


14™ Annual Baska GNSS Conference:

Technologies, Techniques and Applications Across PNT
and

The 1%t Workshop on Smart, Blue and Green Maritime Technologies
PROCEEDINGS





dekanat@pfri.uniri.hr
GNSS_SBGMT@pfri.uniri.hr

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

)

14™ Annual Baska GNSS Conference: :
Technologies, Techniques and
Applications Across PNT :

and

The 1 Workshop on Smart, :
Blue and Green Maritime Technologies

Under the High Auspicies of

BasSka, Krk Island, Croatia
10-12 May 2021 :



International Programme and Organising Committee

John R Pottle, Director, The Royal Institute of Navigation, London, UK, Chair;
David Br¢i¢, University of Rijeka, Faculty of Maritime Studies, Croatia, Co-Chair;
Hrvoje Gold, University of Zagreb, Faculty of Transportation and Traffic Sciences, Croatia,
Co-Chair; Serdjo Kos, FRIN, University of Rijeka, Faculty of Maritime Studies, Croatia,
Co-Chair; Jasna Prpi¢-Orsi¢, University of Rijeka, Faculty of Engineering, Croatia,
Co-Chair and Chair of Smart, Blue and Green Maritime Technology Workshop;
Marko Valci¢, University of Zadar, Maritime Department, Zadar, Croatia, Co-Chair and
Conference Programme Chair; Franc Dimc, University of Ljubljana, Faculty of Maritime
Studies and Transport, PortoroZ, Slovenia; Luka GrubiSi¢, University of Zagreb, Faculty of
Science, Department for Mathematics, Zagreb, Croatia; Tomislav Kos, University of Zagreb,
Faculty of Electrical Engineering and Computing, Zagreb, Croatia; Tomislav Josip Mlinari¢,
University of Zagreb, Faculty of Transport and Traffic Sciences, Zagreb, Croatia;
Nenad Sikirica, Krapina University of Applied Sciences, Krapina, Croatia; Clare Stead,
The Royal Institute of Navigation, London, UK, Communications & Events Manager;
Josip Vukovi¢, University of Zagreb, Faculty of Electrical Engineering and Computing,
Zagreb, Croatia; Srdan Zuskin, University of Rijeka, Faculty of Maritime Studies, Rijeka,
Croatia; Mirano Hess, University of Rijeka, Faculty of Maritime Studies, Rijeka, Croatia;
Mario Mustra, University of Zagreb, Faculty of Transportation and Traffic Sciences,
Croatia; Barbara Pongrac€i¢, iOLAP, Rijeka, Croatia; George Shaw, General Lighthouse
Authority, London, UK; Zeljko Marusi¢, University of Zagreb, Faculty of Transport and
Traffic Sciences, Zagreb, Croatia; Mariusz Specht, Gdynia Maritime University,
Department of Transport and Logistics, Gdynia, Poland; Danijel Sugar, University of
Zagreb, Faculty of Geodesy, Zagreb, Croatia

List of Reviewers

Andrej Androjna (University of Ljubljana, Faculty of Maritime Studies and Transport,
Portoroz, Slovenia); Mate Bari¢ (University of Zadar, Maritime Department, Zadar,
Croatia); Bilal Beldjilali (Agence Spatiale Algerienne, Department of Space Geodesy,
Algiers, Algeria); Jasmin Celi¢ (University of Rijeka, Faculty of Maritime Studies, Rijeka,
Croatia); Franc Dimc (University of Ljubljana, Faculty of Maritime Studies and Transport,
Portoroz, Slovenia); Serdjo Kos (University of Rijeka, Faculty of Maritime Studies, Rijeka,
Croatia); Lovro Magli¢ (University of Rijeka, Faculty of Maritime Studies, Rijeka, Croatia);
Pani Mohovi¢ (University of Rijeka, Faculty of Maritime Studies, Rijeka, Croatia);
Josip Orovi¢ (University of Zadar, Maritime Department, Zadar, Croatia); Marko Perkovi¢
(University of Ljubljana, Faculty of Maritime Studies and Transport, PortoroZ, Slovenia);
Jasna Prpi¢-Orsi¢ (University of Rijeka, Faculty of Engineering, Rijeka, Croatia);
Mariusz Specht (Gdynia Maritime University, Department of Transport and Logistics,
Gdynia, Poland); Boris Svili¢i¢ (University of Rijeka, Faculty of Maritime Studies, Rijeka,
Croatia); Danijel Sugar (University of Zagreb, Faculty of Geodesy, Zagreb, Croatia);
Sanjin ValCi¢ (University of Rijeka, Faculty of Maritime Studies, Rijeka, Croatia);
Srdan Vujici¢ (University of Dubrovnik, Maritime Department, Dubrovnik, Croatia);
Josip Vukovi¢ (University of Zagreb, Faculty of Electrical Engineering and Computing,
Zagreb, Croatia)

14" Annual Baska GNSS Conference



CONTENTS

PREFACE ..o s

Damien Rivoal, Quentin Bossard, David Bétaille

A BENCHMARK OF THE GPS+GALILEO FOP RECEIVER ..o

Beldjilali Bilal, Kahlouche Salem
ASSESSMENT OF EGNOS CORRECTION MESSAGES FOR

CIVIL AVIATION IN ALGERIAWITHOUT RIMS STATION ......ccccovvviernnn.

Andrej Androjna, Marko Perkovig, lvica Pavi¢

CYBER SECURITY CHALLENGES FOR SAFE NAVIGATION AT SEA ..........

