
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 979-8-3313-3136-8 

38th International Technical 
Meeting of the Satellite Division 
of the Institute of Navigation 
(ION GNSS+ 2025) 

Baltimore, Maryland, USA 
8-12 September 2025 

Volume 1 of 5 

 
 
 

 



Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© (2025) by Institute of Navigation 
All rights reserved. 
 
Printed with permission by Curran Associates, Inc. (2026) 
  
For permission requests, please contact Institute of Navigation 
at the address below. 
  
Institute of Navigation 
8551 Rixlew Lane 
Suite 360 
Manassas, VA 20109 
USA 
 
Phone:  (703) 366-2723 
Fax:  (703) 366-2724 
 
membership@ion.org 
 
 
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 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



Proceedings of
ION GNSS+ 2025

38th International Technical Meeting of the ION Satellite Division
September 8–12, 2025

Baltimore, Maryland, USA

Acknowledgements

About ION

© 2025, Institute of Navigation

Table of Contents

A1: Navigation Security and Authentication

Range Authentication of Galileo E1 / E5 Signals Using Different Assisted Methods on a GNSS Hardware Receiver
Benedikt Schreiber, Fabio Garzia, Rocío Parra, Himanshu Gupta, Matthias Overbeck, Alexander Rügamer, Jan Ackermann,
Mark Holbrow

1 - 9

Testing Galileo SAS with Encrypted Signal-in-Space
Rafael Terris-Gallego, José A. López-Salcedo, Gonzalo Seco-Granados, Aleix Galan-Figueras, Ignacio Fernandez-Hernandez 10 - 21

An Analysis of Authentication Availability and Enhancements Through Vector Tracking for Galileo OSNMA Data and
SAS Spreading Code Authentication
Toms Dorins, Mohamed Bochkati, Dominik Dötterböck, Thomas Pany, Stefan Baumann, Nikolas Dütsch, Andreas Wenz,
Roman Ehrler

22 - 44

Towards Resilient PNT: Developing and Testing the Riptide Black Sea Demonstrator
Florin Mistrapau, Roxana Mihaela Clopot, Vladimir Kosjer, Calin Gabriel Ciobanu, Michael Turner, Alex Owens, Vlad Gabriel
Olteanu, Raluca-Ana-Maria Prefac, Petrica Popov, Lucian Dutu, Dumitru Andrescu, Irina-Beatrice Stefanescu, Mirela-Madalina
Bivolaru, Gianluca Caparra

45 - 59

Jamming Source Localization using GPS Deltarange Measurements from Geostationary Satellite
Moeko Hidaka, Makoto Tomitaka, Naoki Miyashita, Toru Yamamoto, Satoko Kawakami, Tomoaki Eda, Takahiro Shimizu, Ryo
Harada, Susumu Kumagai

60 - 70

Transient Space-Based GNSS Interference: Observations and Analysis
Zachary L. Clements and Todd E. Humphreys 71 - 81

Looking Into the Galileo Signal Authentication Service: Early Demonstration of the Service and Experimentation
Miguel A. Ramírez, Simón Cancela, David Calle, Ignacio Fernandez-Hernandez, Tom Willems, Jon Winkel, Rafael Terris-
Gallego, Gonzalo Seco-Granados

82 - 91

Design of Signal Authentication Capabilities for Next Generation GNSS
G. Caparra, R. Ioannidis, G. Da Broi, L. Musumeci, J. A. Garcia-Molina, G. Lopez Risueño, S. Wallner, M. Ceccato, D. Peron,
F. Moretto, I. Fernandez-Hernandez, J. Simon

92 - 100

ION GNSS+ 2025 Proceedings Table of Contents file:///P:/Print%20on%20Demand%20Titles/80001-90000/83001-8400...

1 of 18 1/9/2026, 8:53 AM



Optimizing Performance of Space-Based Detection and Localization of Terrestrial GNSS RFI Based on the Direct
Geolocation Algorithm Using Vitis HLS
Hepzibah Ernest, Thomas Pany

101 - 109

Performance Evaluation of Specific Force-Aided Spoofing Detection Method in Complicated Scenarios
Yu Wang, Chao Sun, Bin Yuan, Lu Bai, Kaiyan Jin, Yingzhe He, Shuai Zhang, Jiayue Lei 110 - 121

A2: Future Augmentation Systems, Correction Services and Integrity 1

Improving DFMC SBAS Performance by Integrating L1 SBAS Ionospheric Corrections with an Ionosphere-Weighted
Model
Jina Lee, Yongrae Jo, Byungwoon Park, Donguk Kim, Cheolsoon Lim

122 - 131

Early Demonstration of SBAS DFMC SiS Using EGNOS V3 Prototype Algorithms
Renaud Fabre, Arnault Sfeir, Thomas Fuhrmann, Rémi Demortier, François Tranchet, François Dufour, Jean-Christophe Denis,
Mariana Spangenberg

132 - 142

Evaluation of the Effect of Ionospheric Scintillation on Potential SBAS Systems for Tropical and Equatorial Regions
Alejandro García Miguel, Rosa Alòs I Florit, and Ramón Sánchez-Verdejo Cidfuentes 143 - 157

Multi-Process Stochastic Error Models for DFMC GBAS Carrier Smoothed Code Processing and Preliminary Airborne
Results
Gary A. McGraw, Maria Caamano

158 - 177

User Range Error Corrections with Latency from PPP Ground-Based Integrity Monitor System
Yu-Fang Lai, Juan Blanch, Todd Walter 178 - 191

RAN, the Italian Augmentation and Integrity Monitoring Network for High Accuracy High Integrity Positioning for Rail
and Road Applications
Alessandro Neri, Roberto Capua, Daniele Antonetti, Fabio Frittella, Alessia Vennarini, Walter Romano, Fabrizio Mecella,
Matteo Paggetti, Francesco Rispoli, Giusy Emmanuele, Vittorio Cataffo, Mauro Cardone

192 - 202

Pseudorange-Domain Performances for SBAS Multimission Services
Ramón Sánchez-Verdejo Cidfuentes, Javier Arenas, Daniel Gutiérrez Reyes, Óscar Liébana Moradillo, Guillaume Buscarlet,
Carlos López de Echazarreta, Mickael Dall’Orso, Frédéric Bauer, and Nicolas Giron

203 - 223

Preliminary Study on Network Ionospheric Monitoring for DFMC GBAS Using Collaborative Airborne Receivers
Xuedong Huang, Kun Fang, Wang Li, Zhipeng Wang, Yanbo Zhu 224 - 238

A3: Aviation, Aeronautics, and Uncrewed Aerial Applications 1

Overbounding Time-Correlated Clock & Ephemeris Errors for Precise Point Positioning
Rebecca Wang, Juan Blanch, and Todd Walter 239 - 249

Utilization of Full-Resolution Ground Code and Carrier-Phase Measurements in DFMC GBAS (GAST E)
Susumu Saito, Mutaz Tuffaha, Morten Topland, Linda Lavik, Tim Murphy, Gary McGraw, Joel Wichgers 250 - 262

Ground-Based Detection and Categorization of GPS Interference using NOAA CORS Data
Frederick Niles, Wayne Cooper, Bakry El-Arini, David Rouck 263 - 275

Impact of Dual-Frequency Multi-Constellation GBAS Data Link Constraints on Integrity Monitoring
Maria Caamano, Daniel Gerbeth, Susumu Saito, Andrew K. Sun, Jiyun Lee, Sam Pullen 276 - 290

Kalman Filter Integrity Monitoring Over Finite Time-Intervals
Matthew Marti and Mathieu Joerger 291 - 310

ION GNSS+ 2025 Proceedings Table of Contents file:///P:/Print%20on%20Demand%20Titles/80001-90000/83001-8400...

