processed Data: The raw measurement data is converted into (partly
standard) data formats utilized by the detections tools in the Toolset. This allows
for the interfacing of different measurement devices running with different
proprietary information. For example, raw GNSS data is converted into RINEX v3
format which enables many different GNSS receivers to be used to collect
measurement data.

Intermediate Results: This directory contains the results and flags provided by all
the different detection techniques.

Classification Results: In this directory, the Toolset stores the final classification
results including .kml files for direct visualization as well as more detailed
information on the presence of all the individual threats along the line. The GUI
can be used to access this classification database and evaluate individual results.

Classification results
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3.1.3 GRAPHICAL USER INTERFACE (GUI)

The GUI is the primary connection between the user and the Toolset processing. The user is able
to manage the different data from it as well as to launch the different steps of the processing. It
contains three main tabs according to the main three functions the user needs to apply:
Processing (Figure 7), Calibration (Figure 8) and Evaluation (Figure 9).
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Figure 7 Toolset Processing Tab
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Figure 8 Toolset Calibration Tab
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3.2 OPERATION OF THE TOOLSET

The Toolset is structured with a modular approach, and during each phase of the operation
detailed in Figure 10, a dedicated part of the GUI automatically launches the appropriate modules
in sequence.

Data Pre- . < - . g :
gathering Calibration Detection Classification

//

The data is organized in structured folders for each campaign, with a sub-folder dedicated to

each phase of the Toolset processing. The data from all the measurement campaigns is collected

in a common repository, butthe To ol set has to be run with a | ocal
direct access to a network drive containing the data.

Before the execution of the Toolset, the user has to setup the detection and classification
parameters, depending on the results of the calibration phase.

Figure 10: Operation of the Toolset i Step-by-Step example

A. Data gathering

The first phase of the process consists in gathering the raw data from the receiver and, when the
use of the Simulation is foreseen to predict degraded performance in the GNSS chain due to the
trackside morphology, the 3D terrain models from the data providers. Once the relevant data is
collected, the user has to create a new campaign in the Toolset and copy the data in the
appropriate input folders of the Toolset. The input data also includes the track database,
describing the structure of the line, and the run tables, describing the track sections covered by
each run.
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B. Pre-processing

Once the data has been gathered and copied to the appropriate input folders, the pre-processing
phase can be executed. This phase transforms the receiver-specific raw data in a common
format, and allows the subsequent detection techniques to run seamlessly across the different
receivers. The user has to launch the GUI and select the receiver that was used during the
campaign from the list of the supported ones, then start the processing phase, which will
elaborate in sequence on all the input files.

C. Calibration

Once the input data has been pre-processed, the calibration phase can be run. A configuration
file allows the user to select which input data has to be used for the calibration of each detection
technique by specifying the start and end date/time of the static data acquisition. The calibration
can be launched separately for each detection technique and can be fine-tuned by selecting the
specific time frame that is representative for the definition of the nominal conditions. Since the
calibration phase defines the thresholds and the parameters used for that specific technique, if
additional calibration data is acquired, the process has to be run again and will overwrite the
previous calibration data. Conversely, if the calibration parameters calculated previously are still
valid (e.g. the same train and equipment is used to perform additional runs), it is not necessary to
perform a new calibration.

D. Detection

The detection phase consists in the execution of the detection techniques. Once launched from
the correspondent command in the GUI, the process automatically executes in sequence the
detection techniques on each pre-processed file, obtaining the results of the classification for
each technique and each hazard cause for each time epoch.

E. Classification

The classification phase consists in the combination of the classification results for each detection
technique for each time epoch and their mapping in the track domain. This phase can be
executed for the whole campaign or for a subset of train runs, and generates the final
classification results along the line both combined and for specific hazard cause. The final results
are provided in different formats, including a Matlab matrix file and KML files, which can be
loaded by 3" party tools (e.g. Google Earth).

F. Evaluation

The evaluation phase consists in the assessment of the classification results and in the
evaluation of the impact of each hazard cause along the line. The Toolset allows the selection of
any subset of train runs that were classified, and inside it the selection of the track sections to be
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evaluated. The results are then displayed both as statistics for each hazard cause, and as a
graphical representation of the line on a map by means of Green, Red, and Yellow areas. It is
possible to visualize graphically the classification for each hazard cause, and the user can select
the extension of the smoothing window applied.

The results can be also evaluated through external tools by using the KML files, or integrated in
an ERTMS design toolset by means of the txt files containing the classification flags.
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4. MEASUREMENT CAMPAIGNS

During the WP4 of ERSAT GGC project, the first phase of the classification process
corresponding to the measurement campaign has been carried out in different lines. The detail
information about each of the campaigns can be found in [4]. In the following we provide also the
relevant information about each of them.

4.1 MEASUREMENT CAMPAIGN IN ITALIAN
LINE

This section describes how the track area classification process has been applied along an Italian
line according to the technical specifications and Toolsets defined in ERSAT-GGC project.

The first part of the process foresees a preparation phase. In this phase the following steps have
been carried out in the Italian measurement campaign:

i Selection of the measurement equipment in accordance the requirements /
recommendations given in the process definition.

1 Approval procedure for the installation of the measurement equipment. Based on the
safety-related analysis edited by Hitachi STS, the non-intrusiveness of the novel on-board
architecture has been evaluated and assessed in order to guarantee the safety of the
planned in-field test. The authorization letters have been sent by the technical department
of TRENITALIA and RFI.

T Measurement campaign schedule selection. A schedule in terms of number of train runs
to be carried in the selected line has been sent and approved by TRENITALIA and RFI.

1 Installation of the measurement sub-system.

The second part of the process foresees the measurement and data acquisition on a selected
line. In the Italian measurement campaign, the Cagliari - San Gavino line (part of the Cagliari-
Sassari line) has been selected as the reference site. It mostly presents open sky conditions and
the total distance from Cagliari to San Gavino is 50 km.

Data collection has been performed on the diesel railcar ALn668i 3136, considering two different
train moving dynamics:

i Static measurement (train in standstill condition) to acquire calibration data
1 Dynamic measurement (train moving from the departure station to the arrival station) to
acquire the input data required for the classification process.
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In the Italian measurement campaign, thirty-two runs have been performed on Cagliari i San
Gavino section as summarized in Figure 12. The train runs have been scheduled in different time
of the day (morning, afternoon, night) to cover the reception of signals from various elevation

anglesandt o

detect

t he

Aper manent o

aspect . Tagdnumbare

of train runs has been chosen to classify a higher number of points over the track in order to

