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1 INTRODUCTION 

The GNSS-Lab Tool suite (gLAB) is an interactive educational multipurpose package to 
process and analyse GNSS data. The first release of this software package allowed 
processing only GPS data. The current release has been expanded to SBAS and differential 
processing (DGNSS). It is prepared to incorporate future module updates, such as an 
expansion to Galileo and GLONASS systems. 

This software package is targeting the following groups of users: 

¶ Education professionals aiming to teach GNSS from both a theoretical and practical 
points of view. 

¶ Standalone students and professionals with basic knowledge on GNSS as a self-
learning tool. 

¶ Professionals with more in deep knowledge on GNSS who want an easy and user-
friendly tool with precise positioning capability. 

 

From an operative point view, this tool is conceived as a software package to support a 
practical GNSS course, where the fundamentals introduced in the theory are experimented 
through guided exercises. In this way, the tool is conceived for being used: 

¶ as part of a GNSS course with practical exercises integrated following a manual, or 

¶ experimenting around with contextual help with hyperlinks for more information, or 

¶ to process RINEX data and obtain a standalone or differential positioning  
 
The gLAB tool is distributed within a learning material package containing the following 
components: 

¶ Software: A binary which will be able to read RINEX data, process it and show the 
results in the form of data files and graphics. The processing options will be fully 
parametrizable through a GUI that will ease to understand the tool and its different 
options. The software is able to work both in Windows and Linux Operating 
Systems. 

¶ Tutorial: A book RD-15 containing the GNSS fundamentals and several practical 
exercises covering from the basics of data processing, such as reading standard 
RINEX format to more complex processes, as positioning a rover and analysing the 
results.  

¶ Data: The data sets files used in the exercises. 
 

1.1 DOCUMENT SCOPE AND PURPOSES 

This document contains the information related to the use of the gLAB software package 
component of the gLAB suite, and its purpose is to provide an overall overview to the end 
user of the software. In particular, how to install it and use it, with different options that the 
software has. 
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1.2 DOCUMENT OVERVIEW AND STRUCTURE 

This document is split in sections, which describe: 

¶ A generic description on the different software modules included in the package 
(Section 2). 

¶ A detailed description of the installation procedure (Section 3). 

¶ How to use the Graphic User Interface (GUI) component (Section 4). 

¶ How to use the Data Processing Core (DPC) component (Section 5). 

¶ How to use the Data Analysis Tool (DAT) component (Section 6).  

1.3 APPLICABLE AND REFERENCE DOCUMENTS 

1.3.1 Applicable documents 

 

The following documents refer to the applicable documents for the project. 

AD-01   RINEX-2.10 format: http://igscb.jpl.nasa.gov/igscb/data/format/rinex211.txt  

AD-02  RINEX-3.00 format: ftp://epncb.oma.be/pub/data/format/rinex300.pdf 

AD-03   IONEX format: http://igscb.jpl.nasa.gov/igscb/data/format/ionex1.pdf 

AD-04   SP3 format: http://igscb.jpl.nasa.gov/igscb/data/format/sp3.txt 

AD-05   RINEX clock format: http://igscb.jpl.nasa.gov/igscb/data/format/rinex_clock.txt 

AD-06   ANTEX format: ftp://igscb.jpl.nasa.gov/igscb/station/general/antex13.txt 

AD-07            RTCA-MOPS, December 2006. 

AD-08            PEGASUS Interface Control Document. PEG-ICD-02 

 

1.3.2 Reference Documents 

RD-1 Python Programming Language, http://www.python.org 

RD-2 Guide to Applying the ESA Software Engineering Standards to small Software 
Projects     Doc.-No. ESA BSSC (96)2 Issue 1, 199. 

RD-3 Gnuplot: http://www.gnuplot.info 

RD-4 Architecture Design Document for gLAB, gAGE/UPC 2009. 

RD-5 ANTEX file: http://igscb.jpl.nasa.gov/igscb/station/general/igs05.atx 
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RD-6 SP3 files: http://igscb.jpl.nasa.gov/igscb/product 

RD-7 GIPSY OASIS-II, Mathematical description, 1986 

RD-8 A. E. Niell, Global mapping functions for the atmosphere delay at radio 
wavelengths, Journal of Geophysical Research, Vol. 101, No. B2, p. 3227-
3246, 1996. 

RD-9 RTCA, 2001. Minimum Operational Performance Standards For Global Positioning 
Sysmte/Wide Area Augmentation System Airborne Equipment. RTCA/DO-229C. 
Prepared by SC-159. November 28, 2001. Supersedes DO-229B. Available 
at http://www.rtca.org/doclist.asp . pp. 338-340 of 586 in PDF. 