2 of 18 1/9/2026, 8:53 AM



High-Integrity Surface Navigation for Unmanned Aircraft: A Multi-Frequency GNSS Approach
Daniel J. Larimer, Samer Khanafseh, Kana Nagai, and Boris Pervan 311 - 332

Detecting GNSS Spoofing in a Tightly Coupled INS Using Directional Statistics
Maxime Herique, Benoit Geller, Loïc Davain 333 - 347

Assessing ARAIM Parameter Impacts: A Case Study-Driven Multi-Parameter Sensitivity Analysis
Jianming She, Brian Bian, Jimmy Cook, Jason Burns, Jed Dennis 348 - 366

Integrity Monitoring Algorithm for Low-Altitude UAV GNSS/INS Tightly Coupled Navigation Based on Factor Graph
Optimization
Hongwu Liu, Hongxia Wang, Jiahao Xu, Shuguang Zhang, Kun Fang, Yanbo Zhu, and Tianyu Zhang

367 - 379

A4a: Applications Using Communication Technologies and Collaborative Positioning

Requirements Assessment and Safety Analysis for Automated Navigation in Inland Waterways: Means to Minimize
Accidents´ Likelihood
Héctor Llorca, Marcos López, Marta Cueto, Fulgencio Buendía, Omjyoti Dutta, Florin Mistrapau, Daniel Karbach, Yves Hacha,
Falk Bethke, Csaba Hargitai, Gergely Mezo, Marta Wolska, Carmen Aguilera

380 - 392

Conditional Path Planning for Collaborative GNSS Positioning
Michele Brizzi and Alessandro Neri 393 - 403

Server-Based Galileo PRS Snapshot Positioning for Remotely Piloted Aircraft Systems
Belén Castel Anta, Iñigo Armendia, Dominik Wagner, Katrin Dietmayer, and Alexander Rügamer 404 - 413

5G-Assisted Navigation-Domain Code Phase Joint Acquisition Method
Xinying Xu, Dong Xia, and Qiongqiong Jia 414 - 426

Energy-Efficient Multi-UAV Cooperative Localization by Measurement Scheduling
Hanyu Wang and Xingqun Zhan 427 - 436

A4b: Aviation, Aeronautics, and Uncrewed Aerial Applications 2

Comprehensive Evaluation of Simulated Launcher Scenarios Using Space a GNSS Receiver
Natalia Conde, Himanshu Gupta, Iñigo Cortés, Matthias Overbeck, Jan Ackermann, Matt Welham, and Alexander Rügamer 437 - 445

A Scalable Pipeline for Real-Time Global Detection and Localization of GNSS Interference Using ADS-B
Zixi Liu, Sherman Lo, Yu-Hsuan Chen, Todd Walter 446 - 456

DFMC SBAS Resiliency: Dual-Frequency Service Advantages During 2024 Ionospheric Storms
Juan Manso, Ignacio José Díaz, Javier Arenas, and Ramón Sánchez-Verdejo 457 - 489

GNSS Spoofing Detection Using Cumulative Vector Sums
Liam Carey and Mathieu Joerger 490 - 502

A4c: Future Augmentation Systems, Correction Services and Integrity 2

High Performance GNSS Algorithms for Satellite Based Delivery of RTK at a Continental Scale
Landon Urquhart, Dragos Catalin, Micheal Albright, Hunaiz Ali, Kendall Ferguson, Andre Ebeling, Rodrigo Leandro 503 - 510

Integrity Analysis of GNSS/Pulsar PPP for Advanced Air Mobility and Automotive
Shizhuang Wang, Danielle Racelis, and Mathieu Joerger 511 - 527

ION GNSS+ 2025 Proceedings Table of Contents file:///P:/Print%20on%20Demand%20Titles/80001-90000/83001-8400...

3 of 18 1/9/2026, 8:53 AM



GOOSE-VTL: GNSS/INS Deep Coupling with Fault Detection Strategy for Automotive Markets
Szu-Jung Wu, Katrin Dietmayer, Himanshu Gupta, Natalia Conde, Mohamed Bochkati, Daniel Seybold, Thomas Pany,
Matthias Overbeck, Jürgen Seybold

528 - 540

A5: Autonomous Land and Sea-Based Applications

Utilizing SBAS Signals for RFI Detection and Characterization
Argyris Kriezis, Yu-Hsuan Chen, Dennis Akos, Sherman Lo, and Todd Walter 541 - 551

Update on Galileo Performance Characterization for H-ARAIM
S. Perea, S. Wallner, A. Lemke, A. Nuckelt, S. Schloetzer, M. Odriozola, F. Belmonte, M. Sgammini, J.P. Boyero, E. Canestri 552 - 566

A Tightly Coupled Algorithm for Lidar, IMU, and GNSS with Graph Optimization
Yiqian Li, Di He, Wenxian Yu 567 - 575

Tight Integration of Vision/Radar with INS/GNSS for Reliable Navigation in Autonomous Applications
Dylan Krupity, Noah Giustini, Igor Popov, Parham Nooralishahi, Hallet Duan, Mohammad Mohammadi Jahromi, Zhengwei Li,
Jacques Georgy, and Christopher Goodall

576 - 591

The CNS Project of ASI for Modern Celestial Navigation in Maritime
Mauro Cardone 592 - 602

GNSS Spoofing Detection Based on Adaptive Kinematic Model for IMU-Equipped Vehicles
Yimin Ma, Zhenyang Wu, Yimin Deng, Mingquan Lu, Hong Li 603 - 611

Hybrid-Virtual Test Environment to Validate GNSS-Based Train Positioning for the ERTMS Train Control System
Alessandro Neri, Alessia Vennarini, Agostino Ruggeri, Francesco Rispoli, Fabio Senesi, Nerea Canales Sebastian, Mirko
Ermini, Luca Ricciardi, Massimiliano Ciaffi, Giusy Emmanuele, Vittorio Cataffo Juliette Marais, Ales Filip, Roberto Capua,
Susana Herranz, Miguel López, Miguel Fernandez, Daniel Molina, Emilie Cheneau, Valentin Barreau

612 - 622

B3: Future of Space, Lunar, and Extraterrestrial Navigation 1

Lunar Communication and Navigation Services: The Lander Navigation Use Case
Filippo Rodriguez, Riccardo Petix, Gabriele Lambiase, Marco Sabatini, Giovanni Palmerini, Maurizio Gasbarra, Laura De Leo,
Gabriele Paggi, Cosimo Stallo, Richard Dennis Swinden, Floor Thomas Melman, Monica Gotta

623 - 643

Design of Position, Velocity and Timing Algorithm Based on Multiple Data Sources for Mars Landing Application
Mattia Carosi, Laura De Leo and Daniele Musacchio 644 - 656

LCNS E2E Services and System Architecture for Lunar PNT
Filippo Rodriguez, Carlo Albanese, Gabriele Lambiase, Riccardo Petix, Pietro Pacchiarotti, Daniele Marchionni, Gabriele
Porcarelli, Dario Castagnolo, Maurizio Gasbarra, Augusto Montani, Pietro Salvatori, Daniele Cretoni, Stefano La Barbera,
Cosimo Stallo, Richard Dennis Swinden, Floor Thomas Melman, Monica Gotta

657 - 676

Single-Satellite Doppler-Based Localization for Lunar Rovers in Motion
Kaila M. Y. Coimbra and Grace Gao 677 - 688

Evaluation of Radiation Tolerance of Redundant GNSS Module System for Space Applications
Shuichi Matsumoto, Tomonori Ichikawa and Tomohiko Sakai 689 - 702

A Hybrid Lunar Orbital Satellite and Wireless Communication Method for Continuous Lunar Surface Positioning
Cong Hu, Zhenni Li, Shengli Xie, Maodeng Li, Xiongwen He, Chaoji Chen, Zhaofeng Zhong 703 - 715

B4a: Navigation Resilience to Interference and Cyber-Attacks

ION GNSS+ 2025 Proceedings Table of Contents file:///P:/Print%20on%20Demand%20Titles/80001-90000/83001-8400...