cover the entire line spatially.
Monday Standstill train
CAGLIARI standstill train
08/04/2019 09:00i 17:00 8h
Monday Extra runs during the night
CAGLIARI S.GAVINCQ standstill train time in the | S.GAVIN® CAGLIAR|standstill train time in the statid
(START STOP) | station before next departurq ~ (START STOP) before next departure
08/04/2019 23:00i 23:30 15min 23:45i 00:16 15min
00:31f 01:01 15min 01:16i 01:47 15min
02:02] 02:32 15min 02:47i 03:18 -
Tuesday Extra runs during the night
CAGLIARI S.GAVINCQ standstill train time in the | S.GAVIN® CAGLIAR|standstill train time in the statid
(START STOP) | station before nat departure (START STOP) before next departure
09/04/2019 23:00i 23:30 15min 23:45i 00:16 15min
00:31j 01:01 15min 01:16i 01:47 15min
02:02i 02:32 15min 02:477 03:18 -
Wednesday Extra uns during the day (afternoon)
CAGLIARI S.GAVINC standstill train time in the | S.GAVIN® CAGLIAR|standstill train time in the statig
(START STOP) | station before next departurq  (START STOP) before next departure
10/04/2019 17:10i 17:40 19min 17:597 18:30 40min
19:10i 19:40 19min 19:59i 20:30 26min
20:56i 21:26 44min 22:107 22:41 -
| Thursday | Extra runs during the day (morning) |

proe
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CAGLIARI S.GAVINCQ standstill train time in the | S.GAVIN® CAGLIAR|standstill train time in the statid
(START STOP) | station before next departer (START STOP) before next departure
11/04/2019 09:09i 09:39 13min 09:52i 10:23 37min
11:00i 11:30 20min 11:50i 12:21 2h57min
Friday Extra runs during the day (afternoon)
CAGLIAR S.GAVINC standstill train time in the | S.GAVIN® CAGLIAR(standstill train time in the statig
(START STOP) | station before next departurg (START STOP) before next departure
12/04/2019 17:10i 17:40 19min 17:597 18:30 40min
19:10i 19:40 19min 19:597 20:30 26min
20:56i 21:26 44min 22:107 22:41 -
Saturday runs in normal operation
CAGLIARI S.GAVINC standstill train time in the | S.GAVIN® CAGLIAR(standstill train time irthe statior|
(START STOP) | station before next departurg ~ (START STOP) before next departure
13/04/2019 14:53i 15:38 32min 16:10i 16:55 1h10min
18:05i 18:50 30min 19:20i 20:06 1h34min

Figure 12 Train runs schedule in the Italian measurement campaign

GNSS raw data acquired during the Italian measurement campaign from the selected
measurement systems have been stored in the FTP server repository as described in Section
3.1.2. For each train run, run tables have been generated and stored in the ERSAT GGC FTP
server. They contain the starting and ending time for the evaluation of each run specifying also
the track segments covered in the run. Figure 13 shows an example of a run table generated for
a specific run executed in the Italian campaign.

|| RunTableD001 t=t E3 |

Run #0001

# Cagliari - San Gavino

Starting time: 08.04.2019 20:55:00
End time: 03.04.2019% 21:30:00
Track List: 13,12,11

Figure 13 Run table

In addition, the reference track maps files containing the list of relevant Track IDs (Track Table
file) with its connecting nodes (Node Table file) and the reference coordinates for each track ID
(Reference Position file) have been generated and stored in the FTP server.

TrackiD Nodel Node2 MinLat MaxLat MinLon MaxLon MinAlt MaxAlt  Lenght
10 1000 1001  39.55421829 39.55775833 8.800776482 8.805703163 111.3809407 112.7910431 594
11 1001 1002  39.50768661 39.55421448 8.805711746 8.887065887 107.3833666 120.2322848 9115
12 1002 1003  39.31193924 39.50767899 8.887071609 8.954851151 60.28076903 118.9904894 25703
13 1003 1004  39.21671127 39.31193161 8.954648972 9.106990684 51.72908023 61.53635745 18198
21 1001 1102 39.51714516 39.55422401 8.805712223 8.876874447 106.9835703 114.5046288 7922
22 1102 1103 39.35245514 39.51713943 8.876882553 8.944247246 71.9198336 119.345146 21850
23 1103 1104  39.26421356 39.35244751 8.944250107 9.045742512 51.7566524 72.96476751 15401
24 1104 1105  39.21642685 39.26420784 9.045751572 9.10751915 51.2151798 61.19627392 8243

Track table file
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NodelD
1000
1001
1002
1003
1004
1102
1103
1104
1105

Node table file

TrackiDs PosiD  LeftDist RightDist Lat Lon Alt ECEF-X ECEF-Y ECEC-Z
10 0 0 593 39.55421829 8.805703163 112.6015206 4866417.67 753857.2731 4040018.297
10,11,21 1 1 592 39.55422592 8.805697441 112.6002979 4866417.212 753856.7044 4040018.949
11,12 2 2 591 39.55422974 8.805687904 112,5090764 4866417.07 753855.853 4040019.275
121';3 3 3 590 39.55423737 8.805681229 112.5085358 4866416.624 753855.2033 4040019.927
2122 4 4 589  39.554245 8805672646 112.5087665 4866416.204 753854.3918 4040020.581
223 5 5 588 39.55424881 8.805663109 112.6008537 4866416.064 753853.5407 4040020.909
2324 6 6 587 39.55425644 8.805657387 112.6012933 4866415.607 753852.9722 4040021.562
24 7 7 586 39.55426025 8.805648804 112.5097437 4866415.452 753852.2017 4040021.888
8 8 585 30,55426788 8.805642128 112,5075287 4866415.005 753851.5519 4040022.539
9 9 584 39.5542717 8.805633545 112.5049191 4866414.85 753850.7813 4040022.864

Reference Position file

Figure 14 reference track maps files

As a last part of the process, all the data acquired during the Italian campaign have been
processed with the track area classification Toolset (specific information on how the Toolset
process has been executed is provided in the next sub-section). Finally, track classification
results have been computed and stored in the FTP server repository.

The measurement sub-system directly related to the track area classification process mainly
consists of an antenna and a COTS GNSS receiver able to collect all the measurements required
to perform the track assessment. Based on the requirements and recommendations provided by
the classification process specification [2], the hardware of the measurement sub-system used in
the Italian measurement campaign has been selected considering:

1
1
1

)l

Input parameters required for the classification process

Flexibility in the configuration of some receiver parameters

Possibility to configure the hardware of the measurement sub-system in order to
deactivate multipath and interference mitigation options

Availability of the received power level parameters.

Based on the above assumptions, the following set of equipment has been used to carry out the
data collection in Sardinia:

1
1

= =4 —a -8

GNSS antenna:Ant comés G5 antenna
Two GNSS receivers for carrying out the verification of the process and related
measurement procedures; the use of the two receivers has allowed a comparative
analysis to tune the process. One receiver only is required at regime for the application of
the classification process. The two receivers are:

0 Septentrio AsteRx4 OEM

o0 Javad Delta-3N
Splitter: ZB4PD1-2000-S+
DC block: BLK-18-S+
Coaxial Cable
Two laptops connected to the GNSS receivers

The selected GNSS receivers provide also PSD and AGC measurements allowing the evaluation
of received power level without the use of extra hardware.
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Figure 15 Measurement sub-system configuration

As depicted in Figure 15, all the equipment is connected to the Antcomd &5 antenna (installed
on the train roof) through the splitter. One output of the splitter has been directly connected to the
Septentrio AsteRx4 receiver and another one has been connected through the DC Block to the
Javad receiver. The laptops, connected to the GNSS receivers, were in charge of launching the
configuration/software tools and to store the data coming from the two receivers. Figure 16
depicts the antenna installation on the train roof and the on-board equipment installation.

