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ABSTRACT 
 

Nowadays, Global Navigation Satellite Systems (GNSSs) play a significant role in our 

modern society as they support a wide range of applications worldwide associated 

with utterly demanding performance requirements. However, GNSS performances in 

terms of accuracy, continuity and reliability are limited by the Earth’s ionosphere. In 

particular, small-scale irregularities and inhomogeneities in the ionospheric free-

electron density are responsible for diffraction and scattering effects on GNSS signals 

that propagate through such ionospheric disturbances. These effects result in rapid 

fluctuations of the amplitude and phase of GNSS signals, also known as ionospheric 

scintillations, which can severely disrupt the performances of GNSS navigation and 

positioning algorithms. 

The ultimate objective of this PhD thesis consists in prototyping mitigation strategies 

in order to improve the accuracy, continuity and reliability performances of GNSS 

algorithms in case of low-latitude ionospheric scintillations. In particular, this 

research targets two specific Single-Point Single-Epoch (SPSE) GNSS algorithms, 

namely the Standard Point Positioning (SPP) and the Precise Point Positioning (PPP) 

algorithms. The mitigation strategies prototyped in the framework of this research 

are based on ionospheric scintillation skymaps resulting from the application of 

specific spatial analysis techniques on ionospheric scintillation measurements. 

Specifically, these prototype mitigation strategies target the stochastic modelling and 

the integrity monitoring stages of the SPP and PPP algorithms. 

First, this PhD thesis presents a statistical analysis based on measurements 

performed by a network of Ionospheric Scintillation Monitoring Receivers (ISMRs) 

located near the magnetic equator in Brazil and collected during the year 2014, i.e. 

during the (second) peak of the last solar maximum (solar cycle 24). This statistical 

analysis leads to the conclusion that high-end GNSS receivers operating in low-latitude 

regions can see their positioning performances affected by ionospheric scintillations 

during about 20%–30% of the time in case of active ionospheric conditions. The 

addition of detrimental effects due to signal fading, cycle slips and losses of signal 

lock results in poor positioning performances in terms of accuracy, continuity and 

reliability during moderate-to-intense ionospheric scintillation events. As the 

performances of the PPP algorithm rely on the precision of carrier phase 



6  Abstract 

measurements, the PPP algorithm is more sensitive to ionospheric scintillations than 

the SPP algorithm, which is based on code pseudorange measurements exclusively. In 

case of active ionospheric scintillation conditions, the Root-Mean-Square Error (RMSE) 

of the tridimensional PPP solution can be as high as 6.73 m and its success rate as 

low as 50% by comparison to 0.18 m and about 100%, respectively, during quiescent 

conditions. 

Then, this PhD thesis focusses on the spatiotemporal characteristics of ionospheric 

scintillations by exploiting spatial analysis techniques applied to scintillation 

measurements collected through the experimental ISMR network located in Brazil. 

Spatial analysis techniques consider densified ionospheric scintillation skyplots 

composed of Ionospheric Pierce Points (IPPs) as spatial samples whose geometric and 

attribute components evolve over time as satellites are orbiting the Earth and as 

ionospheric conditions change. This approach turns out to be successful in detecting, 

scaling and tracking significantly positive spatial autocorrelation in ionospheric 

scintillation skyplots during active ionospheric conditions. The spatial analysis 

techniques exploited in the framework of this research eventually led to the design 

of three types of real-time ionospheric scintillation skymaps that quantify the 

spatiotemporal characteristics of low-latitude ionospheric scintillations. 

Finally, this PhD thesis describes the design and benchmarks the performances of 

several categories of prototype mitigation strategies against ionospheric scintillations 

that target the stochastic modelling and the integrity monitoring stages of the SPP 

and PPP algorithms. The design of the strategies is based on several types of 

ionospheric scintillation skymaps and the benchmark of their performances relies on 

the definition of several specific performance parameters. Globally, all the prototype 

mitigation strategies designed in the framework of this PhD thesis contribute to 

increase the accuracy, continuity and reliability performances of the SPP and PPP 

algorithms during low-to-moderate ionospheric scintillations. Strategies associated 

with ionospheric scintillation skymaps based on local spatial autocorrelation 

statistics outperform strategies based on interpolated skymaps. Strategies related to 

the weighting scheme of the stochastic model provide better results for the SPP 

algorithm than the PPP algorithm whose performances are further enhanced by 

strategies implementing spatial masks. Prototype mitigation strategies tuning the 

integrity monitoring stage of the SPP and PPP algorithms increase significantly the 

continuity and reliability performances of the algorithms but at the expense of a 

heavier computational load. Best performances for the SPP and PPP algorithms in 

terms of reliability are obtained by hybrid strategies targeting both the stochastic 

modelling and the integrity monitoring stages of the algorithms. 



RÉSUMÉ 
 

Les systèmes globaux de positionnement et de navigation par satellites (Global 

Navigation Satellite Systems – GNSSs) occupent désormais une place prépondérante 

dans notre société moderne. En effet, ils supportent une multitude d’applications de 

par le monde qui nécessitent des performances sans cesse croissantes en termes 

d’exactitude, de continuité et de fiabilité. Cependant, les performances du 

positionnement par satellites sont limitées par l’ionosphère terrestre. En particulier, 

les irrégularités dans la densité en électrons libres de l’ionosphère sont responsables 

d’effets de diffraction et de dispersion sur les signaux GNSS qui se propagent au 

travers de telles perturbations ionosphériques. Ces effets se traduisent par des 

fluctuations rapides de l’amplitude et de la phase des signaux GNSS, aussi désignées 

sous le vocable scintillations ionosphériques, qui peuvent sévèrement dégrader les 

performances des algorithmes de positionnement et de navigation par satellites. 

L’objectif ultime poursuivi par cette Thèse de Doctorat consiste à développer des 

prototypes de stratégies d’atténuation des effets des scintillations ionosphériques 

afin d’améliorer les performances des systèmes de positionnement par satellites en 

cas de scintillations ionosphériques équatoriales. En particulier, cette recherche cible 

deux algorithmes de positionnement par satellites, à savoir le Standard Point 

Positioning (SPP) et le Precise Point Positioning (PPP). Les stratégies d’atténuation 

prototypées dans le cadre de cette recherche sont basées sur des cartes de 

scintillations ionosphériques qui résultent de l’application de techniques d’analyse 

spatiale sur des mesures de scintillations ionosphériques effectuées à l’aide de 

récepteurs GNSS spécialement conçus à cet effet (Ionospheric Scintillation Monitoring 

Receivers – ISMRs). Plus spécifiquement, ces stratégies ciblent les étapes de la 

modélisation stochastique et du contrôle d’intégrité des algorithmes SPP et PPP. 