4 of 18 1/9/2026, 8:53 AM



Demonstration of Collins GNSS RFI Mitigation Receiver and Antenna Techniques in the Presence of OTA Spoofer and
Jammer Threats
Angelo Joseph, Mark Billsberry, Joseph Griggs, George Cook, Vikram Malhotra, and Zachary Taylor

716 - 737

World’s First Authenticated Satellite Pseudorange from Orbit
Jason Anderson 738 - 748

Direction of Arrival (DoA) Finding Using Irregular, Dynamic Arrays
Sajad Eslamzadeh and Ramakrishna Janaswamy 749 - 755

Direction of Arrival Estimation with an Analog Null Steering Controlled Reception Pattern Antenna System
Mai Hassan, Ali Massoud, Mohamed K. Emara, Haidy Elghamrawy, Aboelmagd Noureldin 756 - 764

Detection and Mitigation of Jamming, Meaconing, and Spoofing based on Machine Learning and Multi-Sensor Data
Philipp Bohlig, Jorge Morán García, Ramadevi Lalgudi, Jan Fischer 765 - 777

TDOA-Based Spoofing Source Localization Using Multi-Constellation Unsynchronized Receivers
Jade Babcock-Chi, Sherman Lo, Yu-Hsuan Chen, Juan Blanch, Todd Walter 778 - 796

Impact of Ground-Based Interferences on GNSS Space Receivers On-Board LEO Satellites
Filipe De Oliveira Salgueiro, Ivan Lapin, Miguel Cordero Limon, Gianluca Caparra, and José António Garcia Molina 797 - 813

Modernizing the SWEPOS Ionosphere Monitoring Service: Ensuring Reliable Network-RTK Performance During the
Approaching Solar Maximum
Martin Håkansson, Kibrom Ebuy Abraha, Kent Ohlsson, Tomas Holmberg, Tong Ning, and Martin Sundlöf

814 - 822

B4b: Future of Space, Lunar, and Extraterrestrial Navigation 2

Filter Smoothing for Spacecraft Navigation
Cole A. Sherling, Will Driessen, Heying Zhang, Michael R. Walker II, and John A. Christian 823 - 833

Ensuring Lunar and Martian in situ PNT Coexistence with Surface Wireless by Respecting SFCG Recommendations
Jean-Luc Issler, Jacques Sombrin, Philippe Paimblanc, Antoinette Labeyrie, Robin Quintart, Jean Pla, and Romain Desplats 834 - 848

B5: Design and Optimizing Signal for the Future

Galileo Quasi-Pilot Signals: Starting the Era of Second Generation Galileo Signals on First Generation Satellites
S. Wallner, J. Hahn, J.A. Garcia-Molina, G. Lopez-Risueno, M. Caparrini, M. Lopez, M. Paonni, M. Dotzauer, F. Formaggio 849 - 861

The Galileo Open Service Navigation Message Authentication (OSNMA): the New Global Authentication Service
J. Simon, T. Rodriguez, A. Alvarez, L. de Filippis, P. da Silva, F. Sbardellati, I. Fernandez-Hernandez, S. Damy, G. Caparra 862 - 877

Performance Evaluation of GNSS Meta-Signals Under Multipath Environment
Robin Duprat, Emile Ghizzo, Paul Thevenon, Lorenzo Ortega, Sébastien Roche, Margaux Bouilhac, François-Xavier Marmet 878 - 898

Impact of Replica Matching on Distortion-Optimized Multilevel Coded Spreading Signals
Florian C. Beck, Christoph Enneking, Steffen Thölert, and Michael Meurer 899 - 914

On the Compatibility of GNSS User Segment with Emerging LEO-PNT Systems and Signals
M. Paonni, O. M. Picchi, A. Piccolo, L. Cucchi, F. Menzione, S. Wallner, M. Anghileri, C. Vazquez Alocén, P. Giordano, O.
Julien

915 - 928

Xona Pulsar Compatibility with GNSS
Tyler G. R. Reid, Matteo Gala, Mathieu Favreau, Argyris Kriezis, Michael O’Meara, Andre Pant, Paul Tarantino, Christina Youn 929 - 943

ION GNSS+ 2025 Proceedings Table of Contents file:///P:/Print%20on%20Demand%20Titles/80001-90000/83001-8400...

5 of 18 1/9/2026, 8:53 AM



The Trade-off Analysis of Performance Indicators in Navigation Messages Including Reduced CED
ByungHyun. Choi, Hyoungmin So, Donguk Kim 944 - 952

B6: Emerging Trends in Navigation and Quantum Technology

OpSTAR – The ESA Demonstrator of the Optical Future of PNT
Daniel Blonski, Gabriele Giorgi, David Ibanez, José Ángel Ávila Rodríguez, Michael Meurer 953 - 961

C1: AI-Driven Positioning and Navigation

Aleatoric Uncertainty Reduction in a Multisensor Navigation System Using Gated Recurrent Unit
Tarafder Elmi Tabassum, Sorin Andrei Negru, Ivan Petrunin 962 - 973

Machine Learning-Driven Long-Term Ephemeris Error Correction for Improved LEO PNT
Joe Saroufim, Paul El-Kouba, Samer Hayek, and Zaher M. Kassas 974 - 982

Implementation of Machine Learning-Based NLOS Detection in PocketSDR
Ellarizza Fredeluces, Nobuaki Kubo 983 - 991

Parallel Deep Quantile Estimation with Gaussian Overbounding for GNSS Multipath Modeling
Florian Roessl and Omar García Crespillo 992 - 1003

Language-Driven Semantic Change Detection in Urban Maps via Multi-Modal Deep Learning
Huaze Liu, Zihao Gao, Adyasha Mohanty 1004 - 1023

AI-Assisted Multi-Sensor Fusion for Enhanced Autonomous Vehicle Navigation
Jorge Morán, Philipp Bohlig, Robert Bensch, Luka Sachsse, Sai Parimi, Frieder Schmid, Julian Dey, Olena Horokh, Jan
Fischer

1024 - 1037

Design and Performance Analysis of a Real-Time Positioning Server Based on a Multi-MNO Cell Information
Generation Model
Juil Jeon, Jin Ah Kang, Jung Ho Lee, and Youngsu Cho

1038 - 1043

PINK-GINS: A Hybrid Physics-Informed Neural Network and Kalman Filter Framework for GNSS/INS Tightly Coupled
Integration
Jianan Lou, Rong Zhang

1044 - 1054

C2: High Accuracy Positioning and Correction for Mass Market Devices

Predicted and Near-Real-Time Ionosphere Products for Consumer Devices
Sudha Vana, Aaron Boda and Vijaykumar Bellad 1055 - 1067

A High Precision and Robustness Positioning Algorithm Based on IMU-Aided RTK/DGNSS-PD Integration Framework
for Urban Vehicle Position Monitoring
Yiqian Li, Yuting Yang, Di He, Wenxian Yu

1068 - 1082

Striking a Georeferenced Pose: RTK and ARKit Fusion in Learned 3D Map Reconstruction
Daniel Neamati, Mira Partha, Lance Legel, and Grace Gao 1083 - 1095

On the Potential of the Galileo High-Accuracy Service (HAS) for Area Measurement in the Context of the Common
Agricultural Policy (CAP)
Daniele Borio, Kinga Wezka, Melania Susi, Jihye Park, Dmitry Nikitin, Sergey Pichugin

1096 - 1111

ION GNSS+ 2025 Proceedings Table of Contents file:///P:/Print%20on%20Demand%20Titles/80001-90000/83001-8400...