Global Navigation
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GNSS Antenna (G5Ant-3AT1) Javad and Septentrio GNSS receivers

Figure 16 Measurement sub-system installation

Two GNSS receivers have been used during the measurement campaign in Sardinia in order to
allow a comparative analysis of the classification Toolset results; this comparative analysis has
been done for the verification of the classification process. One receiver only is required for the
application of the classification process. Both receivers have been configured to record the
following data in the proprietary format, for multiple constellations and multiple frequencies:

Time tag in TOW (time of week expressed in ms) and WNc (week number counter)
Code phase measurements or pseudoranges

Carrier phase measurements

Doppler frequency in Hz

GPS/ Galileo Navigation message or ephemeris data

Position and velocity in 3D Cartesian coordinate system

Position and velocity in geodetic coordinates with WGS84 datum
SBAS decoded data

. Carrier to noise ratio in dB-Hz

10. I and Q sample or spectrum data

11. AGC data.

©CoNoOkwDdNE

Global Navigation
Satellite Systems
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4.2 MEASUREMENT CAMPAIGN IN SPANISH
LINE

The present section collects the information of the classification process preparation (installation
and runs organization) and the static and dynamic collection of data performed in Spain in the
frame of WP4 of ERSAT-GGC project, whose objective was the verification of the classification
process in some Spanish Lines.

The classification process was executed along a Spanish line according to the process and
Toolset defined in ERSAT-GGC project (see references [1], [2] and [3]). The first part of the
process consisted on the preparation and execution of the measurement campaign, and the
second part was the analysis of the collected data with the Toolset developed within the project.
In particular, the following activities were performed:

- Selection of reference site: ADIF selected the line n°528 Almorchén (Badajoz) -
Mirabueno (Cdérdoba) which is of type E, with a total length of 130.1Km and not electrified.
The measurement test campaign was limited to the section up to Almorchon (Station
37400 PK 130.1) - Alhondiguilla Villaviciosa (Station 00010 PK.40.8) that has a length of
89.3 km and a speed maximum of 60 km / h. It is a low traffic regional line, and the target
reference site for the performance of the tests was selected with the aim of evaluating
GNSS technology starting from low-traffic regional lines. This line section was dedicated
to the survey execution during all the measurement campaign, so there was no impact on
commercial trains.

- Selection of the rolling stock: a laboratory train from ADIF (named BT-02) was
selected, and it was dedicated to ERSAT-GGC trial on site during all the survey.

- Selection of the measurement equipment: The specific GNSS measurement
equipment to be provided by ADIF has been selected to be according to the technical

?,;
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specifications for the survey process and Toolset recommended in the references [1] and

2].

- Planning and preparation of the test campaign: The integration and installation of the
equipment was performed according to the equipment provider specifications. The Test
campaign runs were organized to cover different times in 24h and 2 weeks to run under
different epoch conditions. Tests were planned in order to have samples spaced 24h
(repeatability of GPS constellation) and samples spaced 10 days (repeatability of Galileo
constellation).

- Execution of the test campaign: The test campaign was executed during ten days (20"
to 24™ and 27" to 31% of May 2019). The line and the rolling stock were dedicated to this
activity during all this period. Twenty runs were performed, and the train runs have been
scheduled in different time of the day (morning, afternoon, night) to cover the reception of
signals from various elevation angles.

- Analysis of the test campaign results: The raw data acquired were transferred to
CEDEX lab for analysis with the Toolset to finally obtain the classification of this line.

The data collected during the measurement campaign located in the track section Almorchoén i
Alhondiguilla includes information to evaluate areas in the line in terms of multipath, satellite
visibility and interferences, with the aim of classifying them as Green, Red or Yellow areas.

The rolling stock selected by ADIF for the measurement campaign was the unit BT-02, which is
a laboratory train generally used for track and catenary auscultation tests. The unit is formed by a
four-composition car with a diesel powered car, two intermediate cars and one end car with a
driving cab, and has enough room inside to install al the measurement equipment.

Lab-1 motor Cab1

Lab-3 Lab-2

Figure 18 BT train configuration

The train was equipped with the following measurement equipment for the campaign execution
to register the required data that will be analysed later with the Toolset developed within the
project:
A GNSS measurement system comprised of GNSS antenna, GNSS splitter, GNSS
receiver (Javad Delta3) and wiring provided by ADIF:
A GNSS antenna
A AntCom G8- PN: Ant743_A4T1-A2
A GNSS receiver
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A Javad Delta3
GNSS splitter
A GPS Networking LDCBS1X4-N

A Optional measurement equipment for NLOS analysis with a Fish-eye camera, provided
by IFSTTAR was installed for 5 days.

There was also available additional and auxiliary equipment:

A
A
A
A

A

A second GNSS receiver was used (Septentrio AsteRx2elL) during the whole
campaign for auxiliary purposes

Laptop with external hard disks

UPS: Salicru SPS 1000 SOHO (2 units)

Coaxial cables RG-58 WITH BNC, TNC and Type N connectors and suitable
adapters

Cabin camera (GoPro Hero7), with GNSS data recorder provided by ADIF, used to
identify locations.

Additionally the on-board odometry measurement system was powered on to be collecting and
registering the train speed along each run, although it was no need to use these data for the
posterior analysis.

The general scheme of the devices installation is shown in next scheme:

.

Oplic detector
i = .

ﬁﬁchlLuu 0 gmgmt—)fa[dr =L
OS5 - T o= .

) o) doc tachometers ES — .
[R3 R? [p.l Bogie M

90 m 131 m 13.1 m 95 m 55m

L Lol Ll Ll >
S43 m o
splitter
Camera Image -
control processor Septentrio Javad
receiver receiver

Figure 19 General scheme of equipment installation

The equipment integration, installation and preliminary tests in the train has been performed for
the devices defined above with the consensus of rolling stock specialist, equipment provider and
devices installation requirements. The installation, configuration and adjustment of ERSAT-GGC
devices for the test execution with the BT laboratory train has been carried out in Talgo facilities

Global Navigatiol
Satellite Systems
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located in Las Matas and fulfilling all the procedures regarding occupational risks and industrial
safety by qualified personnel.

Fish-eye camera in Lab-3 car

GNSS antennain Lab-2 car

Figure 20 View of installation on train roof of GNSS antenna and fish-eye camera

N S
Figure 21 Lab-2 car with ADIF, INECO and CEDE Figure22Dr i ver 6s desk
instrumentation
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4.2.1 GNSS MEASUREMENT SYSTEM

The GNSS measurement system comprises the antenna and receiver. The next figure shows the
GNSS antenna and JAVAD receiver installed in the BT laboratory test for the test campaign:

Figure 23 GNSS antenna Figure 24 Javad and Septentrio Receivers

The GNSS antenna (ANTCOM model G8Ant-743A4T1-A2) installed on the train roof fulfils the
requirements defined by the supplier. There was an obstacle-free area around the antenna.

Figure 25 Final installation of GNSS antenna

Once the GNSS antenna was installed on the roof of the train, a coaxial cable connected the
antenna to the GNSS splitter (GPS Networking model LDCBS1X4-N) placed inside lab-3 car.

