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ABSTRACT 

GPS receivers can be used for monitoring space weather 

events such as TEC variations and scintillation. This 

paper describes the new GPS sensor developed by 

ASTRA, Cornell and UT Austin. The receiver is called 

“Connected Autonomous Space Environment Sensor 

(CASE)”, and represents a revolutionary advance in dual 

frequency GPS space-weather monitoring. CASES is a 

paperback-novel-sized dual-frequency GPS software 

receiver with robust dual-frequency tracking performance, 

stand-alone capability, and complete software 

upgradability. The receiver tracks L1 and L2 civilian 
signals (specifically L1 C/A, L2 CL and L2 CM). 

The sensor measures and calculates TEC with a relative 

accuracy of a few 0.01 TECU at a cadence of up to 1 Hz 

(post-processing up to 100 Hz). It measures amplitude 

and phase at up to 100 Hz on both L1 and L2-C, for up to 

14 satellites in view. It calculates the standard scintillation 

severity indicators S4, �0, and ��, and a new index, the 

Scintillation Power Ration (SPR), all at a cadence that is 

user defined. It is able to track through scintillation with 

{S4, �0, amplitude} combinations as severe as {0.8, 0.8 

seconds, 43 dB-Hz (nominal)} (i.e., commensurate with 
vigorous post-sunset equatorial scintillation) with a mean 

time between cycle slips of 480 seconds and with a mean 

time between frequency-unlock greater than 1 hour. 

Other capabilities and options include: Various data 

interface solutions; In-receiver and network-wide 

calibration of biases, and detection and mitigation of 

multipath; Network-wide automated remote configuration 

of receivers, quality control, re-processing, archiving and 

redistribution of data in real-time; Software products for 

data-processing and visualization. 

CASES has been designed and developed by the 

ionosphere community rather than adapting a commercial 
receiver. The low price of the sensor means that many 

more instruments can be purchased on a fixed budget, 

which will lead to new kinds of opportunities for 

monitoring and scientific study, including networked 

applications. Other potential uses for CASES receivers 

include geodetic and seismic monitoring, measurement of 

precipitable water vapor in the troposphere at meso-scale 

resolution, and educational outreach.

I. INTRODUCTION 

Ionospheric weather includes gradients and irregularities 

that affect transionospheric UHF and L-band line-of-sight 
propagation (scintillation) and VHF/HF sky-wave and 

scatter propagation.  Such disturbances lead to 

communication and navigation outages with operational 

impacts.  These disruptive phenomena occur frequently in 

the tropics, less frequently in the polar region, and even 

less frequently at mid-latitudes, but they occur 

everywhere with serious consequences.  Mitigating these 
impacts through ionospheric specification, now-casting, 

and forecasting is a goal now within reach. While 

assimilative models have been developed that utilize 

ionospheric data, there is insufficient ionospheric data to 

adequately specify the global ionosphere. The main 

reasons are: (1) existing instruments are inadequate; (2) 

existing instruments are too expensive; (3) 70% of the 

earth is covered in water, making instrument deployment 

difficult. The development of tools to enable “actionable” 

ionospheric weather forecasts and specification of 

irregularities is the ultimate goal of ASTRA LLC, and

development of the CASES GPS receiver is part of the 
strategy.

Section II of this paper contains a description of the need 

for a hardware platform like CASES, and a brief history 

of its development. Section III describes the six salient 

features that make this new receiver so popular.  Section 

IV describes some of the post-processing and user-

interface options available with CASES, and additional 

data services available from ASTRA, and Section V 

contains conclusions.

II. THE NEED

Space weather refers to conditions in space (the Sun, solar 
wind, magnetosphere, ionosphere, or thermosphere) that 

can influence the performance and reliability of space-

borne and ground-based technological systems. 

Ionospheric irregularities at equatorial, auroral, and 

middle latitudes constitute a major category of space 

weather effects that need to be better characterized and 

understood. 

Figure 1 shows a mosaic of ultraviolet images from the 

nightside ionosphere obtained by the Global Ultra Violet 

Imager (GUVI) on NASA’s Thermosphere-Ionosphere-

Mesosphere Energetics and Dynamics (TIMED) satellite. 

The image illustrates many important ionospheric 
features. The geographic equator is in the center of the 

figure, with the north pole at the top. The magnetic

equator is not aligned with the geographic equator, and is 

shown as the wavy green line at low latitudes.  The 

brightest portions of the UV image occur on either side of 

the magnetic equator, and are caused by the large electron 

density in the Appleton Anomalies. The brightness of the 

images falls off towards the equator and middle latitudes 

because the electron concentrations are lower. Brighter 

UV emissions are observed in both polar regions, due to 

the effects of auroral particle precipitation. 

At low latitudes, each image shows extended airglow

depletions with braided irregularities. The airglow 

1438



1439



Table 1.  Performance characteristics of the CASES space weather monitor

Feature
CASES Receiver

L1C/A & L2-C carrier phase and amplitude data Yes, 14 channels each, at 100 Hz (e.g. I’s and Q’s)

L1 C/A & L2-C pseudorange data Yes, 14 channels each, up to 1 Hz

TEC Output Yes, up to 1 Hz (relative accuracy ~0.01 TECU)

Scintillating parameter output S4, s�, �o, Scint. Power Ratio, (50 sec, 100 sec)

Mean time between cycle slips for {S4 = 

0.8,�o = 0.8 sec, C/No = 43 dB-Hz}

480 seconds
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ss

L2-C tracking threshold 25 dB-Hz (expected)

Reconfigurability Complete sensor reconfigurability downstream of 

ADC: 

correlation/accumulation, tracking loops, 

computation of observables

Stream digitized RF front-end samples to disk Yes

Communication Ports Ethernet, WiFi, RS-232

USB host (e.g hard drive)

Push data to external FTP site Yes

Single Board Computer peripherals Variety of ports and protocols can accept external 

sensor data/integration (e.g. magnetometer, 
humidity, etc)
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III. SIX SALIENT FEATURES OF THE CASES 

RECEIVER

The CASES space weather sensor is a low-cost, open-

architecture, science-grade, dual-frequency GPS receiver. 

It lies at the heart of the ionospheric monitoring system

being developed by ASTRA. The new CASES sensor 
combines several radical innovations that make it well 

suited for space weather diagnosis and provide 

advantages over competing GPS sensors: 

Feature #1: Software Radio Technology. Whereas 

traditional GPS receivers depend on one or more special-

purpose ASIC chips, the CASES sensor implements all 

digital signal processing functions (i.e., those downstream 

of its analog RF front end) -- from correlation to 

navigation solution -- in a general-purpose DSP.  The 

fourfold benefits of the software radio approach are: 

• flexibility  to accommodate specialized signal 

processing schemes like the scintillation-robust 
tracking loops discussed below; 

• remote reconfigurability; i.e., an entirely new 

receiver personality can be downloaded from a 

remote location; 

• full control over receiver behavior, products, 

and cadences; and 

• reduced cost, because the receiver uses a  

mass-produced COTS DSP chip in place of special-

purpose GPS chips used by other manufacturers.

Feature #2: Use of the new L2C signal. The sensor is

capable of receiving and processing not only the usual 
C/A-code signal on the GPS L1 frequency, but also the 

new CM (civil medium length) and CL (civil long length) 

codes now being broadcast on the GPS L2 frequency.  