6 of 18 1/9/2026, 8:53 AM



C3: Positioning Challenges and Solutions for Smartphones and Wearables

Error Ellipse-Based Outlier Detection for GNSS Doppler Measurements in Urban Environments
Taeho Kim, Jeonghyeon Yun, Byungwoon Park 1112 - 1119

Multiple Satellite Cycle Slip Recovery for Smartphones Based on Parity Method Using Time-Differenced Carrier Phase
(TDCP)
Ho Namgung, Jae Woong Hwang, Hojoon Jeong, Changdon Kee

1120 - 1131

Assisted NMA with Secure Time Synchronization on Android Smartphones
Cillian O'Driscoll, Ignacio Fernandez-Hernandez, Jon Winkel, Tom Willems, Aleix Galan-Figueras 1132 - 1143

Hypothesis Testing to Adapt Measurement Noise Covariance for Smartphone GNSS Positioning
Anurag Raghuvanshi, Sunil Bisnath 1144 - 1153

Modeling of Coherent Field Attenuation for GNSS Signals Under Broad-leaf Vegetation
Di Hai and Guohao Zhang 1154 - 1160

Design of Adaptive Complementary Filter for Three-Dimensional Attitude Estimation of an Android Smartphone
Jeonghyeon Yun, Byungwoon Park 1161 - 1163

Predicted Orbits and Clocks for Enhanced Position Accuracy
Aaron Boda, Vijaykumar Bellad, Sudha Vana 1164 - 1175

Deep Learning-Based Environment Identification for Seamless Localization with GNSS Measurements
Menggang Sheng, Kangwei Wang, Sheng Liu, Xiaoyu Tao, Zhipeng Chen, Zhiqiang Yao 1176 - 1186

Performance Evaluation of Conventional GNSS-IMU Fusion Algorithms on Commercial Smartphones Under Typical
Scenarios
Min He

1187 - 1188

C4a: Latest Advancement from GNSS Receiver and Localization Algorithm
Manufacturers (10-Minute Presentations)

Demonstration of a Xona Space Systems Pulsar X1 Positioning and Timing Receiver
Joshua J. Morales, Kathryn Hammar, and Christian T. Ardito 1189 - 1199

Qinertia PPP-AR: Performance Evaluation of a Multi Constellation PPP-AR for Ground Truth Generation and Survey
Alexis Guinamard, Alexia Le Quilliec 1200 - 1211

Rx Networks High Precision SSR2OSR Service
Hakeem Wewala, Ali Soliman, Aaron Boda and Vijaykumar Bellad 1212 - 1227

The New REGINA Stations at Gavdos and Gadanki
Clément Gazzino, Nicolas Lelarge, Laurent Jolivet 1228 - 1237

A Method to Estimate and Correct Iono Error from a Baseline Model in a Single Frequency GNSS Receiver
Paul W McBurney 1238 - 1267

C5: Integrating LEO for Enhanced Positioning

Evaluation of Xona Pulsar Signals in Simulation – First Results
Eldar Rubinov, Lachlan Ng, Cécilia Kalmeijer, Kathryn Hammar 1268 - 1278

ION GNSS+ 2025 Proceedings Table of Contents file:///P:/Print%20on%20Demand%20Titles/80001-90000/83001-8400...

7 of 18 1/9/2026, 8:53 AM



GNSS Array Receiver and CRPA for LEO (Cubesats)
E. Pérez-Marcos, M. Cuntz, S. Caizzone, S.P. Hehenberger, A. Konovaltsev, M. Meurer 1279 - 1288

Expanding QZSS to the World with LEO Satellites: An Open, Community-Driven Approach
Joshua J. R. Critchley-Marrows, Toshihiro Shibukawa, Nobuhiro Sakamoto, Shogo Matsuo, Masahiro Fujita, Naoko Saka,
Tadashi Sasakawa, Kota Kakihara, Tomoaki Yasuda, Masaya Murata, Satoshi Kogure

1289 - 1304

Fused PNT Performance Assessment from First to Second Generation User Terminal for an IRIS2 Constellation
Ottavio M. Picchi, Francesco Menzione, Francis Soualle, Jose A. del Peral-Rosado, Olivier Julie, Florian Binder, Andres M.
Majorana, Juan Pablo Boyero

1305 - 1326

GMV GSharp® Going to Orbit: GSharp Evolution for On-Board Real-Time POD in LEO Satellites
J.C. López, L. Bravo, A. Chamorro, S. Camargo, J. González, A. González, J.D. Calle 1327 - 1337

Unified Navigation and Communication Hybrid Terminal
Enrique Domínguez, Francisco José Mata, Freddy Albert Pinto, Marcelo Meneses, David García, Javier Fidalgo, GMV;
Domenico Giustiniano, Giuseppe Santaromita, Timothy Otim, Francesco Pigato, José A. López-Salcedo, Gonzalo Seco-
Granados, Fran Fabra, Antoni Reus, Marc Fernández

1338 - 1354

C6: Open-Source Data and Tools for GNSS Research and Development

CSSRlib: Python Toolkit for High-Accuracy, Secure, and Resilient Positioning Services
Rui Hirokawa and André Hauschild 1355 - 1365

Evaluation of the Galileo High Accuracy Service with Open-Source Software for Android Smartphone Positioning
P. Zoccarato, C. Gioia, I. Fernández Hernández 1366 - 1376

LuNART-q: The LuGRE Quick Navigation Analysis and Reporting Tool
Alex Minetto, Simone Zocca, Oliviero Vouch, Andrea Nardin, Fabio Dovis, Mario Musmeci, and Claudia Facchinetti 1377 - 1390

Open-Source Multipath Mitigation Technology-Integrated GNSS Direct Position Estimation
Sergio Vicenzo, Bing Xu 1391 - 1400

A One-Stop Solution for Multiple COTS SDR Pain Points: Multi-Channel Software-Defined Precision RF Calibration
Module for Advanced GNSS Research and Development Applications
Sanjeev Gunawardena, Melbourne Ketteridge, Evan McKnight, Cheney Sollenberger, Eric Hahn, Cole Winkhart

1401 - 1414

An Advanced PPP/PPP-RTK Software Package Designed for Urban Navigation Based on RTKLIB
Cheng-Wei Wang and Shau-Shiun Jan 1415 - 1426

D1: Robust Navigation Using GNSS

Analysis and Quantification of GNSS/INS Error Sources in an Automotive Context
Erin Kahr, Graeme Garner, Yannick Stebler, Edmond Leahy, Paul Gratton, Felipe Cupido, Lance de Groot 1427 - 1439

Pseudo Dual-Polarization Antenna: NLOS Multipath Detection by Antenna Rotation
Taro Suzuki 1440 - 1450

Galileo Integrity Support Message Bounding Methodology Using Extreme Value Theory
Julie Antic, Santiato Perea, Miguel Odriozola, Stefan Wallner Matteo Sgammini, Juan Pablo Boyero 1451 - 1464

Galileo OSNMA as a Contribution to Resilient PNT
Cillian O’Driscoll, Ignacio Fernandez-Hernandez, Jon Winkel, Tom Willems, Sophie Damy, Javier Simon 1465 - 1477

Effects of Jammer Jitter and Sampling Duration on CRPA Null Placement
1478 - 1485

ION GNSS+ 2025 Proceedings Table of Contents file:///P:/Print%20on%20Demand%20Titles/80001-90000/83001-8400...