RD-10 D. McCarthy and G. Petit, IERS  Conventions, International Earth Rotation and 
Reference Systems Service (IERS), 2003 

RD-11 S. Malsys, M. Larezos, S. Gottschalk, S. Mobbs, B. Winn, W. Feess, M. Menn, 
E. Swift, E. Merrigan and W. Mathon, The GPS accuracy improvement 
initiative, ION GNSS 1997, Kansas City, USA, pp. 375-384, 1997. 

RD-12 GPSConstellationStatus.txt file, available at: 
http://gge.unb.ca/Resources/GPSConstellationStatus.txt 

RD-13 ICD-GPS-200, Navstar GPS Space Segment / Navigation User Interfaces, 
1993. 

RD-14 Global Positioning System Standard Positioning Service Signal Specification. 
U.S. Department of Defense, DOD 4650.5/SPSSP V3, 3rd Edition, August 1, 
1998. 

RD-15 J. Sanz Subirana, J.M. Juan Zornoza and M. Hernández-Pajares, ñGNSS Data 
Processingò Vol. 1: Fundamentals and Algorithms and Vol. 2: Laboratory 
exercises. ESA Communications. Noordwijk, the Netherlands. ISSN 1013-7076, 
ISBN 978-92-9221-886-7 (two volumes plus CD) 
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1.3.3 Acronyms and Terms 

 

AD Applicable Document 

AWGN Additive White Gaussian Noise 

CRC Cyclic Redundancy Check 

DAT Data Analysis Tool 

DoY Day of Year 

DPC Data Processing Core 

EGNOS European Geostationary Navigation Overlay Service 

EMS EGNOS Message Server 

ESA European Space Agency 

FTP File Transfer Protocol 

gAGE  Research Group of Astronomy and Geomatics 

gLAB GNSS-Lab tool 

GDOP Geometric Dilution of Precision 

GEO GEOstationary 

GLONASS GLObal NAvigation Satellite System 

GNSS Global Navigation Satellite System 

GUI Graphic User interface 

GPS Global Positioning System 

HE Horizontal Error 

HPE Horizontal Positioning Error 

HMI Hazardous Misleading Information  

HPL Horizontal Protection Level 

HWIR Horizontal Worst Integrity Ratio 

ICD Interface Control Document 

IGS International GNSS Service 

IGP Ionospheric Grid Point 

IOD Issue of Data 

IODE Issue of Data Ephemeris 

IODF Issue of Data Fast Correction 

IODI Issue of Data Ionospheric 

IODP Issue of Data PRN mask 

IODS Service Issue of Data 

IONEX IONosphere map Exchange format 

IPP Ionospheric Pierce Point 

LTC Long Term Corrections 

MI Misleading Information 

MT Message Type 

MOPS Minimum Operational Performance Standards 

NPA Non Precision Approach 

OS Operative System 

PA Precision Approach 

PL Protection Level 
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PEGASUS Prototype EGNOS and GBAS Analysis System Using SAPPHIRE 

PPP Precise Point Positioning 

PRC Pseudo Range Correction 

PRN PseudoRandom Noise 

RD Reference Document 

RINEX-B Receiver Independent EXchange format Binary 

RRC Range Rate correction 

RSS Root Sum Square 

SAPPHIRE Satellite and Aircraft Data Base for System Integrity Research 

SBAS Satellite Based Augmentation System 

SIS Signal In Space 

SNR Signal to Noise Ratio 

SOW Statement Of Work 

S/W Software 

TBC To Be Confirmed 

TBD To Be Determined 

TBW To Be Written 

TGD Total Group Delay 

TOW Time of Week 

UD User Domain 

UDRE User Differential Range Error 

UDREI User Differential Range Error Indicator 

UIVE User Ionospheric Vertical Error 

UPC Technical University of Catalonia 

URA User Range Accuracy 

URL Uniform Resource Locator 

VE Vertical Error 

VPE Vertical Positioning Error 

VPL Vertical Protection Level 

VWIR Vertical Worst Integrity Ratio 

WIR Worst Integrity Ratio 
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2 gLAB SOFTWARE TOOL 

The gLAB software tool is able to run under Linux and Windows operating systems (OS). It 
is programmed in ANSI C, Python and Qt languages and contains three main software 
modules:  

¶ Data Processing Core (DPC) [gLAB.exe in Windows, gLAB_linux for Linux] 

¶ Graphic User Interface (GUI) and [gLAB_GUI.exe in Windows, gLAB_GUI in Linux] 

¶ Data Analysis Tool (DAT) [graph.exe in Windows, graph.py in Linux]. 

 

The DPC implements all the data processing algorithms and can be executed either, in 
command line or with the GUI. The GUI consists in different graphic panels for a user 
friendly managing of the SW and the tool configuration. They provide all the options to 
configure the model and navigation. The Data Analysis Tool provides a user friendly 
environment for the data analysis and results visualizing. 

