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Welcome

Dear users, thank you for your confidence in the gSim GNSS simulator. gSim 3 is a low-cost
dual-frequency GPS, Galileo signal simulator capable to generate and transmit combination
of the following GNSS signals

e GPSLI C/A

e GPSL5T1and GPS L5 Q
e E1B nad E1C

e E5AI and E5AQ

The simulator is optimised for GNSS receiver development and testing. gSim allows the
definition of static or dynamic scenarios, modelling dynamic stress, multipath propagation,
spoofing, and manipulation of the navigation message. The user can model errors in the
radio channel, deflections in the navigation satellite trajectory and satellite clocks, receiver
antenna patterns, navigation message updates and many others.

The experienced user can also model various propagation effects, such as signal scintillation,
signal attenuation, shadowing or blocking by obstacles near the receiver antenna, navigation
signal propagation errors, etc.

The navigation signals are generated by the gSim software on a powerful PC workstation.
The resulting signal is then transmitted by several recommended SDR transceivers enhanced
by a gSim converter. Thanks to the converter, gSim generates perfectly synchronised signals
on L1/E1 and L5/E5A frequencies.

The Multi-Constellation GNSS Simulator is a complex project that requires intensive, long-
term development. Your feedback, suggestions, comments or bug reports are welcome and
will serve to improve gSim.



Features

Dual frequency GPS L1 C/A, L5 1&Q, Galileo E1 B&C, E5A 1&Q
Simple (automatic) or advanced (manual) simulation scenario setup
Static and dynamic scenarios
— 10 Hz user position input
— LLH or ECEF coordinates
— Variable user velocity (limited to 590 m/s)!
Line-of-slight and two reflected (multipath) signals
Spoofed signals with the same or different navigation messages
Navigation message update
Navigation message modification
Modeling the navigation message transmission errors
Modeling the satellite orbit and atomic clock errors
Klobuchar ionospheric propagation model
Creating complex simulations using third-party math software
— A signal propagation model dependent on the user’s position and the azimuth and
elevation of the navigation satellite
— Complex ionospheric propagation model
— Atmospheric effects like scintillation
— Jamming and spoofing
— Dynamic stress
Multi-core processor support
Cost-effective SDR signal transmitters
gSim Converter (as external add-on HW) for dual L1/E1 and L5/E5A signal generation
Commercial, Space, and Demo Software licenses

ITest, Inspection and Production Equipment for receiving equipment capable of providing navigation
information at speeds in excess of 600 m/s is, according to COMMISSION DELEGATED REGULATION
(EU) 2022/1 of 20 October 2021, a regulated good. Due to this speed limit, the standard gSim is an
unregulated item. Users who need to test receivers above the speed limit can use gSim Space simulator
that is available on request.



Typography

The manual uses the following typographic conventions:

The data and signal processing blocks are printed in solid (Constellation preproces-
sor).

The names of the input, intermediate, and output files are in italics, such as INI file.
The INI file sections are enclosed in square brackets and are printed in bold violet
([Settings])

Keys or property names like Sampling_Rate are printed in green

Key—value pair is printed as follows key = value

Navigation message items are printed similarly to keys in INT file. (t_oe)

References to documents are numbered and placed in square brackets [1]

Some entries are abbreviated

In the INI file and Constellation files entries are always capitalised at the beginning
(Sampling_Rate). Words are joined by an underscore. The manual replaces the
underscore with a space, and capital letters could be modified (Sampling rate).
gSim takes parameter names (keys) from ICD documents [1-3] and converts them to
ASCII Mat format. For example, the parameter Reference Time Ephemeris, toe is
transcripted t_oe. The same transcription is used in INI file, Constellation files, and
Navigation messages files. Parameters related to the L5 signal are additionally prefixed
with the L5_ prefix (L5_t_oa); similarly, for Galileo, the prefixes E1B_ and E5A_ are
used. For the GPS L1 parameters, the prefix is absent. Marking of some GPS L1
Almanac parameters uses YUMA notation that slightly differs from ICD, e.g. the ToA
marking is used for t_oa parameter.