The new signals, known jointly as L2C, are the first of a 

new set of signals that the GPS Wing of the U.S. Air 

Force plans to roll out as part of a larger GPS 

modernization effort. The new L2C signals on Block IIR-

M and IIF satellites make possible the creation of more 

robust, less complex, and yet more precise GPS Total 

Electron Content receivers and scintillation monitors. 

Since the L2C signal began broadcasting, several L2C-

capable GPS receivers have emerged in the marketplace, 
but these are expensive (> $10k) and are not particularly 

well suited for space weather monitoring. The continued 

development of GPS software receivers at Cornell, 

together with Cornell’s recent demonstration of software 

receivers operating on DSP chips
6, have opened the door 

for inexpensive GPS software receivers that rapidly 

exploit the new signals and that are easily configured in 

networks.  

GPS receivers such as the CASES sensor that are capable 

of tracking the new L2C signal enjoy three advantages 

compared with traditional dual-frequency civilian 
receivers:

• First, the absence of data bit modulation on the L2 

CL code permits tracking with a non-squaring-type 

phase-locked loop (PLL) instead of the standard 

squaring-type PLL used to recover carrier phase in the 

presence of zero-mean binary phase modulation.  This 

leads to a significant 6-dB improvement in the 

receiver's tracking threshold.  The full 6-dB benefit 

relative to L1 C/A tracking will not be immediately 
realized because the native L2 signal power is 3 dB 

lower than that of L1, but it is likely that the L2 signal 

power will be increased as part of the GPS 

modernization effort.

• The second advantage of tracking the new L2C 

signal also leads to an improvement in the tracking 

threshold, but for a different reason.  Until recently 

only an encrypted military signal was available on L2, 

and the only option for extracting dual-frequency 

observables in a civilian receiver was to employ one of 

several proprietary signal processing techniques to 

recover the L2 carrier.  Such techniques, while 
impressive in their ingenuity, pay a severe price in 

squaring loss for their lack of knowledge of the 

encrypted military code.  For example, the state-of-the-

art technique for L2 carrier recovery suffers a squaring 

loss of 11 dB at a nominal carrier-to-noise ratio (C/N0) 

of 39 dB-Hz and a loss of 19-dB at C/N0 = 30 dB-Hz.

Such a degraded tracking threshold makes traditional

civilian tracking on L2 extremely fragile, leading to 

repeated cycle slips and even frequency-unlock during 

weak signal tracking or strong ionospheric scintillation.

In contrast, L2C-capable GPS receivers can, when 
tracking the L2CL code, avoid both data-bit- and 

encryption-induced squaring losses, with a better than 

11-dB improvement in signal tracking threshold.

• The third advantage of an L2C-capable GPS 

receiver is cost, as discussed below.

Feature #3: Tracking Through Weak Signals. The third 

feature of the CASES sensor that sets it apart from 

standard dual-frequency GPS receivers is the 

incorporation of specialized tracking loops designed for 

operation in both weak-signal and scintillating 

environments.  Over the past few years, several of the 

CASES partners have been engaged in a focused research 
effort to study PLL behavior in weak signal and 

scintillating conditions7,8,9. The research has identified 

tracking loop architectures and parameters suited for 

weak-signal tracking and others suited for tracking during 

scintillation. Tracking techniques that adapt to the signal 

conditions and use data-bit or parity aiding (when 

tracking data-bit-modulated signals) offer the most 

promise9. The CASES team has developed a laboratory 

facility for testing GPS receivers under realistic 

scintillation conditions10. This facility, combined with the 

CASES sensor’s flexible open software architecture, has 
permitted tracking loop strategies to be tested and tuned 

for robustness. 

Other commercial receivers, while effective in avoiding 

total loss of lock (frequency unlock) because of their
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IV. VALIDATION, POST-PROCESSING AND 

USER-INTERFACE OPTIONS

The testing and validation of the CASES receiver is 

described in detail in an accompanying paper in this 

issue5. The receiver has been tested and validated using 

both real and simulated data in an effort to confirm the 
expected performance, including the precision with which 

it can produce observables such as phase and 

pseudorange. Tests indicate the CASES onboard 

processing delivers an RMS error for a single receiver of 

0.35 meters in pseudorange.

In the laboratory, the data bit prediction tracking 

algorithms were tested using data from a Spirent 

simulator for cases of strong scintillation. Figure 4 depicts 

the phase error measured by CASES without the use of 

data bit prediction, and Figure 5 shows the result when 

the algorithm was used. Both tests were performed under 

simulated heavy scintillation defined by S4 = 0.8, �0 = 0.8 
sec, C/N0 = 43 dB-Hz. Using the data bit prediction 

algorithm, the mean time between cycle slips was 480 

sec. This level of performance exceeded the design 

requirements of CASES by a factor of two.  These results 

are discussed in more detail in an accompanying paper5.

Fig 4.  Phase error measured by CASES without the data 

bit tracking algorithm

CASES receivers have operated reliably for many months 

at ASTRA’s headquarters in Boulder, CO, in laboratory 

environments in Austin, TX, and at Cornell. CASES 

receivers have also operated successfully under harsher 
conditions in a number of geophysically interesting 

locations during several field campaigns. A receiver has 

operated reliably in Jicamarca, Peru for almost a year, and 

seven receivers operated reliably in Peru during a 

campaign lasting several weeks. Two CASES receivers 

operated reliably for several months at South Pole, 

Antarctica, and two more will be deployed in Antarctica 

this year. 

Fig 5. Phase error measured by CASES with the data bit 

tracking algorithm activated

In addition to the on-board processing, ASTRA has also 

developed a suite of post-processing software and 

services that can be made available to the user. Table 2
indicates some of the post-processing options available 

with CASES.  These range from a simple user interface, 

to a sophisticated system that integrates data from 

multiple nearby receivers and applies various quality 

control algorithms to the data.  ASTRA also has the 

ability to ingest multiple ionospheric data sets into an 

ionospheric assimilation algorithm known as IDA4D 

(Ionospheric Data Assimilation in 4-D)
12,13,14, and to 

produce HF propagation maps from the resultant regional 

and global ionospheric specification.

The user interface developed by ASTRA means that the 
CASES receiver is useful ‘straight out of the box’. The 

user interface software includes plotting options like maps 

to indicate where various CASES receivers are located, 

and options to plot various parameters being computed 

locally by the receiver. For example, Figure 6 depicts the 

variation of the S4 index computed from GPS signal 

collected from several different GPS satellites over a 

period of several hours by a CASES receiver in Austin, 

TX.  At low elevations, multipath masquerades as 

scintillation and raises the S4 level, and the user should 

activate an elevation mask to remove these erroneous S4

values.  The particular antenna used, and the multipath 
environment, are both significant factors in obtaining high 

accuracy with any GPS receiver.
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Table 2.  Postprocessing software options available with 

CASES receiver

Fig 6. ASTRA’s User Interface software includes plotting 

routines that provide immediate visualization of the data 

coming from the CASES receiver, together with a number 

of receiver control options, and the ability to upload new 

software or configuration controls to the receiver.

The amount of data being produced by the CASES 

receiver can be quite large, especially when being 

recorded at 100 Hz. CASES data rates can vary widely 

depending on how the user sets the flags in the 

configuration file.