The tool contains a precise modelling of the GNSS observables (code and phase) at the 
centimetre level, allowing both standalone positioning and PPP. The current release has 
been expanded to SBAS and differential processing (DGNSS). The software is ready to 
incorporate future updates to Galileo or GLONASS systems. 

2.1.1 Software package features 

¶ Graphic User Interface (GUI) to ease the utilisation of the tool with most of the 
capabilities of the DPC. The GUI allows a high customisation interface to process a 
wide range of options. 

¶ Tooltips in the GUI, which allow understanding and using the different options. 

¶ Capable to read: 

o Station measurements from Observation RINEX standard version 2.11 and 
3.00. 

o Broadcast message from Navigation RINEX standard version 2.11 and 3.00. 

o Satellite clocks from Clocks RINEX standard. 

o Satellite orbits and clocks from SP3 standard. 

o Ionospheric maps from IONEX standard. 

o Constellation status (with information between Satellite Vehicle Number 
(SVN) and PRN) of the satellite. 

o Antenna Phase Center information from ANTEX standard. 

o Differential Code Biases from precise .DCB files. 

o Receiver type information from GPS Receiver File Types, 
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¶ The DPC is able to work both with command-line parameters and a configuration file. 

¶ Automatically detects if the format is RINEX 2.11 or 3.00. 

¶ Fully capable to read Galileo (and other constellations) from RINEX. 

¶ Able to process both pseudorange and carrier phase. 

¶ Detection of cycle-slips in carrier phase measurements for GPS with three different 
methods: 

o Geometric-free carrier phase combination. 

o Melbourne-Wübbena combination. 

o Code-Phase difference (for single-frequency receivers), 

¶ Time handling routines (The native time format of the software is Modified Julian Day 
and seconds of day). 

¶ Prealignment of carrier phase to pseudorange measurements. This is done to avoid 
large differences between both kinds of measurements, and allow a more direct 
comparison. The alignment is done keeping the integer part of the carrier phase. 

¶ Pseudorange jump checking. Some receivers have an inconsistent set of 
pseudorange and carrier phase measurements when they adjust their own clock 
(doing one or more leap miliseconds). Their pseudorange measurements are 
consistent with this change in clock, but carrier phases do not show it. This creates 
an inconsistency and a general cycle-slip for all satellites if not handled properly. 
gLAB detects and corrects this problem. 

¶ Decimation capabilities. gLAB can decimate the input RINEX to increase computation 
speed if a high sampling rate is not needed. The decimation comes after the cycle-
slip detection to take full profit of the input data rate. 

¶ Able to individually select/deselect each satellite for processing. 

¶ Able to set an elevation mask to ignore low satellites for processing. 

¶ Able to specifically mark which frequencies are available (to simulate single-
frequency receivers from dual-frequency RINEX data). 

¶ Pseudorange smoothing option. 

¶ Orbit interpolation of SP3 data. 

¶ Broadcast message support (orbit estimation, clock correction, TGD correction). 

¶ Orbit/Clock comparison mode (it can compare the orbit and clocks from 2 different 
sources, i.e. broadcast, SP3 and clocks files). 

¶ Sun approximate positioning (for satellite orientation). 

¶ Models implemented (all of them can be enabled or disabled): 

o Satellite clock error correction. 

o Transmission time computation. 

o Earth rotation in flight time of the signal. 
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o Satellite phase center correction. 

o Receiver phase center correction. 

o Receiver Antenna Reference Point (ARP) correction. 

o Relativistic correction. 

o Ionospheric correction: Klobuchar, SBAS or IONEX. 

o Tropospheric correction [one simple model and the more refined Niell 
mapping model]  

o P1 ï P2 Differential Code Bias (DCB) correction. 

o P1 ï C1 Differential Code Bias (DCB) correction. 

o Wind up effect. 

o Solid tides correction. 

o Gravitational delay correction [an effect of general relativity due to the gravity 
field gradient between receiver and transmitter]. 

¶ Able to choose different measurements (1 or more) for the filter estimation (both 
carrier phase and pseudorange). It could even work with a set of different 
pseudorange measurements from different signals. This can be useful in the future 
Galileo scenario, where some processing with different measurements can be 
desired. 

¶ Able to assign different weights for different measurements. 

¶ Able to assign elevation dependant weights. 

¶ Able to translate from cartesian (native of the software) to geodetic coordinates. 

¶ Orientation estimation of both the satellites and the receiver (and thence the 
azimuth/elevation of the receiver-satellite pair). 

¶ Standalone processing using broadcast and C/A code (fully configurable to be able to 
used also carrier phase if required). 

¶ Precise Point Positioning (PPP) with precise orbit and clocks, precise models and 
Pc/Lc measurements (ionospheric-free combinations). It is also fully configurable. 