Tout d’abord, cette Thèse de Doctorat présente une analyse statistique basée sur des 

mesures effectuées par un réseau de récepteurs de type ISMR implanté à proximité 

de l’équateur magnétique, au Brésil. Les mesures ont été collectées durant l’année 

2014, c’est-à-dire durant le (second) pic d’intensité du dernier maximum solaire (cycle 

solaire n°24). Cette analyse statistique mène à la conclusion que les récepteurs GNSS 

opérant dans des régions de basse latitude peuvent voir leurs performances de 

positionnement affectées par des scintillations ionosphériques durant 20%–30% du 
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temps en cas de conditions de scintillations ionosphériques actives. La combinaison 

d’effets néfastes engendrés par des atténuations de signal, des pertes de verrouillage 

de signal et des sauts de cycles entraîne une forte baisse des performances des 

algorithmes SPP et PPP en termes d’exactitude, de continuité et de fiabilité. Etant 

donné que les hautes performances de l’algorithme PPP dépendent de la précision de 

mesures de phase, l’algorithme PPP est davantage sensible aux scintillations 

ionosphériques que l’algorithme SPP, basé exclusivement sur des mesures de code. En 

cas de scintillations ionosphériques sévères, la racine carrée de l’erreur quadratique 

moyenne (Root-Mean-Square Error – RMSE) de la solution PPP peut atteindre la valeur 

extrême de 6.73 m et s’associer à un taux de succès aussi faible que 50%, par 

comparaison à une valeur de 0.18 m et de 100%, respectivement, pendant des 

conditions nominales. 

Ensuite, cette Thèse de Doctorat se focalise sur les caractéristiques spatio-temporelles 

des scintillations ionosphériques au moyen de techniques d’analyse spatiale 

appliquées à des mesures de scintillations ionosphériques collectées au travers du 

réseau expérimental implanté au Brésil. Ces techniques d’analyse spatiale considèrent 

des cartes du ciel, dénommées skyplots, représentant des échantillons spatiaux 

densifiés composés de points de percée ionosphériques (Ionospheric Pierce Points – 

IPPs) associés à des mesures de scintillations ionosphériques. Ces échantillons sont 

caractérisés par des composantes géométrique et attributaire qui évoluent au cours 

du temps étant donné que les satellites GNSS se déplacent continuellement sur leurs 

orbites respectives et que l’état de l’ionosphère varie également au cours du temps. 

Cette approche s’est révélée particulièrement efficace pour détecter, mesurer et 

localiser la présence d’autocorrélation spatiale significativement positive dans des 

skyplots de scintillations ionosphériques en cas de conditions actives. Les techniques 

d’analyse spatiale exploitées dans le cadre de cette recherche permettent de 

construire trois types de cartes de scintillations ionosphériques qui ont la capacité de 

quantifier les caractéristiques spatio-temporelles des scintillations ionosphériques 

équatoriales en temps réel. 

Enfin, cette Thèse de Doctorat décrit la construction de plusieurs catégories de 

prototypes de stratégies visant à limiter l’impact des scintillations ionosphériques sur 

les performances des algorithmes SPP et PPP. Ces stratégies visent tout 

particulièrement les étapes de la modélisation stochastique et du contrôle d’intégrité 

des algorithmes SPP et PPP. Elles sont établies sur base des cartes de scintillations 

ionosphériques élaborées précédemment. Les différentes stratégies prototypées sont 

ensuite mises au banc d’essai afin d’évaluer et de comparer leurs performances en 

termes de positionnement selon plusieurs critères spécifiques. Globalement, toutes 
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les stratégies d’atténuation prototypées dans le cadre de cette recherche contribuent 

à l’amélioration des performances en termes d’exactitude, de continuité et de fiabilité 

des algorithmes SPP et PPP en cas de scintillations ionosphériques équatoriales 

modérées. Les stratégies d’atténuation associées à des cartes de scintillations 

ionosphériques basées sur des indices d’autocorrélation spatiale locale surclassent 

les stratégies basées sur des cartes de scintillations ionosphériques interpolées. Les 

stratégies visant la pondération des observations au sein du modèle stochastique 

fournissent de meilleurs résultats pour l’algorithme SPP que pour l’algorithme PPP, 

dont les performances sont davantage améliorées par l’utilisation de masques 

spatiaux. Les prototypes de stratégies d’atténuation qui optimisent l’étape du contrôle 

d’intégrité des algorithmes SPP et PPP augmentent considérablement les 

performances des algorithmes en termes de continuité et de fiabilité mais elles 

impliquent également une hausse significative de la charge de calcul associée. Les 

meilleurs performances en termes de fiabilité des algorithmes SPP et PPP en cas de 

fortes scintillations ionosphériques sont obtenues par l’implémentation de stratégies 

hybrides qui combinent une optimisation du modèle stochastique et du contrôle 

d’intégrité des algorithmes SPP et PPP. 





“Study is not the learning of facts,  

but the training of the mind to think.” 

 

Albert Einstein 





PREFACE 
 

This book describes the results obtained in the framework of my PhD thesis dedicated 

to Global Navigation Satellite Systems (GNSSs). As the author, I enthusiastically 

recommend you to read the seven chapters of this book cover to cover. However, it is 

worth mentioning that this thesis was designed in such a way that all its chapters 

stand by themselves, allowing a more selective approach. This aspect is reinforced by 

the presence of individual summaries, introductions and conclusions for all core 

chapters (Chapters 2–6) which are completed with a global introduction (Chapter 1) 

and thorough general conclusions and perspectives (Chapter 7). 

As I sit writing these lines, I cannot help wondering how this incredible journey 

started. As a young high school student, I remember being already attracted by Space 

Technologies and Earth Sciences. This led me towards a Master of Science in 

Geomatics and Surveying which was eventually concluded by an entertaining thesis 

in the field of GNSSs. At the time, the first experimental Galileo satellites, the 

European GNSS, were already orbiting the Earth and the scientific community was 

thrilled. I enrolled in a PhD program and joined the Geomatics Unit of the University 

of Liège (ULiège), Belgium, as a junior researcher. As a welcome gift, I received a pack 

containing two high-end GNSS receivers manufactured by Septentrio, a successful 

Belgian company that I would enthusiastically join as a GNSS Algorithm Engineer a 

few years later. My first mission as a young PhD student was to fully set up a GNSS 

station to track the first experimental Galileo signals. What a start! 

The human brain has the brilliant capacity to first remember positive memories. In 

addition to this terrific start, I highly enjoyed the process of growing as a researcher 

and a professional combined with activities such as teaching, managing projects, 

setting up in-situ experiments, travelling and communicating with people from all 

over the world. In this regard, I seized the opportunity to establish a collaboration 

with the Nottingham Geospatial Institute (NGI) of the University of Nottingham (UoN), 

United Kingdom. This opportunity constitutes one of the highlights of this whole 

adventure. In addition to a major impact on my research, it was also a great human 

experience which I gained a lot from. However, the completion of a PhD thesis can 

also be an emotional roller coaster and mine was no exception to the rule. Dealing 

with disappointment, doubts and frustration is, so I was told, also part of the PhD 
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experience which, eventually, teaches you to remain humble, to constantly question 

yourself and, above all, to show strong persistence when faced with hurdles. 

To enjoy good times and stay on track during bad times, it is essential to benefit from 

valuable support around you. In this regard, I want to thank my supervisor, René, for 

offering me the opportunity to jump into such an exciting field. I am also grateful to 

all the members of my PhD supervision committee for their valuable feedbacks. If I 

keep such positive memories about the early stage of my career as a researcher, it is 

also thanks to the enthusiasm of my first colleague, Benoît. Obviously, I would like to 

thank all my (former) colleagues at the Geomatics Unit of the University of Liège for 

their support and contribution to a good research environment. Special thanks to 

Jean-Paul and Yves for their commitment and trustful support during the last stage 

of my research. I wish you both all the very best and a happy retirement. Cécile, thank 

you for having been such a supportive colleague during my endless writing hours. 

