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Nexteq’s Integer Ambiguity-Resolved Precise Point Positioning System: L. Urquhart, Y. Zhang,
S. Lee, J. Chen, Nexteq Navigation, Canada 3046

External Ionospheric Constraints for Improved PPP-AR Initialisation and a Generalised Local
Augmentation Concept: P. Collins, Natural Resources Canada/York University, Canada; F. Lahaye,
Natural Resources Canada, Canada; S. Bisnath, York University, Canada 3055

Demonstrating In-The-Field Real-Time Precise Positioning: A. Mozo, J.D. Calle, P. Navarro, R. Piriz,
D. Rodriguez, G. Tobias, GMV, Spain 3066

Real-time Clock Jump Detection and Repair for Precise Point Positioning: F. Guo, X. Zhang,
Wuhan University, China 3077

Developments on Global Centimeter-level GNSS Positioning with Trimble CenterPoint RTX"™:
R. Leandro, V. Gomez, R. Stolz, H. Landau, M. Glocker, R. Drescher, X. Chen,
Trimble Terrasat GmbH, Germany 3089

Instantaneous Cycle Slip Detection, Code Multipath Mitigation and Improved Ionospheric Correction
for Enhanced GPS Single-Frequency Positioning: J.A. Momoh & M. Ziebart,
University College London, UK 3097

Why Insignificant Improvement on the Height Component by PPP Ambiguity Resolution?:
J. Shi & Y. Gao, University of Calgary, Canada 3113

F5: Consumer Products & Services

Generation of Precise Long-Term Orbit and Clock Prediction Products for A-GNSS:
M.M. Romay, M.D. Lainez, GMV, Spain 3122

Enhanced Broadcast Ephemeris for High Accuracy Assisted GPS Positioning: Y. Bar-Sever, B.
lijima, L. Romans, J. Weiss, Jet Propulsion Laboratory (Paper Not Submitted for Publication)

A Comparison of Feature Extraction and Selection Techniques for Activity Recognition using
Low-cost Sensors on a Smartphone: S. Saeedi, University of Calgary, Canada; Z. Syed,
Trusted Positioning Inc., Canada; N. El-Sheimy, University of Calgary, Canada 3140

Real-time, Continuous and Reliable Consumer Indoor/Outdoor Localization for Smartphones:
Z. Syed, J. Georgy, A.S. Ali, H-W. Chang, M.M. Atia, Trusted Positioning Inc., Canada ----------- 3147

Android GPS Jammer Localizer Application Based on C/Ny Measurements and Pedestrian
Dead Reckoning: I. Kraemer, P. Dykta, R. Bauernfeind, B. Eissfeller,
University FAF Munich, Germany 3154




Motion-Awareness 3D PDR System in GPS-Denied Environment using Smartphone: B. Shin,

J.H. Lee, J.H. Kim, C. Kim, S. Lee, Y.T. Byun, Korea Institute of Science and Technology,

South Korea; D. Yun, Korea Communications Commission, South Korea; T. Lee,

Korea Institute of Science and Technology, South Korea 3163

Precise Augmented Reality Enabled by Carrier-Phase Differential GPS:
D.P. Shepard, K.M. Pesyna, T.E. Humphreys, University of Texas at Austin 3169

Thermal Vibration's Impacts on a GPS Receiver in a Mobile Phone with Limited PCB Area
and Placement: T-Y. Chiou, S-T. Wu, A-B. Chen, MediaTek Inc, Taiwan 3185

Assessment of Time Delays and Synchronization Errors in Real-time INS/GNSS Systems and

its Impact on the Navigation Performance: H.N. Abu Abdelsalam, University of Calgary,

Canada; M.M. Atia, C. Goodall, Trusted Positioning Inc., Canada; A. Noureldin,

Queen's University, Canada; N. El-Sheimy, University of Calgary, Canada 3192

Panel 5: QZSS Workshop: Design, Implementations, Current Status &
Future Outlook

QZSS, the System Description:

S. Kogure, Japan Aerospace Exploration Agency, Japan 3198
Design and Technical Status of the 1*'. QZS “MICHIBIKI”: M. Kishimoto, E. Myojin & S. Kogure,

Japan Aerospace Exploration Agency, Japan 3214
QZ-vision to Connect the QZSS and the People: K. Yajima, Lighthouse Technology and

Consulting Co., Ltd., Japan 3233
QZ-tec: The Verification System: Prepared by Lighthouse Technology and Consulting Co., Ltd. ------------- 3262
Application Demonstrations: K. Asari, Satellite Positioning Research and Application Center

(SPAC), Japan 3278
The Tour of "IS-QZSS” Providing a Summary: H. Maeda, Lighthouse Technology and

Consulting Co., Ltd., Japan 3295
The L1-SAIF Signal: How was it Designed to be Used: T. Sakai, Electronic Navigation