The GNSS (JAVAD Delta-3) receiver is connected to the GNSS Splitter via a dedicated cable to
receive and process the GNSS signals.

?,;
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The laptop, connected to GNSS receiver through Ethernet, was in charge to launch the
configuration / measurement / recording software tools, specifically designed for ERSAT GGC
project, which are required for the GNSS receiver JAVAD.

Special optionsf or t he Javad configuration are required
Data Outputo, AEt her net 0 Hzaand theBeUgptibestaee dd3aibbed in Rat e
classification process specification

4.2.2 IFSTTAR CAMERA SYSTEM

IFSTTAR supplied a camera-based system to survey satellite constellation visibility. This
measurement system had a fish-eye camera that was installed on the train roof while equipment
for processing and recording data was located in Lab-3 car.

The installation requirements for the fish-eye camera system are summarized in the following
points:
- The camera has to be fixed on the train roof following the adaptation indications defined
by IFSTTAR to adapt the camera to the train roof to guarantee a correct installation.

- IFSTTAR equipment was connected to the GNSS splitter to receive the signal from the
GNSS measurement antenna.

- Cables were fixed in the train roof from the camera to inside the train through the proper
cable guiding available at the train. The wiring could be done through the gap between the
two cars.

The following pictures show the final installation of IFSTTAR camera in Talgo premises located in
Las Matas following Prevention of Occupational Risks and Safety procedures. Additional
equipment for processing and recording satellite constellation visibility has been installed by
IFSTTAR inside the laboratory train in coach Lab-3 as shown in the following pictures.
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4.3 MEASUREMENT CAMPAIGN IN FRENCH
LINE

SNCF (Experimental department and Innovation and research department) organized three
measurement campaigns in the Paris region. SNCF chose this area, since SNCF considers
important to address the main lines of France with innovation to foster the ERTMS deployment
and respond to the increased mobility needs of the maximum of European citizen. Moreover, the
urban and dense areas are challenging and instructive about the GNSS uses.

4.4 DESCRIPTION OF THE MEASUREMENT
CAMPAIGNS

For the measurement campaign, SNCF planned round trip along three lines:

RER C

RER D

Paris Lyon Marseille

D4.5 Process Execution Report

The RER C is one of the five lines in the RER system serving Paris,
France. It is operated by SNCF.

The line runs from the north-western termini Pontoise (C1), Versailles-
Chateau-Rive-Gauche (C5) and Saint-Quentin-en-Yvelines (C7) to the
south-eastern termini Massy-Palaiseau (C2), Dourdan-la-Forét (C4),
Saint-Martin d'Etampes (C6) and Versailles i Chantiers (C8).

The RER C line is the second-longest in the network, with over 187 km
(116 mi) of route. Each day, over 531 trains run on the RER C alone,
and carries over 540,000 passengers daily. It is also the most popular
RER line for tourists who represent 15% of its passengers, as the line
serves many monuments and museums, including the Palace of
Versailles.

The RER D is one of five RER lines serving Paris, France. It connects
Orry-la-Ville and Creil in the north to Melun, Corbeil-Essonnes and
Malesherbes in the south, passing through the heart of Paris.

Opened in stages from 1987 to 1996, it is the longest RER line by
distance, and the busiest SNCF line in France, carrying up to 615,000
passengers and operating 466 trains each working day. Almost all of
the line is located in the Tle-de-France region, that is, within the
jurisdiction of the lle-de-France mobilités (STIF), but some of the
branch line ends at the north and south are outside this region.

The railway from Paris to Marseille is an 862-kilometre long railway line
that connects Paris to the southern port city of Marseille, France via
Dijon and Lyon. The railway line was opened in several stages
between 1847 and 1856, when the final section through Lyon was
opened The opening of the LGV Sud-Est high speed line from Paris to
Lyon in 1981, the LGV Rhéne-Alpes in 1992 and the LGV Méditerranée
in 2001 has decreased its importance for passenger traffic.
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Figure 27 French line

For the measurement campaign, SNCF used a dedicated test train composed of:

1 The SNCF class BB 60000 are a class of 4 axles heavy shunting and light freight diesel
electric locomotives built at the Vossloh Espana works in Valencia. Since the class is
primarily used as a freight locomotive the class is commonly referred to as SNCF
BB460000;

1 A former passenger refurbished in a laboratory platform for the SNCF ATO programs.

Nota Bene: this train is also used for SNCF internal activities like ATO program especially for
obstacle detection and advanced telecommunication system.
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Figure 28 SNCF Test Train
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5. PROCESS EXECUTION IN ITALIAN LINE

We provide in the following the details of the execution of the classification process based on the
measurement campaign carried out in the Italian line and described in Section 4.1.

5.1 CALIBRATION MEASUREMENT AND
PROCESS

The calibration phase is required for setting up the decision threshold considering that each
measurement equipment installation on the train has its own properties in terms of RFI and
multipath with respect to the reception of the GNSS signals. Therefore, the detection sensitivity of
the detection techniques implemented in the toolset has to be calibrated for every measurement
setup. This calibration must be done after the first installation and the application of modifications
to the installation.

In Sardinia, calibration measurements have been acquired with the train still in a location with
nominal GNSS conditions, as depicted in Figure 29.

-— -

Ny ey

-

” = L 4.r~\““ ..t
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| ™~ - .
/

o m o B

Figure 29 Selected area for the static measurements

In the Italian measurement campaign, eight hours of calibration data acquisition have been
carried out covering different elevations of the satellites.

Calibration measurements have been used in the classification Toolset to generate the calibration
files. In particular, calibration files are necessary for the following detection tools:

1 Interference (AGC, PSD)
1 Multipath (CMCD, CNO)
T NLOS (residuals based)

For AGC and PSD the files associated with the static calibration period have been manually
inserted in the corresponding calibration input directory as depicted in Figure 30.
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> ERSAT-GGC-Toolset_Release_1.14 » Data » Sardinia » 8_Calibration » IF_PSD »

~

Nome Ultima modifica Tipo
input 18/10/2019 14:51 Cartella di file
output 18/10/2019 14:51 Cartella di file

> ERSAT-GGC-Toolset_Release_1.14 » Data » Sardinia > 8_Calibration » IF_AGC »

~

Nome Ultima modifica Tipo
input 18/10/2019 14:51 Cartella di file
output 18/10/2019 14:51 Cartella difile

Figure 30 Calibration input directory for AGC and PSD

Then, using the Calibration tab in the GUI of the Toolset, the calibration files have been
generated for AGC and PSD as depicted in Figure 31 and Figure 32.