The low rate data requires approximately 63 bytes per 

sample. If the user streams low rate data at 1 second per 

sample, that comes out to 63 B/s per channel. Typical 

satellite coverage gives about 12 channels in use at any 

given time, which gives a total requirement of 750 B/s, or 

about 65 MB/day. Lowering the data rate to 5 seconds 

per sample will drop this to 150 B/s and 13 MB/day. The 

user can also set a limit on the number of channels that 

can be tracked at any given time, anywhere from 1 

channel to the default of 22 channels. Our system in 

Antarctica is set up to track a maximum of 4 channels at 

any given time, and send data at 15 seconds per sample, 
giving it a typical daily requirement of around 1 MB, 

depending on satellite coverage.

The high rate data uses the most bandwidth, as it requires 

approximately 25 bytes per sample and is sent at 100 Hz, 

giving a bandwidth requirement of about 2.5 kB/s per 

channel. For typical 12 channel coverage, this gives a 

total requirement of 30 kB/s, or about 2.6 GB/day. Again, 

this can be trimmed by setting a limit on the number of 

channels that send high rate data, and/or activating a 

scintillation monitor to selectively send high rate data 

depending on measured scintillation activity. Our system 
in Antarctica is set to send high rate data for a maximum 

of 4 channels at any given time, using the scintillation 

monitor with a scintillation power ratio threshold of -20

dB. This produces roughly 5 MB/day in high rate data.

It should be noted that the typical 12 channel requirement 

is based on the current L2C coverage and about 10 

satellites in view (10 satellites in view, 2 of which are 

broadcasting L2C, giving 10 L1 + 2 L2C = 12 channels 

total). As the L2C coverage grows, so the CASES 

bandwidth requirements will grow. The accompanying 

paper by O’Hanlon et al
5. describes a triggering technique 

to reduce the amount of unwanted data.  

In order to help our customers deal with these challenges, 

ASTRA offers three different levels of service with the 

CASES receiver, as shown in Table 3.   These range from 

Level-1, where the user is completely independent, 

manages their own data, and uses only the data extraction 

software developed by ASTRA; to Level-3, where 

ASTRA manages the user’s data, 

including archiving, processing and quality control, and 

the user accesses their data through the ASTRA computer 

network. In between, at Level-2, the user is licensed to 

use ASTRA’s post-processing and visualization software 
but remains somewhat independent.

Post-Processing 

Module

Task

User Interface Provides user with a graphical 

interface to control and update 

a network of receivers, and 

visualize data

Single Unit QC Cycle slip correction, phase 

debiasing, TEC debiasing

Multi Unit QC Compare data from multiple 

nearby receivers to remove 

outliers

Scintillation Compute scintillation 

parameters (S4, Sigma Phi, 

ROTI)

System Integration Combine user interface with 

QC and scintillation modules

HF Propagation Predicts line of sight RF 

propagation using model 

ionosphere
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Table 3.  CASES service options available from ASTRA

V. CONCLUSIONS

The CASES software-defined dual-frequency GPS 

receiver has been developed as a space weather monitor.
In addition to the navigation solution obtained by other 

GPS receivers, the CASES receiver also measures 

ionospheric TEC and scintillation with high accuracy and 

reliability.  The receiver outputs phase and amplitude 

information, together with timing and ephemeris on a 100 

Hz cadence.  In addition, the receiver computes 

ionospheric TEC and scintillation parameters on a

cadence that is user selectable (typically 30 – 60 sec). The 

scintillation parameters delivered by CASES include S4,

�0, ��, and the Scintillation Power Ratio. The software 

receiver uses a number of novel algorithms for on-board 
processing of the GPS signals on L1C/A and L2C. In 

addition, post-processing of the 100 Hz data provides 

additional opportunities for quality control

The CASES receiver is being commercialized by ASTRA 

LLC (www.astraspace.net) of Boulder, CO and is 

available off-the-shelf at short notice, in two different 

form factors, as shown in Figure 7.  The original CASES 

receiver is approximately the size of a large paperback 

book with a volume of 130 cubic inches.  However, a

second form factor is available, a modified stack having a 

volume of only 40 cubic inches. This smaller form factor 

is less than 4” on each side, making it suitable for use in a 
Cubesat. The approximate mass of the three boards in 

CASES are 50 grams, 60 grams, and 75 grams for the 

RFE, DSP, and SBC boards, respectively. A space-based 

receiver will utilize only the RFE and DSP boards (110 

grams total, approx). The current version of CASES

consumes about 6.5W of power, however a lower-power 

version is under development at ASTRA.

ACKNOWLEDGEMENTS

The authors would like to thank the Air Force Office of 

Scientific Research for providing partial funding for this 
project through an STTR award to ASTRA, LLC of 

Boulder, Colorado.

Fig 7.  Two different form factors are available for the 

CASES receiver.  The smaller one (top) is designed to fit 

inside a Cubesat.

REFERENCES

[1] Dehel, T., F. Lorge, and J. Waburton (2004), Satellite 

navigation vs. the ionosphere: Where are we, and 

where are we going?, paper presented at ION GPS 

2004, Inst. of Navig., Long Beach, Calif.

[2] Ledvina, B. M., J. J. Makela, and P. M. Kintner

(2002), “First observations of intense GPS L1 

amplitude scintillations at midlatitude”, Geophys. 

Res. Lett., 29(14), 1659, doi:10.1029/2002GL014770.

[3] Kintner, P. M., B. M. Ledvina, and E. R. de Paula, 

“GPS and ionospheric scintillations”, Space Weather,

Vol. 5, S09003, doi:10.1029/2006SW000260, 2007

[4] National Research Council of the National 

Academies of the US, “Distributed Arrays of Small 

Instruments”, National Academies Press, 2006.

[5] O’Hanlon, B.W., M.L. Psiaki, S. Powell, J. A. Bhatti, 
T.E. Humphreys, G. Crowley, and G.S. Bust,

“CASES: A Smart, Compact GPS Software Receiver 

for Space Weather Monitoring”, Proceedings of the 

ION GNSS 2011, Portland, OR, this issue.

[6] Humphreys, T.E., M.L. Psiaki, P.M. Kintner, Jr., 

B.M. Ledvina, "GNSS Receiver Implementation on a 

DSP: Status, Challenges, and Prospects ," 

Proceedings of ION GNSS, The Institute of 

Navigation, Fort Worth, TX, 2006.

[7] Psiaki and Jung, 2002

[8] Hinks, J.C., T.E. Humphreys, B.W. O'Hanlon, M.L. 

Psiaki, P.M. Kintner, Jr., "Evaluating GPS Receiver 
Robustness to Ionospheric Scintillation", 

Proceedings of ION GNSS, The Institute of 

Navigation, Savannah, Georgia, 2008.

Product 

Options

Includes

Level 1 CASES Receiver, ASCII data extraction 

software

Level 2 Level 1 + ASTRA post-processing and data 

visualization software

Level 3 Level 1 + Access to ASTRA generated 

quality controlled, post-processed data and 

visualization for customer’s CASES 

receivers

1445



[9] Humphreys, T.E., M.L. Psiaki, and P.M. Kintner, Jr., 

"Modeling the effects of ionospheric scintillation on 

GPS carrier phase tracking," IEEE Transactions on 

Aerospace and Electronic Systems, October 2010.

[10] Humphreys, T.E., M.L. Psiaki, J.C. Hinks, B.W. 

