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ABSTRACT 
 
The ionosphere is inherently associated with GPS, 
because the refraction it causes on space radiometric 
measurements is one of the main effects which have to be 
mitigated in order to determine reliable positions using 
GPS signals. The ionosphere is a dispersive medium, 
which means the value of the group delay or phase 
advance of a radio signal depends on the frequency of the 
signal. Consequently, GPS signals are broadcast on more 
than one frequency and, using receivers capable of 
tracking GPS signals on more than one frequency, we can 
mathematically eliminate the first order effect of the 
ionospheric refraction. If on the one hand the ionosphere 
impacts GPS signals, on the other hand GPS can be used 
as a sensor of the ionosphere. In this paper we introduce a 
novel approach for using GPS as an ionospheric sensor.  
 
GPS receiver networks have been used for monitoring the 
ionosphere for a long time, but our method was created to 
be suitable for single-receiver operation, as one of the 
outputs of enhanced precise point positioning (PPP) data 
processing. The package in which this new technique is 
implemented is called GPS Analysis and Positioning 
Software (GAPS), a PPP package developed at the 
University of New Brunswick. Another characteristic of 
the novel approach is that only carrier-phase 
measurements are used, in order to avoid the 
contaminating effects of pseudorange measurements, such 
as code multipath. The filter in which the ionospheric 
delays are estimated is connected to the PPP filter inside 
GAPS, as we will discuss in this paper. In this paper we 
will also explain how the ionospheric delay estimation 
filter work. The goal of this development was to create a 
procedure for ionospheric delay estimation which would 
be suitable for single-receiver operation, as mentioned 
before, and also to be suitable for either static or 
kinematic scenarios, and eventually real-time 
applications. 
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INTRODUCTION 
 
Ionosphere delay is closely related to GPS measurements 
because it is one of the main effects which have to be 
mitigated in order to determine reliable positions. The 
ionosphere is a dispersive medium, which means the 
value of the delay depends on the frequency of the signal. 
And as GPS signals are broadcast on more than one 
frequency, using receivers capable of tracking GPS 
signals on two frequencies allows us to mathematically 
eliminate the first order effect of the ionosphere 
refraction. This is possible by means of a linear 
combination of the signals on the two frequencies. This 
combination is widely called the iono-free combination. If 
on one hand the ionosphere impacts GPS signals, on the 
other hand GPS can be used as a sensor of the ionosphere.  
 
In this paper we are introducing an approach for using 
GPS as a sensor of the ionosphere. GPS receiver networks 
have been used for this purpose for a long time, but this 
new method was created to be suitable for single-receiver 
operation. This means that this approach allows the 
estimated ionospheric delay to be one of the outputs of a 
PPP package, and in this case it is done in GAPS (GPS 
Analysis and Positioning Software). Another 
characteristic is that only carrier-phase measurements are 
used, in order to avoid effects present on pseudorange 
measurements. The filter to estimate the ionospheric 
delays is connected to the PPP filter inside GAPS. 
 
GAPS – GPS data Analysis and Positioning Software 
 
GAPS is a software package for positioning (by means of 
PPP) and data analysis, which was developed at UNB. 
The description contained in this section has been also 
partially shown by Leandro and Santos [2006]. One of the 
main goals of this development has been to develop a 
positioning tool; however, GAPS showed itself to be 
much more versatile than that, allowing innovative data 
analysis and quality control procedures. GAPS’ data 
processing is done on an epoch by epoch basis, according 
to: 
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where the left-hand side of the equations above contain 
the common terms of iono-free pseudorange and carrier-
phase equations., Xδ , Yδ , Zδ , dTδ , Tδ  and Nδ  are the 

computed updates for receiver coordinates (X, Y and Z), 
receiver clock, neutral atmosphere delay and ambiguity 
parameter, respectively and m  is the neutral atmosphere 
non hydrostatic delay mapping function [Niell, 1996]. 
The parameters can be set as constant (e.g., ambiguities 
and coordinates of static positioning), stochastic 
parameters (e.g., neutral atmosphere delay) or white noise 
(e.g. receiver clock and coordinates in kinematic 
positioning). The update vector is computed using a least-
squares technique, according to: 
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where δ  is the update vector, A  is the design matrix, P  
is the weight matrix, xC  is the parameters’ covariance 
matrix and w  is the misclosure vector. At every epoch 
the parameters’ covariance matrix is updated according 
to: 
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where nC  is the process noise matrix, for which the 
values vary depending on the type of parameter, and (t) 
and (t-1) are epoch indicators of xC . The misclosure 
vector is computed in the same way as on the right-hand 
side of equations 1 and 2, with the addition of all 
necessary corrections: earth tides, antenna phase-center 
offset and variation, satellite code biases (in the case 
where C/A-code is used), phase wind-up, relativistic 
effects and so on. A description of most of these 
corrections has been provided by Kouba [2003] and 
Tétreault et al. [2005]. 
 
A similar model to equations 3 and 4 is used in the 
ionosphere delay estimation filter of GAPS. A brief 
overview of GAPS can be found in Leandro et al. [2007].  
 
PPP-BASED IONOSPHERE ACTIVITY 
ESTIMATION 
 
In this section we introduce an approach to use GPS as a 
sensor of the ionosphere. GPS receiver networks have 
been used for this purpose for a long time, but this method 
was created to be suitable for single-receiver operation. 
This means that this approach allows the estimated 
ionospheric delay to be one of the outputs of a PPP 
package, and in this case it is done in GAPS. Another 
characteristic is that only carrier-phase measurements are 
used, in order to avoid effects present in pseudorange 
measurements. The filter to estimate the ionospheric 
delays is connected to the PPP filter inside GAPS. 
 