1 Introduction

The gSim system is a dual-frequency GPS Galileo simulator that uses a specially developed
computer program to generate raw signal samples. The signal is replayed by a recommended
SDR transceiver augmented by a gSim Converter. The software is designed as a Linux
command line application, as illustrated in Figure 1. The simulation is controlled through an
INT file. The additional input files define GPS and Galileo constellations and user position.

The input and intermediate files (created during the simulation generation process) are easily
readable text or CSV files that can be edited and modified manually or by third-party software.
The User position file contains fixed (static) or moving user positions in Geodetic (LLH
- Longitude, Latitude, and Geodetic High) or Cartesian (ECEF - Earth-Centered Earth-
Fixed) coordinates. The Source GNSS constellation consists of separate GPS and Galileo
constellation files containing the navigation satellite orbital, clock, and other supporting
parameters.

The gSim consists of independent processing modules: a Constellation preprocessor, a
Navigation messages generator, a Satellite ranges generator, and a Signal genera-
tor.

The gSim uses a real GPS and Galileo constellation received, for example, by a GNSS
receiver (Source constellation) that is adjusted by a Constellation preprocessor to the
form suitable for the generation of navigation messages and the positions of navigation
satellites.

The next step is to generate navigation messages for individual satellites with a Navigation
messages generator. The resulting Navigation message files contain the individual bits
of the navigation message in a readable format that enables the modification of particular
items and introduces errors during transmission (modelling of the errors in the navigation
data channel).

The Satellite ranges generator creates the Satellite ranges files based on the Satellite
position constellations and a User position file. The files contain code and carrier phase
ranges, amplitude and other supporting information.

The final block is a Signal generator that calculates samples of the navigation signals
complex envelope (OQutput signal file) based on the Navigation messages files and the Satellite
ranges files.

The signal can be replayed with a recommended SDR transceiver equipped with gSim
Converter, Figure 2.

The gSim can generate a line of sight, two reflected (multipath) signals, and one spoofed
signal with different navigation messages.

The software is designed to meet the requirements of non-expert and expert users. For basic
simulations, you only need to set the start time and duration of the simulation and define
the user’s motion or fixed position. Everything else is set automatically. The expert can set
the parameters manually, modify the navigation messages and satellite orbits, add multipath
propagation, generate spoofed signals and much more.
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Figure 1: gSim data processing flow chart



Figure 2: gSim Converter Photo

The fundamental documents used in the design of gSim are the GPS and Galileo ICD
documents [1-3].

To make the program more straightforward to use, a Python-based GUI was created. It
allows you to view or edit the input and intermediate files and run individual gSim modules.

In addition, the GUI allows you to play back generated files using SDR transmitters and
control the gSim Converter.

gSim scenario examples that demonstrate the capabilities of the simulator and that can
be used as a basis for developing custom scenarios are described in the gSim Simulation
Guide[5]. Scenario files, including scripts for data processing, are available for download on
the gSim website.
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Figure 3: gSim GUI
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2 Installation

2.1 License

gSim GNSS simulator is available under Commercial and Demo Licenses.

2.1.1 Commercial License

The commercial license requires gSim Converter and License File. The commercial
license covers all features described in this document. More details are in the Terms and
Conditions, ¢Sim_ Licence and gSim_ GUI _License.

2.1.2 Space License

The space license covers all features of a commercial license. It requires a special release of
gSim without a speed limit. gSim space is a dual-use product!

2.1.3 Demo License

The Demo license is limited to a single frequency. It generates only GPS C/A and Galileo E1
signals. The generation of other signals is automatically disabled. The simulation duration
is set to 60 seconds. The simulation start is adjusted to the multiple of 600 seconds (10
minutes). The generation of the reflected and spoofed signals is disabled. The ionospheric
model is disabled. The user must set the following in INI File:

License_File = Demo?
Sampling_Rate = 14000000
SDR_Type = 2

In the opposite case, the gSim terminates with Error.