Thank you, Marc, for your constant altruism within the team. See you on a trail soon! 

I will always remember the warm welcome I received from Marcio, Craig and Alan at 

the University of Nottingham. You played a significant role in the successful outcome 

of my visits to Nottingham. Your judicious suggestions combined with the access to 

scintillation data gave a highly valuable impulse to my research. I also greatly 

appreciated the help of Bruno Vani, from the São Paulo State University (UNESP), 

Brazil, who supported my access to data servers in Brazil. I am very thankful to Prof. 

Catherine Timmermans from the Department of Mathematics of the University of 

Liège for her precious suggestions regarding the benchmark of GNSS positioning 

performances. I also owe deep thanks to Prof. Manuel Hernández-Pajares from the 

Polytechnic University of Catalonia (UPC), Barcelona, Spain, for his external review 

allowing me to fulfill the criteria to receive the European PhD Label. 

Combining my job at Septentrio and the finalisation of this PhD thesis turned out to 

be a complex challenge that I would not have been able to tackle without the support 

of my colleagues at Septentrio, and Frank Boon in particular. Special thanks to my 

colleague Frank Kleijer for proofreading this document. Hartelijk bedankt! 

Finally, I am grateful that I could always rely on my supportive family who acted as a 

source of strength to reach the end of this project. To my closest friends who I could 

share many climbing, running and cycling sessions with: you have no idea how much 

you contributed to this! Merci! 

Last but not least, thank you, Lydie, for teaming up with me in life and for supporting 

me through difficult projects like this one... 



CONTENTS 
 

Abstract 5 

Preface 13 

Contents 15 

Abbreviations 19 

1. Introduction 25 

2. Positioning 31 
2.1 Introduction 33 

2.2 Systems 34 

2.3 Observables 40 

2.4 Algorithms 49 



16  Contents 

2.5 Disturbances 65 

3. Ionosphere 73 
3.1 Introduction 75 
3.2 Origins 77 

3.3 Morphology 96 

3.4 Disturbances 105 

4. Analysis 113 
4.1 Introduction 115 
4.2 Workspace 116 

4.3 Symptoms 125 



Contents  17 

4.4 Mitigation 172 
4.5 Conclusions 175 

5. Geostatistics 177 
5.1 Introduction 179 
5.2 Workspace 180 
5.3 Spatial Morphology 185 

5.4 Spatial Dependency 204 

5.5 Spatial Interpolation 233 



18  Contents 

5.6 Conclusions 249 
6. Prototypes 251 

6.1 Introduction 253 
6.2 Workspace 255 

6.3 Stochastic Modelling 269 

6.4 Integrity Monitoring 302 

6.5 Conclusions 321 
7. Conclusion 325 

Bibliography 335 

 



ABBREVIATIONS 
 

A 
AERI Applied Electromagnetic Research Institute 

AIA Atmospheric Imaging Assembly 

AIUB Astronomical Institute of the University of Bern 

ASTM American Society for Testing and Materials 

AU Astronomical Unit 

B 
BPSK Binary Phase Shift Keying 

C 
C/A Coarse Acquisition 

CALIBRA Countering GNSS high-accuracy applications limitations due to 
ionospheric disturbances in Brazil 

CDMA Code-Division Multiple Access 

CIGALA Concept for ionospheric scintillation mitigation for professional 
GNSS in Latin America 

CME Coronal Mass Ejection 

CP Code-minus-Phase 

CPU Central Processing Unit 

CS Commercial Service 

D 
DST Disturbance Storm Time 

DLL Delay Lock Loop 

DoD Department of Defense 

DOP Dilution of Precision 

DSP Digital Signal Processor 

E 
EC European Commission 

EGNOS European Geostationary Navigation Overlay Service 



20  Abbreviations 

EIA Equatorial Ionospheric Anomaly 

EKF Extended Kalman Filter 

EPSRC Engineering and Physical Sciences Research Council 

ESA European Space Agency 

ESF Equatorial Spread-F 

EU European Union 

EUV Extreme Ultraviolet 

F 
FDE Fault Detection Exclusion 

FDMA Frequency-Division Multiple Access 

FIT Frederik Institute of Technology 

FLL Frequency Lock Loop 

FOC Full Operational Capability 

FP7 7th Framework Programme for Research 

FST Faculty of Science and Technology 

G 
GDOP Geometric Dilution of Precision 

GEO Geostationary Orbit 

GF Geometry-Free 

GIM Global Ionospheric Propagation Model 

GLONASST GLONASS Time 

GNSS Global Navigation Satellite System 

GOS Getis-Ord standard Score 

GPS Global Positioning System 

GPST GPS Time 

GSA European GNSS Agency 

GST Galileo System Time 

GSV GPS Silicon Valley 

GTRF Galileo Terrestrial Reference Frame 

GUI Graphical User Interface 

H 
HDOP Horizontal Dilution of Precision 

HZE High atomic number and high Energy 

  