The ionospheric estimation is performed using the 
following model: 
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  (5) 

 
where gfΦ  is the geometry-free carrier-phase observation 
in length units, MF is the ionosphere mapping function, 

0,vI  is the vertical ionospheric delay at the station 
position, φ∇  and λ∇  are latitudinal and longitudinal 
gradients, respectively, pφ  and pλ  are the geodetic 
latitude and longitude of the ionospheric piercing point, 

0φ  and 0λ  are the geodetic latitude and longitude of the 
station, and gf'Nb  is an ambiguity parameter which 
includes the carrier-phase integer ambiguity plus a 
collection of biases. The mapping function is based on a 
spherical ionospheric shell model as shown in Figure 1, 
and is computed according to: 
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The estimation is performed by means of a least-squares 
adjustment similar to equations 3 and 4, where the 
parameters are the ionospheric model elements (vertical 
delay and gradients) and the ambiguities. With respect to 
the noise model (used in equation 4), the ionospheric 
model parameters are treated as stochastic parameters, 
while the ambiguities are constant (thus no noise is added 
to them). 
 

 
Figure 1. Elements of the ionospheric shell model (not to 
scale). 
 
Figures 2 and 3 show results of the estimation for station 
UNB1/UNBJ (at UNB in Fredericton), for a period of low 
and high geomagnetic activity (these periods were chosen 
based on Kp index values, obtained from the Space 

Environment Center, National Oceanic and Atmospheric 
Administration (NOAA), U.S. Dept. of Commerce, 
Boulder, CO [Space Environment Center, 2007]). 
 

 
Figure 2. Ionospheric delays and residuals for station 
UNBJ, 2007 DOY 6 to 10. 
 

 
Figure 3. Ionospheric delays and residuals for station 
UNB1, 2004 DOY 312 to 316. 
 
During the quiet period, the residuals for UNBJ had 
values usually within 2 and 1 TECU for slant and vertical 
values, respectively, while for the disturbed period the 
amplitude of the residuals reached around 5 TECU at 
certain hours. It can also be seen that the spread of the 
residuals is reasonably stable over the days of the quiet 
period, which does not occur during the disturbed period, 
where variations in residual spread can be easily seen. In 
the second plot the station name is UNB1 because the 
observations were made prior the station name change 
(from UNB1 to UNBJ) which occurred in 2006 [Langley, 
2006]. 
 
Figures 4 and 5 show a comparison of the ionospheric 
delays computed with GAPS and those provided by IGS, 
through final IGS IONEX maps (details about IONEX 
map generation and format can be found in Schaer et al. 
[1998]). 
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Figure 4. Comparison of results provided by GAPS (blue 
dots) and IGS (red line) for low activity period. 
 

 
Figure 5. Comparison of results provided by GAPS (blue 
dots) and IGS (red line) for high activity period. 
 
An effect which can be noticed in the above plots (more 
clearly in Figure 4) is the bias between the two solutions. 
This is an effect of a disagreement between the satellite 
and receiver inter-frequency biases that are determined 
(explicitly or not) by the two techniques. Even though in 
the two cases the same effect from inter-frequency biases 
has to be handled, this is done in a completely different 
way in each technique, but even then the ionospheric 
delays, which in theory are bias-free, should match. Table 
1 shows the statistics of the comparison for each of the 
stations. 
 
Table 1. Statistics of GAPS and IGS maps comparison (in 
the sense GAPS-IGS) 
 

 Bias 
(TECU) 

Std. Dev. 
(TECU) 

RMS 
(TECU) 

Low activity 1.18 0.97 1.52 
High activity -1.54 3.42 3.75 

 
In general, the numbers shown in Table 3.2 are in 
agreement with the accuracy range claimed by IGS for its 
ionosphere maps (2-8 TECU for final maps – final maps 

were used in this analysis). This is a good result in terms 
of agreement of solutions, given the level of accuracy 
provided by IGS maps. These numbers become even 
more meaningful if one considers that we are comparing a 
station-network technique (IGS), with a single-station 
technique (GAPS). 
 
Even though the results obtained for station UNB1/UNBJ 
are very encouraging, there are some cases when there 
exists a bias of up to around 4 TECU between GAPS and 
IGS solutions.  
 
CONCLUSIONS AND FURTHER WORK 
 
We have overviewed a novel technique which can be used 
to estimate ionospheric delays using GPS observations 
from one single station. The technique, which is 
implemented in the GAPS PPP software, has a potential 
to provide un-biased ionospheric delay estimations. 
 
Results for station UNB1/UNBJ show an agreement with 
values provided by IGS of around 1.5 TECU and 3.5 
TECU, for calm and disturbed periods, respectively. 
These numbers are in a good agreement with the claimed 
accuracy of the IGS ionospheric maps. We plan to test our 
procedure with data from stations at other geomagnetic 
latitudes. 
 
Although results for station UNB1/UNBJ are fairly good, 
there are occasions when biases of up to about 4 TECU 
have been found, between GAPS and IGS results. This 
means that more investigation is required in order to find 
out what is the reason of such a discrepancy at times. One 
possible reason is the difference in how the ionosphere is 
mathematically modeled in the two approaches. 
 
REFERENCES 
 
Kouba, J. (2003). A Guide to Using International GPS 

Service (IGS) Products. Publication of the IGS 
Central Bureau. February 2003. Online at 
<http://igscb.jpl.nasa.gov/igscb/resource/pubs/Guidet
oUsingIGSProducts.pdf>. 