O’Hanlon and P.M. Kintner, Jr., "Simulating 
Ionosphere-Induced Scintillation for Testing GPS 

Receiver Phase Tracking Loops,"IEEE Journal of 

Selected Topics in Signal Processing, Vol. 3, No. 4,

2009

[11] Mohuiddin, S., T.E. Humphreys, M.L. Psiaki, "A

Technique for Determining the Carrier Phase 

Differences between Independent GPS Receivers 

during Scintillation," Proc. ION GNSS, The Institute 

of Navigation, Fort Worth, TX, 2007.

[12] Bust, G.S., and G. Crowley (2008), “Mapping the 

time-varying distribution of highaltitude plasma 

during storms”, in Midlatitude Ionospheric Dynamics 
and Disturbances, Geophys. Monogr. Ser., vol. 181, 

edited by P.M. Kintner, A.J. Coster, T. Fuller Rowell, 

A.J. Mannucci, M. Mendillo and R. Heelis, pp. 91-

98, AGU, Washington, D.C.

[13] Bust, G. S., and G. Crowley (2007), “Tracking of 

Polar Cap Ionospheric Patches using Data 

Assimilation”, J. Geophys. Res., 112, A05307, 

doi:10.1029/2005JA011597.

[14] Bust, G. S., G. Crowley, T. W. Garner, T. L. 

Gaussiran II, R. W. Meggs, C. N. Mitchell, P. S. J. 

Spencer, P. Yin, and B. Zapfe (2007), Four 
Dimensional GPS Imaging of Space-Weather Storms, 

Space Weather, 5, S02003, 

doi:10.1029/2006SW000237.

1446


	Main Menu
	Acknowledgements
	Attendees
	Exhibitors
	Table of Contents
	ION GNSS 2011 Proceedings
	PLENARY SESSION
	An Extreme Test for Autonomous Driving Systems
	Ubiquitous Positioning: Are we there yet?

	COMPASS Workshop
	Development of BeiDou Navigation Satellite System
	BeiDou Coordinate and Time Reference Systems
	Positioning Performance Analysis of the Current COMPASS Constellation
	Preliminary Results of GPS/Compass Integrated Positioning and Navigation
	Analysis of the GNSS Augmentation Technology Architecture
	Live COMPASS Signal Monitoring, Tracking, and Positioning Results: Using a Multi-constellation Multi-frequency Software Receiver
	COMPASS Industry Development in China

	A1: Land Applications 1
	RedBlade: Miami University's Multi-Functional Autonomous Robot
	Lane Identification with Real Time Single Frequency Precise Point Positioning:  A Kinematic Trial
	A Comparative Study of Lidar and Camera-based Lane Departure Warning Systems
	Air Target Detection Using Navigation Receivers Based on GPS L5 Signals
	GNSS Interference Monitoring Network Based on Detection in Automotive ITS Station Receivers
	GNSS Shareware Control Software Smart Phone Applications
	Automotive Urban Assist Enabled by Satellite Navigation Technology
	A GPS/Galileo Tightly-coupled Localization System for Safety-relevant Automotive Assistance Systems
	Accurate Relative Localization for Land Vehicles with SBAS Corrected GPS/INS Integration and V2V Communication

	B1: Preserving the Availability and Integrity of GNSS in Harsh Environments
	Interference Suppression for High Precision Navigation Using Vector-Based GNSS Software Receivers
	Field Test: Jamming the DLR Adaptive Antenna Receiver
	Antenna Array Based GNSS Signal Acquisition: Real-time Implementation and Results
	Detection of Spoofing Threats by Means of Signal Parameters Estimation
	Your GNSS Receiver is Really a GNSS Receiver: Isn't That So?
	Survey of In-Car Jammers - Analysis and Modeling of the RF Signals and IF Samples (Suitable for Active Signal Cancelation)
	Authentication of GNSS Position: An Assessment of Spoofing Detection Methods
	Positioning with Mixed Signals of Opportunity

	C1: Aviation Applications
	Aircraft Landing System Utilizing a GPS Receiver with Position Prediction Functionality
	Impacts of ADS-B Service Availability Prediction Requirements on Scheduled Airline Operations
	Simulation Model to Evaluate Collision Avoidance Methods Using Raw Measurements in the Automatic Dependent Surveillance - Broadcast
	A Coverage Analysis Methodology for APNT Pseudolite Ground Network
	Joint Precision Approach and Landing System: WHY JPALS?
	Accounting for Tropospheric Anomalies in High Integrity and High Accuracy Positioning Applications
	A Methodology to Elaborate Aircraft Localization Requirements for Airport Navigation
	Virtual Receiver to Enhance GNSS-based Curved Landing Approaches
	A New Design of Doppler Radar/FOG-SINS/Baro-altimeter Integrated Navigation System for Helicopters

	D1: GNSS and the Atmosphere 1
	Remote Sensing of the Earth's Lower Atmosphere During Severe Weather Events Using GPS Technology: A Study in Victoria, Australia
	Computation of a High-Precision GPS-Based Troposphere Product by the USNO
	True Real-time Slant Tropospheric Delay Monitoring System with Site Dependent Multipath Filtering
	Integer Ambiguity Resolution to Improve Accuracy and Convergence of PPP-Inferred Troposphere Estimates
	High Latitude Ionosphere Scintillations at GPS L5 Band
	GPS Carrier Phase Spectrum Estimation for Ionosphere Scintillation Studies
	Multi-Domain Analysis of the Impact of Natural and Man-Made Ionosphere Scintillations on GNSS signals Propagations
	Evaluation and Calibration of GNSS Receivers for Ionospheric Delay and Scintillation Measurements
	Ionospheric Delay Forecast Using GNSS Data
	Ionospheric Imaging Using GNSS: A New Approach for Canadian Polar Regions

	E1: Precise Point Positioning and RTK
	The CNES Real-time PPP with Undifferenced Integer Ambiguity Resolution Demonstrator
	Undifferenced Ambiguity Resolution Applied to RTK
	Issues in Ambiguity Resolution for Precise Point Positioning
	Performance Assessment of Long-baseline Integer Ambiguity Resolution with Different Observation Models
	A Novel Device for Autonomous Real-Time Precise Positioning with Global Coverage
	Real-time Combination of GNSS Orbit and Clock Correction Streams Using a Kalman Filter Approach
	GLONASS Inter-frequency Biases and Their Effects on RTK and PPP Carrier-phase Ambiguity Resolution
	GNSS Positioning of Ocean Buoys in Japan for Disaster Prevention

	F1: Software Receivers and GNSS Antennas
	Robust Multi-Antenna Acquisition in Time, Frequency and Space for a Digital Beamforming Receiver
	Electro-Textile Ground Planes for Multipath and Interference Mitigation in GNSS Antennas Covering 1.1 to 1.6 GHz
	Design and Implementation of a Novel Multi-constellation FPGA-based Dual Frequency GNSS Receiver for Space Applications
	Wide-band Signal Processing Features for Reference Station use of a PC-based Software Receiver: Cross-Correlation Tracking on GPS L2P, AltBOC and the Inter-frontend Link for up to Eight Frequency Bands
	Real-Time Dual-Frequency (L1/L5) GPS/WAAS Software Receiver
	Efficient Numerical Integration Method of GLONASS Satellite Position Computation
	GNSS-SDR: An Open Source Tool for Researchers and Developers
	Implementation, Test and Validation of a Vector-Tracking-Loop with the ipex Software Receiver
	Dual-Tracking Multi-Constellation GNSS Front-End For High-Performance Receiver Applications
	A Real-time GPS Software Receiver Correlator Design for Embedded Platform
	A GNSS Software Receiver for Governmental Applications