Abbreviations  21 

I 
IDW Inverse Distance Weighting 

IF Ionosphere-Free 

IGS International GNSS Service 

IM Integrity Monitoring 

IPP Ionospheric Pierce Point 

IR Infrared 

ISMR Ionospheric Scintillation Monitoring Receiver 

ISS International Space Station 

ITRS International Terrestrial Reference System 

IWLS Iterative Weighted Least-Squares 

J 
JPL NASA Jet Propulsion Laboratory 

K 
KF Kalman Filter 

L 
LASCO Large Angle and Spectrometric Coronagraph 

LT Local Time 

LSA Least-Squares Adjustment 

M 
MAVEN Mars Atmosphere and Volatile Evolution 

MW Melbourne-Wübbena 

N 
NASA National Aeronautics and Space Administration 

NEU North-East-Up 

NGI Nottingham Geospatial Institute 

NICT National Institute of Information and Communications 
Technology 

NL Narrow-Lane 

NOAA National Oceanic and Atmospheric Administration 

O 
OCXO Oven-Controlled Crystal Oscillator 



22  Abbreviations 

OS Open Service 

P 
PDOP Position Dilution of Precision 

PLL Phase Lock Loop 

PPP Precise Point Positioning 

PPS Precise Positioning Service 

PRN Pseudo-Random Noise 

PRS Public Regulated Service 

PVT Position Velocity Time 

Q 
R 
RAIM Receiver Autonomous Integrity Monitoring 

RINEX Receiver Independent Exchange 

RMS Root Mean Square 

RMSE Root-Mean-Square Error 

RSD Relative Standard Deviation 

RTK Real-Time Kinematic 

S 
SAC Spatial Autocorrelation 

SAR Search and Rescue 

SBAS Satellite-Based Augmentation System 

SBF Septentrio Binary Format 

SD Standard Deviation 

SDO Solar Dynamic Observatory 

SEP Solar Energetic Particle 

SFU Solar Flux Unit 

SM Spatial Mask 

SMARTS Simple Model of the Atmospheric Radiative Transfer of Sunshine 

SNR Signal-to-Noise Ratio 

SOHO Solar and Heliospheric Observatory 

SoL Safety-of-Life 

SPP Standard Point Positioning 

SPS Standard Positioning Service 

SPSE Single-Point Single-Epoch 

SR Success Rate 



Abbreviations  23 

SSI Solar Spectral Irradiance 

SSR State Space Representation 

sTEC Slant Total Electron Content 

SSW Sudden Stratospheric Warming 

T 
TAI  International Atomic Time 

TDOP Time Dilution of Precision 

TEC Total Electron Content 

TECU Total Electron Content Unit 

TSI Trend Surface Interpolation 

TSI Total Solar Irradiance 

U 
UK United Kingdom 

ULiège University of Liège 

UNESP São Paulo State University 

US United States 

UoN University of Nottingham 

UPC Polytechnic University of Catalonia 

UTC Coordinated Universal Time 

UV Ultraviolet 

V 
VDOP Vertical Dilution of Precision 

vTEC Vertical Total Electron Content 

W 
WAAS Wide Area Augmentation System 

WDC World Data Center 

WGS-84 World Geodetic System 1984 

WL Wide-Lane 

WS Weighting Scheme 

X 
Y 
Z 





 

BIBLIOGRAPHY 
 

[1] B. Hofmann-Wellenhof, H. Lichtenegger, E. Wasle, GNSS – Global Navigation 

Satellite Systems - GPS, GLONASS, Galileo, and more, Springer-Verlag Wien, 2008. 

doi:10.1007/978-3-211-73017-1. 

[2] NovAtel, An Introduction to GNSS, 2nd ed., NovAtel Inc., Alberta, Calgary, Canada, 

2015. 

[3] J.S. Subirana, J.M.J. Zornoza, M. Hernández-Pajares, GNSS Data Processing, ESA 

Communications, 2013. 

[4] US_DoD, NAVSTAR GPS Space Segment / User Segment Interfaces, 2015. 

http://www.gps.gov/technical/icwg/IRN-IS-200H-001+002+003_rollup.pdf. 

[5] CSIC, GLONASS Interface Control Document, 2008. 

https://www.unavco.org/help/glossary/docs/ICD_GLONASS_5.1_(2008)_en.pdf. 

[6] GSA, European GNSS Service Centre - Programme Reference Documents (Galileo), 

(2017). https://www.gsc-europa.eu/electronic-library/programme-reference-

documents (accessed February 23, 2017). 

[7] Avila-Rodriguez, On Generalized Signal Waveforms for Satellite Navigation, 

University of Munich, 2008. (PhD Thesis). 

[8] P. Misra, P. Enge, Global Positioning System: signals, measurements, and 

performance, 2nd editio, Ganga-Jamuna, Lincoln, 2006. 

[9] J. Spits, Total Electron Content reconstruction using triple frequency GNSS 

signals, University of Liège, 2012. (PhD Thesis). 

[10] IGS, RINEX The Receiver Independent Exchange Format, 2013. 

[11] J.S. Subirana, J.M.J. Zornoza, M. Hernández-Pajares, Time Reference in GNSS, 

Navipedia. (2011). 

https://gssc.esa.int/navipedia/index.php/Time_References_in_GNSS (accessed 

January 19, 2019). 

[12] I. Martin, GNSS Precise Point Positioning: The enhancement with GLONASS, 

Newcastle University, 2013. (PhD Thesis). 



336  Bibliography 

[13] A. Leick, L. Rapoport, D. Tatarnikov, GPS Satellite Surveying, 4th ed., Wiley, 2015. 

[14] S. Verhagen, The GNSS integer ambiguities: estimation and validation, Delft 

University of Technology, 2005. (PhD Thesis). 

[15] P.J.G. Teunissen, Towards a unified theory of GNSS ambiguity resolution, J. Glob. 

Position. Syst. 2 (2003) 1–12. 

[16] D. Laurichesse, F. Mercier, J.-P. Berthias, P. Broca, L. Cerri, Integer Ambiguity 

Resolution on Undifferenced GPS Phase Measurements and Its Application to PPP 

and Satellite Precise Orbit Determination, Navigation. 56 (2009) 135–149. 

[17] S. Bisnath, P. Collins, Recent Developments in Precise Point Positioning, 

Geomatica. 66 (2012) 103–111. doi:https://doi.org/10.5623/cig2012-023. 

[18] P. Collins, S. Bisnath, Issues in Ambiguity Resolution for Precise Point Positioning, 

in: Proc. 24th Int. Tech. Meet. Satell. Div. Inst. Navig. (ION GNSS 2011), Portland, 

OR, 2011: pp. 679–687. 

[19] J. Geng, Rapid Integer Ambiguity Resolution in GPS Precise Point Positioning, 

University of Nottingham, 2010. (PhD Thesis). 

[20] J. Geng, X. Meng, A.H. Dodson, F.N. Teferle, Integer ambiguity resolution in precise 

point positioning: method comparison, J. Geod. 84 (2010) 569–581. 

doi:10.1007/s00190-010-0399-x. 

[21] W. Zhang, M.E. Cannon, O. Julien, P. Alves, Investigation of Combined 

GPS/GALILEO Cascading Ambiguity Resolution Schemes, in: Proc. 16th Int. Tech. 

Meet. Satell. Div. Inst. Navig. (ION GNSS 2003), Portland, OR, 2003: pp. 2599–2610. 

[22] W. Bertiger, S.D. Desai, B. Haines, N. Harvey, A.W. Moore, S. Owen, J.P. Weiss, Single 

receiver phase ambiguity resolution with GPS data, J. Geod. 84 (2010) 327–337. 

doi:10.1007/s00190-010-0371-9. 

[23] Y. Gao, X. Shen, Improving Ambiguity Convergence in Carrier Phase-Based Precise 

Point Positioning, in: Proc. 14th Int. Tech. Meet. Satell. Div. Inst. Navig. (ION GNSS 

2001), Salt Lake City, UT, 2001: pp. 1532–1539. 

[24] M. Ge, G. Gendt, M. Rothacher, C. Shi, J. Liu, Resolution of GPS carrier-phase 

ambiguities in Precise Point Positioning (PPP) with daily observations, J. Geod. 82 

(2008) 389–399. doi:10.1007/s00190-007-0187-4. 

[25] M. Deo, A. El-Mowafy, Triple-frequency GNSS models for PPP with float ambiguity 

estimation: performance comparison using GPS, Surv. Rev. (2016) 1–13. 

doi:10.1080/00396265.2016.1263179. 



Bibliography  337 

[26] P. Collins, Isolating and Estimating Undifferenced GPS Integer Ambiguities, in: 

Proc. 21st Int. Tech. Meet. Satell. Div. Inst. Navig. (ION GNSS 2008), San Diego, CA, 

2008: pp. 720–732. 

[27] M. Lonchay, Précision du Positionnement par Satellites: Influence de la Géométrie 

de la Constellation, University of Liège, 2009. (Master Thesis). 