 
Langley, R.B. (2006). IGSMAIL-5406: “UNB1 

Decommissioned; UNBJ Established.” [On–line] 
Retrieved 10 September 2006 from IGSMAIL, 
igscb.jpl.nasa.gov, 
http://igscb.jpl.nasa.gov/mail/igsmail/2006/msg0012
9.html 

 
Leandro R.F. and M.C. Santos (2006). “Wide Area Based 

Precise Point Positioning.” Proceedings of ION 
GNSS 2006, Fort Worth, Texas, 26-29 September 
2006. 

 

2852



Leandro R.F., M.C. Santos and R.B. Langley (2007). 
“GAPS: The GPS Analysis and Positioning 
Software – A Brief Overview.” Proceedings of ION 
GNSS 2007, Fort Worth, Texas, 25-28 September 
2007. 

 
Niell, A.E. (1996). “Global Mapping Functions for the 

Atmosphere Delay at Radio Wavelengths.” Journal of 
Geophysical Research, Vol. 101, No. B2, pp. 3227- 
3246. 

 
Schaer, S., W. Gurtner, and J. Feltens (1998). “IONEX: 

The IONosphere Map EXchange Format Version 1”. 
Document available on-line at the International 
GNSS Service ftp server: 
ftp://igscb.jpl.nasa.gov/igscb/data/format/ionex1.pdf . 
Accessed on September 2007. 

 
Space Environment Center (2007). “Indices, Events, and 

Region Data. Solar, Particle and Geomag. Indices 
beginning Jan. 1994”.  
http://sec.noaa.gov/ftpmenu/indices/old_indices.html. 
Web site accessed on 15 February 2007. 

 
Tétreault, P., J. Kouba, P. Héroux, and P. Legree (2005). 

“CSRS-PPP: An Internet Service for GPS User 
Access to the Canadian Spatial Reference Frame.” 
Geomatica, Vol. 59, No. 1, pp. 17-28. 

 
 

2853


	Main Menu
	Acknowledgments
	Copyright
	Registrants List
	Exhibitors
	ION Information
	Table of Contents
	PLENARY SESSION
	Joint Functional Component Command for Space - Precision Navigation and Timing Update
	The European GNSS Programmes
	Towards a GNSS System of Systems
	Where have we been? Where are we going?

	Session A1: Multi-sensor Navigation, Guidance and Control Systems
	A Fuzzy Dead Reckoning Algorithm for a Personal Navigator
	Separation of Static and Non-Static Features from Three Dimensional Datasets: Supporting Positional Location in GPS Challenged Environments - An Update
	Optimized Low-cost HSGPS/IMU/WSS Land Vehicle Navigation System for Urban Navigation
	Tight Integration of Dual ALS and IMU for Autonomous Aerial Vehicle Navigation
	Development of a Low Cost Multiple GPS Antenna Attitude System
	A Low Cost GPS/INS Sensor for Small UAVs Augmented with Multiple GPS Antennas
	Integrating DGPS and 3D Gyro Sensor in Tractor Guidance System for Precision Farming
	An Investigation of an Integrated Low-cost GPS, INS and Magnetometer System for Sport Applications
	FPGA Implementation of High Resolution Spectral De-Noising Modules of MEMS Œ based Inertial Sensors
	An Efficient UKF Based GPS/INS Augmented by Local Landmark Update
	Exploiting Network Real-time Kinematic GNSS Positioning for Transport Applications

	Session B1: Military Applications
	Real-Time Software Based Block Processing M-code Receiver
	Long-Term Prediction of GPS Accuracy: Understanding the Fundamentals
	Development of an A/J System Using Available Antennas
	Analysis of GPS Monitor Station Outages
	GPS as an Enabling Technology Supporting Autonomous Ocean Deployed Craft

	Session C1: GNSS Receiver Algorithms 1
	Enhanced Differential Detection Scheme for Weak GPS Signal Acquisition
	An Innovative Acquisition Method for the GPS and Galileo Combined Signal
	Acquisition Performance of Assisted and Unassisted GNSS Receivers with New Satellite Signals
	A Novel L1 and L2C Combined Detection Scheme for Enhanced GPS Acquisition
	A New GNSS Software Receiver Signal Acquisition Method Research Based on Ambiguity Function
	Post Correlation CWI and Cross Correlation Mitigation Using Delayed PIC
	Tracking L1 C/A and L2C Signals through Ionospheric Scintillations
	Looking for an Optimum S-Curve Shaping of the Different MBOC Implementations
	A Simple Technique for the Detection of Multiple Access Interference in the Parallel Acquisition of Weak GPS Signals
	A Complete GPS Signal Processing for Real Time Scenario

	Session D1: Algorithms and Methods 1
	The Optimal Regularization Method and its Ap-plication in GNSS Rapid Static Positioning
	Statistical Error Calibration for Hatch-filtered Ranges using Spectral Characterization of Raw Measurement Errors
	Partial Ambiguity Fixing within Multiple Frequencies and Systems
	Dynamic Model Independent Float Filter Architecture based on Triple Differences
	The Statistical Property of the GNSS carrier Phase Observations and its Effects on the Hy-pothesis Testing of the Related Estimators
	Reliable Multi-Carrier Ambiguity Resolution in the Presence of Multipath
	FlyingŽ RTK Solution as Effective Enhancement of Conventional Float RTK
	Coarse-Time AGPS; Computing TOW From Pseudorange Measurements, and the Effect on HDOP