2.2 Operation System

The gSim was developed using the Linux Mint distribution (HW: CPU AMD Ryzen 9
7950X3D, RAM 2x32GB, SSD 2x M.2, 1x 4T SATA, SW: Linux Mint 21.1, gcc 11.4.0, libc
2.35). The application uses only basic libraries, making successful operation possible on most
of the major Linux distributions.

2.3 PC Requirements

Generating the multi-constellation and multi-frequency GNSS signal is a high computation-
demanding task requiring a middle or high-end desktop processor, enough memory, disk
volume, powerful cooling, and enough power of the power supply. We recommend at least 16
cores AMD or Intel processor, with at least 16 GB of RAM and at least 1 TB of disk space.
The SSD disks are highly recommended. The gSim is programmed as a multithread that
can utilize all available computational power. The cooling system must be able to remove
the generated heat; otherwise, the components will overheat and slow down. The computer
overheating or slow communication with SDR can cause instability of the signal replaying!

2 Automatic setting of those parameters are not possible as they are also used for gSim GUI.
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2.4 Software Installation
2.4.1 gSim
The installation archive of the gSim software contains:

e gSim license file (¢Sim_LICENSE)
e executable file gSim
e Nizbor Simulation scenario folder with scenario example

Installing the file to the Linux machine is simple; copy the gSim executable file to the /opt
folder and set the file as executable using the Linux command chmod 775.

The license users must also create a gSim/ or other suitable folder in the /home/ folder and
copy a License File3. The location of the licence file is set in INI File.

2.4.2 Simulation Scenarios

The next step is to prepare the simulation scenarios folder. In this folder, we will create
individual simulation sub-folders, Listing 1. The standard Linux restrictions are applied to
the file and folder names, i.e. up to 256 characters long, and can contain letters, numbers,
and underscores.

The folder requires enough space, as it saves raw signal samples®. We can use home/ folder
or other high-capacity disk.

The easiest way to create a folder with a simulation scenario is to copy it from the gSim
archive.

gSimScenarios
“-- Nizbor
|-- Constellation
|-- Ini
| “-- Nizbor.ini
| -- NavigationMessages
|-- SatelliteRanges
|-- Sig
|-- SourceConstellation
| |-- 2024_108_Gal_constel.csv
| “-- 2024_108_GPS_constel.csv
|-- SpoofedMessages
“-- UserPosition
|-- Nizbor.1llh
“-- Nizbor.xyz

Listing 1: Recommended structure of the Simulation Scenario Folder with Nizbor simulation
scenario

2.4.3 gSim_ GUI

The gSim _GUI installation archive consists of the following files:

3Do not confuse License File with a gSim LICENSE there. The License File is distributed with gSim
Converter and makes accessible the whole software features to the commercial user.

4For example, a ten-minute signal for a BladeRF SDR. of sampling frequency 24 MSPS takes up approxi-
mately 58 GB.
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1

gSim_ GUILpy — python script
gSim_ GUI — Single executable file
Icon.png — Icon

Logo.png — Logo

gSim_ GUI _LICENSE

gSim__ GUIINI — Initiation file

gStm__ GUI is a single executable file created from gSim GUIpy by a pyinstaller. The file
contains all dependencies and an active Python interpreter that can execute it directly on a
Linux machine without additional software. Its installation is simple: copy the file to the
/opt folder and set it executable using chmod 775 command.

The gSim_ GUI data and auxiliary files are saved to home/gSim/ folder. The user must
create the home/gSim/ folder if not created in the previous step and copy Logo.png and
Icon.pnyg files and optionally ¢gSim_GUILINI. Alternatively, we can use the default INI File
created by gSim GUI in the first run.

gSim _GUI is run by a command:

$ gSim_GUI

The final optional installation step is to create a program launcher for the desktop using a
standard launcher creation approach for a particular distribution.

2.4.4 First Run

In the first run, it is necessary to run GUI and select INI File in the Settings frame. You
can also modify the Text Editor and CSV editors and check the path to the gSim executable.
When finished, press the Save Settings button to store the settings in ¢Sim_GUILINI. The
commercial license users must install and configure the gSim Converter; the details are in
section 6.5.4.