[28] P.F. de Bakker, H. Van der Marel, C.C.J.M. Tiberius, Geometry-free undifferenced, 

single and double differenced analysis of single frequency GPS, EGNOS and 

GIOVE-A/B measurements, GPS Solut. 13 (2009) 305–314. 

[29] Y. Shen, L. Lou, B. Li, GNSS Elevation-Dependent Stochastic Modeling and Its 

Impacts on the Statistic Testing, 142 (2015). doi:10.1061/(ASCE)SU.1943-

5428.0000156. 

[30] X. Luo, M. Mayer, B. Heck, Improving the Stochastic Model of GNSS Observations 

by Means of SNR-based Weighting BT  - Observing our Changing Earth, in: M.G. 

Sideris (Ed.), Springer Berlin Heidelberg, Berlin, Heidelberg, 2009: pp. 725–734. 

doi:10.1007/978-3-540-85426-5_83. 

[31] A. Leick, GPS Satellite Surveying, John Wiley & Sons, New Jersey, USA, 2004. 

[32] T. Takasu, RTKLIB: An Open Source Program Package for GNSS Positioning, (2016). 

http://www.rtklib.com/ (accessed August 31, 2016). 

[33] P.R. Wolf, C.D. Ghilani, Adjustment Computations: Statistics and Least- Squares 

in Surveying and GIS, Wiley, 1997. 

https://books.google.be/books?id=dbKd3ofa2N8C. 

[34] W. Baarda, Statistical concepts in geodesy., 1967. 

[35] A.J. Pope, G. Research, D. Laboratory, N.G.S. (U.S.), N.O. Survey, The statistics of 

residuals and the detection of outliers, U.S. Dept. of Commerce, National Oceanic 

and Atmospheric Administration, National Ocean Survey, Geodetic Research and 

Development Laboratory, 1976. 

https://books.google.be/books?id=F0CLv6YDh4UC. 

[36] P. Héroux, J. Kouba, F. Lahaye, GPS Carrier-Phase Point Positioning with Precise 

Orbit Products, in: Proc. KIS, 2001: pp. 5–8. 

[37] J.F. Zumberge, M.B. Heflin, D.C. Jefferson, M.M. Watkins, F.H. Webb, Precise Point 

Positioning for the efficient and robust analysis of GPS data from large networks, 

J. Geophys. Res. 102 (1997) 5005–5017. 

[38] T. Takasu, RTKLib ver. 2.4.2 Manual, (2013). http://www.rtklib.com/. 



338  Bibliography 

[39] S. Choy, S. Bisnath, C. Rizos, Uncovering common misconceptions in GNSS Precise 

Point Positioning and its future prospect, GPS Solut. 21 (2017) 13–22. 

doi:10.1007/s10291-016-0545-x. 

[40] G. Wübbena, M. Schmitz, A. Bagge, PPP-RTK: Precise Point Positioning Using State-

Space Representation in RTK Networks, in: Proc. 18th Int. Tech. Meet. Satell. Div. 

Inst. Navig. (ION GNSS 2005), Long Beach, CA, 2005: pp. 2584–2594. 

[41] A. Afifi, A. El-Rabbany, Precise point positioning using triple GNSS constellations 

in various modes, Sensors. 16 (2016) 779. doi:10.3390/s16060779. 

[42] ESA, GMV, Precise Point Positioning, (2011). 

https://gssc.esa.int/navipedia/index.php/Precise_Point_Positioning (accessed 

July 23, 2018). 

[43] G. Welch, G. Bishop, An Introduction to the Kalman Filter, University of North 

Carolina at Chapel Hill, Chapel Hill, NC, USA, 1995. 

[44] P.S. Maybeck, Stochastic Models: Estimation and Control:, Elsevier Science, 1982. 

https://books.google.be/books?id=rvqO4XG5ARoC. 

[45] J.M. Dow, R.E. Neilan, C. Rizos, The International GNSS Service in a changing 

landscape of Global Navigation Satellite Systems, J. Geod. 83 (2009) 191–198. 

doi:10.1007/s00190-008-0300-3. 

[46] K. Davies, Ionospheric Radio, Peter Pere, The Institution of Engineering and 

Technology, London, 1990. 

[47] K.C. Yeh, C.H. Liu, Radio wave scintillations in the ionosphere, IEEE Proc. 70 (1982) 

324–360. 

[48] X. Zhang, F. Guo, P. Zhou, Improved precise point positioning in the presence of 

ionospheric scintillation, GPS Solut. 18 (2014) 51–60. doi:10.1007/s10291-012-

0309-1. 

[49] ESA, GMV, Lock Detectors, Navipedia. (2011). 

https://gssc.esa.int/navipedia/index.php/Lock_Detectors (accessed July 23, 

2018). 

[50] E. Mohino, Understanding the role of the ionospheric delay in single-point single-

epoch GPS coordinates, J. Geod. 82 (2008) 31–45. 

[51] M. Susi, M. Andreotti, M. Aquino, Kalman Filter Based PLL Robust Against 

Ionospheric Scintillation, in: R. Notarpietro, F. Dovis, G. De Franceschi, M. Aquino 

(Eds.), Mitig. Ionos. Threat. to GNSS, IntechOpen, Rijeka, 2014: pp. 23–36. 



Bibliography  339 

doi:10.5772/58769. 

[52] L. Van De Vyvere, Détection des sauts de cycles en mode multi-fréquence pour le 

système Galileo, University of Liège, 2015. (Master Thesis). 

[53] L. Van De Vyvere, R. Warnant, Galileo cycle-slip detection, GPS World. (2016). 

http://gpsworld.com/innovation-galileo-cycle-slip-detection/. 

[54] Z. Liu, A new automated cycle slip detection and repair method for a single dual-

frequency GPS receiver, J. Geod. 85 (2011) 171–183. doi:10.1007/s00190-010-

0426-y. 

[55] L. Van Hieu, V.G. Ferreira, X. He, X. Tang, Study on cycle-slip detection and repair 

methods for a single dual-frequency global positioning system (GPS) receiver, Bol. 

CiÃ\textordfemeninencias GeodÃ\copyrightsicas. 20 (2014) 984–1004. 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1982-

21702014000400984&nrm=iso. 

[56] B. Li, Y. Qin, Z. Li, L. Lou, Undifferenced Cycle Slip Estimation of Triple-Frequency 

BeiDou Signals with Ionosphere Prediction, Mar. Geod. 39 (2016) 348–365. 

doi:10.1080/01490419.2016.1207729. 

[57] Z. Dai, S. Knedlik, O. Loffeld, Instantaneous Triple-Frequency GPS Cycle-Slip 

Detection and Repair, Int. J. Navig. Obs. 2009 (2009) 15. 

doi:https://doi.org/10.1155/2009/407231. 

[58] S. Bisnath, Efficient, automated cycle-slip correction of dual-frequency kinematic 

GPS data, in: Proc. ION GPS 2000, 13th Int. Tech. Meet. Inst. Navig., Salt Lake City, 

UT, 2000: pp. 145–154. 

[59] C. Cai, Z. Liu, P. Xia, W. Dai, Cycle slip detection and repair for undifferenced GPS 

observations under high ionospheric activity, GPS Solut. 17 (2013) 247–260. 

doi:10.1007/s10291-012-0275-7. 