	Session E1: GNSS Ground Based Augmentation Systems
	Design of a Single-Frequency Filter that Minimizes Ionosphere Divergence Error
	Initial Design and Performance Results of the University of Oklahoma LAAS Far-Field Monitor
	Ephemeris Failure Rate Analysis and its Impact on Category I LAAS Integrity
	A Safety Hazard Analysis Method for Category-I Ground Based Augmentation System
	Data-Replay Analysis of LAAS Safety during Ionosphere Storms
	Advanced GPS Performance Monitor
	Dual-Frequency Smoothing for CAT III LAAS: Performance Assessment Considering Ionosphere Anomalies
	More Ionosphere Anomaly Mitigation Considerations for Category II/III GBAS
	A Concept of CAT III GBAS Requirement Based on Real-Time Flight Technical Error Estimation
	Conceptualization and Implementation of a Closed-Loop Ground Based Augmentation System

	Session F1: Galileo System Design and Services
	GIOVE-A and GIOVE-A2 Orbit Testing Results
	An Incremental System Approach to GALILEO In-Orbit Validation
	Characterization of the Navigation Performances in Galileo: E-OSPF SW Experimentation Results
	Preliminary Design of the Galileo Mission Support Facility (MSF)
	Galileo Payload Test System ŒThe Receiver Subsystem
	A Vision on New Frequencies, Signals and Concepts for Future GNSS Systems
	SEA GATE - A Maritime Galileo Testbed in the Port of Rostock
	The Effects of I/Q Imbalance and Complex Filter Mismatch on GPS/Galileo System

	Session A2: Algorithms for Multi-sensor Fusion
	A New Federated Kalman Filter for Integrated Navigation System Based on SINS
	Gaussian Mixture Filters and Hybrid Positioning
	Improving Adaptive Kalman Filter in GPS/SDINS Integration with Neural Network
	Hybrid A-GPS and Ranging for Handset Positioning
	Multi-Sensor Integration for Autonomous Vehicle Relative Navigation
	New Approaches for Accuracy Enhancement of MEMS Based INS Integrated with GPS for Land Vehicles
	Performance Analysis of an Ultra-Tightly Integrated GPS and Reduced IMU System
	Improving GPS Location Availability and Reliability by Using a Suboptimal, Low-Cost MEMS Sensor Set
	The AI Based Compensators for a Rapid and Accurate Alignment Procedure: An Open Loop Approach

	Session B2: Network-Based RTK
	Generating VRS Data Using Atmospheric Models: How Far Can We Go?
	Application of Predicted Ionosphere Model to Medium Range RTK Positioning: Performance Assessment
	Long-Range Single-Baseline RTK for Complementing Network-Based RTK
	Undifferenced Ionosphere and Troposphere Estimation for Network Kinematic GPS
	Joint GPS/GALILEO Precise Positioning Performance Using Active Reference Networks
	Multiple Carrier Ambiguity Resolution and Performance Benefits for RTK and PPP Positioning Services in Regional Areas
	Novel Concept in Multiple GNSS Network RTK processing
	Data Quality and Coordinate Monitoring for a Permanent Network: Proposals and Experiences
	The Latest Development of a State-wide GNSS Network-based RTK System in Australia

	Session C2: GNSS Receiver Algorithms 2
	Theory and Applications of Signal Compression in GNSS Receivers
	A Modified Adaptive Bandwidth Algorithm for Optimal Signal Tracking of DGPS Reference Receivers
	Direction of Arrival Estimation of GNSS Signals Based on Synthetic Antenna Array
	On the Probability Density Function and Stability Properties for a Cross-Product Frequency-Locked Loop
	Performance Evaluation of Kalman Filter Based Tracking for the New GPS L5 Signal
	Optimal Code and Carrier Tracking Loop Design of Galileo BOC(1,1)
	Subcarrier Tracking Performances of BOC, ALTBOC and MBOC Signals
	Optimised Lock Detection Strategy using BOC Correlator Outputs
	Comparison of Traditional Tracking Loops and Vector Based Tracking Loops for Weak GPS Signals
	Equivalence Principle of GPS Algorithms and and Independent Parameterisation Method

	Session D2: Algorithms and Methods 2
	Investigation of Instantaneous Ambiguity Resolution with the GPS/Galileo Combination for Precise Kinematic Positioning
	Implementation of a Least Mean Square Approach for a Low-Cost Short Baseline Attitude Determination
	Two Approaches to Precise Kinematic GPS Positioning with Miniaturized L1 Receivers
	Integer Ambiguity Resolution on Undifferenced GPS Phase Measurements and its Application to PPP
	Constrained Kalman Filter Based Attitude Estimation with GPS Signals
	Performance Analysis of Precise Point Positioning Based on Combined GPS and GLONASS
	Combined Processing of GPS, GLONASS, and SBAS Code Phase and Carrier Phase Measurements
	The Contribution of GLONASS and Galileo to Kinematic GPS Precise Point Positioning
	Performance Evaluation of Single Antenna GPS Attitude Algorithms with the Aid of Future GNSS Constellations

