2017 European Navigation
Conference (ENC 2017)

Lausanne, Switzerland
9-12 May 2017

I E E E IEEE Catalog Number: CFP17B81-POD
° ISBN: 978-1-5090-5923-2



Copyright © 2017 by the Institute of Electrical and Electronics Engineers, Inc
All Rights Reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private
use of patrons those articles in this volume that carry a code at the bottom of the first
page, provided the per-copy fee indicated in the code is paid through Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

For other copying, reprint or republication permission, write to IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights
reserved.

*** This is a print representation of what appears in the IEEE Digital
Library. Some format issues inherent in the e-media version may also
appear in this print version.

IEEE Catalog Number: CFP17B81-POD
ISBN (Print-On-Demand): 978-1-5090-5923-2
ISBN (Online): 978-1-5090-5922-5

Additional Copies of This Publication Are Available From:

Curran Associates, Inc
57 Morehouse Lane
Red Hook, NY 12571 USA

Phone: (845) 758-0400

Fax: (845) 758-2633

E-mail: curran@proceedings.com
Web: www.proceedings.com

proceedings

.com



PROGRAM TABLE OF CONTENTS
(Copyrighted Papers)

GNSS Signals 1

Session Type: Lecture

Session Code: A2

Location: Room 2BC

Date & Time: Wednesday, May 10, 2017 (13:30 - 15:10)
Chair: Cyril Botteron, Swiss Federal Institute of Technology, EPFL

Adaptive and Conjoint Scalar-Vector Tracking Loops for GNSS Tracking
Robustness and Positioning INEegrity .......... ..o 1
Elie Amani, Université Paris-Est Créteil; Karim Djouani, Université Paris-Est Créteil, Jean-Rémi De Boer,
M3 Systems; Anish Kurien, Tshwane University of Technology, Willy Vigneau, M3 Systems;
Thomas Junique, Centre National d’Etudes Spatiales; Franck Barbiero, Centre National d'Etudes
Spatiales; Marion Aubault, Centre National d’Etudes Spatiales

Robust Estimation Methods Applied to GPS in Harsh Environments ...........................ccl 14
Salvatore Gaglione, Universita degli Studi di Napoli Parthenope; Anna Innac, Universita degli Studi di
Napoli Parthenope; Sonia Pastore Carbone, Universita degli Studi di Napoli Parthenope;
Salvatore Troisi, Universita degli Studi di Napoli Parthenope,; Antonio Angrisano, Universita
Telematica Giustino Fortunato

Regularized Estimation for GNSS Positioning in Multipath/Non-Line-of-Sight Environments ........ 26
Nabil Kbayer, Institut Supérieur de I'"Aéronautique et de I'Espace;
Mohamed Sahmoudi, Institut Supérieur de I'Aéronautique et de I'Espace

Rail Applications

Session Type: Lecture

Session Code: A3

Location: Room 2A

Date & Time: Wednesday, May 10, 2017 (13:30 - 15:10)

Chair: Juliette Marais, French Inst. of Science & Technology for Transport, Development & Networks, IFSTTAR

Snapshot Residual and Kalman Filter based Fault Detection and

Exclusion Schemes for Robust Railway Navigation .................... 36
Anja Grosch, German Aerospace Center; Omar Garcia Crespillo, German Aerospace Center;
llaria Martini, German Aerospace Center; Christoph Ginther, German Aerospace Center

Integrity of GNSS-Based Train Positioning: From GNSS to Sensor Integration .......................... 48
Jdiang Liu, Beijing Jiaotong University; Baigen Cai, Beijing Jiaotong University; Debiao Lu, Beijing
Jiaotong University; Jian Wang, Beijing Jiaotong University



Air Navigation, Civil Aviation

Session Type: Lecture

Session Code: B2

Location: Room 2BC

Date & Time: Wednesday, May 10, 2017 (15:40 - 17:20)
Chair: Maurizio Scaramuzza, Skyguide

A New Measurement Model of Interferometric Radar Altimeter for Terrain

Referenced Navigation using Particle Filber ..., a7
Junwoo Park, Korea Advanced Institute of Science and Technology, Youngjoo Kim, Korea
Advanced Institute of Science and Technology; Hyochoong Bang, Korea Advanced
Institute of Science and Technology

Timing

Session Type: Lecture

Session Code: B3

Location: Room 2A

Date & Time:

Chair: Boubeker Belabbas, German Aerospace Center, DLR

On the Cleansing and Inspection of GPS Ephemeris Data 2000-2016 ...................ccociiiiiennne. 65
Arne Lie, SINTEF Digital;, Aiden Morrison, SINTEF Digital; Nadezda Sokolova, SINTEF Digital;
Morten Topland, Indra Navia AS