® ERSAT-GGC Track Area Classification Toolset = X

File Settings Tools Help

! ! | -
Currently Selected Campaign: | Sardinia_Septentrio v | |SEPTENTRIO v Create New Campaign - - —
1 .
- Al
Processing Evaluation Calibration Process Log
Collecting AGC calibration files...
Interference AGC Process finished.
: AGC BLOCK:Reading config file ...
Open Configuration File Run Calibration AGC BLOCK:Calibration phase starting ...
) " | Jascicreate object
Tast Calbration: 0771172019 10.07.16 AGC:Read Septentrio multiple input files

AGC:Read Septentrio input data
AGC:Compute calibration data

Interference PSD AGC:Write text file containing calibration data
Corbeuraton Fie Run Calbration el
Last Calibration:  04/10/2019 12:50:33
Muttipath CMCd
Open Corfiguration File Run Calibration

Last Calibration:  06/11/2019 12:55:42
Mutipath CNO
Open Corfiguration Fie | | RunCaiibration
Last Calibration:  06/11/2019 12:55:44
Mutipath/NLOS Residuals
Open Corfiguration Fie | | RunCaliration

Last Calibration:  06/11/2019 12:55:44

‘ Open Calibration Directory

Figure 31 Calibration processing for Interference AGC
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= ERSAT-GGC Track Area Classification Toolset = X
File Settings Tools Help
Cunently Selected Campaign: | Sardinia_Septentrio v | |SEPTENTRIO v Create New Campaign - -; e
.
.
Processing Evaluation Calibration Process Log
Collecting PSD calibration files...
Inteference AGC Process finished.
PSD BLOCK:Start
Open Configuration File Run Calibration PSD BLOCK:Calibration phase starting ...
PSD:Create object
. 07 PSD:Read Septentrio multiple input data
Last Calbration: ~ 07/11/2019 10:07:16 PSD:Read Septentrio I/Q input data
PSD:Compute spectrum
Interference PSD Elapsed time is 18.417736 seconds.
Fun Calbration Feo:conpite
Open Corfiguration PsD:Compute calibration data
PsD:Write text file containing calibration data
Last Calibration:  04/10/2019 12:50:33 PSD BLOCK:Calibration phase ended ...
Process finished.
Muttipath CMCd
Open Configuration File Run Calibration
Last Calibration:  06/11/2019 12:55:42
Muttipath CNO
Open Configuration File Run Calibration
Last Calibration: ~ 06/11/2019 12:55:44
Muttipath/NLOS Residuals
| Open Corfiguration Fie Run Calbration
Last Calibration:  06/11/2019 12:55:44
Open Calibration Directory

Figure 32 Calibration processing for Interference PSD

For CMCD, CNO and Residuals threat detection tools, the correct dates and times corresponding
to the static measurement data have been set in their individual configuration files. Then the
calibration phase has been started for each tool as depicted in Figure 33, Figure 34 and Figure
35. The necessary input files have been automatically retrieved in the GNSS input directory.

= ERSAT-GGC Track Area Classification Toolset

File Settings Tools Help
Cunently Selected Campaign: | Sardinia_Septentrio v | | SEPTENTRIO v Create New Campaign
Processing Evaluation Calibration Process Log
Starting cMcd Calibration...
Interference AGC Reading Rinex Observation file...
Reading RINEX file C:\ERSAT-GGC-Toolset_ Release_1.14\Data\Sardinia_Septentrio\1_Input_Data\GNsS
Open Configuration File Run Calibration \SEPT@@____R_2019101@851_41M_1@H_MO.rnx: ... done
...done.
albration: .07 Reading Rinex oObservation file...
Last C : 07/11/201910.07:16 Reading RINEX file C:\ERSAT-GGC-Toolset__Release_1.14\Data\Sardinia_Septentrio\1_Input_Data\GNSS
\SEPT@@____R_2019102074@_14M_01S_MO.rnx: ... done
Interference PSD ...done.
. = Reading Rinex Observation file...
Open Configuration File Run Calibration Reading RINEX file C:\ERSAT-GGC-Toolset_ Release_1.14\Data\Sardinia_Septentrio\l_Input_Data\GNSS
\SEPT@®___R_20191020803_01H_01S_MO.rnx: ... done
Last Calibration:  07/11/2019 10:09:16 ...done.
Rinex Observation file...
Muttipath CMCd Reading RINEX file C:\ERSAT-GGC-Toolset_ Release_1.14\Data\Sardinia_Septentrio\1_Input_Data\GNSS
\SEPT@@___R_20191020903_@1H_e1S_MO.rnx: ... done
Open Configuration File Run Calibration ...done.
Reading Rinex Observation file...
E— TR ing RINEX file C:\ERSAT-GGC-Toolset_ Release_1.14\Data\Sardinia_septentrio\1_Input_Data\GNSS
Laat Calloration: ~ 07/11/2019 10:14:37 \SEPT@@___R_20191021003_@1H_e1S_MO.rnx: ... done
...done.
Muttipath CNO Reading Rinex Observation file...
= = Reading RINEX file C:\ERSAT-GGC-Toolset__Release_1.14\Data\Sardinia_Septentrio\1_Input_Data\GNSS
_ Open Corfiguration File Run Calibratior \SEPT@@____R_20191021103_@1H_01S_MO.rnx: ... done
...done.
Last Calibration:  06/11/2019 12:55:44 Reading Rinex Observation file...
Reading RINEX file C:\ERSAT-GGC-Toolset_ Release_1.14\Data\Sardinia_septentrio\1_Input_Data\GNSS
Mutipath/NLOS Residuals \SEPT@®___R_20191021203_@1H_015_MO.rnX: ... done
...done.
Open Configuration File Run Calibration Reading Rinex Observation file...
Reading RINEX file C:\ERSAT-GGC-Toolset_ Release_1.14\Data\Sardinia_Septentrio\1_Input_Data\GNSS
S EE- \SEPT@@___R_20191021303_41M_@1S5_MO.rnx: ... done
Last Calibration:  06/11/2019 12:55:44 e
Reference elevation found and loaded.
[Calibration successfully finished.
Open Calibration Directory Process finished.

Figure 33 Calibration processing for Multipath CMCD
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= ERSAT-GGC Track Area Classification Toolset = X

File Settings Tools Help

Currently Selected Campaign: | Sardinia_Septentrio ~ | |SEPTENTRIO v| | Create New Campaign
P ino | Evaluation Calibration P e
Starting cne Calibration...
Interference AGC === configuration ***
: . . |- configuration completed ...
Open Configuration File Run Calibration *** calibration ***
) h ) reading calibration Info »>>> sucessful
Last Calibration:  07/11/2019 10:07-16 searching for calibration data matrix >»> sucessful

calibrating name_cal_data.mat »>> sucessful
...« calibration completed ....
Inteference PSD Process finished.