Research Institute, Japan 3306
The LEX Signal, How is it Used?: S. Kogure, Japan Aerospace Exploration Agency, Japan ------------------- 3331

Centimeter-class Augmentation System (CMAS): M. Saito, Mitsubishi Electric Corporation, Japan;
K. Asari, Satellite Positioning Research and Application Center (SPAC), Japan 3354

Future Plan of the Quasi-Zenith Satellite System: Office of National Space Policy, Cabinet Olffice,
Government of Japan 3366




A6: GNSS and the Atmosphere 2

Detection of Atmospheric Turbulence in GPS-RO Amplitude Spectra: E.H. Barlow, P. Axelrad,
S. Palo, University of Colorado Boulder; L. Cornman, R.K. Goodrich, National Center for
Atmospheric Research 3380

Advanced Usage of GPS Slant Delay for Detecting Water Vapor Variation Over the Osaka Bay:
S. Oishi, K. Tsuchiya, Kobe University, Japan; A. Wada, Hitachi Zosen Corporation, Japan;
T. Iwabuchi, GPS Solutions Inc., Japan; E. Nakakita, Kyoto University, Japan 3392

Slant Tropospheric Delay Estimation Using the Integration of Operational Numerical Weather
Modelling and CORS Observations: L. Yang, C. Hill, C. Hide, T. Moore, University of Nottingham, UK --3398

Analysis of the Temporal and Spatial Variability of the Wet Troposphere at a Local Scale by
High-rate PPP Using a Dense GNSS Network: E. Realini, T. Tsuda, K. Sato, M. Oigawa,
Y. Iwaki, Kyoto University, Japan 3406

Ionosphere Scintillation Signal Parameters Modeling Based on Triple Frequency Software
GNSS Receiver Measurements: S. Peng, Virginia Tech; Y. Morton, Miami University;
W. Pelgrum, Ohio University 3413

Kalman Filter Based Robust GNSS Signal Tracking Algorithm in Presence of Ionospheric Scintillations:
C. Macabiau, L. Deambrogio, ENAC, France; V. Barreau, W. Vigneau, M3Systems, France;
J-J. Valette, CLS, France; G. Artaud, P. Thevenon, L. Ries, CNES, France 3420

Performances of GPS Signal Observables Detrending Methods for Ionosphere Scintillation Studies:
F. Niu, Y. Morton, S. Taylor, Miami University, W. Pelgrum, Ohio University;,
A.J. Van Dierendonck, AJ Systems 3435

New Correction Approaches for Mitigating Ionospheric Higher Order Effects in GNSS Applications:
M.M. Hoque & N. Jakowski, German Aerospace Center (DLR), Germany 3444

GPS Precipitable Water Vapor Dataset for Climate Science: M. Fujita, JAMSTEC/RIGC, Japan;
A. Wada, Hitachi Zosen Corporation, Japan; T. Iwabuchi, C. Rocken, GPS Solutions Inc., USA --------------- 3454

Spatial Characterization of High Latitude Ionosphere Scintillations: J. Wang, Y. Morton,
Q. Zhou, Miami University; W. Pelgrum, Ohio University 3459

B6a: SBAS+GBAS Integrity

Detection and Characterization Algorithm of Swept Continuous Wave Interference for Safe GBAS
Operation: C.H. Kang, S.Y. Kim, J.H. Yang, C.G. Park, Seoul National University, Republic of Korea ------ 3465

A GBAS Receiver Prototype Based on FPGA for Integrity Monitoring Test-bed: C-H. Chen &
S-S. Jan, National Cheng Kung University, Taiwan 3471

SBAS in Urban Environment: Scenarios, Applicability and Challenges: U. Bestmann, S. Batzdorfer,
M. Becker, T. Scheide, P. Hecker, Technical University Braunschweig, Inst.of Flight Guidance Germany ---3481



EVT-SIAM: A Tool Based on Extreme-Value Theory for the Assessment of SBAS Accuracy and Integrity:
G. Buscarlet, Thales Alenia Space, France; J-M. Azais, S. Gadat, IMT, Institut de Mathematiques de Toulouse,

France; N. Suard, CNES, French Space Agency, France

Adaptive Ionosphere Delay Prediction Algorithm Based on Re-sampling Method: Y. Liu, J. Zhang,
Y. Zhu, BeiHang University, China

Sensitivity Analysis of Code Carrier Divergence Monitor Algorithms: Y. Yun, J. Cho,

M-B. Heo, Korea Aerospace Research Institute, South Korea

B6b: Advances in Military GNSS Systems and Applications

Relative Navigation System for Manned and Unmanned Vehicles: S. Moafipoor, L. Bock,
J.A. Fayman, Geodetics Inc.