[60] S. Banville, R.B. Langley, S. Saito, T. Yoshihara, Handling cycle slips in GPS data 

during ionospheric plasma bubble events, Radio Sci. 45 (2010). 

[61] P.M. Kintner, B.M. Ledvina, E.R. de Paula, GPS and ionospheric scintillations, Sp. 

Weather. 5 (2007). 

http://onlinelibrary.wiley.com/doi/10.1029/2006SW000260/abstract. 

[62] Y. Béniguel, J.-P. Adam, N. Jakowski, T. Noack, V. Wilken, J.-J. Valette, M. Cueto, A. 

Bourdillon, P. Lassudrie-Duchesne, B. Arbesser-Ratsburg, Analysis of scintillation 

record during the PRIS measurement campaign, Radio Sci. 44 (2009). 



340  Bibliography 

http://adsabs.harvard.edu/abs/2009RaSc...44.0A30B. 

[63] SBAS Ionospheric Working Group, Effects of Ionospheric Scintillations on GNSS, 

2010. http://web.stanford.edu/group/scpnt/gpslab/website_files/sbas-

ion_wg/sbas_iono_scintillations_white_paper.pdf (White Paper). 

[64] P. Xiaoqing, I.B. A., L. Wenwen, Effects of Ionospheric Scintillation on GNSS-Based 

Positioning, Navigation. 64 (2014) 3–22. doi:10.1002/navi.182. 

[65] S. Dubey, R. Wahi, E. Mingkhwan,  a. K. Gwal, Study of amplitude and phase 

scintillation at GPS frequency, Indian J. Radio Sp. Phys. 34 (2005) 402–407. 

[66] M. Aquino, A. Dodson, J. Souter, T. Moore, Ionospheric Scintillation Effects on GPS 

Carrier Phase Positioning Accuracy at Auroral and Sub-auroral Latitudes, in: P. 

Tregoning, C. Rizos (Eds.), Dyn. Planet Monit. Underst. a Dyn. Planet with Geod. 

Oceanogr. Tools IAG Symp. Cairns, Aust. 22--26 August, 2005, Springer Berlin 

Heidelberg, Berlin, Heidelberg, 2007: pp. 859–866. doi:10.1007/978-3-540-49350-

1_121. 

[67] P.M. Kintner, T. Humphreys, J. Hinks, GNSS and Ionospheric Scintillation, 

InsideGNSS. (2009) 22–30. http://insidegnss.com/auto/julyaug09-kintner.pdf. 

[68] R. Langley, Scintillating Statistics, GPS World. (2014). 

http://gpsworld.com/innovation-scintillating-statistics/. 

[69] K.P. M., K. Hyosub, B.T. L., P.E. R., Fading timescales associated with GPS signals 

and potential consequences, Radio Sci. 36 (2001) 731–743. 

doi:10.1029/1999RS002310. 

[70] V. Barreau, W. Vigneau, C. Macabiau, L. Deambrogio, Kalman Filter based robust 

GNSS signal tracking algorithm in presence of ionospheric scintillations, in: 2012 

6th ESA Work. Satell. Navig. Technol. (Navitec 2012) Eur. Work. GNSS Signals 

Signal Process., 2012: pp. 1–8. doi:10.1109/NAVITEC.2012.6423045. 

[71] M.L. Psiaki, T.E. Humphreys, R.P. Cerruti, S.P. Powell, P.M. Kintner, Tracking L1 

C/A and L2C signals through ionospheric scitillations, in: Proc. ION GNSS. Intl. 

Tech. Meet. Satell. Div., 2007: pp. 246–268. 

[72] M. Susi, M. Andreotti, M. Aquino, A. Dodson, Tuning a Kalman filter carrier 

tracking algorithm in the presence of ionospheric scintillation, GPS Solut. 21 

(2017) 1149–1160. doi:10.1007/s10291-016-0597-y. 

[73] M. Susi, M. Aquino, R. Romero, F. Dovis, M. Andreotti, Design of a robust receiver 

architecture for scintillation monitoring, in: 2014 IEEE/ION Position, Locat. Navig. 



Bibliography  341 

Symp. - PLANS 2014, 2014: pp. 73–81. doi:10.1109/PLANS.2014.6851359. 

[74] T. Lin, G. Lachapelle, L.P.S. Fortes, Ionospheric Scintillation, Insid. GNSS. (2014) 

26–34. http://insidegnss.com/wp-content/uploads/2018/01/janfeb14-

SOLUTIONS.pdf. 

[75] B. Y., Global Ionospheric Propagation Model (GIM): A propagation model for 

scintillations of transmitted signals, Radio Sci. 37 (2002) 4–13. 

doi:10.1029/2000RS002393. 

[76] S.H. J., Z.N. N., G.V. E., Comparison of four methods for transionospheric 

scintillation evaluation, Radio Sci. 49 (2014) 899–909. 

doi:10.1002/2014RS005408. 

[77] Y. Béniguel, P. Hamel, A global ionosphere scintillation propagation model for 

equatorial regions, J. Sp. Weather Sp. Clim. 1 (2011) A04. 

doi:10.1051/swsc/2011004. 

[78] P. Hamel, C. Sambou Diagna, M. Darces, Y. Béniguel, M. Hélier, Kriging method to 

perform scintillation maps based on measurement and GISM model, Radio Sci. 49 

(2014) 746–752. doi:10.1002/2014RS005470. 

[79] P. Kieft, M. Aquino, A. Dodson, Using Ordinary Kriging for the Creation of 

Scintillation Maps, in: R. Notarpietro, F. Dovis, G. De Franceschi, M. Aquino (Eds.), 

Mitig. Ionos. Threat. to GNSS, IntechOpen, Rijeka, 2014. doi:10.5772/58781. 

[80] V.S. Vadakke, M. Aquino, Z.G. Elmas, Impact of ionospheric scintillation on GNSS 

receiver tracking performance over Latin America: Introducing the concept of 

tracking jitter variance maps, Sp. Weather. 9 (2011). doi:10.1029/2011SW000707. 

[81] R.S. Conker, M.B. El-Arini, C.J. Hegarty, T. Hsiao, Modeling the effects of 

ionospheric scintillation on GPS/Satellite-Based Augmentation System 

availability, Radio Sci. 38 (2003) 1-1-1–23. doi:10.1029/2000RS002604. 

[82] P. Jihye, V.S. Vadakke, A. Marcio, Y. Lei, C. Claudio, Mitigation of Ionospheric 

Effects on GNSS Positioning at Low Latitudes, Navigation. 64 (2017) 67–74. 

doi:10.1002/navi.177. 

[83] H.A. da Silva, P. de Oliveira Camargo, J.F. Galera Monico, M. Aquino, H.A. Marques, 

G. De Franceschi, A. Dodson, Stochastic modelling considering ionospheric 

scintillation effects on GNSS relative and point positioning, Adv. Sp. Res. 45 (2010) 

1113–1121. doi:10.1016/j.asr.2009.10.009. 