Ivan Panié, Jasmin Celi¢, Miroslav Bistrovi¢, Antonio Skrobonja
DRONE AS A PART OF MARITIME SEARCH AND RESCUE

OPERATIONS ...

ECOLOGICAL SUSTAINABILITY OF MARITIME TRANSPORT
WITH AN EMPHASIS ON THE SURFACE CURRENT ROUTING

AS A PART OF THE VOYAGE PLANNING OPTIMIZATION .......cccocovvvvrennee

Luca Braidotti, Jasna Prpié¢-Orsi¢, Marko Val¢i¢, Francesco Mauro, Vittorio Bucci
THE SHIP SAFETY FROM SEAFARERS PERSPECTIVE:

APPLICATION OF FUZZY AHP FOR DECISION SUPPORT .......ccccovvvrninns

Maja Perc€i¢, Nikola Vladimir, Ivana Jovanovi¢, Marija Koric¢an
HOLISTIC ENVIRONMENTAL ANALYSIS OF SELECTED
ZERO-EMISSION POWERING OPTIONS FOR RO-RO

PASSENGER SHIPS IN CROATIA ...t

Mate Baric, Djani Mohovic, Robert Mohovic, Renato Ivce
APPLICATION OF NAVIGATIONAL SIMULATOR IN PORT
PLANNING TO DETERMINE VESSEL MOVEMENT IN

WORST CASE SCENARIO EMERGENCY BERTH LEAVING ........ccccooviiininns

Dejan Zagar, Franc Dimc
INSIGHT ON THE OFFICER'S WORKLOAD MEASUREMENT IN

THE FULL MISSION SIMULATOR DURING COLLISION AVOIDANCE ..

Marija Kori¢an, Nikola Vladimir, Dario Omanovi¢, Loukia Prentza,
Eirini-Asimina Stamatopoulou, Nikolaos P. Ventikos
APPLICATION OF MULTIPARAMETER PROBES FOR MARINE
POLLUTION MONITORING — INTERREG ADRION PROJECT SEAVIEWS

14% Annual Baska GNSS Conference






PREFACE

The satellite navigation can no longer be observed on its own. It is represented
almost everywhere, with basic and advanced services implemented in all segments
of everyday life.

The book you have in front of you contains selected papers from the 2021 Baska
event, which took place in the period from 10 to 12 May, in BaSka on the island of
Krk, Croatia. This year’s event had a special connotation for several reasons. After
the 2020 corona outbreak and the consequent lockdown, and given that the
measures were still globally present, the gathering was held in a hybrid form,
using multiple remote communication platforms, combined with in situ
attendance. The organisation and realisation of the hybrid event as a whole were
challenging, but we believe it was managed smoothly, constructively and to the
satisfaction of all participants. In one way or another — shoulder to shoulder, or
interacting through screens across the globe.

The event comprised two segments. The Annual Baska GNSS Conference, the core
event, was held for the fourteenth time, meaning for the fourteenth year in a row.
It brought together a range of academic community members, students,
professionals and enthusiasts, who presented their research results in the field of
satellite navigation, and beyond.

The second part was a novelty. For the first time, the Workshop on Smart, Blue
and Green Maritime Technologies took place. The vision of the Workshop was
(and still is) to enhance current and future navigation applications to a broader
research area, with a focus on technologies and solutions for safer, more reliable
and greener shipping. The traditional conference concentrated on more
application-oriented means and related improvements of existing, as well as the
build-up of emerging maritime technologies.

During the conference, 22 scientists presented the results of their research. In
addition to specialist sections, eight invited lectures were held by world-
renowned experts and scientists in the field of satellite navigation and new
maritime technologies. The event was attended by approximately 70
participants. Virtual discussions were held after each section during both
conference and the workshop events. We coined the term ‘virtual coffee break’,
which proved to be an excellent way of communication and further networking.
The results could already see the light of day in 2022, in the same place, at about
the same time.
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PREFACE

The event was jointly organised by the Royal Institute of Navigation, London, the
Faculty of Maritime Studies and Faculty of Engineering of the University of
Rijeka, the Faculty of Transport and Traffic Sciences of the University of Zagreb,
and the University of Zadar, Maritime Department. The whole event was held
under the high auspices of the European Academy of Sciences and Arts, Salzburg,
and the Croatian Academy of Engineering, Zagreb.

Perhaps it is needless to say, but we are genuinely proud of the successful
realisation of the event, especially nowadays, when scientific conferences have
become rarer and even ceased owing to well-known reasons. Our decision on
organising the event in the first place, and then holding it ‘live’ (at least partially),
proved to be justified, right and necessary as well, given that the spirit of the
conference was maintained. It seems that we succeeded, both during the Baska
days, as well as here, in presenting the research outputs in a published form.

Many people should be given credit for this event, starting with organisers,
members of our international and local committees, hotels’ (extra kind)
personnel, reviewers, but most of all, the contributors. The authors are the true
reason why are you reading this, dear reader. And maybe, next time, it could be
you.

Editors
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A BENCHMARK OF
THE GPS+GALILEO F9P
RECEIVER

Damien Rivoal*, Quentin Bossard?, David Bétaille?

Abstract. Still very few publications relate test results of multi-
constellation receivers since Galileo satellites massive launch by Ariane
5, leading to more than 20 operational space vehicles in orbit. One can
refer to automotive receivers and smartphones test bench made during
the European COST action SaPPART (Satellite Positioning Performance
Assessment for Road Transport), but this was GPS only or
GPS+Glonass. s article gives an overview of a test carried out in the
city of Nantes, France, and its suburban area, with a brand new
receiver, FOP, of the automotive range of Ublox. e dual constellation
con guration GPS+Galileo is tested.  is receiver is benchmarked
with respect to the previous generation of Ublox LEAGT.