Last Calibration:  07/11/2019 10:09:16

Mutipath CMCd
Open Configuration Fle | | Run Calbration

Last Calibration:  07/11/2019 10:14:37

Mutipath CNO
Run Calibration
Last Calibration:  07/11/2019 10:17:44
Multipath/NLOS Residuals
| Open Configuration File Run Calibration

Last Calibration:  06/11/2019 12:55:44

Open Calibration Directory
Figure 34 Calibration processing for Multipath CNO

= ERSAT-GGC Track Area Classification Toolset = X

File Settings Tools Help

Currently Selected Campaign: | Sardinia_Septentrio v| [sEPTENTRIO.  v| | Create New Campaign
Processing Evaluation Calibration Process Log
starting Residuals Calibration... ~

Interference AGC read Observation

- - Reading : 'C:\ERSAT-GGC-Toolset__ Release_1.14\Data\Sardinia_Septentrio\1_Input_Data\GNSS\SEPT@@

Open Configuration File Run Calibration ____R_2019101€851_41M_1@H_MO.rnx',
RINEX version 3.3
Last Calibration: 07/11/2019 10:07:16 Approx. position (XYZ, m)= 4885838.7064 783259.9674 4010980.5715

Found 18 GPS, 16 GALILEO, 16 GLONASS and @ SBAS observables
Found 5@ observables

Interference PSD Found 24772 epochs
z ] = Found 51 satellites (32 GPS, 36 GALILEO, 26 GLONASS, 3@ SBAS)
Open Configuration e | | RunCalibration observations found and loaded.
read Observation
Last Calibration:  07/11/2019 10:09:16 Reading : 'C:\ERSAT-GGC-Toolset_ Release_1.14\Data\Sardinia_Septentrio\1_Input_Data\GNSS\SEPTee
____R_20191020740_14M_01S_MO.rnx",
Muttipath CMCd RINEX version 3.e3
- Approx. position (XYZ, m)= 4885604.6493 782528.5228 4011406.2624
Open Configuration File Run Calibration Found 18 GPS, 16 GALILEO, 12 GLONASS and @ SBAS observables

Found 46 observables

Found 864 epochs

Found 38 satellites (32 GPS, 36 GALILEO, 26 GLONASS, 3@ SBAS)
Observations found and loaded.

Last Calibration:  07/11/2019 10:14:37

Muttipath CNO read Observation
f = f = Reading : 'C:\ERSAT-GGC-Toolset__ Release_1.14\Data\Sardinia_Septentrio\1_Input_Data\GNSS\SEPT@®
Open Configuration File | L Run Calibratio ____R_2019102e803_e1H_e1S_Mo.rnx’,
RINEX version 3.e3
Last Calibration:  07/11/2019 10:17:44 Approx. position (XvZ, m)= 4885604.6493 782528.5228 4211406.2624
Found 18 GPS, 16 GALILEO, 16 GLONASS and @ SBAS observables
; Resid Found 50 observables
gty NLOS con— ) Found 3601 epochs
Open Configuration File Run Calibration Found 43 satellites (32 GPS, 36 GALILEO, 26 GLONASS, 3@ SBAS)
Observations found and loaded.
read oObservation

Lact Calbation: 07/11/201910:13:31 Reading : 'C:\ERSAT-GGC-Toolset_Release_1.14\Data\Sardinia_Septentrio\l_Input_Data\GNSS\SEPTE®

____R_20191020903_e1H_e1s_Mo.rnx’,

RINEX version 3.03

Approx. position (XYZ, m)= 4885604.6493 782528.5228 4011406.2624
Found 18 GPS, 16 GALILEO, 16 GLONASS and @ SBAS observables

Figure 35 Calibration processing for Multipath/ NLOS Residuals

Calibration files have been generated for both Septentrio and Javad input data for each detection
tool.
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5.2 CONFIGURATION OF THE TOOLSET

All the data collected during the train runs in the Italian measurement campaign (Septentrio and
Javad data) have been moved to the according directories in the Toolset. The following steps
have been performed to run the classification Toolset:

1 Select fSettings/General Settingsoin the top menu of the GUI and specify the path of the
data directory as depicted in Figure 36.

General Settings x

Toolset Base Directony
CAERSATLGGC-Toolset_ Release_1.14

Data Directony

CAERSAT-GGE-Toolset Release 1.14%Data

Maximum Mumber of Parallel Processes
3 =

-

Cancel Save Settings

Figure 36 Toolset data directory selection

1 Create a new campaign and select it as active campaign as depicted in Figure 37 and

Figure 38.
Create Mew Campaign x

Please enter a name for the new campaign:
| Sardinia_Septentriol |

Cancel Create

Figure 37 Create a campaign directory
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= ERSAT-GGC Track Area Classification Toolset = X
File Settings Tools Help
ICurer#ySelededCampaiq!: Sardinia_Septentrio v I v Create New Campaign - -E
.
.
Processing Evaluation ~Calibration Process Log
Open Tool Directory Open Raw Data Directory
Open Data Directory Open Run Table Directory
{Onon Cempabon DNeciony Open 3D Model Directory
nonE Deacon e ]
Open Meta Data Directory
1. Pre-Processing
Open Batch File Run
Pre-Processing
2. Calibration
Go to Calibration
3. Detection Tools
Open Batch File
Run Detection
Start Degraded Performance Tool Tools
4. Classflication
Open Batch File
Run
Rins: |0 Classification
5. Evaluation
Go to Evaluation Open Results Directory
™M Auto Scroll

Figure 38 Selection of the active campaign

1 Open the Raw Data Directory and copy the measurement data from the different GNSS
receiver in the according subfolder.

= ERSAT-GGC Track Area Classification Toolset

File Settings Tools Help
Curertly Selected Campaign: | Sardinia_Septentrio ~ v Create New Campaign - -3' ;
Processing  Evaluation = Calibration Process Log N
Open Tool Drectory Open Raw Dta Drectory
Open Data Dreclory Open Run Table Drectory
BRI Open 3D Model Drectory
Open Log Directory Open Track Map Drectory
Open Meta Data Directory
1. Pre-Processing
Open Batch Fle Run
Pre-Processing
2. Calibration
Go to Calibration
3. Detection Tools
Open Batch File
Run Detection
Start Degraded Perfomance Tool D
4. Classfication
Open Batch File
Run
o —
5. Evaluation
Go'to Evaluation Open Resuts Drectory
[ Ao Seroll

<« Data > Sardinia_Septentrio > |0_Raw_Measurements

~
Nome

Camera

GNSS

JRC

o o [anss ]

« Data > Sardinia_Sep

> 0_Raw_M:
Nome

01_CA_SG_20190408_2300.5bf
01_CA_SG_20190409_2300.5bf
01_CA_SG_20190410_1710.sbf
01_CA_SG_20190411_0909.sbf
02_5G_CA_20150408_2345.5bf
02_5G_CA_20190409_2345.sbf
02_5G_CA_20190410_1759.bf
02_SG_CA_20190411_0952.sbf
03_CA_SG_20190409_0031.5bf
03_CA_SG_20190410_0031.sbf
03_CA_SG_20190410_1910.5bf
03_CA_SG_20190411_1100.sbf
04_SG_CA_20190409_0116.sbf

04_SG_CA_20190410_0116.5bf

1 1

ns e Run Tableson d i

rectory the

Figure 39 Raw measurements in the GNSS directory

Run tables fil
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= ERSAT-GGC Track Area CI ation Toolset

File Settings Tools Help
Cuently Sefected Campaign: | Sardinia_Septentrio | [sePTENTRIO. ~ Create New Campaign [ -s -
Processng  Evaluation Calibration Process Log -
Open Tool Drectay Open Raw Deta Drectory
Open Data Directory
Open Campaign Drectory Open 30 Mode Drectony « Data > Sardinia_Septentrio >
Gt Gpen Track Map Drectary Nome
Open s Dt Dty [E] RunTabled001.txt
! P“::’;:m - [ RunTabledooz.ot
Pre-Processing | |~] RunTable0003.txt
2 Calbration [ RunTable0004.6¢t
Go to Calbraton J RunTable0005.bt
3 Detection Tocls [7] RunTableD006.txt
Spon ot e Run Datection | [7] RunTable0007.6¢
S Degraded Perfomance Tool Tools [} RunTable0008.bct
4 Qlassfication
Open Batch File Run
Runs: [0 Classification
5. Evaluation
Goto Evaation Open Resuts Drectory
£ Auto Scrol