8 of 18 1/9/2026, 8:53 AM



Henry Powell, Robert W. Jackson, and Do-Hoon Kwon

Relative Spoofing: Real-Time Manipulation of GNSS Correction Data Streams
Søren Reime Larsen, Lasse Lehmann, Daniel H. Olesen, Anna B.O. Jensen 1486 - 1500

Performance of Optimal INS Monitor Against Jamming Then Spoofing Scenarios
Birendra Kujur, Samer Khanafseh, Boris Pervan 1501 - 1510

Protection Levels Against Spoofing Using Dual Antennas: A Practical Approach
Juan Blanch, Sherman Lo, Yu-Hsuan Chen, Anargyros Kriezis, Todd Walter 1511 - 1523

Analytical and Reasoning Methods for Fault Detection and Fault Tolerant in GNSS/INS-Based Train Multi-Sensor
Fusion Localization
Debiao Lu, Meng Yang, Baigen Cai, Jian Wang, Jiang Liu, Wei Jiang, Xiaohui Ba

1524 - 1533

GNSS Analysis Performance System for GNSS Signal Characterization in Critical Applications
Arnau Pena-Sapena, Victor Gracia-Castillo, Rubén Morales-Ferré, Marc Solé-Gaset, Sergi Locubiche-Serra, David Lázaro-
Leiva

1534 - 1546

A Spanning RAIM Method with Low Complexity for GNSS Anti-Spoofing
Lingtao Wang, Yimin Ma, Xi Chen, Mingquan Lu, and Hong Li 1547 - 1557

Robust Direct Position Estimation Algorithm Based on Data Association in Complex Environments
Yueying Zhou, Renbiao Wu, and Qiongqiong Jia 1558 - 1569

D2: Alternative Technologies for GNSS-Denied Environments – Non-Optical
Approaches

Airspeed-Aided Inertial Navigation with Pseudovanes and Non-Optical Sensors for GNSS-and Vision-Denied UAV
Environments
Felipe O. Silva, Guillermo E. V. Hernandez, and Cristino de Souza Jr.

1570 - 1584

The Effect of Coarse Doppler Resolution on the Performance of a Vertical Synthetic Aperture Radar Navigation
System
Tucker Haydon, Todd E. Humphreys

1585 - 1601

Experimental Evaluation of Collaborative Navigation Through Shared Motion Constraints During GNSS Outages
Hasan Kinatas and Mathieu Joerger 1602 - 1623

Integrated DME/INS Alternative PNT System for RNP 1
Birendra Kujur, Samer Khanafseh, Boris Pervan, Valeriu Vitan, Gerhard Berz, Okuary Osechas 1624 - 1646

Comparative Analysis of Different Magnetic Anomaly Datasets Using Navigation Performance with Flight Test Data
Brandon Blakely, Aaron Nielsen, Patrick Duff 1647 - 1663

Opportunistic Radio Map Creation With Foot-Mounted IMUs: A Novel Approach for Indoor Positioning
Philipp Hager, Martin Schmidhammer, Christian Gentner, Eva Buchmayer 1664 - 1672

A Cost-Effective Radar-Visual-Inertial SLAM System for Indoor Land Vehicle Navigation
Emma Dawson, Paulo Ricardo Marques de Araujo, Sidney Givigi, Aboelmagd Noureldin 1673 - 1686

AI Pseudo-Cell: A Method for Generating MultiCell Measurements for Precise Positioning Using Language Translation
Models
Jin Ah Kang, Youngsu Cho, Juil Jeon, Jung Ho Lee, and Sun Sim Chun

1687 - 1694

Precise Tunnel Navigation and Positioning Based on Geomagnetic Matching
1695 - 1703
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Pan Jiang, Chengjian Deng, DingJun Liu, Yuliang Jin, Yilong Yuan, Chang Liu

D4: Robust Navigation Using Alternative Navigation Sensors and Solutions

Computational Aspects of Underwater and Underground Navigation Using Muons
Jaron Samson, Marnix F.L. Meersman, and Jose A. Garcia Molina 1704 - 1718

Extending ARAIM to Terrestrial Systems
Okuary Osechas, Birendra Kujur, Samer Khanafseh 1719 - 1731

Collaborative RF-SLAM for Multipath Channels
Robert M. Tenny, Todd E. Humphreys, Atieh Khamesi, Thomas Cheng, Stefan Adalbjörnsson 1732 - 1747

Integrity and Continuity Concepts of a Vision-Integrated Navigation System for a Civil Aircraft During a Precision
Approach
Gabriel Thys, Christophe Macabiau, Julien Lesouple, Jérémy Vézinet, Anaïs Martineau, Raphaël Jarraud

1748 - 1759

Error Bound Analysis of Marker-Based Visual Navigation in Urban Air Mobility: A Parameter Study and Experimental
Verification for Vertical operations
Young-Hee Lee and Chen Zhu

1760 - 1768

Exploiting Structure-from-Motion for Robust Vision-Based Map Matching for Aircraft Surface Movement
Daniel Choate and Jason H. Rife Student Paper Award

1769 - 1783

Fault Detection and Exclusion for LIDAR-Camera Fusion in Railway Positioning: Enhancing Localization in Adverse
Environments
Michele Brizzi, Agostino Ruggeri, Alessia Vennarini, and Alessandro Neri

1784 - 1799

3D Hybrid Localization Technology based on WiFi RTT and Pressure Sensor to Support Precise Vertical Takeoff and
Landing of UAM
Jung Ho Lee, Chae Deok Lim, and Youngsu Cho

1800 - 1805

INS-Assisted Multi-Constellation GNSS: Experimental Insights from Real and Quasi-Real Jamming Tests
Malek Karaim, Aisha Elsayem, Eslam Mounier, Haidy Elghamrawy, Aboelmagd Noureldin 1806 - 1816

D² LIO: A Tightly-Coupled LiDAR-Inertial Odometry with Degeneracy Detection
Daifang Huang, Yong Li, Zhihang Qu, and Wenhui Yang 1817 - 1828

D5: Navigation in Dynamic Environments

Benchmarking GPS L1C Decoding in Harsh Environmental Conditions
Radu-Andrei Cioaca, Andrea Emmanuele, Luca Siniscalco 1829 - 1840

Empirical Analysis of Multipath and Non-Line-of-Sight Errors on Receiver Measurements in an Urban Environment
Matt Peretic, Jon Christie, Russell Gilabert, Johnson Carroll, Julian Gutierrez, Andrew Moore, and Evan T. Dill 1841 - 1854

Angle of Arrival (AoA) Estimation of Jamming Signals Using a Multi-Antenna System Under Varying Jamming
Scenarios
Aisha Elsayem, German Drolet, Joey Bray, Haidy Elghamrawy, Aboelmagd Noureldin

1855 - 1866

GARSPACE GNSS Receiver Experimentation Results During SL-15 Sounding Rocket Launch
Salvatore Guzzi, Riccardo Longo, Fabio Bernardi, Samuele Fantinato, Oscar Pozzobon, James J. Miller, Lisa Valencia, Paul
De Leon, Claudia Facchinetti, Mario Musmeci

1867 - 1880
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Autocalibration of Camera Extrinsics Using Aircraft Approach and Landing Imagery
Asta Wu, Hayes Edwards, and Grace Gao 1881 - 1892

Cycle Slip Detection and Recovery for Integrity Monitoring in Deep Urban Environments Using Time Differenced
Carrier Phase (TDCP)
Hojoon Jeong, Changdon Kee, Junesol Song

1893 - 1906

Enhancing GNSS Performance in Urban Canyon using GNSS Visibility Map and Recurrence Vector
Yongjun Lee, Byungwoon Park, Jungyo Park, Hyunseung Jei, Youngsun Yun, and Haesung Park 1907 - 1913

Triple-Frequency PPP-AR with Tightly Coupled INS for Enhanced Positioning
Tang-Jhen Wu and Shau-Shiun Jan 1914 - 1925

Closed-Loop Dynamic Multi-Path Parameter Estimation for Urban Canyon Navigation
Zhihang Qu, Yong Li, Wenhui Yang, Daifang Huang 1926 - 1938

Enhancing Positioning Accuracy of Low-Cost GNSS Receivers in Complex Urban Environments via Context-
Awareness
Zhiqiang Yao, Xiaoyu Tao, Sheng Liu, Kangwei Wang, Chenxiang Gao, Menggang Sheng

1939 - 1948

D6: Alternative Technologies for GNSS-Denied Environments – Optical Approaches

Characterizing Lidar Range-Measurement Ambiguity due to Multiple Returns
Jason H. Rife and Yifan Li 1949 - 1963