Key words: GPS; Galileo; receiver; performance; road transport

1Enac, Signal processing and Navigation (SigNav Toulouse, France)
2]fsttar, Components and Systems (CoSys Nantes, France)
“Corresponding author: David Bétaille (david.betaille@ifsttar.fr)
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D. Rivoal, Q. Bossard, D. Bétaille: A BENCHMARK OF THE GPS+GALILEO F9P RECEIVER

1 CONTEXT, METHODOLOGY AND EXPERIMENTAL SET-UP

1.1 Context

Still very few publications relate test results of multiconstellation receivers since
Galileo satellites massive launch by Ariane 5 in end-2016, end-2017 and mid-
2018, leading to more than 20 operational space vehicles in orbit. One can refer to
automotive receivers and smartphones test bench made during the European
COST action SaPPART (COST 2018) (Satellite Positioning Performance
Assessment for Road Transport), but this was GPS only or GPS+Glonass (Betaille
etal., 2017).

The context is that of two consecutive projects, called INTURB for Urban
Integrity, and Urban E-map, both in which 3D city model aiding has been
investigated. The former one proved the interest of classifying LOS vs NLOS
satellites (Non-Line-Of-Sight) using such model, whilst the second proposed map
matching on an enhanced map representing all lanes and all modes (cars, buses,
cycles, pedestrians) in order to improve the use of 3D computing.

1.2 Methodology

The methodology consisted in reproducing, with the new Ublox F9P series, the
trajectories previously done in 2014 with the Ublox LEA former series. These
trajectories included rural and urban parts, around and in Nantes, and they lasted
approximately 2 hours. Due to long term changes in the GPS constellation at the
time of the different tests, both Ublox LEA and F9P series will be embedded in
the new campaign. The experiment was planned in 2019.

The objective here is twofold: first, compare the LEA and F9P series in terms of
positioning accuracy when tracking the GPS satellites only, and second, assess
the improvement thanks to the Galileo satellites on positioning accuracy, those
being actually tracked by new FOP multiconstellation multifrequency receivers.
Note that the multifrequency capability is not studied in this experimental
campaign.

12 14" Annual Baska GNSS Conference



D. Rivoal, Q. Bossard, D. Bétaille: ABENCHMARK OF THE GPS+GALILEO F9P RECEIVER

1.3 Experimental set-up

The test took place on Wednesday August 14, 2019. The acquisition was made
with the VERT vehicle (Véhicule d’Essais et de Référence en Trajectographie)
shown in Figures 1 and 2. The reference trajectory has been calculated from a
hybridization between the GNSS signals received on-board and the vehicle
gyroscope and wheel speed sensors, with the same equipment and method as
usual in the Geoloc lab, in particular for the 2014 test for Urban Integrity
(INTURB) project and also for the 2017 SaPPART campaign. The acquisition and
calculation of the reference trajectory have been carried out by the Geoloc team
of Ifsttar. VERT is the Vehicle for Experimental Research on Trajectory of
IFSTTAR (Betaille et al., 2008): the reference trajectory considered as the ground
truth is provided, in this experimental set-up, by a tactical inertial measurement
unit (iXSea LandINS) coupled to GNSS PPK (GPS+Glonass Novatel DL-V3
calculated with a local permanent GNSS station, the one of Nantes Metropole).

Figure 1. Experimental set-up in the Vehicle for Experimental Research on Trajectory.

14" Annual Baska GNSS Conference 13



D. Rivoal, Q. Bossard, D. Bétaille: A BENCHMARK OF THE GPS+GALILEO F9P RECEIVER

Figure 2. Antennas on the roof top of the VERT.

(@) (b)

Figure 3. Model of antenna connected to each F9P receiver (a) and
to the LEAGT receiver (b).
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D. Rivoal, Q. Bossard, D. Bétaille: ABENCHMARK OF THE GPS+GALILEO F9P RECEIVER

The specimens under test were prepared by the CoSys team (where Damien
Rivoal was part of, during his internship). Throughout the journey, the
acquisition of satellite signals was done using multiband antennas. Two Ublox
FIOP multiconstellation multifrequency receivers were used, each with its own
antenna. These receivers output NMEA frames and raw data. One receiver was
dedicated to GPS signals only, and the other to GPS and Galileo signals. This
double acquisition will allow — after processing the raw data or directly from
NMEA frames — to assess the contribution of the Galileo constellation on
positioning accuracy.

Another receiver, Ublox LEAGT, which the lab used formerly for several
experiments in particular in 2014, was also installed on-board the vehicle.

Antennas used were multiband Ublox ANN-MB for both FOPs. The LEA6T was
connected to a patch antenna ANN-MS.

Both FOP and LEAG6T devices were configured in default mode. Only settings
needed for raw data output and NMEA sentences, at 5Hz, were modified (and
GPS only for one F9P).

1.4 GNSS data acquisition

GNSS data were acquired at a frequency of 5Hz. Two breaks which lasted
approximately 600s were made in order to ensure safe log-in of the FOPs by a
laptop running Ucenter data logger (v19.03), which resulted in splitting the data
files into three, each of a duration of approximately 1 hour. This was not needed
for the LEAGT, which could be logged continuously and without any trouble on
another laptop running Ucenter v8.16.

The data files to process are:
— One file of GPS measurements recorded for the LEAGT;
— Three files of GPS measurements recorded for one FIP;
— Three files of GPS and Galileo measurements recorded by the other FOP.

GPS times are converted into UTC times of day, removing also the current 18
leap seconds. Occasionally, data frames may be missing at start or stop of the
different acquisitions.