	Session E2: GNSS Space Based Augmentation Systems
	Wide Area Augmentation System (WAAS) - Program Status
	The Qualification of EGNOS, the Final Step to the Operational Service
	GNSS Performance Monitoring Services with GalTec
	EGNOS Protection on Two GPS Clock Events
	Mitigating Ionospheric Threat Using a Dense Monitoring Network
	The Usefulness of WADGPS Satellite Orbit and Clock Corrections for Dual-Frequency Precise Point Positioning
	SBAS C/A Code Interferences: Observations and Induced Tracking Errors
	Performance Analysis of GPS Augmentation Using Future Taiwanese SBAS
	Development of a Multi-constellation Augmentation Service Based on EGNOS and Galileo Simulation
	The European Space Agency Free Resources for SBAS Education: Learning, Practicing, and Accessing the EGNOS Performances in Real-Time
	WAAS Utilization of the New Civil Signal at L2

	Session F2: Galileo and GPS/Galileo Reference and User Receiver
	An Adaptive Approach to Compensate Crosscorelation Effects in Weak Signal Conditions for Satellite Positioning Systems
	Multiresolution Acquisition Engine Tailored to the Galileo AltBOC Signals
	Artus - A Second Generation Galileo/GPS Receiver
	The Optimal Dual Estimate Solution for Robust Tracking of Binary Offset Carrier (BOC) Modulation
	GIOVE Mission Sensor Station Performance Characterization: Overview of the Results
	Indoor Galileo Receivers ŒSensitivity, Pilot Signals, Secondary Codes
	ORUS Galileo/GPS Open Receiver
	Galileo Receiver Chain - The nonPRS Ground Reference Receiver
	The BayNavTech(TM) Signal Experimentation Facility (BaySEF(TM)) is Ready for Assessing GNSS Signal Performance
	Equipping GPS Satellites with Accelerometers and Satellite-to-Satellite Observables
	Preliminary Results of the Canadian Galileo Safety of Life Receiver (SOLRX)

	Session A3: Alternatives and Backups to GNSS
	Gravity Gradiometer Aided Inertial Navigation Within Non-GNSS Environments
	Beacon-Loran Integrated Navigation Concept (BLINC): an Integrated Medium Frequency Ranging System
	Flight Test Results of a Video-Aided GPS/Inertial Navigation System
	Research Activities on the Locata Technology at the University of New South Wales
	End-to-End Testing of an Integrated Centimetric Positioning Test-Bed
	Evaluating Measurement-based AOA Indoor Location using WLAN Infrastructure
	Security Analysis of Geoencryption: A Case Study Using Loran
	Integration of RFID, GNSS and DR for Ubiquitous Positioning in Pedestrian Navigation

	Session B3a: GNSS Civil Interference and Spectrum Aspects
	GNSS Interference Detection and Localization using a Network of Low Cost Front-End Modules
	Code Acquisition with Interference Mitigation for Galileo Receivers
	Mutual Effects of Satellite Signal Quality and Satellite Geometry on Positioning Quality
	DME/TACAN Interference and its Mitigation in L5/E5 Bands
	Radio Frequency Compatibility Criterion for Code Tracking Performance
	Interference Monitoring for GNSS Bands in Indoor and Urban Environments

	Session B3b: GNSS Antenna and Radio Technology
	Mitigation of GPS Multipath Using Polarization and Spatial Diversities
	GNSS Receiver Biases Due to Non-Linear Phase of Controlled Pattern and Fixed Pattern Antennas
	GPS Block II/IIA Satellite Antenna Testing using the Automated Absolute Field Calibration with Robot
	Receiver Processing Losses with Bandlimiting and One-Bit Sampling
	Sequential Interference Nulling and Localization in Two-Dimensional GPS Receiver Array

	Session C3: New Product Announcements
	Advanced Family of Software Simulators
	Continuous Data Storage and Replay Unit
	The GPSTk: New Features, Applications, and Changes
	GNSS Signal Generator NSG 5100
	BayNavTech - Performance Assessment Facility for GNSS
	Mm Level Precision in Ionospheric GPS Measurements
	NavX(R) - NCS - The First Galileo/GPS Full RF Navigation Constellation Simulator
	NavX - NSR - A Novel Galileo/GPS Navigation Software Receiver
	Novel Medium-accuracy MEMS INS "AIST-320" - Building Comfort Enviroment for Sensors
	A Set of High Accuracy Low Cost Metallic Resonator CVG

	Session D3: Indoor Positioning 1
	Performance Assessment of Almanac Navigation
	Robust GPS Receiver for Indoor Navigation System by Utilizing Long Integration Time and Data-less Pseudolite
	Apples to Apples: A Standardized Testing Methodology For High Sensitivity GNSS Receivers
	A Pedestrian Navigation System for Urban and Indoor Environments
	A Novel Efficient Acquisition Scheme for a High Sensitivity Assisted GPS Receiver
	Implementation of an Optimized Code Loop for Indoor Positioning
	Obtaining a Faster and More Accurate First Position Fix in Poor Signal Environments
	High Precision Ranging Using Temporal TDOA and Multipath Tracking in the Absence of Direct Path
	Study of Multipath Effects for the GNSS Repeater Based Indoor Positioning Technique
	WPI Precision Personnel Locator System Œ Evaluation by First Responders

	Session E3: Land Applications
	GNSS Messaging Scheme for Vehicle-to-Vehicle (V2V) and Vehicle-to-Infrastructure (V2I) Communications Based Precise Positioning with Low-Cost Hardware
	Instantaneous RTK Positioning with Altitude-aiding for ITS Applications
	Improving Positioning Accuracy and Integrity in Rail Safety-Critical Applications Through the Integration of GNSS with a Track Data Base
	Development of a GNSS Odometer
	Smart Pseudolites Array System using Two-way Pseudolites
	Experimental Results for Spline Based Obstacle Avoidance of an Off-Road Ground Vehicle
	A Continuous Updating Techniques for Loosely Coupled RTK GPS with Total Station Observations
	Hybrid GNSS Receiver for Super Fast Acquisition Time, Five Times Faster than Conventional GNSS Receiver
	Assessment of Step Determination in a GPS/Compass/IMU System for Personal Positioning