	P1: Program Updates: GPS, GLONASS, Galileo, COMPASS, IRNSS, QZSS
	Global Positioning Systems Directorate Œ GPS Program Update
	GLONASS Status and Modernization
	Galileo Programme Status
	Development of BeiDou Navigation Satellite System
	QZSS: The Japanese Quasi-Zenith Satellite System Œ Program Updates and Current Status

	A2: Land Based Applications 2
	Non-Linear, Non-Gaussian Estimation for INS/GPS Integration
	Odometer-aided Instantaneous Signal Reacquisition for Automotive GNSS Receivers
	RTK-GPS Reliability Improvement in Dense Urban Areas
	Uncertainty Aware Sensor Fusion for a GNSS-based Collision Avoidance System
	The Performance Evaluation of Low Cost MEMS IMU/GPS Integrated Positioning and Orientation Systems Using Novel DBPNNs Embedded Fusion Algorithms
	The Performance Analysis of 3D Map Embedded INS/GPS Fusion Algorithm for Seamless Vehicular Navigation in GPS Denied Environments
	Automotive Positioning Based on Bundle Adjustment of GPS Raw Data and Vehicle Trajectory
	Improvement of an MMS Trajectory, in Presence of GPS Outage, Using Virtual Positions

	B2: GNSS Algorithms and Methods
	Data Compression for Assisted-GPS Signal Processing
	Bit Transition Cancellation Signal Acquisition Method for Modernized GPS and Galileo Signal
	A 2-D Parallel Differential Matched Filter (PDMF) used as Correlator of GPS Acquisition for Low-Complexity Design
	A New Frequency Offset Correction Approach for Enhancing Sensitivity of GNSS Receivers
	Detection of Cycle Slips and Multipath in GNSS RTK Precise Point Positioning
	Mass-market L1 GPS Receivers for Mobile Mapping Applications: A Novel Approach
	Satellites Orbit Design and Determination for the Australian Garada Project
	A Novel Adaptive EKF GNSS Weak Signal Tracking Algorithm

	C2: Receiver & Antenna Technology 1
	Multi-Frequency Combined Processing for Direct and Multipath Signals Tracking Based on Particle Filtering
	Precise Calibration of Adaptive Antennas for GNSS Receivers on Platforms
	A Maximum-likelihood Based Mutual Coupling Calibration Algorithm in the Presence of Multipath for GPS Antenna Array
	Space-Time Equalization Techniques for New GNSS Signals
	A Multi-Circular Ring CRPA for Robust GNSS Performance in an Interference and Multipath Environment
	Multisatellite Tracking GNSS Receivers in Multipath Environments
	Simulation and Efficient Implementation of a Multipath Estimating Delay Locked Loop Using FIMLA Algorithm
	Estimating Multipath in GNSS Signals Through a Novel Stochastic Search and Decomposition Algorithm
	Real-Time Multipath Estimation for Dual Frequency GPS Ionospheric Delay Measurements
	Compact Dual Frequency RTK Antennas
	GNSS Interference and Multipath Suppression Using Array Antenna
	Signal Amplitude-Based Multipath Envelope Fitting: A Promising Method for Short-Delay Multipath Mitigation in Space Applications

	D2: Galileo & Other Emerging GNSS (COMPASS, QZSS, IRNSS)
	QZSS On Orbit Technical Verification Results
	Improvement of Positioning Performance in Urban Canyons Utilizing QZSS
	Assessment on the use of S-Band for Combined Navigation and Communication
	Optimized Modulation for Compass B1-C Signal with Multiple Processing Modes
	Centimeter-class Augmentation System Utilizing Quasi-Zenith Satellite
	Quasi-Pilot Signals: Improving Sensitivity and TTFF without Compromises
	Investigation of Galileo E1 OS/SoL Acquisition, Tracking and Data Demodulation Thresholds for Civil Aviation
	Generation and Evaluation of QZSS L1-SAIF Ephemeris Information
	QZS-1 Yaw Attitude Estimation Based on Measurements from the CONGO Network
	A Method to Optimize the Spreading Code Chip Waveform in Sense of Gabor Bandwidth

	E2: Pedestrian Navigation
	Context-aware Adaptive Extended Kalman Filtering Using Wi-Fi Signals for GPS Navigation
	A Pedestrian Indoor Positioning System Based on the WiFi and Walk Pattering Algorithm Using Mobile Device
	Gait Classification Using Wavelet Descriptors in Pedestrian Navigation
	A Robust Sensor Fusion Algorithm for Pedestrian Heading Improvement
	Integration of Heading-Aided MEMS IMU with GPS for Pedestrian Navigation
	Multi-Sensors Observability Analysis on Pedestrian Navigation System
	Collaborative Pedestrian Mapping of Buildings Using Inertial Sensors and FootSLAM
	Low Cost IMU, GPS and Camera Integration for Handheld Indoor Positioning
	Experimental Validation of Foot to Foot Range Measurements in Pedestrian Tracking
	Context Aware Mobile Personal Navigation Services Using Multi-Level Sensor Fusion
	A Smart Phone Based PDR Solution for Indoor Navigation
	Pedestrian Navigation with INS Measurements and Gait Models

	F2: New Product and Commercial Service Announcements
	Some Bits of Warning: How GNSS Can Save Lives
	AsteRx-m - A Very Low-power Compact GPS/GLONASS RTK Receiver
	CASES: A Novel Low-Cost Ground-based Dual-Frequency GPS Software Receiver and Space Weather Monitor
	Trusted Portable Navigator for Environment and User Independent Positioning
	Nexteq i-PPP: A Low-cost world-wide Precise Point Positioning System and Service
	RTX Positioning: The Next Generation of cm-accurate Real-time GNSS Positioning
	Integrated StarFire GPS with GLONASS for Real-Time Precise Navigation and Positioning
	An Efficient Approach for the Development and Deployment of a Multi-constellation Augmentation System: magicSBAS
	GPS M'-code and P-code Signal Simulation Using an Open Source Radio Platform
	EmbedRF Position Tracking and Mobility Assessment System: A Low-power and Low-cost System for Passive Assessment of Patient Health in a Home Health-care Setting
	Development of IMES Installation, Setup and Management System

	P2a: Program Updates: High Integrity Systems
	Wide Area Augmentation System (WAAS_ - Program Status Updated
	EGNOS Program Updated
	System for Differential Correction and Monitoring Updated
	Global SBAS Status

	P2b: Can LightSqured and GPS Coexist? Current Status and Ongoing Activities
	Can LightSquared and GPS Coexist?
	Cellular Subgroup of TWG Œ Brief Overview of Activities and Outputs
	LightSquared
	Can GPS & LightSquared Coexist?
	LightSquared Interference to GNSS and StarFire