The highest start time and lowest stop time between RINEX and GGA is under-
lined hereafter.

14" Annual Baska GNSS Conference 15
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The chronogram of the acquisitions is given in Table 1.

Table 1. Chronogram of the data acquisition of the different receivers on 14 August 2019:
start and stop times are aligned onto 23671.80 and 32390.60, respectively, common to all
data files.

LEAGT 2019 08_14.ubx, converted into RINEX 2.10 with RTKCONV 2.4.2

2019 8 14 6 26 18.8010000 GPS TIME OF FIRST OBS =23160.80
2019 8 14 9 21 8.8000000 GPS TIME OF LAST OBS =32520.80
$GPGGA,062603.80 (23163.80) to SGPGGA,090200.80 (32520.80)

FOP_190814_063424.ubx + 190814 073911.ubx + 190814 084055.ubx, GPS only,
converted into RINEX 2.10 with RTKCONYV 2.4.3
2019 8 14 6 34 49.8000000 GPS TIME OF FIRST OBS=23671.80
2019 8 14 7 28 4.2010000 GPS TIME OF LAST OBS
$GPGGA,063431.80 (23671.80) to $GPGGA,072746.20 (26866.20)

2019 8 14 7 9 34.5990000 GPS TIME OF FIRST OBS
2019 8 14 8 31 1.0000000 GPs TIME OF LAST OBS
$GPGGA,073916.60 (27556.60) to $GPGGA,083042.80 (30642.80)

2019 8 14 8 41 19.4020000 GPS TIME OF FIRST OBS
2019 8 14 9 0 8.8030000 GPS TIME OF LAST OBS =32390.80
$GPGGA,084101.20 (31261.20) to $GPGGA,085950.60 (32390.60)

FOP_190814 063120.ubx + 190814 073712.ubx + 190814 083900.ubx, GPS+Galileo,
converted into RINEX 3.03 with RTKCONV 2.4.3
2019 8 14 6 1 54.7890000 GPS TIME OF FIRST OBS =23496.80
2019 8 14 7 29 23.3900000 GPS TIME OF LAST OBS
$GPGGA,063136.60 (23496.60) to $GPGGA,072905.20 (26945.20)

2019 8 14 7 37 43.8020000 GPS TIME OF FIRST OBS
2019 8 14 8 32 9.0030000 GpPs TIME OF LAST OBS
$GPGGA,073725.60 (27445.60) to SGPGGA,083151.00 (30711.00)

2019 8 14 8 39 30.0020000 GPS TIME OF FIRST OBS

2019 8 14 9 0 39.6020000 GPS TIME OF LAST OBS =32421.60
$GPGGA,083911.80 (31151.80) to $GPGGA,090021.40 (32421.40)

[ S IMOVEGUT[ [MOVE URB] | SlAME[ [MOVE URB] ]SS IMOVE OUT]

[23163.80 23889] ]23889 24828[ [24828 26824] 126824 27667[  [27667 30627] 130627 31381] 131381 32520.80]
[BSGHNEE 23839] 123889 24828[ [24828 26824] 126824 Bl 27667[ [27667 30627] 130627 §i 31381] 131381 F2890160]
[23496.80 23889] 123889 24828[ [24828 26824] 126824 FBR 27667[ [27667 30627] 130627 fil 31381] 131381 32421.40]
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D. Rivoal, Q. Bossard, D. Bétaille: ABENCHMARK OF THE GPS+GALILEO F9P RECEIVER

Only the kinematic sketches (in green in Table 1) will be considered for perform-
ance analysis, respectively in rural and urban conditions. The static sketches
(initial and on the way during which both stops were made, in red in Table 1) are
not processed later on. The corresponding time windows have been defined
graphically at starts and stops of the vehicle.

The rural part contains 9742 epochs (~33min) at 5 Hz and the urban part 24782
(=1h23min). Except the two breaks, no frame is missing for F9P GGA logging,
whilst a few are missing for LEAG6T, both in rural (8 missing) and urban parts (1
missing).

1.5 Former LEAG6T data acquisition in Nantes

Another file of GPS measurement was recorded formerly on Thursday February
27, 2014, for the LEAG6T. Note that it was during winter (whereas during summer
in 2019, with different foliage and possibly multipath) and under different
constellations.

GPS times are converted into UTC times of day, removing also the 16 leap
seconds in 2014. The chronogram of the acquisition is given in Table 2.

Table 2. Chronogram of the data acquisition of the different receivers on 27 February 2014.

2014 _02_27 _LEAG6T.ubx, converted into RINEX 2.10 with RTKCONYV 2.4.2

2014 2 27 8 3413.0010000 GPS TIME OF FIRST OBS =30837.00
2014 2 27 10 2215.2010000 GPS TIME OF LAST OBS =37319.20
$GPGGA,083357.00 (30837.00) to $GPGGA,102159.20 (37319.20)
[STATIC] IMOVEGUT[ [MOVEURB]  |MOVEGUT

[30837.00 31127] 13112731977  [3197786432] 136432 37319.20]

The rural part contains 8685 epochs (~29min) at 5 Hz and the urban part 22276
(~1h14min). A few GGA frames are missing: 32 and 54 in rural and urban parts,
respectively.

The trajectory carried out during the 2019 test is represented in a local tangent
plane (using latitude and longitude of a monument located on lab site) on Figures
4 and 5.