¶ Able to create different plots to visualise the data processed. 

¶ Detection and warning of convergence problems. 

2.1.2 Identified limitations 

The current version gLAB only implements full processing capabilities for GPS data. 
Nevertheless, the reading of RINEX-3.00 Galileo and GLONASS data functionality is 
also included, allowing performing some exercises on data analysis with real or 
simulated Galileo and GLONASS measurements. 
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2.1.3 Minimum hardware requirements 

gLAB requires the following computer minimum hardware requirements in order to be 
properly executed: 

¶ 1GB of RAM memory. 

¶ CPU with at least 1GHz. 

¶ 1GB of hard disk free space. 

¶ Screen resolution of at least 1024x768 is recommended, but the program window 
can be resized at will. 

2.1.4 Minimum software requirements 

The program runs under Windows (XP, Vista, 7, 8, 10) and Linux (Ubuntu 10.04 and above) 
Operating systems (in both 32 and 64 bit systems). 

2.1.4.1  Windows 

No specific software is required to execute the program in Windows. 

For Windows Vista users, it is necessary to generate new binaries for gLAB (as explained is 
section 3.1.1). In this sense, the following programs are required: 

¶ MinGW v5.3.0 (http://sourceforge.net/projects/mingw/files/) 

¶ Python(x,y) v2.1.14 (http://www.pythonxy.com). During its installation please select 
as ñtype of installò: Full. 

¶ Python Basemap v1.0.7 (python 2.6) 

¶ Python Numpy v1.3.0 (python 2.6) 

2.1.4.2  Linux 

For Linux users, the following programs are required: 

¶ make 3.81 

¶ gcc 4.4.3 

¶ Python v2.5.4 

¶ Python matplotlib v0.98.5.4 

¶ Python Tkinter v5.4.0 

¶ Python Basemap v1.0.7 
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¶ Python Numpy v1.3.0 
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3 INSTALLATION PROCEDURE 

The gLAB software package can be downloaded from the following URL: 

http://www.gage.es/gLAB/ 

 

In this web page it is possible to download the last version of gLAB both in Windows and 
Linux. 

3.1 WINDOWS  

The installation of the Windows version is initiated by executing the installation program. 
During the installation process you have several configurable options, such as the 
installation directory (by default, C:\Program Files\gLAB), and the possibility to create 
shortcuts. 

The installation will create a gLAB group in the start menu with the following elements: 

¶ gLAB on the Web, will forward to the webpage of gLAB. 

¶ Uninstall gLAB, to completely remove gLAB from the computer. 

¶ gLAB_GUI, the Graphic User Interface of gLAB. 

¶ Command line in directory, which will open a new command line window in the 
directory gLAB was installed. 

Executing the gLAB_GUI option will run the GUI program. 

3.1.1 Manual binary generation 

All the binaries of the Windows version of gLAB have been precompiled, so no need to 
compile them again would be required. 

For the manual binary generation the following programs need to be installed (other versions 
may also work): 

¶ MinGW v5.1.4 (http://sourceforge.net/projects/mingw/files/) 

¶ Python(x,y) v2.1.14 (http://www.pythonxy.com). During its installation please select 
as ñtype of installò: Full. 

Once these programs have been installed, the script ñcreateEXE.batò can be executed. This 
script can be found in the installation directory of gLAB, and will compile everything and 
create the proper binaries. 
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3.2 LINUX 

gLAB has been successfully tested under Ubuntu, but should work in other Linux 
distributions. 

The Linux version of gLAB has to be decompressed to a directory, using the following 
command: 

tar ïxvzf glab_vx.x.tgz 

This will create a directory called ógLABô with all the program structure. Next, it is necessary 
to compile the DPC, for this: 

cd gLAB 

make 

This will create the binary for the DPC of gLAB (gLAB_linux).  

In order to be able to launch the python programs (GUI and DAT), it is necessary to have the 
following packets installed in the system (other versions may also work): 

¶ Python v2.5.4 

¶ Python matplotlib v0.98.5.4 

¶ Python Tkinter v5.4.0 

¶ Python Basemap v1.0.7 

¶ Python Numpy v1.3.0 

 

In Ubuntu, this can easily be done by using the following command: 

sudo apt-get install python python-matplotlib python-tk python-mpltoolkits.basemap python-
mpltoolkits.basemap-data python-numpy 

 

NOTE: For executing graph.py program in Python3, the following additional packages have 
to be installed: 

sudo apt-get install python3-matplotlib python3-tk python3-mpltoolkits.basemap python-
mpltoolkits.basemap-data python3-numpy 

3.3 DIRECTORY STRUCTURE 

gLAB 

gLAB/LICENSES 

gLAB/source 

gLAB/test 

gLAB/win 
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The gLAB directory contains all the binaries, python programs and other files. 