Enhanced Camera-LiDAR Trilateration Using YOLO Detection and RANSAC Ranging
Travis W. Moleski and Jay P. Wilhelm 1964 - 1974

Distributional Robustness of Learned Features for 3D Map Localization
Daniel Neamati, Adam Dai, Mira Partha, Lance Legel, and Grace Gao 1975 - 1985

Full Stack Navigation, Mapping, and Planning for the Lunar Autonomy Challenge
Adam Dai, Asta Wu, Keidai Iiyama, Guillem Casadesus Vila, Kaila Coimbra, Thomas Deng, and Grace Gao 1986 - 2002

Lightweight GNSS DPE/INS Integration Using Google Smartphone Decimeter Challenge Dataset
Xinyue Lin, Rong Yang, Wei Gao, Jihong Huang, Penggao Yan, Xingqun Zhan 2003 - 2010

INS/GNSS/LiDAR Fusion for Accurate Positioning of UAVs in Complex River Environments
Artur C. Fabrício, Mathieu Joerger, Peter Bauer-Gottwein, Daniel H. Olesen 2011 - 2020

Edge Device-Optimized LiDAR SLAM for Real-Time and Robust Localization in Dynamic Environments
Sai Parimi and Robert Bensch 2021 - 2030

High-Precision Edge-Assisted SLAM Systems: Error Profiling, Keyframe Selection and Resource Allocation
Yuanyuan Zhuang, Tong Bai, Yanchong Nie, Zhipeng Wang 2031 - 2042

Quality-Driven Feature Adaptation for Robust Visual SLAM in Challenging Environments
Ziwei Ma, Di He, and Yiqian Li 2043 - 2054

E1: Emerging Technologies for Alternative, Resilient, and Intelligent PNT Systems

A Consideration on Method to Improve the Convergence Speed of MADOCA-PPP in GNSS Positioning
Hirotaka Kuwabara, Koshiro Achioku, and Yukihiro Kubo 2055 - 2068
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Federated Array Intelligent Link Server Architecture for Enhanced Synchronization (FAILSAFESTM)
Wilbur Myrick 2069 - 2073

Opportunistic LEO PNT via Ground Segment Ephemeris Product Provision
Samer Hayek, Joe Saroufim, and Zaher M. Kassas 2074 - 2084

GNSS Spoofing Identification with Receiver Motion-Induced Doppler (GSIR-MID)
Xin Tian, Zijiao Tian, Jiachen Wang, Genshe Chen, Khanh Pham and Erik Blasch 2085 - 2098

Machine Learning Model Uncertainty in GNSS Positioning
Paul Dobre, Shichuang Nie, Hongzhou Yang 2099 - 2109

Precise Attitude Determination Based on High-Rate GNSS-TDCP/INS Integration
Shuai Guo, Hongzhou Yang, and Yang Gao 2110 - 2120

Test and Evaluation of an eLoran Tactile Mobile System
Victor Baños-Gonzalez, Sravan Machiraju, Stefan Baumann, Thomas Sichert, Hans Kessler, Rene Güttler, Paul Mcintosh,
Gerard Offermans, Shelby Baecker

2121 - 2136

LiDAR, UWB and IMU-Based Cross-Agent Relative Pose Estimation
Andrea Masiero, Alberto Guarnieri, and Antonio Vettore 2137 - 2145

Enhanced Online Lever-Arm Estimation for GNSS/INS Integration Using Factor Graph Optimization
Hao Zhang, Tuan Li, Yuan Sun, Zhipeng Wang, and Chuang Shi 2146 - 2158

E2: Accurate Navigation in GNSS Challenging Environments 1

Exploring and Utilizing Multipath Effects on L5 for Multi-Frequency Machine Learning-Based Positioning
Nesreen I. Ziedan 2159 - 2172

Enhancing GNSS Resilience: An Adaptive Look-Up Table Approach for Analog Null Steering
Ali Massoud, Haidy Elghamrawy, Mai Hassan, Aboelmagd Noureldin 2173 - 2182

Vector Tracking Loop for GPS and Galileo Receiver Combined with Machine Learning Multi-Path and Non-Line-of-
Sight Detectors and Fusion with IMU for Autonomous Vehicle
Martin Bransby, Pekka Peltola, Smita Tiwari, Katie Roll, Ben Lavin, Louise Mercy, Ivan Petrunin, Zhengjia Xu, Teng Li, Nicolas
Giron

2183 - 2197

Combined PPP Relative Baseline Positioning Techniques for CORS Network Adjustment and Alignment to the NSRS
Hunter D. Mitchell, Brian Weaver 2198 - 2210

Use Cases for Spaceborne PRS-Receivers
Stefan Baumann, Hanno Beckmann, Lotta Dräger, Alexander Rügamer, Iñigo Cortés, Volker Gehrmann, Nikolas Dütsch,
Andreas Flamm

2211 - 2221

Blind Multi-Vehicle GNSS Spoofing Detection with Extended Baselines
Dawson Beatty, Mark L. Psiaki 2222 - 2238

Analysis of a Novel Controlled Reception Pattern Antenna and its Influence on GNSS Measurements and Positioning
Benjamin Adu, Pragati Basnet, Soroush Sasani, Sunil Bisnath, Mohamed K. Emara, Ian Goode, Joseph Botros 2239 - 2256

Validation of Beamforming Techniques for Handheld GNSS Receivers in the Presence of Correlated Signals
Lucía Pallarés-Rodríguez, Gonzalo Seco-Granados, José A. López-Salcedo, Bárbara de Matos, Pedro Boto, Alexandru
Budianu

2257 - 2276
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An Enhanced LSTM-Piecewise Model for Predicting Ionospheric Scintillation
Muhammad Usama, Kai Guo, Zhipeng Wang, Jifeng Guo 2277 - 2291

An Intelligent GNSS Positioning Correction Method Based on Frequency-Domain State Sequence Prediction
Yiting Cai, Jianhao Tang, Zhenni Li, Peili Li, Rui Guo, Shengli Xie, Marios Polycarpou, Banage T.G.S. Kumara 2292 - 2306

Enhancing GNSS Signal Classification in Urban Environments: A Multi-Modal Approach Combining Signal
Observations and Correlator Output Images
Shiyi Wei, Kungan Zeng, Zhiyu Sun, Mingwei Wang, Zhenni Li, Shengli Xie, Banage T.G.S. Kumara

2307 - 2321

E3a: LEO Satellites for Positioning, Navigation, and Timing

Enhancing GNSS with a Low Earth Orbit layer: Celeste In-Orbit Demonstration Mission
R. Prieto Cerdeira, P. Giordano, M. Cordero, F. Grec, A. Le Priellec, R. Sarnadas, E. Breeuwer, N. Ait-Mohammed, M. Anghileri 2322 - 2331

TrustPoint LEO PNT: Evaluating Geometric Strength, Urban Availability, and Multi-Constellation Integration
Furqan Ahmed, Patrick Shannon, George Schmitt, Anil Goparaju 2332 - 2345

Tight Integration of GNSS/LEO/INS in Dense Urban Environments
Yoji Takayama, Akihiro Osugi, Thyagaraja Marathe, Jérôme Leclère, Bryan Chan 2346 - 2359

Joint Doppler and Direction-of-Arrival Based Positioning Using Starlink and OneWeb Satellites
Paul El-Kouba, Sharbel Kozhaya, Zaher M. Kassas 2360 - 2369

Experimental Framework for Hybrid Navigation Terminals Exploiting LEO PNT Constellations
Francis Soualle, José A. del Peral-Rosado, Gabriele Ligorio, Saggad Al Faris, Florian Binder, Christian Lichtenberger, Thomas
Pany, Jon Winkel, Luca Canzian, Federica Rozzi, Marco Rotoloni, Stefano Garlaschi, Giacomo Castellan, Ottavio Picchi,
Francesco Menzione, Juan Pablo Boyero