14" Annual Baska GNSS Conference 17
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14 August 2019 - whole trajectory 14 August 2019 - urban part only
9000 9000
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7000 1 8000
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c £ 7000
£ 4000 1 £
z z

6500
3000 1

6000
2000 1

1000 4 5500
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Ref traj — Reftraj
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27 February 2014 - urban part only
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Figure 4. Whole plane trajectory, August 14, 2019, and in downtown Nantes for FOP GPS:
the bottom right subframe shows the urban part collected in 2014, February 27.

14 August 2019 - zoom in the urban part

7500 ; : : : : : . .
—— FP9 GPS GGA
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Figure 5. Zoom in downtown Nantes for FOP GPS, August 14, 2019.
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Several major detours can be observed compared to the initially planned trajectory
similar as the former test in 2014 with LEAG6T. (This was due to numerous works
along the west part of the travel.)

Figure 5 is a zoom in downtown Nantes, where plane errors are visible. They can
reach tens of meters in severe urban canyons.

2 RESULTS BASED ON NMEA FRAMES

First investigations were made on the basis of the GGA frames. They indeed
contain the navigation solutions computed by the manufacturer of the equipment
(latitude and longitude) along with timing, which enables the computation of the
horizontal distance with respect to the VERT reference trajectory, this being
interpolated at the same timing.

2.1 Accuracy

The analysis compares city centre vs suburban and rural areas, which are part of
the total travel (in between the Ifsttar lab and the city centre). The static parts
have been removed. Table 3 is based on GGA frames, i.e. on navigation solutions
computed by Ublox.

Table 3. Median plane errors (in m) in the different parts of the trajectory.

Receiver Urban part Suburban and rural parts
LEAGT (2014) 1.59 0.95
LEA6T 2.04 1.59
FOP GPS 2.67 1.20
FOP GPS+Galileo 1.46 0.89

2.2 Number of satellites

Table 4 is still based on NMEA frames, and it reports the average number of
satellites, signal-to-noise ratios (CNO) and HDOP (Horizontal Dilution Of
Precision) extracted from the GGA frames during each part.

14" Annual Baska GNSS Conference 19
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Table 4. Average number of satellites, CNO and HDOP per epoch in the different parts of
the trajectory.

Receiver Urban part Suburban and rural parts
LEAGT (2014) avg. 8.24 sat. /43.18dB/1.28 | avg.8.81sat./45.44dB/1.02
LEA6T avg.7.31sat./41.84dB/1.33 | avg.8.94 sat./42.85dB/1.08
FIP GPS avg. 6.69 sat. / 40.48dB / 1.25 | avg. 6.90 sat. / 42.33dB / 1.32
FOP GPS+Galileo avg. 11.44 sat. / 39.80dB / 0.99 | avg. 11.66 sat. / 41.09dB / 0.94

These satellites were actually used in the navigation solutions (among those
tracked). CNO can be extracted from the GSV frames, which were also logged
during the tests.

2.3 Discussion
Based on the NMEA frames, the discussion is threefold:

First, a question is raised concerning the accuracy of the LEA6T: there is an
important difference between the accuracies of the two data sets (2014 and 2019).

In the rural part: the number of satellites is almost the same. The median HDOPs
are both close to 1.00. But the average CNO is 45.44dB in 2014, versus only
42.85dB in 2019. The ranging noise stochastic model from (Wieser and Brunner,
2000) and already used by (Zhu, 2018) for Ublox LEAGT gives:

62 = m (10-CNo/10 _ 1()°55/10) (@)

From experience, CNO has 55dB maximum value. And the parameter m should be
adjusted to match the actual plane accuracy. m=45000 makes sense, giving median
plane accuracies of 1.19m, versus 1.53m, for 2014 and 2019 data sets, respectively.

Thus, the difference in CNO can explain the difference in accuracy.

In the urban part: median HDOPs are close to 1.25, and average CNO are 43.18dB
and 41.84dB, respectively. Using the same model, this makes 1.68 m, versus 1.94
m, for 2014 and 2019 data sets, respectively.

The second point concerns the FOP tracking GPS only: it seems this receiver
experiences multipath with severe impact in the urban environment. Whereas the
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other receivers have half a meter increase of the median plane error compared to
the rural environment, the increase is here much more: 1.5m. The number of
satellites tracked, which — if low — mechanically degrades the HDOP, and the
perturbation in ranging with buildings around, cannot explain this degradation
of the accuracy by itself.

The diminution of the number of satellites used between the rural and urban
environments is not more important for F9P than for LEAG6T. A hypothesis could
be that the LEAGT used to apply a rather severe FDE (fault detection and
exclusion) algorithm, compared to F9P. Presumably, Ublox makes use of
sequential Extended Kalman Filter (EKF) innovation-based FDE (Joerger and
Pervan, 2011), but this is not publicly documented. Degraded measurements
remaining in the F9P solution, with one constellation only (GPS), could cause
large errors.

The last point would be as follows. The best accuracy obtained corresponds to
using both GPS and Galileo constellations. In rural environment, the median
plane error is below one meter (0.89 m) and close to 1.5 m in the city of Nantes
with the FOP receiver.

3 RESULTS BASED ON RAW DATA

3.1 Computation of the position of the GNSS satellites

Ephemeris for both GPS and Galileo constellations (among others) were
downloaded from https://igs.bkg.bund.de/root_ftp/MGEX/BRDC_v3/2019/226/,
namely brdm2260.19p.Z file. These broadcasted ephemerides gather
GPS+GLO+GAL+BDS+QZSS+IRNSS+SBAS satellites, and they were merged by
DLR from streams of about 35 stations, until 2020 (https://www.igs.org/mgex/
data-products). For 2014, nmcu0580.14n collected in the Nantes permanent
station was downloaded from IGN. Hopfield tropospheric with Essen and
Froome parameters and broadcasted ionospheric correction terms have been

applied (*).