The gLAB/LICENSES directory contains the licenses of the gLAB (Apache, GPL and LGPL). 

The gLAB/source directory contains the source code of the different gLAB components 
(DPC, GUI and plotting tool). 

The gLAB/win (only available in the windows distribution) directory contains all the required 
data for the GUI and DAT binaries. This directory can be fully generated by the ñManual 
binary generationò procedure set above. 

The gLAB/test directory contains a set of test files to be used with the gLAB program. 
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4 gLAB GRAPHIC USER INTERFACE (GUI) 

4.1 THE BASICS 

The GUI is an interface between the other two components, the DPC and the DAT. It will 
allow the user changing different parameters, and execute the other two programs with the 
proper arguments. The initial screen of the GUI can be seen in Figure 4-1. 

 

Figure 4-1: Initial screen of the gLAB Graphic User Interface 

The menu in the top-bar can be found with different drop-down sub-menus. The following 
sections will provide in-deep information on the different options of the GUI. Most of the 
information here can also be found with the inline tooltips.  
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¶ Mode: Selects the different functions of the gLAB:  

o Positioning: The interface with the DPC, allows selecting all the different 
processing options to be performed. 

o Analysis: The interface with the plotting, and allows selecting all the different 
plotting options. 

o Converter:  The interface to convert SBAS and RTCM formats to RINEX, 
EMS and Pegasus formats, see AD-08. 

o Compare Orbits & Clocks: Mode to compare the orbit and clocks from 2 
different sources, i.e. broadcast, SP3 and clocks files. 

o Show Orbits & Clocks: Mode to calculate satellite coordinates, velocities and 
clocks. 

 

 

Figure 4-2: Mode drop-down menu 

 

¶ Templates: Configure all the options of the program for a specific processing 

o SPP: to perform a Standard Positioning Service (SPS) processing.  

o PPP: to perform a Precise Point Positioning (PPP) processing for the 
computation of precise satellite coordinates. 

o SBAS: to use the differential corrections from SBAS. 

o DGNSS: to perform a differential processing from a reference station. 

 

 

Figure 4-3: Templates drop-down menu 
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¶ Configuration: Allows saving and loading the configuration of the tool. By default it 
generates the minimum set of instructions to change the defaults of the DPC, but all 
options can be saved if desired. In addition, the command line instruction generated 
by the GUI to be executed by the DPC can be displayed. 

 

 

Figure 4-4: Configuration drop-down menu 

 

¶ Preferences: Allows to select/deselect explanatory tooltips (selected by default), and 
to show the header of the GUI (selected by default). 

 

 

Figure 4-5: Preferences drop-down menu 

 

¶ Help: This section contains useful information about gLAB such as the manuals, the 
release notes, credits, the possibility to check for new updates.  It also includes links 
to ftp sites to download data and the gLAB website, among others. 

 

 

Figure 4-6: Help drop-down menu  
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4.2 POSITIONING (DPC INTERFACE) 

The positioning mode is split into 5 different sections, which correspond to 5 different 
modules inside the DPC (see the Architecture Design Document for gLAB RD-4). The 
different modules of the DPC are: 

¶ INPUT module: It can be understand as a "driver" between the input data and the 
rest of the program. This module implements all the input reading capabilities and 
stores it in structures defined in the DATAHANDLING module. 

¶ PREPROCESS module: This module process the data before the MODEL. It checks 
for cycle-slips, pseudorange-carrier phase inconsistencies and decimates the data (if 
required). 

¶ MODELLING module: This module has all the functions to fully model the receiver 
measurements. As said, it implements several kind of models, which can be activated 
or deactivated. 

¶ FILTER module: This module implements an Extended Kalman Filter (EKF) fully 
configurable, and obtains the estimations of the required parameters. 

¶ OUTPUT module: This module outputs the data obtained from the FILTER. 



Research group of Astronomy & Geomatics

Technical University of Catalonia

http :// www.gage.es

gAGE /UPCgAGE

 

ESA GNSS Education 
EDUNAV 

Ref.: 

Iss./Rev.: 

Date: 

gLAB-SUM 

1.8 

27/06/207 

 

 
Software User Manual Page 23 of 102 

gAGE/UPC owns the copyright of this document which shall not be used for any purpose other than for which it is supplied and shall not be copied or given to 
any person or organization without written authorization from the owner. 

 

4.2.1 Input 

This section provides all the configuration options to select the input files for gLAB.  

 

Figure 4-7: Screenshot of the INPUT section. 

 

¶ Input files: Section to include all the files required for the proper functioning of the 
program. 

o RINEX Observation File: Source GNSS measurements data file in RINEX 
format (version 2.11 or 3.00). 

o ANTEX File: Antenna phase center information for both GNSS satellites and 
receiver antennas1. 