	A3: Urban & Indoor Navigation Technology (Academic Focus) 1
	Inferring Wi-Fi Angle-of-Arrival from Received Signal Strength Distribution
	Modeling Pseudo Range Multipath As An Autoregressive Process
	Signal Selection Based on Affinity Propagation Clustering Method for Signals of Opportunity Navigation
	A Differential Photosensor for Indoor Optical Wireless Positioning
	Multipath Signal Assessment in the High Sensitivity Receivers for Vehicular Applications
	A Non-Coherent Block Processing Architecture for Standalone GNSS Weak Signal Tracking
	Comparison in the Performance of the Vector Delay/Frequency Lock Loop and Equivalent Scalar Tracking Loops in Dense Foliage and Urban Canyon
	Flexible Statistical Multipath and Shadowing Model for Software and Hardware Simulations
	GPS/INS Integration for Land Vehicle Navigation Using Source Difference Method

	B3a: Marine Navigation
	Augmented Reality Precision Navigation
	A New Real-Time Global GPS and GLONASS Precise Positioning Correction Service: Apex
	Research on Embedded Model-Aided Autonomous Navigation for Miniature AUVs
	Performance Analysis of Software-Based GPS/GLONASS Augmentation System for Maritime DGNSS Service
	A Parity Space Approach for Satellite Anomaly Monitoring of Maritime DGPS

	B3b: Advances in Military GNSS Systems and Applications
	A Versatile Collaborative PNT Processing Architecture for Tight Coordination Of Distributed GPS Sensors
	GNSS Precise Signal interoperability Solutions for State Aircraft within Single European Sky Master Plan
	Precision Navigation for UAS Critical Operations
	Differential GPS-Based Ultra-High Accuracy Real Time Attitude Determination

	C3: Interference and Spectrum Management
	Signal Quality Monitoring Applied to Spoofing Detection
	GNSS Threats and Aviation, Mitigation Techniques, Alternatives and Regulation
	Signal Characteristics of Civil GPS Jammers
	Assessment of GPS L1/Galileo E1 Interference Monitoring System for the Airport Environment
	J911: The Case for Fast Jammer Detection and Location Using Crowdsourcing Approaches
	An Overview of the Effects of Out-of-band Interference on GNSS Receivers
	Multi-Channel Wideband GPS Anomalous Event Monitor
	Real-time GIOVE Signal Performance Using STFT Based Excision Method in the Presence of Interference

	D3: GNSS Simulation and Testing
	Hybrid Test Bench SINERGHYS "Statistical INERtial Gnss Hybrid in Simulation"
	A Labview-Based Assisted GPS Receiver Development, Simulation and Testing Platform
	User RAIM Integrity Testing with upgraded German Galileo Test Range GATE
	MLM Technique for Measuring Airborne GPS Accuracy with Ranging Instruments
	Record and Playback System for GNSS: What You Need to Know for Successful Testing
	Improvement of GNSS Positioning with Proper Calibration of Inter-channel and Inter-element Bias in Receiver Front-ends
	SatGen GNSS Signal Simulation Software
	On the Statistical Characteristics of the Residual in Time-Based Position Location Systems
	NAVFEST: A Cost Effective Solution to GPS NAVWAR Testing
	Evaluation of the Localization Accuracy of Satellite Systems for Traffic-Flow Predictions

	E3: Algorithms & Methods 1
	Analysis and Verification of Synthetic Multicorrelators
	Coherent Multiple Hypotheses Detection and Measurement for Radio Navigation
	Joint Determination of Precorrelation Bandwidth, Sampling Frequency and Quantization in Wideband Compass Receivers
	Performance Comparison of Deep Integration and Tight Coupling
	Gaussian Sum Filters and its Applications to GNSS Positioning
	A Novel Computationally Efficient Code Phase Acquisition Method
	Semidefinite Programming for GPS
	Monocular Autonomously-Controlled Snowplow
	Evaluation of Bayesian Approaches for Multi-sensor Multi-network Seamless Positioning
	A Modified Tracking Algorithm for MBOC(6,1,1/11) Signals
	Nonlinear Techniques for Seamless Low-Cost Portable Navigation in all Environments
	Dual Sideband Model for BOC Modulated Signals

	F3: Precise Positioning and RTK for Civil Applications
	High-Precision Positioning of Asphalt Fleet Machines
	Error Sources in Network RTK
	Interchangeable Integration of GPS and GLONASS by Using a Common System Clock in PPP
	Multi-Constellation RTK with a Software Receiver
	Filling in the gaps of RTK with Regional PPP
	Indoor Carrier Phase Tracking and Positioning with Difference Correlators
	Trimble RTX, an Innovative New Approach for Network RTK
	Cooperative High-Accuracy Location (C-HALO) Service for Intelligent Transportation Systems: A Cost Benefit Study
	A Systems Approach to Sizing of Co-operative High-Accuracy Location (C-HALO) Services Validated by Experiments in San Francisco

	P3: Global and Regional Satellite System Providers & the United Nations ICG
	QZSS in ICG

	A4: Geodesy and Surveying
	GPS /INS Tightly Coupled Integration Based on Adaptive Robust Kalman Filter
	A Triple-frequency Phase-only Algorithm for Modernized GPS Kinematic Positioning
	Landmark Surveying Using an Integrated Camera, Carrier-Phase DGPS, and Inertial Navigation System
	Determining Water Wave Patterns Using RGPS Technique
	Integrated Carrier Phase and Doppler Observations of GPS and GLONASS for Precise Velocity Determination
	On the use of Network RTK to Replace Static Relative Positioning for Geodetic GPS Surveys
	GNSS Geodetic Reference Frames: Consistency, Stability and the Related Transformation Parameters
	The Accuracy Potential of Galileo E5/E1 Pseudoranges for Surveying and Mapping
	Assessment of Network-based Positioning Performance Using GPS Alone versus GPS and GLONASS Combined
	INS Aided Ambiguity Resolution for GPS/INS Integrated Kinematic Positioning

	B4: Robust Navigation in GNSS-Denied and GNSS-Challenged Environments 1
	A Kalman Filter-based Doppler-smoothing of Code Pseudoranges in GNSS-Challenged Environments
	An Integrated MEMS IMU/Camera System for Pedestrian Navigation in GPS-denied Environments
	Mitigating the Effects of GNSS Multipath with a Coded Filter
	ATENEA: Advanced Techniques for Deeply Integrated GNSS/INS/LiDAR Navigation
	Performance and Stability Analysis of INS/GPS Ultra-tight Integration with INS Aided Receiver Tracking Loops
	Improving Modeling of MEMS-IMUs Operating in GNSS-Denied Conditions
	Performance of Deeply Integrated GPS/INS in Dense Forestry Areas
	Locata Correlator-Based Beam Forming Antenna Technology for Precise Indoor Positioning and Attitude

	C4: GNSS Space Based Augmentation Systems (SBAS)
	WAAS Single Frequency GEO Operation Field Test and L1 Signal Code-Carrier Coherence Results
	Geostationary Satellite Reference Station Multipath Characterization: Using Galaxy 15 Failure to Refine the WAAS Multipath Threat
	WAAS Performance Investigation for Disturbed Ionospheric Conditions over Canadian Latitudes
	GNOS Performance Evaluated for Static and Kinematic Users
	First Broadcast of SBAS-SACCSA Test Signal in the Caribbean, Central America and South America
	Evolving WAAS to Serve L1/L5 Users
	EGNOS Open Service Guidelines for Receiver Manufacturers
	A Clock and Ephemeris Algorithm for Dual Frequency SBAS
	A Filtering Algorithm on Ionospheric Delay Calculation in Multi-constellation Satellite Navigation Systems
	Simulation Study of Low Latitude Ionospheric Effects on SBAS with a Three-dimensional Ionospheric Delay Model