Now you can open INI File and set the folders and files in [Folders Files| section; see
paragraph 3.1.4. After that, you can make another setting in the INI File if needed and
save it. Finally, you can run the simulation by pressing the corresponding button in the
Processing frame.

14



3 Input, Intermediate and Output Files

The input, intermediate and output files define the simulation scenario, simulator settings,
navigation satellite orbital parameters, satellite status, user position, and other supporting
information.

All files except Output Signal File are human-readable text or semicolon-separated CSV files.

In all text files, we use a decimal point delimiter to separate the integer and fractional parts
of the number.

3.1 INI File

INTI file is used for the basic simulation setting. The file is common for gSim Simulator
and gSim GUI. The file uses standard text configuration file syntax. It is organized into
[Sections|. The sections contain key-value (key = value) pairs. The file further contains
comment lines (; Comment) that improve orientation and readability.

INI file must contain all sections and all key-value pairs defined in the following paragraphs,
and the values must be in the appropriate range even if it is evident that they are not needed
for the given settings; otherwise, the software terminates with an Error.

Some keys require a vector of values. In that case, the data are written in a single "long"
line, and items are separated by a semicolon. The semicolon is not written at the line end
after the last item.

3.1.1 [Simulation]

Section |Simulation| sets the basic parameters such as simulation description, time and
duration, elevation mask, and receiver antenna pattern. The complete list of the keys with
the details is in Appendix A.1.

3.1.2 [Signal]

In section [Signall, the user can switch on and off individual GNSS signals, set the number of
reflected or spoofed signals, and individually set the nominal amplification (level) of signals,
see Appendix A.2.

3.1.3 [Frequency]

Section [Frequency]| sets the carrier frequency of the SDR transceiver, sampling rate, and
frequency offsets of individual signals. The recommended frequency setting deals in section 6.

The keys of section [Frequency| are listed in Appendix A.3.

3.1.4 [Folders Files]

Section [Folders Files| defines the folders and file names of the input, intermediate and
output files. The recommended directory structure is proposed in paragraph 2.4.

The values are strings with a maximum length of 256 characters. Paths and file names
are used for both gSim and gSim GUI. Files structures are described in the appropriate

15



subsection of this section. The setting is common for all gSim versions (Demo, Commercial,
Space) except License file.

License_File sets paths and file name of License file. For Demo mode, the value is set to
Demo (License_File = Demo). Details concerning gSim Licencing are in section 2.1.

GPS_Source_Constellation, GPS_Nav_Message_Constellation_1,
GPS_Nav_Message_Constellation_2, and GPS_Sat_Position_Constellation
are used for the specification of the names and folders of GPS constellation files. Details are
in section 4.1, and the file structure is in section 3.3.

Similarly Galileo_Source_Constellation, Galileo_Nav_Message_Constellation_1,
Galileo_Nav_Message_Constellation_2,and Galileo_Sat_Position_Constellation
define the same for Galileo.

The key GPS_L5_Tx_P1lan sets the file name and path of the GPS L5 Transmission Plane file.
This file defines the GPS L5 transmission order of the navigation message types individually
for each constellation satellite, as it is not specified in ICD [2]; ICD defines only the maximal
refreshing period of the data.

To Navigation_Messages_Folder gSim saves the individual GPS and Galileo navigation
message files. Similarly, spoofed message files are saved to Spoofed_Message_Folder.

The User Position file name and folder are set with the help of User_Position. The
Generated Position file is specified by Generated_Position. The folder for saving the
Satellite Ranges Files is set by Satellite_Ranges_Folder.

The Generated Signal and Description File name and folder are set using Output_Signal.
The value specifies the folder and Generated Signal file name without extension. The
extension is automatically generated; see paragraphs 3.10 and 3.11.

The complete list of the keys is given in Appendix A .4

3.1.5 [Preprocessor]

The Preprocessor module can run in Automatic or Manual mode. The mode is selected
using Preprocessor_Mode.