                                                      

1 The last ANTEX files can be found in: [RD-5]. The gLAB suite includes two different 
ANTEX files: igs05.atx and igs_pre1400.atx. The first file is directly downloaded from [RD-5], 
and should be used for data sets after GPS week 1400 (5th of November of 2006). The 
second one should be used before this date. This is because there was a change in the way 
that Satellite Phase Centers were obtained. Thence using Precise files for navigation with 
the incorrect set of ANTEX file will be translated in higher than expected errors. 
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o Orbit and Clock Source: Origin of the orbit and clock products. The option 
selected here must be consistent with the Navigation Mode in the Filter 
section: Broadcast => Standalone, Precise (1 file) or Precise (2 files) => PPP  

Á Broadcast: RINEX navigation file with the broadcasted message 
[Standalone option must be marked in the Filter section]. 

Á Precise (1 file): SP3 format file with the position/clock errors of GNSS 
satellites for a set of specific timestamps [PPP option must be marked 
in the Filter section]2. 

Á Precise (2 files): The source of orbits will be an SP3 format file, and 
the clocks will be a RINEX clock format. While orbit data can be 
interpolated without much data degradation, clocks cannot be. The 
RINEX clock format allows providing clocks at a high rate, while 
reading the orbits at a lower rate from the SP3 file [PPP option must 
be marked in the Filter section]. 

¶ Orbits SP3 File: Source of orbit data. 

¶ Clocks Rinex File: Source of clock data. 

o Ionosphere Source: Origin of the ionosphere data when correcting it (see the 

                                                      

2 SP3 files can be found at the IGS site: [RD-6]. 
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Modeling section (4.2.3) for more information). 

Á Broadcast (same as navigation): For Klobuchar ionospheric model, 
use the same broadcasted file as for the orbits and clocks for the 
Klobuchar parameters. 

Á Broadcast (specify): For Klobuchar ionospheric model, specify a 
different broadcasted file to use for the Klobuchar parameters. This 
option is also useful when using SP3 and correcting ionosphere. 

¶ A priori Receiver Position: Initial receiver position. This is used to linearize the filter 
and to obtain the values for the models. The OUTPUT message type gives the 
position obtained by the filter differenced with this apriori position. So if this position is 
accurate enough, the difference can be used as a direct measure of the error. 

o Specify: Specify the receiver position in XYZ components (in meters). 

o Use RINEX Position: Use the APROX POSITION XYZ field of the RINEX of 
measurements. 

o Calculate: Do not provide apriori position, gLAB will calculate it, and adjust it 
as necessary (useful for moving receivers, or when the approximate receiver 
position is unknown) with three different initial options: 

Á Earth's surface: gLAB will automatically calculate the a priori receiver 
position, starting from Earth's surface (6378137,0,0). 

Á RINEX Header: gLAB will automatically calculate the a priori receiver 
position, but starting from the RINEX observation header record 
APPROX POSITION XYZ. If these coordinate are (0,0,0), then the 
Earth's surface (6378137,0,0) will be used as initial coordinates. 

Á Specify: gLAB will automatically calculate the a priori receiver position, 
but starting from the user coordinates. These coordinates cannot be 
(0,0,0). 

Notice that in the three cases the differential fields of the OUTPUT message 
will be zero, as no reference is given. 

o Use SINEX File: Match the observation RINEX header record MARKER 
NAME with the marker position present in the SINEX file.  

¶ Auxiliary files: User can provide different auxiliary files: to get information about the 
receiver and to correct the Differential Code Biases (DCB) which are the delays due 
to electronic, antennas and cables of receiver and transmitter devices which directly 
affect the measurements with a bias. This effect can be corrected using the 
information extracted from: The RINEX Navigation file or Precise .DCB files. 

o P1 ï P2 DCB Source files: 

Á Broadcast (same as navigation): Use the same RINEX navigation file 
for the DCB computations than the orbit and clock product source. 

Á Broadcast (specify): Specify a different RINEX broadcasted file to 
obtain the codes (P1 ï P2) digital bias.  
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Á Precise .DCB file: Specify a .DCB file for the (P1 ï P2) biases for all 
satellites.  

o P1 ï C1 DCB Source files:  

Á Receiver Type file: Specify a file with the receiver type information: 
Receivers, Antennas, Radomes, and Antenna+Radome 
manufacturer's name, model and code. 

Á Precise .DCB files Specify a .DCB file for the (P1 ï C1) biases for all 
satellites.  

¶ Save Config button: Stores all the GUI configuration into a .cfg file, which can 
afterwards be read by the processing core by means of the ó-inpu:cfgô parameter.  