Urban and Indoor Navigation 1

Session Type: Lecture

Session Code: C1

Location: Room 3

Date & Time: Thursday, May 11, 2017 (10:50 - 12:30)

Chair: Valérie Renaudin, French Inst. of Science & Technology for Transport, Development & Networks, IFSTTAR

Pedestrian-Attractiveness Score for the First/Last Mile Transit Route using

Spatial Data Collected with a Mobile Positioning Application ...................cocoii 75
Nabilah Naharudin, Universiti Sains Malaysia; Mohd Sanusi 5. Ahamad, Universiti Sains Malaysia;
Ahmad Farhan Mohd Sadullah, Universiti Sains Malaysia

GNSS Positioning in Deep Urban City with 3D Map and Double Reflection ............................. 84
Yanlei Gu, University of Tokyo, Shunsuke Kamijo, University of Tokyo

Pedestrian Positioning using WiFi Fingerprints and a Foot-Mounted Inertial Sensor ................ 91
Yang Gu, Eidgendssische Technische Hochschule Zirich / National University of Defence Technology;
Caifa Zhou, Eidgendssische Technische Hochschule Ziirich, Andreas Wieser, Eidgendssische
Technische Hochschule Ziirich, Zhimin Zhou, National University of Defense Technology

PDR and GPS Trajectory Parts Matching for an Improved Self-Contained Personal

Navigation Solution with Handheld Device ..................oooii e 100
Federica Inderst, Universita degli Studi Roma Tre; Federica Pascucci, Universita degli Studi Roma Tre;
Valerie Renaudin, Institut Francais des Sciences et Technologies des Transports, de 'Aménagement
et des Réseaux

3D-Mapping-Aided GNISS Exploiting Galileo for Better Accuracy
in Dense Urban ENVIPONMENES ... e 108
Mounir Adjrad, University College London,; Paul Groves, University College London



GNSS Signals 2

Session Type: Lecture

Session Code: C2

Location: Room 2BC

Date & Time: Thursday, May 11, 2017 (10:50 - 12:30)
Chair: Jan Johansson, Research Institutes Sweden, RISE

A Modeling of GPS Error Distributions ... 119
Abdellah El Abbous, Université Abdelmalek Essaadi; Nel Samama, Télécom SudParis

Design and Validation of a Flexible Software-Based Generator of Realistic GNSS Signals ......... 128
Tu Thi-Thanh Nguyen, Hanoi University of Science and Technology, Beatrice Motella, Istituto Superiore
Mario Boella, Davide Margaria, Istituto Superiore Mario Boella; Tung Hai Ta, Hanoi University of
Science and Technology

Road Transport Applications

Session Type: Lecture

Session Code: C3

Location: Room 2A

Date & Time: Thursday, May 11, 2017 (10:50 - 12:30)
Chair: Irineu Da Silva, University of Sao Paolo, USP

A Pseudolite Position Solution within a Galileo Test Environment for

Automated Vehicle Applications ....... ... 135
J. Gehrt, Rheinisch-Westfélische Technische Hochschule Aachen; M. Breuer, Rheinisch-Westfélische
Technische Hochschule Aachen; T. Konrad, Rheinisch-Westfélische Technische Hochschule Aachen;
D. Abel, Rheinisch-Westfélische Technische Hochschule Aachen

Paving the Way for Future use of the Urban Trench Model Along with a

Lane Level Road IVIap ... 143
David Bétaille, Institut Francais des Sciences et Technologies des Transports,
de 'Aménagement et des Réseaux

Interferences, Vulnerabilities

Session Type: Lecture

Session Code: D1

Location: Room 3

Date & Time: Thursday, May 11, 2017 (14:10 - 15:50)
Chair: Borje Forssell, Nordic Institute of Navigation (NNF)

Robust Signal Processing for GNSS ... ... 150
Daniele Borio, European Commission

GNSS Interference Detection, Classification and Localization using Software-Defined Radio ..... 159
Sascha Bartl, TeleConsult Austria GmbH; Philipp Berglez, TeleConsult Austria GmbH;
Bernhard Hofmann-Wellenhof, TeleConsult Austria GmbH / Graz University of Technology

GNSS Interference Monitoring and Characterisation Station .......................cocc, 170
J. Rossouw van der Merwe, Fraunhofer Institute for Integrated Circuits, Daniel Meister, Fraunhofer
Institute for Integrated Circuits; Christian Otto, Fraunhofer Institute for Integrated Circuits;
Manuel Stahl, Fraunhofer Institute for Integrated Circuits; Alexander Rigamer, Fraunhofer Institute for
Integrated Circuits; Josu Etxezarreta Martinez, Fraunhofer Institute for Integrated Circuits;
Wolfgang Felber, Fraunhofer Institute for Integrated Circuits