3.2 Computation of the ranging errors

Based on the reference trajectory, as well as on the broadcasted ephemeris and
atmospheric corrections, receiver-to-satellites ranging errors have been computed,
fixing the receiver clock term with the highest satellite in elevation. (Its error
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becomes consequently null). Note that whereas LEAGT keeps its clock drift within
1mes, it can exceed 10ms for FOP (Figure 6).

Clock terms of LEA 6T and F9Ps receivers
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Figure 6. Clock terms of LEAGT and F9Ps receivers.

These errors are represented in histograms in Figures 7 to 10 next.

Each figure displays urban (left) versus rural (right) parts, and histograms for
ranging errors (top) and signal-to-noise ratios (bottom).

At first visual inspection, there is obviously a difference between urban and rural
ranging errors, in terms of symmetry in the distribution as well as in terms of
amplitude of the errors. Positive queues in the distribution are clearly visible in
the city of Nantes, irrespective of the receivers and the constellations used.

One can notice that the Gaussian queues have an order of magnitude of several
tens of m in urban environment, which is much more than in rural environment.
This is the same magnitude as tropospheric corrections, but occasionally these
errors may be much larger. (Note that the order of magnitude of ionospheric
corrections is only of several m.) Since these corrections are applied, the large
errors observed are therefore significant of non-line-of-sight satellite tracking.
Histograms of CNO are also given with CNO average value (in red). CNO between
30-35dB are clearly over represented in urban environment, which makes a bump
in their distribution, not visible in rural environment.
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Table 5 gathers urban parts in 2014 (22276 epochs for LEA6T) and 2019 (24782
epochs in 2 sketches for LEAGT and F9P receivers). Note that the number of
satellites which were registered is slightly different from those reported in the
NMEA solutions which actually passed Ublox’s FDE.

Table 5. Median ranging errors showing dissymmetric histograms in urban environment.

LEAGT 2014

LEAGT 2019

166033 ranges (1 epoch with no range log)
- 22275 epochs => 143758 ranging errors
7.45 sat. / epoch

165653 ranges
- 24782 epochs => 140871 ranging errors
6.68 sat. / epoch

median(err) = 0.89m (vs 0.61m in rural*)
2.5 percentile =-3.84m (vs -3.61m in rural)
97.5 percentile = 33.30m (vs 8.62m in rural)

median(err) = 0.87m (vs 0.28m in rural)
2.5 percentile = -4.54m (vs -4.47m in rural)
97.5 percentile = 35.69m (vs 19.04m in rural)

errors are 65% positive

errors are 63% positive

FOP GPS 2019

FOP GPS GALILEO 2019

188614 ranges (2 epochs with no range log)
- 24780 epochs => 163834 ranging errors
7.61 sat. / epoch

319483 ranges
- 24782 epochs => 294701 ranging errors
12.89 sat. / epoch

median(err) = 2.12m (vs 0.93m in rural)
2.5 percentile =-3.00m (vs -1.67m in rural)
97.5 percentile = 49.95m (vs 34.74m in rural)

median(err) = 1.27m (vs -0.01m in rural)
2.5 percentile =-2.99m (vs -3.09m in rural)
97.5 percentile = 42.71m (vs 26.42m in rural)

errors are 80% positive

errors are 73% positive

(* It appears that the solar activity, impacting ionospheric effect, was high in 2014 and low in 2019,
which justified the use of broadcasted vs seasonal alpha — beta parameters in 2014.)

Statistics, and particularly the 97.5 percentiles, confirm the dissymmetry and the
distribution of the ranging errors. These percentiles are systematically much
larger in Nantes than out of Nantes. In a few words, errors are generally positive,
whereas it should be equally distributed around zero. This characterizes multipath
impact on ranging in the urban environment.
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Figure 7. LEA 6T ranging errors and CNO (2014) in (left) and out of Nantes (right).
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Over a total nb of samples equal to 188614 ranges
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14" Annual Baska GNSS Conference



D. Rivoal, Q. Bossard, D. Bétaille: ABENCHMARK OF THE GPS+GALILEO F9P RECEIVER

x 10" F9P GPS Galileo receiver in Nantes in 2019 x 10° F9P GPS Galileo receiver out of Nantes in 2019
7 7
@ @
) )
§° 5 °
S =z
g b
35 55
& 2
L L
© ®
s 4 s 4
8 3
@ @
2 2
=3 =3
g3 £3
B @
S k]
2 2
£2 £2
T ©
s s
© ©
5 1 5 1
3 2
o (e}
0 ]
-100 -50 0 50 100 150 200 250 -100 -50 0 50 100 150 200 250
Receiver-to-satellites ranging errors Receiver-to-satellites ranging errors
x 10" F9P GPS Galileo receiver in Nantes in 2019 x 10 LEA 6T receiver out of Nantes in 2019
2
@
@
3 18 218
< £
S T
® 16 216
2 8
$ g
5 14 8 14
e E
3 =
El 1.2 El 1.2
° g
8 1 g 1
=3 °
g =3
5 08 & o8
80 s 0.
° k)
2 06 B A S S S S [
2] =
B <]
2 04 S 04
o ©
] s
3 02 oz ]
0 0
5 10 15 20 25 30 35 40 45 50 55 5 10 15 20 25 30 35 40 45 50 55

Signal-to-noise ratios Signal-to-noise ratios

Figure 10. FOP ranging errors and CNO (dual GPS Galileo) in (left) and out of Nantes (right).