	D4: GNSS and the Atmosphere 2
	GNSS Imaging-derived Dynamics of Ionospheric Storm Transition Regions
	Defining the Basis of an "Integer-Levelling" Procedure for Estimating Slant Total Electron Content
	VTEC Prediction at Brazilian Region Using Artificial Neural Networks
	Validation of a Transionospheric Propagation Scintillation Simulator for Strongly Scintillated GPS Signals Using Extensive High Latitude Data Sets
	CIGALA: Challenging the Solar Maximum in Brazil with PolaRxS
	Scintillation Parameter Estimation Using Unmodified Professional GNSS Receivers: A Feasibility Study
	Local Models for Ionospheric VTEC Estimation Based on GR Models with Multi-Layer Model
	Quantifying the Impact of Ionospheric Irregularities on GPS Receiver Carrier Tracking Loop Performance

	E4: Next Generation GNSS Integrity 1
	Characterization of Receiver Response to a Spoofing Attacks
	Civilian GPS Spoofing Detection based on Dual-Receiver Correlation of Military Signals
	An Evaluation of the Vestigial Signal Defense for Civil GPS Anti-Spoofing
	Bounding Errors Caused by Nominal GNSS Signal Deformations
	A Proposal for Multi-constellation Advanced RAIM for Vertical Guidance
	A Novel Positioning and Integrity Monitoring Algorithm for a Multiple Constellation Receiver
	A Holistic Approach to Carrier-Phase Receiver Autonomous Integrity Monitoring (CRAIM)
	Independent Control Segment URA Monitor Incorporating Crosslink Ranging Measurements for Meeting LPV200 Integrity Requirements
	A Generic Method for Protection Level Evaluation Under the Assumption of Two Simultaneous Faulty Measurements
	Generation and Validation of GPS Satellite Orbital Covariance Matrices for Integrity Determination
	Impact of the GNSS Time-offsets on RAIM Performance

	F4: Multi-Constellation User Receivers
	Accuracy and Availability Trials of the Consumer GPS/GLONASS Receiver in Highly Obstructed Environments
	CASES: A Smart, Compact GPS Software Receiver for Space Weather Monitoring
	LION Navigator-GPS/Galileo Receiver for Spacecraft Navigation
	PRECISIO - Design, Development and Testing of a Multi-constellation, Multi-frequency Software Receiver
	Dynamic Reconfiguration in a GNSS Software Defined Radio for Multi-Constellation Operation
	Cognitive GNSS Receiver Design: Concepts and Challenges
	Bayesian Filtering Approaches for Unambiguous BOC Tracking under Weak Signal Conditions
	Development of Triple Frequency Based Ionosphere Correction for Software GNSS Receiver
	Performance Verification on the GPS/Galileo Combined Receiver for GNSS Sensor Station
	The Statistical Analysis of C/N0 Oscillation and its E-M Solution
	New Open GNSS Signals: First Combined GPS/GLONASS/GIOVE Experiments

	P4: Mass-Market Services Based on GNSS
	Europe's Leading Professional GNSS Receiver Manufacturer
	Availability and Reliability of Mass-market Services Based on GNSS Positioning
	Mass Market Services Based on GNSS
	Location –Where the Masses Are Œ Mass Market LBS Status and Opportunities

	A5: Urban & Indoor Navigation Technology (Academic Focus) 2
	3-Dimensional Approach to WiFi Indoor Positioning
	CWRU Cutter IV: Case Western Reserve University's Autonomous Lawn Mower Design and Performance Review
	Database Calibration Algorithms of an Indoor Positioning System Based on the Fingerprint Method
	GNSS Multipath Error Reduction in Harsh Environments
	Comparison of Filtering Methods for the Peer-to-Peer Kalman Filter
	Using Motion-Awareness for the 3D Indoor Personal Navigation on a Smartphone
	Multipath Mitigation Using Omnidirectional Infrared Camera for Tightly Coupled GPS/INS Integration in Urban Environments

	B5: Timing and Scientific Applications
	A Unique Software GPS Receiver and Simulator Platform for Clock Error Measurement and Simulation
	Enhanced GNSS Satellite Clock Predictions - A Two-Stage Adaptive Approach
	Three Satellite Navigation in an Urban Canyon using a Chip-Scale Atomic Clock
	A Laser-Cooled Frequency Standard for GPS
	Laboratory and Flight-Test Analysis of Rubidium Frequency Reference Performance Under Dynamics
	Flight Characterization of New Generation GNSS Satellite Clocks
	GNSS Remote Sensing and Technology Demonstration on TechDemoSat-1

	C5: GNSS Ground Based Augmentation Systems (GBAS)
	GPS Satellite Clock Excessive Acceleration Detection for DCPS Users of GBAS
	GAST-D Monitoring Results from Post-processed Flight Trial Data - Performance Evaluation of DLR's GBAS Testbed
	Absolute Slant Ionosphere Gradient Monitor for GAST-D: Issues and Opportunities
	CAT-I GBAS Availability Improvement Through Ionosphere Field Monitor (IFM)
	Real-Time Detection of Cross-Correlation for a Precision Approach Ground Based Augmentation System
	Impact of Time-Correlation of Monitor Statistic on Continuity of Safety-Critical Operations
	Using Outage History to Exclude High-Risk Satellites from GBAS Corrections
	Performance Risk of GBAS Integrity Monitor Algorithms due to Reference Receiver Clock Adjustment Effect
	GBAS Protection Level Calculation Method Using Particle Filter Concept

	D5: GPS and GLONASS Modernization
	Design of the GPS III Space Vehicle
	First Signal in Space Analysis of GLONASS K-1
	GNSS, an Evolving Technology. Current Systems Evolutions and Future Perspectives
	Identifying PNT Centers of Activity in Support of a National PNT Architecture
	Statistical Characterization of GLONASS Broadcast Ephemeris Errors
	Predicting GLONASS Satellite Orbit Based on an Almanac Conversion Algorithm for Controlled Ionosphere Scintillation Experiment Planning
	GLONASS Modernization
	A Proposed Navigation Message Authentication Implementation for Civil GPS Anti-Spoofing
	Optimal Aligning of GNSS Navigation Signals Sum
	GPS Integer Ambiguity Validation with GPS Modernization

	E5a: Remote Sensing with GNSS & Integrated Systems
	Experimental Results Investigating the Feasibility of GPS Bistatic Radar for Target Detection and Estimation
	Observing Tsunamis in the Ionosphere Using Ground Based GPS Measurements
	An Inertial Aided Cycle Slip Detection and Identification Method for Integrated PPP GPS/MEMS IMU System

	E5b: Next Generation GNSS Integrity 2
	Multi-Constellation Integrity Performance Expectations for Today's ARNS/RNSS Bands
	Novel Satellite Fault Isolation Method for Real-Time Advanced RAIM Algorithms
	Combined Integrity Analysis of GPS, Galileo and COMPASS with Comparison of Different Strategies
	Demonstrations of Multi-constellation Advanced RAIM for Vertical Guidance Using GPS and GLONASS Signals

	F5a: Portable Navigation Devices
	Long-Term Extended Ephemeris Prediction for Mobile Devices
	Commercial GPS in the Stratosphere: Cell Phone GPS Receiver Performance on a High Altitude Weather Balloon
	DSP-based Tightly-coupled GPS/MEMS-IMU Integration Using Sequential Processing
	Optimum Location Provider for Devices with Multiple Location Sensors
	Step-length Estimation Using Wrist-worn Accelerometer and GPS
	Professional Performance with Consumer GPS: Where and How it is Possible?