Figure 40 Run Table directory

T I'nsert in the nTtheaxrafekencBtiagksmapsilesr ect or y

File Settings Took Help
Cuertly Selected Campaign: | Sardnia_Septentio | [sePTENTRIO © Create New Campaign B B=H
N
.
Processing  Evahustion Calibration Process Log g « Data > Sardinia_Septentrio > 1_Input_Data »|
Open Tod Drectory Nome B
e B 0_Node._Table.csv
Open Campaign Drectory 67 0_Track_Table.csv
Open Log Divectory = Nodes.kml
£ ReferencePosition_Track10.csv
= ReferencePosition_Track10.kml
1. Pre-Processing 6] ReferencePosition_Track11.csv
Open Batch File Run = ition_Track11.kml
Pre-Processing = Refel:nupws:hun_ rack11.kml
3] ReferencePosition_Track12.csv
2. Calbration = ReferencePosition_Track12.kml
Goto Calbration £)7] ReferencePosition_Track13.csv
3. Detection Tools 2 ReferencePosition_Track13.kml
Open Batch Fie B ReferencePosition_Track21.csv
== 2 ReferencePosition_Track21 kml
Stat Degraded Pesformance Tool .
6] ReferencePosition_Track22.csv
& Clossficator 2 ReferencePosition_Track22 ki
S i Run 3] ReferencePosition_Track23.csv
Runs: |0 o = ReferencePosition_Track23.kml
5. Evaluation B ReferencePosition_Track24.csv
Goto Evalustion Open Resuls Directory = ReferencePosition_Track24.kml
B Auto Scrl

Figure 41 Track maps files

1 Open the Settings/General Settings and make sure the receiver tab is correctly configured
(e.g. SEPTENTRIO/JAVAD)
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= ERSAT-GGC Track Area Classification Toolset = X
File Settings Tools Help
Currently Selected Campaign: .Sa&u_smﬂio « | [sEPTENTRIO ~ Create New Campaign - - E e
1 | ) .
Processing  Evaluation  Calbration Process Log *
Open Tool Diectoy | g Open Raw Data Drectory |
Open Data Drectoy | [l | Open Run Table Drectory
liiii il | | Open 3D Model Directory
pen Log ¥ | | Open Track Map Directory
| Open Meta Data Directory
1. Pre-Processing
Open Batch File Run
Pre-Processing
2. Calibration
Go to Calibration
3. Detection Tools
| Open Batch Fie
Run Detection
Start Degraded Perfformance Tool Tools
4. Classfication
Open Batch File Run
Runs: [0 Classification
5. Evaluation
Go to Evaluation Open Results Directory
Cancel Current Operation [ Adto Scroll

Figure 42 Selection of the receiver

D4.5 Process Execution Report

Project: ERSAT GGC

46



S Eurapean
& : Global Navigation
3 * Satellite Systems
p— * oy Agency

ERSAT GGC

5.3 PRE-PROCESSING

When all the steps described in Section 5.2 have been executed, the pre-processing phase has

been |l aunched usPirnogc etshsei nighRdbu nb uRrteo n i Figutel® GUI , a
= ERSAT-GGC Track Area Classification Toolset X

File Settings Tools Help

Currently Selected Campaign: | Sardinia. Seplentio SEPTENTRIO Create New Campaign - -E“: %

Processing  Evaluation ~Calibration Process Log i

Open Tool Directory Open Raw Data Directory
Open Data Directory Open Run Table Directory
Open Campaion Dieciory Open 3D Model Directory
Opsog/Recny Open Track Map Directory
Open Meta Data Directory
1. Pre-Processing
Open Batch File Run
Pre-Processing
2. Calibration
Go to Calibration
3. Detection Tools
Open Batch File
Run Detection
[ Start Degraded Pedformance Tool | Tools
4. Classfication
Open Batch File
Run
Runs:IO I Classification
5. Evaluation
Go to Evaluation Open Resuits Directory
Cancel Cumrent Operation

Waiting for process to start...

Processing starts now. All log information will be written to:
Logs/2019_11_e6_101232_ Sardinia_Septentrio_ preproc_log.txt
06/11/2019 1€:12:32 - Running multipath recovery on SBF files.
06/11/2019 10:12:32 - Running conversion from JPS to Rinex.

Input file C:\ERSAT-GGC-Toolset_ Release_1.14\Data\Sardinia_septentrio\e_Raw_measurements\GNSS\*.Jjps

is not found
Finished.
06/11/2019 10:12:32 - Running conversion from SBF to Rinex.
Creating RINEX file: |

Creating RINEX file: |-

Creating RINEX file: |=

Creating RINEX file: |=-

Creating RINEX file: |==

Creating RINEX file: |==-

Creating RINEX file:
Creating RINEX file:
Creating RINEX file:
Creating RINEX file:
Creating RINEX file:
Creating RINEX file:
Creating RINEX file:
Creating RINEX file:
Creating RINEX file:
Creating RINEX file:
Creating RINEX file:
Creating RINEX file:
Creating RINEX file:
Creating RINEX file:
Creating RINEX file:
Creating RINEX file:
Creating RINEX file:
Creating RINEX file:
Creating RINEX file:

[ Auto Scroll

Figure 43 Launching the pre-processing phase

As soon as the pre-processing is finished, all the expected outputs have been created in the
Al nput _Dat &te-prdcessieg@laserhgs.been performed for both Septentrio and Javad

input data.
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5.4 DETECTION & SIMULATIONS PROCESS

After the pre-processing and calibration phases have been finished, the detection process has
Det ect i oas depicted ingigurebid. Détextion i n
process has been performed for both Septentrio and Javad input data.

beenrunusi ng

= ERSAT-GGC Track Area Classification Toolset

File Settings Tools Help

Currently Selected Campaign: | Sardinia_Septentrio

t he

ifRun

SEPTENTRIO

Guew o,
S
A

Create New Campaign

Processing ' Evaluation Calibration
Open Tool Directory
Open Data Directory
Open Campaign Directory
Open Log Directory

1. Pre-Processing
Open Batch File

2. Calibration
Go to Calibration

3. Detection Tools
Open Batch File

| Stat Degraded Peffomance Tool |

4. Classffication
Open Batch File

Open Raw Data Directory
Open Run Table Directory

Open 3D Model Directory

Open Track Map Directory
Open Meta Data Directory

Run

Runs: ID

5. Evaluation
Go to Evaluation

Cancel Cument Operation

Process Log

AGC:Create object

AGC:Read Septentrio input data
AGC:Load calibration file
t_acceptance level

A art interference detection
v U 3

AGC BLOCK:Detection on 'AGC_MisureStatiche2019e412-2_eees_mp_res.txt' file ended.
AGC:Create object

AGC:Read Septentrio input data

AGC:Load calibration file

AGC:Set acceptance level

AGC:Start interference detection

AGC:Save results data

AGC BLOCK:Detection on 'AGC_Misurestatiche2e19e412_eeee_mp_res.txt' file ended.
AGC BLOCK:24 files have been converted in the directory 'C:\ERSAT-GGC-Toolset_ Release_1.14\Data
\sardinia_septentrio\1_Input_Data\AGC\'.