In Manual Mode, the user must set all reference times of the navigation data for all four
GNSS data signals, times of the navigation message update, and other supporting parameters
like Issue of Data (IOD). gSim requires setting these items individually for all 32 GPS and
36 Galileo satellites for both Navigation Message Constellation 1 (used for generation of the
navigation messages before navigation message update) and Navigation Message Constellation
2 (used after update). In Automatic mode, all these parameters are set automatically; see
4.1.

The individual reference times are set as a GPS resp. Galileo time of week and week offset
from Simulation_Start_Week_No.

The complete list of keys of section [Preprocessor| is printed in Appendix A.5.

16



3.1.6 [Navigation Messages Generator|

In [Navigation Messages Generator|, the user can set the Fill Pattern of the non-
specified (classified) items of the GPS L1 navigation message and assign a fixed value to the
Search and Rescue (SAR) and Open Service Navigation Message Authentication (OSNMA)
fields of the Galileo E1B message. For example, these features enable better testing of the
receiver bit synchronization algorithm.

The keys of the section are enumerated in Appendix A.6.

When testing the Galileo Search and Rescue service or Open Service Navigation Message
Authentication, the appropriate fixed items in the Galileo E1B navigation messages (section
3.6) must be modified by the relevant SAR or OSNMA data manually or by third-party
software before signal generation.

3.1.7 [Satellite Ranges Generator]|

The current version of gSim has only two settings in section [Satel-
lite Ranges Generator|, see Appendix A.7. The user can switch On and Off
the Ionospheric and Tropospheric delays of the ranging code ranges and the Ionospheric
advance of the carrier phase; the details are in section 4.3.

3.1.8 [Signal Generator]

The Signal Generator generates the output signal file in three formats. Format SC16_ Q11
is determined for BladeRF SDR; for HackRf, the software generates 8-bit binary 1&Q signal
samples. The last format is 1&Q float samples. The setting is done by SDR_Type.

The Turbo enables speed-up signal generation. The method is based on the fact that the
navigation receiver integrates the signal in the correlator and then processes only the product
of this integration. GNSS signal is continuous, but the same integration output can be
achieved with a burst signal. In Turbo mode 1 the generator generates only one 100 us block
from three blocks. The level of the burst is adjusted to produce the same signal power. This
setting speeds up the signal generation approximately 2.5 times. In turbo mode 2, the signal
generator generates only one block from seven.

Note that turbo modes are experimental!!! Some receivers accept such generated signals,
while others have problems with the demodulation of the navigation message, for example.
On the other hand, Turbo mode can be helpful for rapidly generating some types of spoofing
or correlated jamming, etc.

The last option is Processor_Threads. This option specifies the number of threads in
which the signal is generated. The optimal settings depend on the number of processor cores
and processor manufacture. For Intel processors, we recommend setting this option to the
number of processor cores, while for AMD processors, the optimal setting is to double the
number of processor cores, as the computation power of the AMD processor cores is nearly
doubled when processing two treads.

The list of the keys of section Signal Generator is in Appendix A.8.
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3.1.9 [System]

[System)] serves to set the gSim Converter ports and attenuation and settings of the SDR
transmitters. Detailed information about SDR and gSim Converter settings are in section 6
and SDR documentation.

In this section, the user also sets the preferred terminal. Detailed settings are listed in
Appendix A.9.

3.2 GUI INI File

GUI INI File is a simple definition file of gSim GUI. It must be named ¢gSim_GUI. INIL
The file must be saved in /home/gSim/ folder. The file contains only one section [Settings|
and four key-value pairs.

The pair gsim_ini specifies the name with a full path of gSim INI File. The Key gsim
determines the exact location and name of gSim command line application (executable file).

text_editor defines the third-party text editor for displaying and editing the text input,
intermediate, and output files. The csv_editor inputs the CSV Editor for editing and
modification of CSV files.

If the file does not exist, the gSum GUI generates the file with the default values. The user
can modify the settings in the Setting frame and save it using the Save Setting button.