Integrated Navigation 1

Session Type: Lecture

Session Code: D2

Location: Room 2BC

Date & Time: Thursday, May 11, 2017 (14:10 - 15:50)
Chair: Nel Samama, Telecom SudParis, IMT /TSP

Comparison of Solutions for Measurement Ambiguity in Terrain Referenced Navigation ..........
Kyungwoo Hong, Korea Advanced Institute of Science and Technology; Youngjoo Kim, Korea Advanced
Institute of Science and Technology,; Hyochoong Bang, Korea Advanced Institute of Science and Technology

Inertially-Aided RTK based on Tightly-Coupled Integration using Low-Cost GNSS Receivers .......
Markus Dorn, Graz University of Technology, Julian O. Filwarny, Graz University of Technology;
Manfred Wieser, Graz University of Technology

indoo.rs CalLibre - Unsupervised Database Free RSSI Calibration Indoor Navigation ................
Boxian Dong, Indoo.rs GmbH; Thomas Burgess, Indoo.rs GmbH;
Hans-Berndt Neuner, Technische Universitét Wien

Using of Behavioral Information for Enhancing Conditional Random

Field-Based Map MatChing ............ccoooiiiiii
Safaa Bataineh, Universidad de Deusto; Alfonso Bahillo, Universidad de Deusto;
Luis E. Diez, Universidad de Deusto

Atmosphere and Space Weather

Session Type: Lecture

Session Code: D3

Location: Room 2A

Date & Time: Thursday, May 11, 2017 (14:10 - 15:50)
Chair: Bart Banning, Netherlands Institute of Navigation (NIN)

Evaluation of Model-Assisted Radio Occultation (RO) Data Inversion
Method in High Solar ActiViby ...
Muhammad Mubasshir Shaikh, University of Sharjah / Sharjah Center for Astronomy and Space Sciences

lonospheric Model Correction for Spaceborne GNISS Receiver ...................ccocoiiiiiiiiiinns
Eun-Hyouek Kim, Satrec Initiative; Dong-wook Koh, Satrec Initiative; Amer Mohammad Al Sayegh,
Mohammed Bin Rashid Space Centre; Ibrahim Abdulla Al Midfa, Mohammed Bin Rashid Space Centre

Maritime Navigation

Session Type: Lecture

Session Code: E1

Location: Room 3

Date & Time: Thursday, May 11, 2017 (16:20 - 18:00)
Chair: Martin Bransby, General Lighthouse Authorities, GLA

Proof-of-Concept Demonstrator to Improve Safety of Maritime Navigation in the Baltic Sea ....
Sarang Thombre, Finnish Geospatial Research Institute; Robert Guinness, Finnish Geospatial
Research Institute; Heidi Kuusniemi, Finnish Geospatial Research Institute; Zbigniew Pietrzykowski,
Maritime University of Szczecin;, Pawet BanaW®, Maritime University of Szczecin; Piotr Wofejsza,
Maritime University of Szczecin; Olli Seppé&ld, Furuno Finland Oy; Juhani Laukkanen, Furuno Finland Oy;
Philippe Ghawi, SSPA Sweden AB

232



Yacht Single Window: A Case for a Vessel-to-Infrastructure Interaction Platform ................... 242
Pierpaolo Baglietto, Universita degli studi di Genova, Giancarlo Camera, Universita degli studi di
Genova; Massimo Maresca, Universita degli studi di Genova, Andrea Parodi, M3S srl;
Matteo Serratore, M3S srl; Leonardo Roncarolo, M3S sri; Stefano Gelli, Leonardo SpA;
Nicola Stasi, Guardia Costiera- Direzione Marittima di Genova

Multi-Network TDOA: An Opportunity for Vessels Radiolocation .........................ocoon, 248
Ciro Gioia, European Commission; Francesco Sermi, European Commission; Dario Tarchi, Eurcpean
Commission; Michele Vespe, European Commission; Vladimir Kyovtorov, European Commission

Search and Rescue: Surveillance Support from RPAs Radar ....................ccocociiiiiii e, 256
Dario Tarchi, European Commission; Giorgio Guglieri, Politecnico di Torino; Michele Vespe, European
Commission; Ciro Gioia, European Commission; Francesco Sermi, European Commission;

Vladimir Kyovtorov, European Commission

Integrated Navigation 2

Session Type: Lecture

Session Code: E2

Location: Room 2BC

Date & Time: Thursday, May 11, 2017 (16:20 - 18:00)
Chair: Jan Skaloud, Swiss Federal Institute of Technology, EPFL

A General Approach to Time-Varying Parameters in Pose-Graph Optimization ......................... 265
Davide Antonio Cucci, Ecole Polytechnique Fédérale de Lausanne; Philipp Clausen, Ecole
Polytechnique Fédérale de Lausanne; Jan Skaloud, Ecole Polytechnique Fédérale de Lausanne;
Matteo Matteucci, Politecnico di Milano