4 CONCLUSIONS AND PERSPECTIVES

To conclude, despite urban perturbations, the FOP median plane accuracy
assessed in this campaign is around 1.5 m, with a clear advantage of sharing GPS
and Galileo constellations. Out of the city, the FOP median plane error is below 1 m.
The potential improvement by 3D city model is challenged for further research,
with the aim of approaching the median plane error obtained in rural and
suburban environments (less than 1 m).

We have clearly identified ranging errors in the urban environment, for GPS
observations as well as Galileo. We are currently trying to model and correct
them, using 3D city modelling. Next step in this research will be to try to explain
the observed ranging errors with local 3D map, and apply the process of
downweighting and correction.
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ASSESSMENT OF EGNOS
CORRECTION MESSAGES FOR
CIVIL AVIATION IN ALGERIA
WITHOUT RIMS STATION

Beldjilali Bilal’, Kahlouche Salem

Abstract. e European Geostationary Navigation Overlay Service
(EGNOS) is developed by the European Space Agency (ESA) initially to
provide an augmentation service to the Global Positioning Service (GPS).

e principal goal of this system is to improve the accuracy given by the GPS
alone and give the necessary integrity required for the civil aviation
navigation operation. In this context, the aim of this work is to analyze the
actual performance of the EGNOS system for civil aviation in Algeria in
terms of availability through protection levels based on alarm limits. It
should be noted that there is no, until now (2021), a Ranging and Integrity
Monitoring Station (RIMS) in Algeria. e study in this work is based on the
analysis of four (4) GPS sites in Algeria (from the north to the south), the
results show that the positions are improved in all the 4 sites (ARZEW, Mila,
Ouargla and In-salah), especially for the two sites in the north (ARZEW and
Mssila). On the other hand, it should be noted that the only site that ensures
the integrity of the APV I required for civil aviation is the ARZEW site in the
far north of Algeria. e results obtained con rm that the installation of a
RIMS station in Algeria is necessary for the use of the EGNOS system in civil
aviation.
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1 INTRODUCTION

GNSS systems are proprietary systems and their operators do not guarantee
continuous availability. In the event of errors or breakdowns, users are not
immediately informed and the aeronautical operators of those systems do not
guarantee continuity of service. To meet the demand of these users, it was
necessary to implement complementary systems to GNSS which made it
possible to remedy certain shortcomings or improve their performance while
continuing to benefit from technological and operational progress. These
complementary systems called augmentation systems, consisting either of
terrestrial or space-based infrastructures (ESA, 2018; Kaplan and Hegarty,
2006).

Spatial augmentation systems consist of terrestrial relay stations and
geostationary satellites that receive signals from GPS satellites and transmit
corrected time and distance measurements, greatly increasing the accuracy of
the measurements. The special feature of these systems is that the frequency
band and modulation of the data link signals are identical to those of the GPS
signals. In addition, the SBAS signal is broadcast by geostationary satellites
covering very large areas. Currently, many systems are available: EGNOS for
Europe, WAAS for the United States, MSAS for Japan and Chinas SNAS system.
India has also committed to implement its own GAGAN system and also
Algeria is in the final steps to make its one SBAS system fully operational
(Beldjilali and Benadda, 2017; ESA, 2019).

2 RIMS STATION

On the ground, EGNOS comprises a network of 40 RIMS stations, continuously
observing GPS satellites signals (L1, L2 and L5) in addition to GLONASS L1
frequency and SBAS geostationary satellites also on L1. These observations are
sent to the Mission Centers (MCC), which check their quality and process them.
Mission centers calculate orbits, clocks, ionospheric parameters and check data
consistency to calculate quality criteria. This makes it possible to create an
integrity message and generate differential corrections. These messages are sent
to three geostationary satellites which retransmit them to the user (Beldjilali,
Kahlouche and Tabti, 2020; Marila, 2016; Manila, 2018; Fruehauf, 2004,
Beldjilali, Tabti and Kahlouche, 2020). The Figure 1 illustrates the location of
EGNOS RIMS station in addition to its actual coverage area.
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for civil aviation (ESA 2011)
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3 CIVIL AVIATION REQUIREMENTS

Aircrafts used much navigation equipment which needs numbers of requirement
to be able for using in civil aviation. The International Civil Aviation Organization
(ICAO) is responsible for establishing the standards for radio navigation aids,
including the ones concerning GNSS. The ICAO defines three main approaches
and landing categories and they are classified as follows (ESA 2018):

— Non-Precision Approaches and landing operations (NPA),
— Approaches and landing operations with vertical guidance (APV),
— Precision approaches and landing operation (PA).

The next figure (Figure 2) shows the approach phase as divided according with
the ICAO:
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Figure 2. Civil aviation steps with SBAS approach. (ESA 2011)

Table 1. Civil aviation requirement.

Operation Horizontal Vertical accuracy | Time to Availability

accuracy (95%) (95%) Alert
En-route 3.7Km N/A 5 min 0.99 to 0.99999
En-route Terminal 0.74 Km N/A 155 0.99 to 0.99999
NPA 220 m N/A 10s 0.99 to 0.99999
APV-I 16 m 20m 10s 0.99 to 0.99999
APV-11 16 m 8m 6s 0.99 to 0.99999
CAT-| precision 16 m 6to4m 6s | 0.99to0.99999
approach
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Table 1 summarizes the requirement of the ICAO for each flight phase in terms of
Accuracy, Time to Alert and Availability.