Flight Test Results of Navigating an Aircraft by use of a Position Potential Prediction Model:
A. Ciecko, J. Cwiklak, M. Grzegorzewski, S. Oszczak, Polish Air Force Academy, Poland

C6: Interference & Spectrum Management 1

Performance Comparison of Transformed-Domain Techniques for Pulsed Interference Mitigation:

F. Dovis, L. Musumeci, Politecnico di Torino, Italy, J. Samson,

European Space Research and Technology Centre

Pre- and Post-Correlation GNSS Interference Detection within Software Defined Radio:

K. Sheridan, Y. Ying, T. Whitworth, Nottingham Scientific Limited, UK

FPGA Implementation Issues of a Two-pole Adaptive Notch Filter for GPS/Galileo Receivers:
M.T. Gamba, E. Falletti, Istituto Superiore Mario Boella, Italy; D. Rovelli,
Thales Alenia Space Italia, Italy; A. Tuozzi, ASl, Agenzia Spatiale Italiana, Italy

Vehicle Impact on Personal Privacy Device (PPD) Performance: D.N. Aloi & A.R. Steffes,
Oakland University

Time-Frequency Based Intentional Interference Suppression Techniques in GNSS Receivers:
A.S. Ayaz, R. Bauernfeind, University FAF Munich, Germany; T. Pany, IFEN GmbH, Germany;

B. Eissfeller, University FAF Munich, Germany

The Texas Spoofing Test Battery: Toward a Standard for Evaluating GPS Signal Authentication

Techniques: T. Humphreys, J. Bhatti, D. Shepard, K. Wesson, The Universtiy of Texas at Austin -----------

Real-Time Spoofing Detection Using Correlation Between two Civil GPS Receiver: B.W. O'Hanlon,

M.L. Psiaki, Cornell University, T.E. Humphreys, J.A. Bhatti, The University of Texas at Austin -------------

Evaluation of Smart Grid and Civilian UAV Vulnerability to GPS Spoofing Attacks: D.P. Shepard,
J.A. Bhartti, T.E. Humphreys, University of Texas at Austin; A.A. Fansler, Northrop Grumman
Information Systems

3488

3496

3505

3512

3523

3530

3542

3549

3558

3591



D6a: GNSS Compatibility, Interoperability & Services

Quasi-Cylic LDPC Codes and Its Application for Compass: Jiuchao Qian, Rendong Ying, Kai Chen,

Peilin Liu, Wenxian Yu School of Electronic Information and Electrical Engineering, Shanghai Jiao

Tong University

New Birds in the Sky - Signal in Space (SIS) Analysis of New GNSS Satellites: S. Thoelert,
J. Furthner, M. Meurer, German Aerospace Center (DLR), Germany

On the Determination of C/A Code Self-Interference with Application to RFC Analysis
and Pseudolite Systems: C. O'Driscoll, J. Fortuny-Guasch, IPSC/JRC of the

European Commission, Italy

D6b: Marine Navigation & Applications

Construction of a Sun Sensor for Geolocation and Orientation:

C. Liu & K.B. Ariyur, Purdue University

New Approach for Tsunami Detection Based on RTK-GNSS Using Network of Ships:

R. Nakasone & N. Kubo, Tokyo University of Marine Science and Technology, Japan —-------------

A Review of Space Weather Events and the Potential Impact on Marine AtoN Services:
A. Grant, G. Shaw, N. Ward, The General Lighthouse Authorities of the
United Kingdom and Ireland

Maritime Volumetric Navigation System: K. Aichhorn, TeleConsult Austria GmbH, Austria,
C. de la Cuesta de Bedoya, Isdefe, Austria; P. Berglez, TeleConsult Austria GmbH, Austria;

3606

3613

3620

3642

M. Lépez Cabeceira, GMV, Spain; M. Troger, A. Kemetinger, TeleConsult Austria GmbH, Austria 3651

ACCSEAS an e-Navigation Test Bed in Europe: M. Bransby & G. Shaw, General Lighthouse
Authorities of the United Kingdom and Ireland

USCG NDGPS Accuracy and Spatial Decorrelation Assessment: G.W. Johnson, C. Oates,
M. Wiggins, Alion Science & Technology; P.F. Swaszek, A.T. Page, University of Rhode Island,

R.J. Hartnett, U.S. Coast Guard Academy; A.B. Cleveland, USCG C3CEN

E6: Precise Point Positioning 2

Satellite Bias Determination with Global Station Network and Best-Integer Equivariant Estimation:

Z. Wen, P. Henkel, A. Brack, Technical University Munich, Germany; C. Guinther, Technical University
Munich and German Aerospace Center (DLR), Germany

3658

3665

3675

Precise Point Positioning with GPS Dual-Frequency Carrier-Phase Measurements using WADGPS
Corrections: H. Rho & R.B. Langley, University of New Brunswick, Canada