2370 - 2400

Carrier Phase Differential Positioning Using Iridium Signals: Feasibility Analysis and Preliminary Findings
Qi Zhang, Zihong Zhou, Bing Xu 2401 - 2413

Frequency-Varying LEO-Assisted GNSS Positioning in Urban Environments
Songfeng Yang 2414 - 2430

Hardware Simulation of Low-Earth-Orbit GNSS for Carrier Phase Ambiguity Resolution
Claire Mah and Kyle O'Keefe 2431 - 2443

Assessment of Potential System Interference through Radio Frequency Compatibility Analysis by Emerging LEO
Constellations using L5 Frequency
Himanshu Sharma, Dominik Dötterböck, Thomas Pany

2444 - 2455

Accuracy Loss in LEO Satellite Orbits and Clocks Using Different Interpolation Methods and Sampling Rates
Beixi Chen, Jinqian Wang, Kan Wang, Meifang Wu, Ahmed El-Mowafy, Xuhai Yang 2456 - 2469

E3b: Advanced Technologies in High Precision GNSS Positioning

QZSS CLAS: Performance Evaluation and Improvement against Severe Ionospheric Disturbances Under High Solar
Activity
Natsuko Hayase, Susumu Saito, Ryosuke Saito, Masakazu Miya, Rui Hirokawa, Hiroyuki Mineyama, So Tajima, Seigo Fujita,
Kazutoshi Sato

2470 - 2486

A New Paradigm in Nationwide GNSS Precise Positioning: Satellite-Broadcasted OSR Corrections via Homogeneous
Network RTK Methodology
Cheolsoon Lim, Yongrae Jo, Sungik Kim, Yebin Lee, Byungwoon Park

2487 - 2497
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Low-Latency, Cloud-Based Positioning for Mobile Applications
Landon Urquhart, Rodrigo Leandro, Sunil Bisnath 2498 - 2512

Enhanced Protection Level Based on Non-Gaussian Models with an Application to RTK Precise Positioning
Yuting Gao, Jiakun Li, Baoyu Liu, Yang Jiang, and Yang Gao 2513 - 2523

Assessment of PPP-AR Based on IF Model Generalized to all Available Frequencies
Anthony Hoareau, Patrick Sarri, Khoder Makkawi, Jessica Colombel, Remi Burtin, Alexis Guinamard 2524 - 2535

Shedding Light on Factor Graph Optimization: An Analysis of the Structure and Dimensionality of the Optimization
Problem for GNSS-PPP
Axel Koppert, Eva Buchmayer Student Paper Award

2536 - 2549

Investigating Cycle Slip Repair for Single and Multi-Frequency Smartphone GNSS
Naman Agarwal and Kyle O’Keefe 2550 - 2565

Comprehensive Performance Evaluation of QZSS CLAS Over Four Years (2021-2024) Spanning the Solar Maximum
Hayato Shiono and Nobuaki Kubo 2566 - 2580

High Precision and Cost Efficiency: The Realization of a Nationwide PPP-RTK System
Bowen Duan, Haohao Xin, Qiang Zhang, Mengxiang Tong, Yilong Yuan, Chang Liu 2581 - 2591

E5: Accurate Navigation in GNSS Challenging Environments 2

Results and Lessons Learned from the NAVITEC 2024 Resilient GNSS Challenge
Lotfi Massarweh, Chengyu Yin, Daniele Borio, Melania Susi, Hakan Uyanik, Daniel Medina, Andrea Bellés Ferreres, Filippo
Giacomo Rizzi, Christoph Lass, Tao Lin, Tao Li, Wei Gao, Gerarda De Pasquale, Noori Bni Lam, Ruediger Matthias Weiler,
Paolo Crosta

2592 - 2602

Development of a Receiver-Agnostic and Real-Time Jamming and Spoofing Detection and Mitigation System
Wahyudin P. Syam, Nabeel Ali Khan, Michael Turner, Luis Enrique Aguado, Ben Wales, Lisa Guerriero, Baris Toz, Inchara
Lakshminarayan, Tom Stacey, Maria Ivanovici, Terri Richardson

2603 - 2619

Mitigating Single Source Partial Spoofing by Applying Outlier Detection to a two Antenna Baseline Spoofing Detector
Michael Blois, John Studenny, Kyle O’Keefe 2620 - 2637

Analysis of a Bayesian Optimized Multi-GNSS Synthetic Aperture Processing Under Challenging Signal Conditions
Mohamed, Bochkati, Jürgen Dampf, and Thomas Pany 2638 - 2647

On Integrating Navigation Over Link-16 Tactical Radios with Minimal Modifications
Dan Shen, Genshe Chen, Khanh Pham 2648 - 2658

Enhanced LEO-based Doppler Positioning: A Digital Terrain Model Registration Approach for Accurate 3D Navigation
Qamar Bader, Aboelmagd Noureldin 2659 - 2670

Mamba Based GNSS Cycle Slip Detection for the Single Frequency Receiver
Shichuang Nie, Qiaozhuang Xu, Hongzhou Yang 2671 - 2681

A Cross-Scenario GNSS Spoofing Detection Method Based on Transfer Learning
Jun Xu, Chao Sun, Kaiyan Jin, Lu Bai, Shuai Zhang, Bin Yuan, Lei Xu, Liangyu Qin 2682 - 2693

Enhanced Heading Correction Using an Extended Kalman Filter with IMU and Sparse Location Data
Hossein Shoushtari, Harald Sternberg 2694 - 2701
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Ray Tracing-Based Localization Method for 5G Signals in LOS/NLOS Hybrid Scenarios
Haoxuan Yang, Chao Sun, Yingzhe He, Lu Bai, Jiayue Lei, Xiaowei Jin, Ying Xu 2702 - 2713

E6: Advanced Processing of Terrestrial and Non-Terrestrial Signals of Opportunity

On the Integrity Assurance of Carrier-Phase PNT
Peter J.G. Teunissen, Chengyu Yin, and Christian C.J.M. Tiberius 2714 - 2720

Robust Navigation Using Angle of Arrival Measurements
Okuary Osechas, Peter Swaszek, Richard Hartnett, Kelly Seals, and Dahnyoung McGarry 2721 - 2738

Robust Positioning Algorithm for Challenging Environments by Hybridizing GNSS and 5G TN/NTN
Enrique Domínguez-Tijero 2739 - 2753

Demonstration of Cognitive Navigation with Terrestrial Digital Television, LTE, and 5G Signals of Opportunity
Shaghayegh Shahcheraghi and Zaher M. Kassas 2754 - 2762

Kalman Filter-Based Navigation for 5G MultiLayer PNT Integrating Terrestrial and LEO/HAPS Non-Terrestrial Networks
Gabriele Ligorio, Francis Soualle, José A. del Peral-Rosado, Saggad Al Faris, Ottavio Picchi, Sophie Damy, and Francesco
Menzione

2763 - 2794

Development of a Real-Time Software-Defined Receiver for Broadband LEO PNT
W. Jeremy Morrison, Todd E. Humphreys 2795 - 2803

Simulation-Based Analysis of the 746th Test Squadron’s Locata Pseudolite System for Navigation Testing
Sean Abrahamson, Kalyn Jones, Joseph Murphy, and Jesse Schlosser, ANSYS Government Initiatives 2804 - 2816

Joint Tracking and Beacon Refinement of Wideband Starlink LEO Signals for PNT
Faezeh Mooseli, Sharbel Kozhaya, and Zaher M. Kassas 2817 - 2826

Reflection Point Single-Point Positioning via GNSS NLOS Signal’s TOA and DOA Estimation
Yiran Luo, Yi-Fen Tseng, and Naser El-Sheimy 2827 - 2835

F1: Lunar Positioning, Navigation, and Timing

Constellation Design and Staged Deployment for the Lunar Navigation Satellite System
Keidai Iiyama and Grace Gao 2836 - 2860