Combining Bundle Adjustment with a Digital Terrain Map: Soft and Hard Constraints ............. 272
Amir Geva, Technion - Israel Institute of Technology; Barak Pinkovich, Technion — Israel Institute of
Technology; Ehud Rivlin, Technion - Israel Institute of Technology; Hector Rotstein, Technion — Israel
Institute of Technology & Rafael Advanced Defense Systems Ltd

Accuracy Improvement of a Multi-MEMS Inertial Measurement Unit

by using an lterative UFIR Filber ....... ... 279
Raouf Rasoulzadeh, Qazvin branch Azad Islamic University; Alireza Mohammad Shahri, Gazvin branch
Azad Islamic University

Navigation Messages and Communication Protocols
Session Type: Lecture

Session Code: E3

Location: Room 2A

Date & Time: Thursday, May 11, 2017 (16:20 - 18:00)

Chair: Hermann Rohling, German Institute of Navigation, (DGON])

A Key Management Architecture for GNSS Open Service

Navigation Message Authentication ... e 287
Gianluca Caparra, Universita degli Studi di Padova; Silvia Ceccato, Universita degli Studi di Padova,
Silvia Sturaro, Universita degli Studi di Padova,; Nicola Laurenti, Universita degli Studi di Padova



Packet Transmission through Navigation Satellites: A Preliminary

Analysis using Monte Carlo Simulations .......... ... 298
Ignacio Fernandez-Hernandez, European Commission,; Jesus D. Calle Calle, GMV Innovating Solutions;
S. Cancela, GMV Innovating Solutions; Oscar Pozzobon, Gascom S.r.l.; Carlo Sarto, Qascom S.r.l.;
Javier Simén, European Commission

A Simple Method for TOA Estimation in OFDM Systems ..............cocooiiiiiiiiiii e, 305
Fulvio Babich, Universita degli Studi di Trieste; Matteo Noschese, Universita degli Studi di Trieste;
Chris Marshall, u-blox UK Ltd; Marco Driusso, u-blox UK Ltd

Urban and Indoor Navigation 2

Session Type: Lecture

Session Code: F1

Location: Room 3

Date & Time: Friday, May 12, 2017 (10:30 - 12:10)

Chair: Martti Kirkko Jaakola, National Land Survey of Finland, NLS

Outdoor and Indoor Experiments with Localization using LTE Signals ..................................... 311
Federico Pittino, u-blox Italia S.p.A.; Marco Driusso, u-blox UK Ltd / u-blox Italia S.p.A.;
Andrea Dalla Torre, u-blox Italia S.p.A.; Chris Marshall, u-blox UK Ltd

WiFi Positioning and Big Data to Monitor Flows of People on a Wide Scale ............................ 322
Alfredo Alessandrini, European Commission; Ciro Gioia, European Commission;
Francesco Sermi, European Commission; loannis Sofos, National Technical University of Athens;
Dario Tarchi, European Commission; Michele Vespe, European Commission

Visualizing Wi-Fi Access Point Measurements and Location Data using Graph Layouts ............ 329
Robert E. Guinness, Finnish Geospatial Research Institute;
José M. Vallet Garcia, Finnish Geospatial Research Institute

Aerospace Applications

Session Type: Lecture

Session Code: F2

Location: Room 2BC

Date & Time: Friday, May 12, 2017 (10:30 - 12:10)
Chair: Norbert Suard, French Space Agency, CNES

Improvement of the Attitude Determination Accuracy for

Nanosatellites using @ Camera SENSOr ......... ... e 341
Taeho Kim, Korea Advanced Institute of Science and Technology, Youngjoo Kim, Korea
Advanced Institute of Science and Technology; Hyochoong Bang, Korea Advanced
Institute of Science and Technology

Availability and Ranging Error Analysis for a GPS L1/L5 Receiver Navigating to the Moon ...... 348
Vincenzo Capuano, Ecole Polytechnique Fédérale de Lausanne; Endrid Shehaj, Ecole Polytechnique
Fédérale de Lausanne; Cyril Botteron, Ecole Polytechnique Fédérale de Lausanne; Paul Blunt, Ecole
Polytechnique Fédérale de Lausanne; Pierre-A. Farine, Ecole Polytechnique Fédérale de Lausanne;
Ban Wang, Grosso Link Sarl



Receiver and Antenna

Session Type: Lecture

Session Code: F3

Location: Room 2A

Date & Time: Friday, May 12, 2017 (10:30 - 12:10)

Chair: Betram Arbesser-Rastburg, Austrian Institute of Navigation, OVN

Low-Cost Dual Polarized GPS Antenna for Effective Signal Acquisition
in Multipath Environment ...
J. Yin, Newcastle University; R. Tiwari, Newcastle University; M. Johnston, Newcastle University