	Session F3: Galileo Signal Structure, GPS/Galileo Interoperability
	The MBOC Modulation: The Final Touch to the Galileo Frequency and Signal Plan
	On Potential CBOC/TMBOC Common Receiver Architectures
	Jitter Analysis of QPSK and BOC(n,n) GNSS Signals
	Galileo E1 OS and GPS L1C Pseudo Random Noise Codes - Requirements, Generation, Optimization and Comparison -
	Formal Verification Testing of Galileo RF Constellation Simulators
	First Outdoor Positioning Results with Real Galileo Signals by Using the German Galileo Test and Development Environment - GATE
	Performance Analysis of GIOVE-A Signals in Comparison with GPS Based on Wideband Measurements with the BayNavTechTM Signal Evaluation Facility (BaySEFTM)
	Multilpath and Tracking Performance of Galileo Ranging Signals Transmitted by GIOVE-A
	Simulating GNSS Constellations - The GAMMA Signal Generator

	Session A4: Remote Sensing with GPS and Integrated Sensors
	Developing a Low-cost MEMS IMU/ DGPS Integrated System for Robust Machine Automation
	A Kinematic Terrestrial LIDAR Scanning System
	GPS/IMU Error Analysis for Airborne SAR Remote Sensing
	An Introduction to Parallel Re-Configurable Receiver Architectures for GNSS Reflections
	Remote Sensing Stream Flow Discharge & Soil Classification by Using Reflected GPS Observations, L1 & L2 Reflectivity and Digital Terrain Model
	A Technique for Determining the Carrier Phase Differences Between Independent GPS Receivers During Scintillation
	An integrated Locata & Leica Geosystems Positioning System for Open-cut Mining Applications
	Experiments of Low-cost INS/GPS Navigation Platform Based on PC104

	Session B4: Multipath
	High Resolution Multipath Mitigation Technique Based on the Teager-Kaiser Operator for GNSS Signals
	Nonlinear Least-Squares Algorithm for Close-in Multipath Mitigation in GNSS Receivers
	A Jump Markov System for Modelling a Realistic Error Model Depending on Satellite Reception State in Urban Environment
	A Model for the Suburban Multipath Channel
	Structural Deformation/Vibration Monitoring: A Multipath Mitigation Algorithm Based on Wavelet Denoise
	Dynamic Multipath Estimation by Sequential Monte Carlo Methods
	Parametric and Statistical Characterization of Multipath Errors for Galileo Signals
	Enhanced Cellular Network Positioning using Space-Time Diversity
	Novel Algorithm to Exclude Multipath Satellites by Dual Frequency Measurements in RTK-GPS

	Session C4: Novel Applications
	Continued Design and Development of the Ohio University Robotic Lawnmower
	Applied Robotics: Multi Purpose Autonomuos Vehicle
	Design and Implementation of a Robotic Lawnmower
	Position and Orientation Determination for a Guided K-9
	A Preliminary Investigation of GNSS Radio Occultation and its Applications in Australian Meteorology
	Achieving the Centimeter Level of Accuracy in Urban Canyons Using LocataLites
	Application of High-Sensitivity GPS for a Highly-Integrated Automated Longitudinal Travel Behavior Diary
	A Real-Time Position, Velocity, and Physiological Monitoring and Tracking Device for Equestrian Training
	GAPS: The GPS Analysis and Positioning Software Œ A Brief Overview
	Autonomous Navigation Environment with Self-Calibrating Transceivers"
	Requirements of an OFDMA Pseudolite Indoor Geolocation System

	Session D4: Indoor Positioning 2
	Performance of Assisted Acquisition of the L2CL Code in a Multi-Frequency Software Receiver
	Opportunistic Indoor Localization and Navigation Using Wireless LAN (802.11a/g) Signals
	Adaptive Step Length Estimation with Awareness of Sensor Equipped Location for PNS
	Tightly-Coupled Image-Aided Inertial Navigation Using the Unscented Kalman Filter
	Positioning and Navigation with Ultra-Wideband Signals
	Reconstruction of the Satellite Ephemeris from Time-spaced Snippets
	Fully-autonomous Fine Time Aiding to a GPS Receiver in a Cellular Telephone
	Autonomous GNSS Data Extraction in High Signal Attenuation Conditions
	Location Based Services - Ready for Take Off?

	Session E4: Marine Applications
	Performance Evaluation of DGPS versus SBAS/WADGPS for Marine Users
	Options for the Modernization of Marine DGNSS
	MARUSE Demonstrating The Use Of Maritime Galileo Pseudolites
	A Critical Look at the IMO Requirements for GNSS
	VORF Œ The UK Vertical Offshore Reference Frame: Enabling Real-time Hydrographic Surveying
	Experimental Validation of GPS-Based Control of an Unmanned Wing-Sailed Catamaran
	An Investigation of the Flexible and Rigid Body Response of a Ship Using a GNSS Receiver Network
	GNSS/INS Integration: Potential Impact on Maritime Navigation