In Linux: 

 ./gLAB_linux ïinput:cfg gLAB.cfg 

In Windows: 

 gLAB.exe ïinput:cfg gLAB.cfg 

¶ RUN button: Execute the DPC program with all the configured parameters of the 
Calculus tab. This button can be used in all Input, Preprocess, Modeling, Filter and 
Output sections. 

¶ Show Output button: Opens a text editor of the output of the last execution of gLAB. 
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4.2.2 Preprocess 

This section provides all the configuration options to preprocess the input data. In particular, 
it allows changing the decimation rate, the elevation mask, the cycle-slip detection, and 
selecting individual satellites for the processing. Figure 4-8 shows a screenshot of the 
PREPROCESS section. 

 

Figure 4-8: Preprocess section screenshot. 

¶ Station Data. 

o Data Decimation [s]: This option will decimate the input data at the specified 
rate [in seconds]. If this option is unchecked, every time an epoch is found in 
the input RINEX observation file, all the processing takes place. If this option 
is checked, the data is decimated and not even modeled. Even in decimated 
data, all the epochs are used for cycle slip detection, and arc length 
computations, but the process is stopped just before the modeling. This 
option is meant to be used to reduce computation time. 

o Check for jumps in code measurements: Some receivers do not output a set 
of physically consistent measurements, when they adjust their clock, a "jump" 
should appear both in pseudorange and carrier-phase measurements, but it 
only appears in pseudorange. This creates a massive cycle-slip for all 
satellites in this epoch if it is not corrected. 
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o If this option is enabled, gLAB will detect and correct this behaviour, providing 
a set of consistent observables. 
 

¶ Satellite options. 

o Elevation Mask [Degrees]: The elevation mask parameter is used to discard 
all the satellites below the specified elevation. Low elevation satellites should 
be discarded for geodetic processing as they may contain increased errors 
due to low signal-to-noise ratio and multipath. 

o Align carrier phase measurement with code: In the first sample of each arc, 
for each couple of code and carrier phase measurements, compute the 
difference between them. During the same arc, add this constant difference to 
the carrier phase measurement. Therefore, the carrier phase measurement is 
at the same scale (aligned), and the scale of the ambiguities are reduced. 
 

o Discard satellites under eclipse condition: This option allows to activate the 
discard of satellites if they are under eclipse conditions: 

Á They do not have direct visibility of the Sun or 

Á They have been in the former condition at some time of the last 30 
minutes. 

o Discard unhealthy satellites (Broadcast only): This parameter allows 
discarding satellites based upon the healthy flag of the broadcasted 
navigation message. 

o Discard Satellites under this SNR Threshold: This parameter allows to discard 
satellites below a SNR (Signal to Noise Ratio) threshold, which is included in 
the measurements of the RINEX observation file (in the last character). 
 

¶ Cycle-slip Detection: This section provides all the configuration options for cycle-slip 
detection. This is only used for carrier phase measurements, and in the present 
version of the software for GPS only. Each cycle-slip detection method can be 
enabled/disabled individually. 

o Data Gap: This parameter sets the maximum period of time (in seconds) 
allowed between two consecutive data samples. Therefore, a larger period of 
time between data samples will automatically declare a cycle-slip. 
 

o Loss of Lock Indicator (LLI): The LLI parameter is included in the carrier 
phase measurements of the RINEX observation file (in the penultimate 
character). When it is odd (i.e. 1, 3, 5 or 7), indicates that the measurement 
may contain cycle-slip. 

o N Consecutive Samples: When there is a data gap between samples smaller 

than the maximum allowed, wait until there are N consecutive sample to use 
again data from this satellite. This is useful for discarding measurements of 
satellites which are constantly appearing and disappearing (they usually have 
measurements with large error). The minimum value for N consecutive is 2 
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samples (wait until the second consecutive sample). Smaller values will 
disable this option. 
  

o Geometric-free CP Combination [F1-F2]: This cycle-slip detector for dual-
frequency receivers uses only carrier phase measurements. The detection is 
based on fitting a second-degree polynomial with the the geometry-free 

combination within a sliding window of N-sample. Note that this combination 
may be affected by ionosphere. A cycle-slip is declared when any of the two 
following statements (OR) is fulfilled: 
 

1. If the expected value is larger than the measured one by more than a 

specific threshold (Th) AND also larger than 2 times the residual (res) of the 
Least Square (LS) used to fit the second-degree polynomial. The threshold is 
obtained as: 

      Th = maximum threshold / (1 + exp( -Data Gap / Time constant )) 
 

Therefore, the conditions to fulfill a cycle-slip are: 

      | LIt - LIEstimated | > Th 

      | LIt - LIEstimated | > 2*res 

 

2. The jump between two consecutive geometry-free combinations (LI) is 

larger than the maximum jump threshold (MaxJumpTh). That is, 
 

      | LIt - LIt-1 | > MaxJumpTh 
 

N-sample is the number of epochs used to fit the second-dregree polynomial. 