	F5b: Alternative and Backups to GNSS (Consumer/Commercial Focus)
	State of the Art in Low Frequency (LF) Technology for Alternative Positioning, Navigation, Timing, and Data (APNT&D)
	A High-Precision Local Navigation System Extending GNSS Limitations
	Alternative Position Navigation & Timing (APNT) Based on Existing DME and UAT Ground Signals
	Tight Integration of 3D RISS/GPS/Map Data for Land Vehicle Navigation Utilizing Particle Filtering
	A Movement Control Strategy Based on Node Coverage in Multi-tier Mobile Sensor Network

	P5: Improving Security of GNSS Receivers
	Practical Cryptographic Civil GPS Signal Authentication
	Making the GNSS Environment Hostile to Jammers & Spoofers
	GNSS In-Band Interference
	Developing Defenses Against Jamming & Spoofing of Civilian GNSS Receivers
	Improving Security of GNSS Receivers
	From the Volpe Report to a Future for Secure Receiver Certifications: 10 Years of Civilian GNSS Security
	Processing of Measurements for Robust Operation under Adverse Conditions

	A6: Alternative and Backups to GNSS (Academic Focus)
	Bayesian Machine Learning in INS/WiFi Integrated Navigation Systems for Indoor and GNSS-denied Environments
	Positioning Using OFDM-based Digital TV: New Algorithms and Tests with Real Signals
	Sigma-point Kalman Smoothing for Indoor Tracking and Auto-calibration Using Time-of-flight Ranging
	RFID Indoor Positioning and Navigation Using a Regularized Particle Filter Integrated with a Probability Model
	Investigation of Pulsing Schemes for Pseudolite Applications
	Optimal Time-of-Arrival Estimation for Enhanced DME
	Principles and Potential of Pulsar Navigation
	Performance Comparison of Tight and Loose INS-Camera Integration
	A New Differential Positioning Technique Applicable to Generic FDMA Signals of Opportunity
	Updating Integrated GPS/INS Systems with Map Matching for Car Navigation Applications

	B6: Robust Navigation in GNSS-Denied and GNSS-Challenged Environments 2
	Image Aided Relative Navigation for Air Vehicles Using a Passive, Statistical Predictive Rendering Approach
	Vision-Aided Navigation Using a Tightly-Coupled INS and Predictive Rendering Techniques
	Coupling Vanishing Point Tracking with Inertial Navigation to Produce Drift-Free Attitude Estimates in a Structured Environment
	The UHARS Non-GPS Based Positioning System
	Joint GNSS and 3GPP-LTE Based Positioning in Outdoor-to-Indoor Environments - Performance Evaluation and Verification
	UAS Exploitation by 3D Reconstruction Using Monocular Vision
	Tightly-Coupled Opportunistic Navigation for Deep Urban and Indoor Positioning
	Outlier Detection for Indoor Vision-Based Navigation Applications
	A Unified Paradigm for Autonomous Localization and Mapping

	C6: Receiver & Antenna Technology 2
	A Direct Position Tracking Loop for GNSS Receivers
	Implementation of a Navigation Domain GNSS Signal Trackign Loop
	Dual Update-rate FLL-assisted Phase Lock Loop of Novel Robust Receivers for New Generation Global Navigation Satellite Signals
	All Constellation, All Frequency - A Receiver Platform for Monitoring and Testing
	A Bavarian Initiative Towards a Robust Galileo PRS Receiver
	ENCORE: Enhanced Galileo Code Receiver for Surveying Applications
	System Identification of a GNSS Receiver's RF Filter Impulse Response Function
	Towards Multi-Constellation Collective Detection for Weak Signals: A Comparative Experimental Analysis
	Reconfigurable Correlator Accelerators for Software GPS Receivers
	Optimization and Convenient Evaluation Model of Differential Coherent Post Detection Integration
	Design of a Robust NCO for GNSS Receivers

	D6: GNSS Compatibility, Interoperability and Services
	Evaluation of Filtered Multitone (FMT) Technology for Future Satellite Navigation Use
	Implementation and Optimization of a Galileo E1 Two-Step Tracking Algorithm using Data/Pilot Combining and Extended Integration Time
	Breaking the Ice: Navigating in the Arctic
	Integrity Aspects of Hybrid EGNOS-based Navigation on Support of Search-And-Rescue Missions with UAVs
	GPS-Based Orbit Determination for HEO Orbits Serving Northern Region
	Developing GNSS Monitoring System for New Japan Haneda International Airport D-runway Long-term Observation
	Study of the Temporal Behavior of GPS/GALILEO NSE and RAIM for LPV200
	Developing GNSS Network Monitoring System for Sakurajima Volcano Research
	Spreading Codes Compatibility Analysis for GNSS
	Implementation of Monitoring and Control Subsystem for GNSS Ground Station

	E6: Algorithms & Methods 2
	Exploitation of Cooperative GNSS/IMU Systems for Positioning within UxV Swarms
	Applying Quaternion-based Unscented Particle Filter on INS/GPS with Field Experiments
	Integrity Risk of Kalman Filter-Based RAIM
	Improving Robustness of Aided INS using a Near Real Time Processing Contemplative Kalman Filter
	Low-Complexity Instantaneous GNSS Attitude Determination with Multiple Low-Cost Antennas
	Differential Integer Ambiguity Resolution with Gaussian a Priori Knowledge and Kalman Filtering
	Multi-Constellation GNSS Multipath Mitigation Using Consistency Checking
	An Event Driven GPS Data Collection System for Studying Ionospheric Scintillation
	New Developments in the GPS Toolkit
	Instantaneous Cycle Slip Detection and Repair for Standalone Triple-frequency GPS Receiver
	Performance Bounds of RSSI-based Wi-Fi Positioning Under Different Estimation Scenarios

	F6: Urban Navigation Technology and Location Based Services (Commercial Focus)
	Development of a Single Chip 6 DOF MEMS IMU for Robotic and UV Navigation
	Adaptive Hybrid Positioning Engine
	Cooperative GNSS Positioning & Navigation
	GNSS Antenna-Human Body Interaction
	Ultra-wideband Aiding of GPS for Quick Deployment of Anchors in a GPS-denied Ad-hoc Sensor Tracking and Communication System
	An Efficient Method of Self-Generated Assistance Data for Fast-Fix Applications
	Three Dimensional Positioning with Two GNSS Satellites and DSRC for Vehicles in Urban Canyons
	Spatial Antenna Diversity Performance for Indoor GNSS Applications
	Development of IMES Chip



	Author Index
	Copyright
	Help
	Print
	Search
	Exit


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	FOOTER1: 
	FOOTER2: 
	FOOTER3: 
	FOOTER4: 
	FOOTER5: 
	FOOTER6: 
	FOOTER7: 
	FOOTER8: 
	FOOTER9: 
	FOOTER10: 