	Session F4: Timing and Scientific Applications
	Behavior of the GPS Timing Receivers in the Presence of Interference
	High Accuracy and High Availability Timing System by Using SBAS as Ranging Satellites
	Real-time Clock and Orbit Corrections for Improved Point Positioning via NTRIP
	Scientific Utility of the Signal-to-Noise Ratio (SNR) Reported by Geodetic GPS Receivers
	GORS - A GNSS Occultation, Reflectometry and Scatterometry Space Receiver
	Real-Time Synchronisation of a Network of Sensor Stations with High Accuracy and Integrity
	Cracking the GPS - SLR Orbit Anomaly
	Beginning of Precise Time Transfer Experiment Using ETS-VIII Satellite

	Session A5: GNSS/INS 1
	Inertial Navigation Versus Pedestrian Dead Reckoning: Optimizing the Integration
	In Flight Estimation of Gyro and Accelerometer Scale Factors for Tactical and MEMS IMUs
	Low-cost PND Dead Reckoning using Automotive Diagnostic Links
	Assessment of the Integration Strategy Between GPS and Body-Worn MEMS Sensors with Application to Sports
	Integration of MEMS INS with GPS Carrier Phase Derived Velocity: A New Approach
	Real-time Processing and Flight Demonstration of a Low Cost MEMS-based GPS/INS, Micro-GAIA
	Attitude Determination Using a Multi-antenna GNSS Receiver Tightly Integrated with a MEMS IMU
	AsteRx High-End GNSS Receiver Coupled with MEMS-based IMU for Industrial Applications
	Intelligent Tuning of a Kalman Filter for INS/GPS Navigation Applications
	Economical and Robust Inertial Sensor Configuration for a Portable Navigation System

	Session B5: Surveying and Geodesy
	The International GNSS Service (IGS): Preparations for the Coming Decade
	The North America Reference Frame (NAREF) Project to Densify the ITRF in North America
	NAVD88 Orthometric Height Determination Utilizing the California Real Time GPS Network
	GNSS Applications in Airborne and Seaborne Sea Surface Height Measurements
	A New Framework for Server-Based and Thin-Client GNSS Operations for High Accuracy Applications in Surveying and Navigation
	Filtering Techniques to Detect Millimetric-Scale Dynamic Displacements
	GPS Signal Disturbances by Water in Various States
	L1 RTK System with Fixed Ambiguity: What SBAS Ranging Brings
	Satellite Augmentation Systems for Acceleration Determination in Airborne Gravimetry: A Comparative Study
	Characteristics of Carrier Phase Measurements of an Inner Antenna in a Vehicle for RTK-GPS

	Session C5: Software Receivers 1
	Portable GPS Baseband Logging
	An Open Source GNSS Reference Server
	Improvements to "A Software-Defined GPS and Galileo Receiver: Single-Frequency Approach"
	Implementation, Verification and Test Results of a MLE-based F-Correlator Method for Multi-Frequency GNSS Signal Trackings
	A DSP/FPGA Design for the Acquisition and Tracking of GIOVE-A Signals
	Development of a One Channel Galileo L1 Software Receiver and Testing Using Real Data
	An Integrated Software Defined Radio Navigation System for Space Navigation
	Host-Based GPS—an Emerging Architecture for High Volume Consumer Applications

	Session D5: Atmospheric Effects on GNSS 1
	Generating a 3D TEC Model for Australia with Combined LEO Satellite and ground base GPS Data
	Combining L1 L2 Carrier Differences with Iono-sphere Model Estimates for an Improved Iono-sphere Error Corrector
	Positioning Impacts from Imbalanced Atmospheric GPS Network Errors
	Ionospheric Measurement with GPS: Receiver Techniques and Methods
	Ionospheric Analysis in the Equatorial Region: Impact on GNSS Performances
	Imaging the Ionospheric Electron Density Using a Combined Tomographic Algorithm
	Ionospheric Estimation Over Japan Based on GNSS Regression Models and GEONET Data

	Session E5: Space and Satellite Applications
	Constrained Beamforming for Space GPS Navigation
	High Dynamics and False Lock Resistant GNSS Carrier Tracking Loops
	The GREHDA Project: GALILEO Software Receiver for High Dynamic Applications
	A Strategy for Geostationary Positioning with GNSS Signals
	Use of Two-Way Time Transfer Measurements to Improve Geostationary Satellite Navigation
	In-Orbit Results From a Space-borne GPS Attitude Experiment
	GPS-Based Attitude Determination for Microsatellites
	A Spaceborne Formation Flying RF System in S-band Reusing the GPS Standards
	Use of Rubidium GPS Receiver Clocks to Enhance Accuracy of Absolute and Relative Navigation and Time Transfer for LEO Space Vehicles
	Reconfigurable GPS-Galileo Receiver for Satellite Based Applications
	Galileo Primary Code Acquisition Based on Multi-hypothesis Secondary Code Ambiguity Elimination

	Session F5: GPS Modernization/GPS III
	Working without a Net -- Operating the Modernized GPS Block IIR Space Vehicles Prior to OCX
	Validation of the New GPS Master Control Station Using GPS User Equipment
	Summary of Accuracy Improvements from the GPS Legacy Accuracy Improvement Initiative (L-AII)
	Evaluation of Data/Pilot Tracking Algorithms for GPS L2C Signals Using Software Receiver
	Evaluation of L2C Observations and Limitations
	Data Message Performance for the Future L1C GPS Signal
	The Precise Positioning Service (PPS) Performance Standard (PS)