Lunar Surface Station to Support Lunar Positioning, Navigation, and Timing Services
Guillem Casadesus Vila and Grace Gao 2861 - 2877

Accuracy Evaluation of Multi-Layer Lunar Navigation Satellite System: Reduction of PNT Convergence Time
Masaya Murata, Kyohei Akiyama, and Kota Tanabe 2878 - 2884

Lunar Augmented Navigation Service Interoperability Demonstration - Reference Products and Expected PVT
Accuracy
Floor T. Melman, Richard D. Swinden, Jillian S. Oduber, Yoann Audet, Cosimo Stallo, Cheryl J. Gramling, Juan M. Crenshaw,
Masaya Murata, Suzuna Okamoto, Javier Ventura-Traveset, Serena Molli

2885 - 2908

Preliminary Navigation System Design for the First LCRNS Satellite Providing Lunar PNT Services
Tara Mina, Ava Thrasher, Mark Hartigan, Jason Leonard, Shaun Stewart, Peter Antreasian, Kevin Pipich, Daniel Brack, David
Gaylor, Barrett Bedford-Dillow, E. Glenn Lightsey, John Christian

2909 - 2946

Navigation Filter Design for an LCRNS Receiver during Lunar Powered Descent and Landing
Mark Hartigan, Frank Garcia, E. Glenn Lightsey, Shaun Stewart 2947 - 2962
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Enhancing Positioning Accuracy When Using Weak GNSS Signals on The Moon
Michael Armatys, David Anderson, Patrick Hwang 2963 - 2976

Sensor Fusion and PVT Techniques for Autonomous Lunar Rover Navigation
Giuseppe Tomasicchio, Luca Andolfi, Simone Giannattasio, Salvatore Cassano, Luca Ostrogovich, Alfredo Renga, Nicolò
Galletta, Michèle Lavagna

2977 - 2999

F2: Advanced Software and Hardware Technologies for GNSS Receivers

Performance Analysis of the New Ephemeris Sets in Galileo Second Generation (G2G) and their Impact on a Real-
Time Receiver
Freddy A. Pinto-Benel, Carlos Moriana-Varo, Esteban Garbin-Manfredini, Rodrigo M. Romero-Gaviria, Rodrigo Silverio Orbiso,
Sergio Blesa Jiménez, José M. Masó Llinàs, Enik Shytermeja, Enik Shytermeja, Gianluca Caparra, Luciano Musumeci, Vicente
Lucas Sabola, Jose A. Garcia-Molina

3000 - 3007

Insights into Xona Pulsar LEO PNT: Constellation, Signals, and Receiver Design
Jérôme Leclère, Thyagaraja Marathe, Tyler G. R. Reid 3008 - 3096

3D Multi-GNSS Over-The-Air Wave Field Synthesis Testbed
Renato Zea Vintimilla, Alexander Rügamer, Anna Rüppel, Markus Landmann, Giovanni del Galdo 3097 - 3105

Measurement and Positioning Analysis of an Integrated Choke-Ring Antenna and GNSS Receiver
Benjamin Adu, Pragati Basnet, Soroush Sasani, Sunil Bisnath, Bruce Sheilds, Ken MacLeod 3106 - 3121

Multiantenna System for Robust and Precise GNSS Reference Station Performance
Veenu Tripathi, Simon P. Hehenberger, Wahid Elmarissi and Stefano Caizzone 3122 - 3130

Design and Development of a Helical Antenna for Mitigation and Characterization of Multipath
Benjamin B. Elsholm, Daniel H. Olesen, Lasse Lehmann 3131 - 3142

Array-Based GNSS Jamming Mitigation Using a Low-Cost Software-Defined Radio
Lasse Lehmann, Søren R. Larsen, Benjamin B. Elsholm, and Daniel H. Olesen 3143 - 3157

Analysis of a Centralized Filter Design for a Multi-Receiver Vector Tracking Architecture Under Challenging
Conditions
Stefan Laller, Mohamed Bochkati, Philipp Berglez, Thomas Pany

3158 - 3171

Open-Loop Receiver Processing and Filtering of GNSS Signals Traversing Troposphere Structures
Jiawei Xu, Y. Jade Morton 3172 - 3183

OSNMA-SDR-SIM: An Open-Source Tool for Generating OSNMA-Enabled Galileo Satellite Signal
Haiyang Wang, Yuanyu Zhang, Xinghui Zhu, Ji He, Shuangrui Zhao, Yulong Shen 3184 - 3192

F3: Remote Sensing, Timing, Space and Scientific Applications

Ionospheric and Plasmaspheric Delay Characterization and Mitigation Methodologies for Lunar Terrestrial GNSS
Receivers
Keidai Iiyama and Grace Gao

3193 - 3210

Evaluating an Ionosphere Sensing Capability on Suborbital Launch Vehicles
Austin Hunter, Penina Axelrad, Viliam Klein, H. Todd Smith 3211 - 3226

Analysis of GNSS Radio Occultation Scintillation Events Observed by Low Earth Orbiting PlanetiQ and Spire Global
Satellites During the May 2024 Geomagnetic Storm
Hyeyeon Chang, Jade Morton, Jonathan Brandmeyer

3227 - 3237
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A Method for Processing Intermittent Coherent and Non-Coherent Grazing GNSS-R Measurements
Brian Breitsch and Jade Morton 3238 - 3250

May the Force Be Simple: Fourier-Based Radiation Pressure Models for all GNSS Spacecraft
Florian Dilssner and Tim Springer 3251 - 3265

Alternative Navigation Techniques for RealTime LEO Precise Navigation During QZSS Invisible Zone with QZSS
MADOCA-PPP for Visibility
Hideki Yamada, Toshitaka Sasaki, Saya Matsushita, Keito Yoshida, Tatsuya Nagano, Satoshi Kogure, Tomoya Osawa, Aki
Sakamoto, and Aki Taniyama

3266 - 3280

An Algorithm for Estimating Thermospheric Density Using LEO Dual-Frequency GNSS Receivers: Design, Uncertainty
Analysis, and Validation
Jian Yao, Stefan M. Codrescu, Faisal Wahabu, Mihail V. Codrescu, and Stephen Leroy

3281 - 3292

Space Objects Precise Orbit Determination from Sparse GNSS Positioning Data
Pietro Russo, Giorgio Isoletta, Roberto Opromolla, Giancarmine Fasano, Francesco Menzione, and Andrea Piccolo 3293 - 3309

F4: Atmospheric Effects on GNSS and LEO-PNT Systems

Amplitude Scintillations Revealed in the Auroral Zone by Computing High-Rate Scintillation Indices
Gytis Blinstrubas and Seebany Datta-Barua 3310 - 3317

Investigating the Impact of the May 2024 Geomagnetic Storm on LEO Satellites at Different Orbital Altitudes
Wei Li, Y. T. Jade Morton 3318 - 3328

Solar Cycle 25 - Impact on GNSS Correction Services Near the Geomagnetic Equator in Brazil
Hunaiz Ali, Kendall Ferguson, Landon Urquhart and Rodrigo Leandro 3329 - 3338

Characterization of Ionospheric Scintillation Using Deep Learning Models
Rubem Vasconcelos Pacelli, Rodrigo de Lima Florindo, Felix Antreich, André Lima Ferrer de Almeida, Angela Aragon-Angel,
Adrià Rovira Garcia

3339 - 3352

A Stochastic Modeling Approach for Phase Transition-Induced Errors in GBAS under Ionospheric Scintillation
Andrew K. Sun and Jiyun Lee, Sam Pullen, and Maria Caamano 3353 - 3368

Deep Learning Based Detection of EPBs in GOLD Airglow Images Towards GNSS-RO Back Propagation Validation
Carles Quilis Alfonso, Saleh Javadi, Vinícius Ludwig-Barbosa 3369 - 3376
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