[84] M. Aquino, J.F.G. Monico, A.H. Dodson, H. Marques, G. De Franceschi, L. Alfonsi, 



342  Bibliography 

V. Romano, M. Andreotti, Improving the GNSS positioning stochastic model in the 

presence of ionospheric scintillation, J. Geod. 83 (2009) 953–966. 

doi:10.1007/s00190-009-0313-6. 

[85] R. Warnant, U. Foelsche, M. Aquino, B. Bidaine, V. Gherm, M.M. Hoque, I. Kutiev, S. 

Lejeune, J.-P. Luntama, J. Spits, H.J. Strangeways, G. Wautelet, N. Zernov, N. 

Jakowski, Mitigation of ionospheric effects on GNSS, Ann. Geophys. 52 (2009) 

373–390. doi:10.4401/ag-4585. 

[86] A. Darrin, B.L. O’Leary, Handbook of Space Engineering, Archaeology, and 

Heritage, CRC Press, 2009. 

https://books.google.com/books?id=dTwIDun4MroC&pgis=1 (accessed 

November 4, 2015). 

[87] J.A. Ratcliffe, An introduction to the ionosphere and magnetosphere, University 

Press, Cambridge, 1972. 

[88] J.M. Goodman, Space Weather & Telecommunications, Springer US, 2005. 

doi:10.1007/b102193. 

[89] W.J.G. Beynon, Marconi, radio waves, and the ionosphere, Radio Sci. 10 (1975) 

657–664. doi:10.1029/RS010i007p00657. 

[90] R.W. Schunk, A.F. Nagy, Ionospheres, Cambridge, Cambridge, 2009. 

[91] R.D. Hunsucker, Radio Techniques for Probing the Terrestrial Ionosphere, 1991. 

doi:10.1007/978-3-642-76257-4. 

[92] National Space Weather Program Office, Space Weather Strategic Plan, 1995. 

[93] A. Hanslmeier, The Sun and Space Weather, 2nd ed., Springer Netherlands, 2007. 

doi:10.1007/978-1-4020-5604-8. 

[94] L.J. Lanzerotti, Space Weather Effects on Technologies, in: Sp. Weather, American 

Geophysical Union, 2013: pp. 11–22. doi:10.1029/GM125p0011. 

[95] R.R. Meier, Aeronomy and Space Weather: “Space Weather Effects and Metrics,” 

CEDAR Post. (2000). 

[96] ESA, NASA, SOlar and Heliospheric Observatory (SOHO), (2016). 

http://sohowww.nascom.nasa.gov/classroom/classroom.html (accessed 

February 3, 2016). 

[97] NASA, iSWA, (2015). http://iswa.gsfc.nasa.gov/iswa/iSWA.html (accessed 

December 12, 2015). 



Bibliography  343 

[98] SIDC, SILSO, (2015). http://www.sidc.be/silso/ (accessed December 12, 2015). 

[99] NOAA, Solar Data, (2015). ftp://ftp.ngdc.noaa.gov/STP/space-weather/solar-

data/solar-features/solar-radio/noontime-

flux/penticton/penticton_observed/listings/listing_drao_noontime-flux-

observed_daily.txt (accessed December 12, 2015). 

[100] NASA, NASA’s SDO Observes “Cinco de Mayo” Solar Flare, (2015). 

http://www.nasa.gov/feature/goddard/nasas-sdo-observes-cinco-de-mayo-solar-

flare (accessed February 3, 2016). 

[101] R.J. Lillis, D.A. Brain, S.W. Bougher, F. Leblanc, J.G. Luhmann, B.M. Jakosky, R. 

Modolo, J. Fox, J. Deighan, X. Fang, Y.C. Wang, Y. Lee, C. Dong, Y. Ma, T. Cravens, 

L. Andersson, S.M. Curry, N. Schneider, M. Combi, I. Stewart, J. Clarke, J. 

Grebowsky, D.L. Mitchell, R. Yelle, A.F. Nagy, D. Baker, R.P. Lin, Characterizing 

Atmospheric Escape from Mars Today and Through Time, with MAVEN, Space Sci. 

Rev. 195 (2015) 357–422. doi:10.1007/s11214-015-0165-8. 

[102] Greenatom, Morning Aurora From The International Space Station, (2015). 

http://www.greenatom.net/image/morning-aurora-from-the-international-space-

station/ (accessed February 3, 2016). 

[103] E. Weisstein, Eric Weisstein’s World of Physics, Wolfram Res. (2007). 

http://scienceworld.wolfram.com/physics/Radiation.html (accessed January 27, 

2016). 

[104] K. Liou, An Introduction to Atmospheric Radiation, 2nd ed., Elsevier Science, 

2002. 

[105] RRDC, Reference Solar Spectral Irradiance: ASTM G-173, (2016). 

http://rredc.nrel.gov/solar/spectra/am1.5/astmg173/astmg173.html (accessed 

January 29, 2016). 

[106] NOAA, Maps of Magnetic Elements from the WMM2015, (2018). 

https://www.ngdc.noaa.gov/geomag/WMM/image.shtml (accessed August 24, 

2018). 

[107] ROB, Ionosphere: Tutorial, (2018). 

http://www.gnss.be/ionosphere_tutorial.php#x2-30000 (accessed August 24, 

2018). 

[108] J. Shankar, Analysis of the day side equatorial anomaly, Utah State University, 

2007. (PhD Thesis). 



344  Bibliography 

[109] R.D. Hunsucker, J.K. Hargreaves, The high-latitude ionosphere and its effects on 

radio propagation, (2003). http://dx.doi.org/10.1017/CBO9780511535758. 

[110] S. Basu, M.C. Kelley, A review of recent observations of equatorial scintillations 

and their relationship to current theories of F region irregularity generation, 

Radio Sci. 14 (2018) 471–485. doi:10.1029/RS014i003p00471. 

[111] R. Mcdaniel, A Review of Equatorial Spread F, 2018. 

[112] T. Yokoyama, A review on the numerical simulation of equatorial plasma bubbles 

toward scintillation evaluation and forecasting, Prog. Earth Planet. Sci. 4 (2017) 

37. doi:10.1186/s40645-017-0153-6. 

[113] A. Paul, A. DasGupta, Characteristics of the equatorial ionization anomaly in 

relation to the day-to-day variability of ionospheric irregularities around the 

postsunset period, Radio Sci. 45 (2010). doi:10.1029/2009RS004329. 

[114] G. Wautelet, Characterization of ionospheric irregularities and their influence on 

high-accuracy positioning with GPS over mid-latitudes, University of Liège, 2013. 

(PhD Thesis). 

[115] G.K. Hartmann, R. Leitinger, Range errors due to ionospheric and tropospheric 

effects for signal frequencies above 100 MHz, Bull. Géodésique. 58 (1984) 109–

136. doi:10.1007/BF02520897. 

[116] R. Langley, Ionospheric Scintillations, GPS World. (2012). 

http://gpsworld.com/gnss-systemsignal-processinginnovation-ionospheric-

scintillations-12809/. 