4 EGNOS MESSAGES

The EGNOS system broadcasts its messages on the L1 band (1575.42 MHz) with a
rate of 250 bits per second. It uses the same modulation as the GPS L1 signal, but
with a flow 5 times higher. So every second a 250 bit message is available to the user
in the following format (Fruehauf, 2004; Beldjilali, Tabti and Kahlouche, 2020):

— 8 preamble bits; is a single 24-bit word (01010011- 10011010 -11000110),
distributed over three successive messages which makes it possible to
synchronize the start of the data (during the acquisition phase),

— 6 bits to identify the type of message (from 0 to 63),
— 212 bits of current EGNOS correction,

— 24 bits of parity; to ensure that the data was not corrupted during
transmission.

A total of 63 types of messages can be transmitted, but for the moment only 20
are defined and 18 are used by EGNOS (ESA, 2011; Shuanggen, 2012; Cwiklak,
Grzegorzewski and Adamski, 2014; Salomon 2020). A brief description of these
messages is presented in Table 2:

Table 2. EGNOS messages description.

Message Description Duration (s)
1 PRN mask 120
2-5 Fast Correction 6
6 Integrity Information (EDREI) 120
7 Degradation factor for quick fixes 120
9 GEO satellite position parameters (X, Y, Z, time, etc.) 120
10 Degradation settings 120
12 UTC SBAS time 300
17 Position parameters of GEO satellites (Almanac) 300
18 Mask of the ionospheric grid 300
24 Fast fixes / slow fixes 120
25 Slow fixes 120
26 lonosphere delays 300
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5 STUDY AREA

To carry out our work and achieve our goals, the position quality will be analyzed
at 4 different sites located in different altitude in Algeria (Figure 3) in order to
test the relevance of the EGNOS correction for civil aviation.

Figure 3. Locations of the chosen sites for the study.

In the first case, the position will be computed using GPS alone, while in the
other case, the pseudo range will be corrected using EGNOS correction. The
EGNOS corrections message used in this work are obtained from the (fttp://
serenad-public.cnes.fr) which is based on the FTP service; this is a historical site
that containing EGNOS ground station data, SBAS messages, and raw data in
various formats for download. The collected data was analyzed using the gLAB
software tool suite. This is a flexible software tool to provide high accuracy GNSS
positioning for processing and analysis of GNSS data. This utility handles the
decoding and processing of SBAS data.

6 APPLICATION OF CORRECTIONS

The EGNOS system allows corrections to the pseudo-distances of satellites to be
transmitted to users in the service area via a network of stations. These
corrections allow the receiver to compensate for errors such as the inaccuracy of
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ephemerides and satellite clocks, or delays imposed on the GPS signal by the
ionospheric and tropospheric layers. The user collects all of the differential
correction messages and calculates the corrected pseudo-distance corrections |
based on the pseudo distance measured |__ for each satellite, this correction is
given by (Salvatori, 2014):

lcorr(t) = lmeas (t) + RCfast(t) - RCiono (t) + RCtropo (t) + RCclock (t) (l)

RC. . Quick correction: used to correct the errors which varies quickly (rapid
variations of the ephemeris errors and clock for GPS satellites), transmitted in
message types 2 to 5, calculated by (Salvatori, 2014):

PRcorrected(t) = PRmeasure (t) + PRCf(tOf) + RRC(t - tof)(m) (2)

_ PRCf current_PRCf previous
RRC(tOf) N tof current‘tofprevious (m) (3)
where t is the time of applicability (s), and t is the time of applicability of the
most recent message (s), PRC, is the rapid correction (m), and RRC is the
variation of correction (m).

RC, ., lonospheric correction; used to estimate the ionospheric error on each
receiver/satellite within line of sight, the receiver must identify the points of
penetration of the ionosphere IPP (lonospheric Pierce Point). The ionospheric

correction is given by:

_1/2

RCiono = [1 - (M)z] X Tipp 4)

Re+hy

where E is the elevation angle of the satellite relative to the user (radians); Re is
the approximate radius of the Earth (6378.1363 km); h, is the height of the
maximum electron density (350 km); 1, is the delay of the IPP, which it is
calculated by this equation:

4
Tipp = Z Wi X Tgpi )
i=1

T, 1S the broadcast grid point vertical delay values at the i"" corner of the IGP
grid, and w, is the weighting function of IGP grids as a function of its latitude and
longitude.
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(xpp'ypp) = Xpp Ypp

(xpp'yz)p) = (1= Xpp) Ypp (6)

(xpp'ypp) =1 = xpp) (1= ypp)

(xpp'yzap) = Xpp (1 = Ypp)
App— 41

with: x,, = R and y,, =

Ppp— P1
P2— P1

where ?, and )\pp are the latitude and longitude of IPP, respectively. A, is longitude
of IGPs west of IPP; A, is longitude of IGPs east of IPP, ¢, is latitude of IGPs south
of IPP; @, is latitude of IGPs north of IPP.

RC,opo Tropospheric correction; the user estimates it by spatial and temporal
interpolation using a model defined by the MOPS standards (Minimum
Operational Performance Standards), The estimation of the tropospheric delay

then takes the following form:

1.001
RCtropo = _(dhyd + dwet) \/m (7)

RC,., tropospheric delay estimate; E, is the elevation angle of a particular satellite;

tropo

d, , represents dry contribution to the zenith delay; and d, , is the wet contribution
to the zenith delay.

RC_ . Clock correction:The pseudo distance correction factor is given by:

clock
RCeiock (t) = 8ATgq: (1) - € (8)
where ¢ is the speed of light.

8ATsqe(t) = Sagpg + Sap (t — to) 9
da,, and da, are correction parameters at time t.

The following figures (Figures 4 and 5) give a comparison between the positions
calculated from the GPS data alone and by the application of the EGNOS
correction messages for the same period.
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