
DAY 1 DAY 2 DAY 3

 ● Lecture 1: Introduction to ionospheric effects (R1: p879-
894; R2)

 ● 1. Fundamental properties of ionosphere impact-
ing satellite navigation 

 ● 1.1. Ionosphere electron density profiles
 ● 1.2. Ionospheric refractive index: Appleton-Hartree 
equation and linear expansions

 ● 1.2.1. Plasma frequency and electron gyrofrequency
 ● 1.2.2. Refractive index for L band signals
 ● 1.2.3. Carrier refractive index vs code refractive 
index

 ● 1.2.4. Comparison between ionosphere and tropo-
sphere refractive index

 ● 2. Ionospheric refraction effects in GNSS mea-
surements: code delay, carrier advance, and total electron 
content (TEC) 

 ● 3. TEC broadcast models for single-frequency 
receivers

 ● 3.1. Klobuchar model
 ● 3.2. BDGIM
 ● 3.3. NeQuick G
 ● 3.4. Performance comparison of broadcast models
 ● 4. TEC estimation using dual-frequency receiver 
measurements

 ● 4.1. General approach
 ● 4.2. Code multipath and noise estimation
 ● 4.3. Differential code bias (DCB) estimation
 ● 5. TEC estimation using multi-frequency receiver 
measurements

 ● 6. TEC estimation using single-frequency 
receiver measurements

 ● Lecture 3: Ionospheric Scintillation – Concepts, theory, 
modeling, and monitoring (R1: p906-914; R4; R5)

 ● 1. Distinctions between refraction and diffraction 
effects

 ● 2. Scintillation theory: phase screen models 
 ● 3. GNSS signal scintillation indicators
 ● 3.1. Amplitude scintillation index
 ● 3.2. Phase scintillation index
 ● 3.3. Frequency scintillation index
 ● 3.4. Decorrelation time
 ● 3.5. Rate of TEC index
 ● 4. Scintillation model for GPS-like signals 
transmitted from LEO satellites

 ● 4.1. Phase screen model adaption for LEO satellite 
signals

 ● 4.2. Simulated scintillation effects on LEO satel-
lite-transmitted GPS-like signals at L1, L2, and L5 bands 

 ● 5. Scintillation model for VHF, UHF, L, C, and S 
band signals transmitted from LEO satellites

 ● 5.1. Phase screen model adaption for LEO satellite 
signals at VHF, UHF, L, C, and S bands

 ● 5.2. Simulated scintillation effects on LEO satel-
lite-transmitted signals at VHF, UHF, L, C, and S bands.

 ● 5.3. Scintillation observations of real VHF and L 
band signals transmitted from LEO satellites

 ● Lecture 5: Recent advances in ionospheric effects monitoring 
and forecasting (R12: p971-994; R13; R14; R15; R16)

 ● 1. GNSS radio occultation
 ● 1.1. Fundamentals of radio occultation (RO)
 ● 1.2. GNSS-RO TEC retrieval
 ● 1.2.1. Dual-frequency retrieval
 ● 1.2.2. Single frequency retrieval 
 ● 1.3. Electron density retrieval
 ● 1.4. RO measurement error sources
 ● 1.5. Scintillation observations using GNSS-RO 
measurements

 ● 1.6. Case studies using COSMIC-2 
 ● 2. GNSS reflectometry
 ● 2.1. Fundamentals of GNSS-reflectometry (GNSS-R)
 ● 2.2. Scintillation observations through delay-Doppler 
maps

 ● 2.3. Carrier phase-based GNSS-R range measurements
 ● 2.4. Ionospheric TEC retrieval through coherent carrier 
phase measurements

 ● 2.5. Real GNSS-R ionospheric TEC and scintillation 
retrieval using low cost CubeSats measurements

 ● 3. Ionospheric effects on signals transmitted from LEO 
satellites

 ● 3.1. Controlled ionospheric disturbance experiments
 ● 3.2. Ionospheric effects frequency dependence
 ● 3.3. Ionospheric orbit dependence
 ● 4. Machine learning (ML) for ionospheric disturbance 
detection, classification, and forecasting.

 ● 4.1. Similarities and difference among ionospheric 
disturbances, satellite oscillator anomalies, and radio frequency 
interference

 ● 4.2. ML architecture and feature engineering for event 
detection/classificaiton

 ● 4.3. ML for global TEC forecasting
 ● 4.4. ML for ionospheric disturbance prediction

 ● Lecture 2: Ionospheric effects correction method (R1: 
p894-906; R3)

 ● 1. Vertical TEC (VTEC) and mapping function
 ● 2. IGS VTEC products
 ● 3. Network-based VTEC mapping methods
 ● 3.1. Triangular tile method
 ● 3.2. Spherical harmonics basis function method
 ● 3.3. Tomography-based method
 ● 3.4. Other network-based TEC mapping methods
 ● 4. TEC estimation using low-cost receivers
 ● 5. TEC estimation using cell phone 
measurements

 ● 6. Higher-order ionospheric errors
 ● 6.1. Estimation method
 ● 6.2. Higher-order error impact on position solution 
accuracy

 ● Lecture 4: Ionospheric scintillation effects and mitigation 
techniques (R1: p914 - 928; R6, R7,R8, R9, R10, R11)

 ● 1. Scintillation effects
 ● 1.1. Scintillation effects on carrier phase 
measurements

 ● 1.2. Scintillation effects on position solution 
accuracy and availability

 ● 1.3. High latitude scintillation
 ● 1.4. Equatorial scintillation
 ● 1.5. Mid-latitude scintillation
 ● 1.6. Scintillation climatology
 ● 2. Scintillation signal tracking algorithms: archi-
tecture, implementations, and performance assessment

 ● 2.1. Ionospheric scintillation monitoring (ISM) 
receivers: conventional architecture, implementation, and 
measurements 

 ● 2.2. Challenges of scintillation signals on carrier 
tracking

 ● 2.3. Semi-open loop tracking
 ● 2.4. Open loop tracking
 ● 2.5. State-based GNSS carrier tracking 
 ● 2.6. Optimized inter-carrier aiding algorithm
 ● 2.7. Vector processing
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