[117] P. Lassudrie-Duchesne, Y. Béniguel, A. Bourdillon, R. Fleury, J.-J. Valette, M. Le 

Huy, L. Tran Thi, Les effets de la scintillation ionosphérique sur le GPS, 2010. 

https://www.google.be/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahU

KEwiZ2Mn8h-

bOAhWjJsAKHSYGD08QFggkMAA&url=https%3A%2F%2Fportail.telecom-

bretagne.eu%2Fpubli%2Fpublic%2Ffic_download.jsp%3Fid%3D5243&usg=AFQjCN

Ejs9u6240DdJh80iKAvPEJFkI6Jw. 

[118] H. Strangeways, Understanding the comparative amplitudes of phase and 

amplitude scintillation indices at low/equatorial and high latitudes, in: Proc. 8th 

Annu. Baška GNSS Vulnerabilities Conf., Baška, Krk Island, Croatia, 2014: p. 7. 

[119] B.C. Vani, M.H. Shimabukuro, J.F. Galera Monico, Visual Exploration and Analysis 

of Ionospheric Scintillation Monitoring Data: The ISMR Query Tool, Comput. 

Geosci. (2016). doi:10.1016/j.cageo.2016.08.022. 



Bibliography  345 

[120] GSA, CIGALA, (2018). https://www.gsa.europa.eu/concept-ionospheric-

scintillation-mitigation-professional-gnss-latin-america (accessed August 31, 

2018). 

[121] GSA, CALIBRA, (2018). https://www.gsa.europa.eu/news/calibra-bringing-

precision-agriculture-brazil%0D (accessed August 31, 2018). 

[122] UNESP, CIGALA Project, (2016). http://is-cigala-

calibra.fct.unesp.br/is/cigala/index.php?lan=en (accessed August 31, 2016). 

[123] GSV - GPS Silicon Valley, GPS Ionospheric Scintillation & TEC Monitor (GISTM), 

2007. (Working Paper). 

[124] Australian Government, Bureau of Meteorology, About Ionospheric Scintillation, 

(2016). http://www.sws.bom.gov.au/Satellite/6/3#ism (accessed August 29, 

2016). 

[125] Septentrio Satellite Navigation, PolaRxS: Ultra Low Noise GNSS Receiver for 

Ionospheric Scintillation Monitoring, 2010. 

[126] D. A J Van Dierendonck, B. Arbesser-Rastburg, Measuring Ionospheric scintillation 

in the equatorial region over Africa, including measurements from SBAS 

geostationary satellite signals, 2001. 

[127] R. Warnant, C. Deprez, L. Van De Vyvere, The added value of new GNSS to monitor 

the ionosphere, in: IAG Comm. 4 Symp. Position. Appl., Wroclaw, Poland, 2016. 

[128] S.K. Basu, S. Grovesa, S. Basu, P. Sultana, Specification and forecasting of 

scintillations in communication and navigation links: Current status and future 

plans, J. Atmos. Terr. Phys. 64 (2002) 1745–1754. 

[129] M. Lonchay, B. Bidaine, R. Warnant, An Efficient Dual and Triple Frequency 

Preprocessing Method for Galileo and GPS Signals, in: 3rd Int. Colloq. - Sci. 

Fundam. Asp. Galileo Program., Copenhagen, 2011. 

http://hdl.handle.net/2268/99348. 

[130] B. Bidaine, Ionospheric Modelling for Galileo Single Frequency Users, University 

of Liège, 2012. (PhD Thesis). 

[131] Z.G. Elmas, M. Aquino, H.A. Marques, J.F.G. Monico, Higher order ionospheric 

effects in GNSS positioning in the European region, in: Ann. Geophys., Copernicus 

Gesellschaft Mbh, 2011: pp. 1383–1399. 

[132] M. Deserno, How to generate equidistributed points on the surface of a sphere, 

Mainz, Germany, 2004. 



346  Bibliography 

https://www.cmu.edu/biolphys/deserno/pdf/sphere_equi.pdf (Working Paper). 

[133] M.J. de Smith, Poisson Distribution, (2015). 

http://www.statsref.com/HTML/index.html?poisson.html (accessed October 13, 

2016). 

[134] J.-M. Zaninetti, Statistique Spatiale, Lavoisier, Paris, 2005. 

[135] F. Goreaud, R. Pélissier, On explicit formulas of edge effect correction for Ripley’s 

K-function, J. Veg. Sci. 10 (1999) 433–438. 

https://www.researchgate.net/publication/232128557_On_Explicit_Formulars_o

f_Edge_Effect_Correction_for_Riley’s_K-Function. 

[136] D.A. Darling, The Kolmogorov-Smirnov, Cramer-von Mises Tests, (1957) 823–838. 

doi:10.1214/aoms/1177706788. 

[137] W.R. Tobler, A Computer Movie Simulating Urban Growth in the Detroit Region, 

Econ. Geogr. 46 (1970) 234–240. doi:10.2307/143141. 

[138] J. Lentz, Getis-Ord General G, 2009. 

http://jenniferalentz.info/Teaching/StudyGuides/SpatialAutocorrelation.pdf. 

[139] M.S. Rosenberg, C.D. Anderson, Correlogram Analysis, (2011). 

http://www.passagesoftware.net/webhelp/Correlogram.htm (accessed 

November 12, 2016). 

[140] L. Anselin, Local Indicators of Spatial Association-LISA, Geogr. Anal. 27 (2010) 93–

115. doi:10.1111/j.1538-4632.1995.tb00338.x. 

[141] COSPAS-SARSAT, COSPAS-SARSAT, (2017). http://www.cospas-sarsat.int/en/ 

(accessed February 24, 2017). 

[142] P. Collins, F. Lahaye, S. Bisnath, External ionospheric constraints for improved 

PPP-AR initialisation and a generalised local augmentation concept, in: Proc. 25th 

Int. Tech. Meet. Satell. Div. Inst. Navig. (ION GNSS 2012), 2012: pp. 3055–3065. 

[143] J. Shi, Y. Gao, A comparison of three PPP integer ambiguity resolution methods, 

GPS Solut. 18 (2014) 519–528. doi:10.1007/s10291-013-0348-2. 

[144] J. Shi, Y. Gao, A Fast Integer Ambiguity Resolution Method for PPP, in: Proc. 25th 

Int. Tech. Meet. Satell. Div. Inst. Navig. (ION GNSS 2012), 2012: pp. 3728–3734. 

[145] M. Håkansson, A.B.O. Jensen, M. Horemuz, G. Hedling, Review of code and phase 

biases in multi-GNSS positioning, GPS Solut. (2016) 1–12. doi:10.1007/s10291-

016-0572-7. 



Bibliography  347 

[146] M.J. Aschwanden, Chapter 11 - The Sun, in: Encycl. Sol. Syst., Elsevier, Boston, 

2014: pp. 235–259. doi:http://dx.doi.org/10.1016/B978-0-12-415845-0.00011-6. 

[147] European Commission, FP7, (2018). 

https://ec.europa.eu/research/fp7/understanding/fp7inbrief/what-is_en.html 

(accessed August 31, 2018). 

[148] V. Romano, L. Spogli, M. Aquino, A. Dodson, C. Hancock, B. Forte, GNSS station 

characterisation for ionospheric scintillation applications, Adv. Sp. Res. 52 (2013) 

1237–1246. 







 

 


	Abstract
	Résumé
	Preface
	Contents
	Bibliography