	Session A6: GNSS/INS 2
	Development of a High Accuracy Pointing System for Maneuvering Platforms
	The Open Loop Design for an ANN-RTS Smoother Hybrid Scheme for Accurate INS/GPS Integrated Attitude Determination
	Ultra Tightly Coupled GPS/INS Receiver for TSPI Applications
	User Level Integrity Monitoring and Quality Control for Seamless Positioning in all Conditions and Environments
	Discrete vs. Continuous Carrier Tracking Loop Theory, Implementation, and Testing with Large BT
	Comparison of State and Error State INS Coupling Filter Based on Real Flight Test Data
	Extended Particle Filter (EPF) for INS/GPS Land Vehicle Navigation Applications
	Demonstration of Non-coherent Deep INS/GPS Integration for Optimised Signal-to-noise Performance
	Modified Gaussian Sum Filtering Methods for INS/GPS Integrated System
	Microsoft WordPerformance Evaluation of Extended and Unscented Kalman Filter in a High Dynamic Environment on Flight Trials
	Autonomous Fault Detection on a Low Cost GPS-Aided 3-Axis Attitude Determination System

	Session B6: Modeling and Simulation
	A Virtual Navigation System and Solutions of Extraterrestrial Disturbances
	Factored Correlator Model: A Solution for Fast, Flexible, and Realistic GNSS Receiver Simulations
	Multipath Signal Simulation in a Dynamic Aircraft Landing Environment
	Prediction of Urban GNSS Availability and Signal Degradation Using Virtual Reality City Models
	Enhancing Usability of the GRANADA Bit-True Receiver Simulation on Galileo L1
	The Squaring-Loss Paradox

	Session C6: Software Receivers 2
	ITACA: a Scientific GNSS Software Receiver for Innovation Creation and Testing
	Creating a GNSS Receiver From Free Software Components
	An Open Source Software Receiver for Bistatic Remote Sensing
	Performance Evaluation of a Multi-frequency GPS/Galileo/SBAS Software Receiver
	Wigner-Hough/Randon Transform for GPS Post-Correlation Integration
	A GNSS Software Receiver Approach for theProcessing of Intermittent Data
	Evaluating Receiver Architectures for Inertial Aiding and Coasting
	Anti-jamming Technique Performance Evaluation for GPS L1 C/A Software Receiver
	Tracking of Weak GPS Signal with BACIX
	Development of the Open Source GPS Software Receiver Emulator
	A Novel Scheme and Modified Structure for Improved Software GPS Receiver

	Session D6: Atmospheric Effects on GNSS 2
	Investigation of Storm Enhanced Density Effects in Southern Hemisphere
	Evaluation of Tracking Performance in the Presence of Ionospheric Scintillation on GPS signal in Japan
	Modeling the 20 November 2003 Iionosphere Storm with GRACE
	PPP-based Ionospheric Activity Monitoring
	Evaluation and Comparison of Different Methods of Ionospheric Delay Mitigation for Future Galileo Mass Market Receivers
	GPS-Tomography for Meteorology: Impact on Operational Weather Forecast
	A Climatic Based Asymmetric Mapping Function Using a Dual Radiosonde Raytracing Approach
	Development of a Regional Ionosphere Model for Norway
	Real-time Water Vapor Sensing/Measurements with Precise Point Positioning Algorithm and Canadian Geodetic (GPS) Network

	Session E6: Aviation Applications
	Feasibility Analysis of RAIM to Provide LPV-200 Approaches with Future GPS
	A GLR Algorithm to Detect and Exclude up to Two Simultaneous Range Failures in a GPS/Galileo/IRS Case
	An Optimized Multiple Hypothesis RAIM Algorithm forVertical Guidance
	Integrated GNSS/Altimeter Landing System
	Airport Surface Movement Œ Performance Requirements, Architecture Considerations & Integrity Algorithms
	The Baseline Constrained LAMBDA Method for Single Epoch, Single Frequency Attitude Determination Applications
	GPS Antenna Group Delay Variation Induced Errors in a GNSS Based Precision Approach and Landing Systems
	Theoretical and Statistical Evaluation of the Physical Height Loss Experienced During a Missed Approach by a Heavy Aircraft Under Vertical Instrument Guidance
	An Innovative Approach To Overcome GPS Signal Masking During Maneuvers in Aircraft or Satellite

	Session F6a: GLONASS Modernization, QZSS, and Other GNSS
	Introduction of IS-QZSS (Interface Specification for Quasi Zenith Satellite System)
	Compass Signal Structure and First Measurements
	Autonomous Low Cost Regional Navigation Satellite Systems Based on Geosynchronous Eccentric and Inclined Orbits
	Russian System For Differential Correction And Monitoring: A Concept, Present Status, And Prospects For Future

	Session F6b: Galileo Integrity Multi-constellation RAIM
	GPS/Galileo RAIM Performance in Presence of Multiple Pseudorange Failures due to Interference
	GNSS Multi-System Integrity Algorithm Definition and Evaluation
	How Many Satellites are Necessary to Provide APV Everywhere?
	Integrity Monitoring Algorithms Using Filtering Approaches for Higher Navigation Performance: Consideration of the Non-Gaussian GNSS Measurements


	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Help
	Print
	Search
	Exit


 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: all pages
     Font: Times-Roman 10.0 point
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 36.00 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BC
     
     2849
     TR
     1
     0
     341
     129
    
     0
     10.0000
            
                
         Both
         5
         1
         AllDoc
              

       CurrentAVDoc
          

     0.0000
     36.0000
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     0
     5
     4
     5
      

   1
  

 HistoryList_V1
 qi2base



	FOOTER1: 
	FOOTER2: 
	FOOTER3: 
	FOOTER4: 
	FOOTER5: 