Notice that N-sample will be overriden by n, where: 
 

n = maximum( N-sample of L1-C1 [if enabled], N-sample of Melbourne-
Wübbena [if enabled], N-sample of Geometry-free [if enabled] ) 
 
NOTE: When a cycle-slip is detected, the sample will be set as an outlier and 
ignored. If in the next sample a cycle-slip is also detected, a cycle-slip will be 
declared. Otherwise, the arc will be maintained. 
 

o Melbourne-Wübbena Combination [F1-F2]: This cycle-slip detector for dual-
frequency receivers uses the Melbourne-Wübbena combination (geometry-
free ionosphere-free). This combination uses pseudorange measurements, 
and thence, can be very affected by high noise and multipath effects. This 
combination is basically a constant with noise and jumps due to the cycle-
slips. In this sense, the mean, the standard deviation and a mobile mean over 

the sliding window (last seconds) is computed. A cycle-slip is declared when 
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all these three conditions are fulfilled: 
 

1. The mean is compared with the measured value, and it must be larger than 
a specified threshold. The threshold depends on the standard deviation from 

the last cycle-slip, and is computed as: Th = k-factor · stdDev 
 

2. The mobile mean over the window is compared with the measured value, 
and it must be larger than the wave length of the Melbourne-Wübbena 
combination (~0.8 m). 
 

3. The standard deviation must be equal or larger than the minimum stdDev 
(configurable parameter) set as default to the wave length of the Melbourne-
Wübbena combination (~0.8 m). 
 

N-sample is the number of epochs needed before the detection function is 

active. Notice that N-sample will be overriden by n, where: 
 

n = maximum( N-sample of L1-C1 [if enabled], N-sample of Melbourne-
Wübbena [if enabled], N-sample of Geometry-free [if enabled] ) 

 

NOTE: When a cycle-slip is detected, the sample will be set as an outlier and 
ignored. If in the next sample a cycle-slip is also detected, a cycle-slip will be 
declared. Otherwise, the arc will be maintained. 

 

o L1-C1 Difference [F1]:  This cycle-slip detector for single-frequency receivers 
uses the difference between L1 and C1 (L1P and C1C). This difference 
contains basically noise coming from C1, sudden jumps coming from cycle-
slips, and a ionospheric divergence with time, due to the different effects that 
the ionosphere causes in carrier phase and pseudorange measurements. 
This detector computes the mean and standard deviation of L1-C1 along the 
epochs, proving a sliding window to limit the divergence. The expected mean 
value is compared against the obtained one, and if it is larger than a specific 
threshold, a cycle-slip is declared. 
 

The threshold is obtained as: 
 

      Th = k-factor·stdDev 
 

The sigma is inflated with an initial stdDev during the first iteration and after 
every cycle-slip to avoid noisier or unrealistic sigma estimates. 
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N-sample is the number of epochs needed before the detection function is 

active. Being k, initial stdDev, window size and the N-sample configurable 
parameters. 
 

Notice that N-sample will be overriden by n, where: 
 

n = maximum( N-sample of L1-C1 [if enabled], N-sample of Melbourne-
Wübbena [if enabled], N-sample of Geometry-free [if enabled] ) 
 

¶ GNSS Satellite Selection: The buttons allow to individually select/deselect each 
satellite for processing. A deselected satellite shall not be taken into account when 
processing. Green color marks selected satellites and red deselected satellites. 
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4.2.3 Modeling 

This section provides the configuration options to set/unset each individual model that is 
used by gLAB.  Figure 4-9 shows a screenshot of the MODEL section. 

 

 Figure 4-9: Modeling section screenshot  

¶ Modeling Options: The following options allow to enable/disable the different models 
included in the processing. 

o Satellite clock offset correction: The satellite clock errors correspond to the 
clock synchronism errors of the satellite clocks in relation to the GNSS system 
time scale. These errors depend heavily on the type of oscillator of the 
satellite and are quite unpredictable. They can only be obtained by some kind 
of estimation. The typical source for estimations of these errors are the own 
navigation message, or some kind of external estimation, such as SP3 files. 
The effect of these clock errors can reach up hundreds of kilometers. 

o Consider satellite movement during signal flight time: Due to the distance 
between satellites and receivers (between 20000 and 26000 Km for GPS), the 
signal travel time is not despicable (about 70 ms for GPS). Thence the 
receiver is obtaining the measurement after it has been emitted by the 
satellite. This fact should be taken into consideration, as the position of the 
satellite must be computed in the transmission time, not in the reception time. 
This effect can impact on the measurements up to hundreds of meters. 










































































































