AGC BLOCK:Detection phase ended ...

©6/11/2019 14:53:0@ - AGC interference detection finished.

06/11/2019 14:53:00 - Running Interference detection based on PSD.

PSD BLOCK:Start

PSD BLOCK:Detection phase starting ...

PsD:Create object

PSD:Read Septentrio I/Q input data

PSD:Compute spectrum

PSD:Load calibration file

PsD:Start interference detection
:Save results data
PSD BLOCK:Detection on 'I_Q ©1_CA_SG_2019e408_230@_mp_res.txt' file ended.
PSD:Create object
PsD:Read Septentrio I/Q input data
PSD:Compute spectrum
PSD:Load calibration file
PSD:Set pfa
PsD:Start interference detection
PSD:Save results data
PSD BLOCK:Detection on 'I_Q @1_CA_SG_20190409_2300_mp_res.txt' file ended.
PSD:Create object
PSD:Read Septentrio I/Q input data

— M Auto Scrol

AGC BLOCK:Detection on 'AGC_MisureStatiche2019e412-2_eee4_mp_res.txt' file ended. ~

Figure 44 Launching threat detection process

Figure 44 shows also how each threat detection tools is run one after the other in the Track Area
Classification Toolset. Once the detection process is finished, all the expected intermediate

results from each threat detection tool are cr eat e d in

t he il

depicted in Figure 45 for AGC intermediate results.

Global Navigation
Satellite Systems

nt er medi
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« Data » Sardinia_Septentrio >|2_Interrnediate_ResuIt5 I
~
Nome
Degraded_Performance « Data » Sardinia_Septentrio » 2_Intermediate_Results >
Interference_AGC & A
Nome
Interference_PSD
MP_CMCD £ IF_AGC__2019_04_08_204934.mat
#
MP_CNO - IF_AGC_2019_04_08_231414.mat
MP_NLOS_Residuals . IF_AGC_2019_04_09_205309.mat
NLOS_Visual - IF_AGC_2019_04_10_150449.mat
Satellite_Health IF_AGC_2019_04_12_074001.mat
£ IF_AGC_2019_04_12_080358.mat
£ IF_AGC_2019_04_12_090359.mat
£ IF_AGC_2019_04_12_100359.mat

Figure 45 Intermediate results

Intermediate results have been generated for both Septentrio and Javad input data for each
detection tool.

5.5 CLASSIFICATION PROCESS

Track area classification process has been performed on the Cagliari- San Gavino line using both
Septentrio and Javad data acquired during the Italian measurement campaign. The entire
processing chain (i.e. Pre-Processing, Calibration, Detection, Classification) has been executed
and the final classification results have been computed.

Pre-Processing Calibration Detection Classification

Figure 46 Classification processing chain

Firstly, GNSS raw data collected with both Septentrio and Javad receivers have been used in the
Pre-Processing phase and input files with a specified format have been generated. Secondly,
calibration files have been produced for some of the threat detection tools using the static
measurement data acquired in the Italian campaign. After Pre-Processing and Calibration
process have been finished, Detection process has been performed and Intermediate results
have been produced. Finally, classification process has been performed on the Cagliari-San
Gavino line combining results of all the threat detection tools on several runs. In particular, single
run and combination of multiple runs have been considered in the classification process and final
track area classification results have been generated for the Cagliari-San Gavino line. Using the
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Run Selection option available in the GUI, single run and combination of multiple run have been
processed with the track area classification Toolset as depicted in Figure 47.

= ERSAT-GGC Track Area Classification Toolset =

File Settings Tools Help

Gio Noagato
Currently Selected Campaign: | Sardinia_Septentrio v | | SEPTENTRIO v Create New Campaign - - Ry
s
.
Processing Evaluation ~Calibration Process Log
- waiting for process to start. A
Open Tool Directory Open Raw Data Directory Processing starts now. All log information will be written to:
Logs/2019_11_e7_e9572e__Sardinia_septentrio__classification_log.txt
= Running classification.
OpeniDetalfectocy Ope i) Tabie Deecion Classification tool:Logs directory is C:\ERSAT-GGC-Toolset_Release_1.14\Logs
- - Classification tool:Create Classification object
Open Campaign Directory Open 3D Model Directory Classification tool:Extract the parameter in the run table files
Classification tool:Read the run table files in the run table directory
Open Log Directory 3 Classification tool:Read data from track table file
Open Track Map Directory (Classification tool:Read all reference points from file
= Classification tool:START PROCESSING RUN 1
Open Meta Data Directory Classification tool:Import PVT solutions
iClassification too. art health monitoring detection process
1. Pre-Processing Classification tool:start multipath detection process
IClassification too. art time extension process
Open Batch File Run Classification tool:Start time extension process
Pre-Processing Classification tool:Time extension needed for hm decision logic block
Classification tool:start emi detection process
i Classification tool:nlos decision logic block not available for this run
2. Calibration Classification tool:Start unknown cause detection process
Go to Calibration Classification tool:Import final results provided by each decision logic block
Classification tool:Find missing epochs in each desicion logic block time vector
: Classification tool:Missing time epochs for emi decision logic block in Run 1
3. Detection Tools Classification tool:Missing data for nlos decision logic block in Run 1
Classification tool:start time extension process for Run 1
Open Batch File B Classification tool:Time extension needed for emi decision logic block in Run 1
Run Detection Classification tool:Extract, from GNSS receviver solutions, the time epochs corresponding to the
Degraded Performance Tools current run
iz e ool Classification tool:Create all the element necessary for the processing
4. Classficati Classification tool:Start processing all the epochs of actual run
= Classification tool:Create the matrix containing the results for each hazard cause
Open Batch File Classification tool:Create the final structures to contain final results
Run Classification tool:Start processing of multiple runs
Risi: l1 | Classification Classification tool:Compute the final classification results based on multiple runs and in terms
o of multiple hazard causes
- Classification tool:Read multiple input files for Degraded Performance
5. Evaluation Classification tool: This point [39.54882813 8.81230354] is present twice in Degraded Performance
= Classification tool: This point [39.40948868 8.92382813] is present twice in Degraded Performance
CYDIECAT Cpeniibe ks ks (Classification tool: This point [39.24923325 9.08007813] is present twice in Degraded Performance
Classification tool: This point [39.25195313 9.8766201] is present twice in Degraded Performance
Classification tool: This point [39.25976563 9.85655384] is present twice in Degraded Performance v

tion == [ Auto Scroll
Single run
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Multiple runs
Figure 47 Single and multiple runs processing

After the Classification phase has been finished, all results are available in the fClassification
Resultsodirectory as depicted in Figure 48.

Figure 48 Classification results
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