3683

RTK-PPP Algorithms using GNSS Observables from Few Satellites: A. Chabata, Y. Suzuki,

Y. Kubo, S. Sugimoto, Ritsumeikan University, Japan

3696



Improving Fixed-ambiguity Precise Point Positioning (PPP) Convergence Time and Accuracy by using
GLONASS: A. Jokinen, S. Feng, W. Schuster, W. Ochieng, Imperial College London, UK; C. Hide,
T. Moore, C. Hill, University of Nottingham, UK; C. Milner, ENAC, France 3708

A Fast Integer Ambiguity Resolution Method for PPP:
J. Shi & Y. Gao, University of Calgary, Canada 3728

SBAS-based Single and Dual Frequency Precise Point Positioning:
L. Wanninger, A. Hesselbarth, Dresden Technical University, Germany 3735

Reduction of Precise Point Positioning Convergence Period:
G. Seepersad and S. Bisnath, York University, Canada 3742

Cycle-Slip Correction for Single-Frequency PPP: S. Banville, Natural Resources Canada/University
of New Brunswick, Canada; R.B. Langley, University of New Brunswick, Canada 3753

Fo6a: Modern Applications: Sports, Robots, Health

Navigation Application to an Autonomous Lawnmower: R. Dexter, B. Roadruck,
N. Baine, K.S. Rattan, S. Thomas, J. Gallagher, Wright State University 3762

Laser-Guided Autonomous Snowplow Design: S. Craig, R. Kollar, K. Li, P. Duan,
W. Pelgrum, F. van Graas, M. Uijt de Haag, Ohio University 3773

A Low Cost Multi-Sensors Navigation Solution for Sport Performance Assessment:
H-W. Chang, University of Calgary, Canada; J. Georgy, Trusted Positioning Inc., Canada,
N. El-Sheimy, University of Calgary, Canada 3791

Performance of A GNSS Receiver Under Portable Vibration: H-J. Chen, C-W. Chen,
T-Y. Chiou, W-C. Lai, MediaTek Inc., Taiwan 3799

Development of a Fall Alarm System Based on Multi-sensor Integration: F. Wu, C. Hu,
H. Zhao, Y. Zhao, Beihang University, China 3805

F6b: Alternatives to GNSS: Wide Area

Assessing Terrestrial Wireless Communications and Broadcast Signals as Signals of Opportunity
for Positioning and Navigation: C. Yang, Sigtem Technology, Inc.; T. Nguyen, AFRL/RYMN;
E. Blasch, AFRL/RIEA; D. Qiu, Sigtem Technology, Inc. 3814

Wide-Area "Sky-Free'" Positioning, Navigation, Timing and Data: A. Helwig, G. Offermans,
C. Schue, UrsaNav, Inc. 3825

Orbital Diversity for Satellite Navigation: P. Enge, Stanford University; B. Ferrell, J. Bennett,
D. Whelan, The Boeing Company; G. Gutt, D. Lawrence, iKare 3834

Experimental Study of UWB-OFDM SAR for Indoor Navigation with INS Integration: K. Kauffman,
J. Raquet, Air Force Institute of Technology; Y. Morton, D. Garmatyuk, Miami University 3847




Ranging/Timing Using the NDGPS Signal: P.F. Swaszek, University of Rhode Island; G.W. Johnson,
Alion Science & Technology; R.J. Hartnett, U.S. Coast Guard Academy; A.B. Cleveland, USCG C3CEN ----3853

Panel 6: GLONASS Workshop: Design, Implementations, Current Status
& Future Outlook
Main Results of The Past GLONASS Program. Objectives and Tasks of the New Federal Program of

GLONASS Sustainment, Development and use: S. Revnivykh, Central Research Institute of
Machine Building, Federal Space Agency, Russia 3863

GLONASS Signals and Augmentations: S. Karutin, Russian Space Systems, Russia 3878

GLONASS Space Segment: Satellite Constellation, GLONASS-M and GLONASS-K Spacecraft, Main
Features: R. Fatkulin, V. Kossenko, S. Storozhev, V. Zvonar, V. Chebotarev,
JSC Academician M.F. Reshetnev Information Satellite Systems,” Russia 3912

GLONASS Ground Control Segment: Orbit, Clock, Time Scale and Geodesy Definition:
S. Revnivykh, Central Research Institute of ROSCOSMOS, Russia 3931

Generating and Transferring the National Time Scale in GLONASS: A. Shchipunov,
National Research Institute for Physicotechnical and Radio Engineering Measurements, Russia ---------------- 3950

GLONASS Performance Monitoring: S. Revnivykh and E. Oleynik, Central Research
Institute of Machine Building, Federal Space Agency, Russia 3963

GLONASS Application Technologies Implementation: O. Nugaeva, JSC
“Navigation-Information Systems,” Russia 3979