3.3 Constellation Files

GPS and Galileo Constellation files carry out all the information needed to generate satellite
constellations, generate navigation messages, calculate precise positions of the navigation
satellites, etc.

The gSim distinguishes several types of constellation files, which are described below. All
constellation files have the same format described in paragraphs 3.3.3 and 3.3.4.

3.3.1 Source Constellation

The source data are stored in the Source constellation. A repository of source constellations
is available on the gSim website www.gsim.cz. The data is updated regularly to allow for
the use of current GNSS constellations.

The repository data are measured by a GNSS receiver at one fixed point. The receiver
processes the navigation messages of GPS L1 C/A, GPS L5, Galileo E1B and Galileo E5AT
signals and converts them to the formats described in paragraph 3.3.3 and 3.3.4. As the
visibility of the GNSS satellites in one point is limited, the complete data are obtained from
approximately half a day of measurement. The reference times of the individual satellites
can differ. But that doesn’t matter because the Preprocessor can transform the data to
the required reference times. The resulting transformed data Preprocessor saves to the
Navigation Messages and Satellite Ranges Constellations (intermediate) files.
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3.3.2 Navigation Messages Constellation & Satellite Ranges Constellation

The Navigation Messages and Satellite Ranges Constellations are used to generate navigation
messages and calculate satellite positions in the Satellite Ranges Generator. The
data in Navigation Messages Constellations are recalculated to the reference times suitable
for navigation message direct encoding. The recalculation is done by the Constellation
Preprocessor module. As the gSim enables one update of the navigation message per
simulation, the Preprocessor generates constellations indexed by index 1, used for encoding
the navigation messages at the beginning, and constellations with index 2, used after the
update.

The satellite range constellation is a copy of Navigation Range Constellation 1. The reason
for generating separate files with the same content is that users can independently mod-
ify the navigation messages constellations and satellite ranges constellations and thereby
independently introduce the errors to the navigation messages and satellite positions.

3.3.3 GPS Constellation

The Source GPS Constellation, GPS Navigation Messages Constellations, and GPS Satellite
position constellations have the same format described in this section. The data are coded
to the semicolon-separated CSV files of 34 columns. The first column contains a description
of the data for improving orientation. The second column includes keys that unequivocally
identify the data. Columns 3 — 34 contain values for all 32 GPS satellites.

Numerical values are written to the file in basic SI units, with a few exceptions.

The order of keys is not important. The user can change it without penalty. Also, the date
description can fit the user’s requirements.

While reading the Constellation file, the gSim checks the presence of all mandatory keys and
the range of the data.

The keys concerning the L5 navigation message have L5_ prefix, while the keys for L1 are
without a prefix. The keys come from ICD documents and are in ASCII Math format.

Some items are the same in Almanac and Ephemeris, so they are distinguished by an
additional prefix a_, for example, a_1i.

When working with Constellation files, the program checks the ranges of the values. The
range of the item depends on the bit representation and scale factor in the navigation message;
see relevant ICD.

The list of the items in the appendix presents an approximate range that is more practical
than the precise range. The precise range can be defined by a formula, but readability is
complicated. In addition, the maximal and minimal values are used only in exceptional cases.
The gSim software itself uses a precise range defined by formulas.

For example, GPS L1 C/A Almanac orbital inclination is transmitted as a difference (J;)
from a nominal value that is 0.3 semi-circle. The (d;) is coded to a 16-bit Two’s complement
number. The LSB sale factor is 2719, unit semi-circle. The precise range after transformation
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to the radians is <7r (03-27%),m (0.3 +274. 21;21) > The list in Appendix B publishes
an approximate range of 0.746 — 1.139 instead of a formula.

3.3.4 Galileo Constellation

The philosophy of Galileo Constellation files is the same as that of GPS files. The only
difference is in the different keys and the number of Galileo satellites. The gSim assumes 36
satellites.

Both Galileo E1B and E5A navigation messages were designed at the same time in contrast
to GPS L1 C/A and L5. The navigation messages, with few exceptions, contain the same
item.

The list of Galileo Constellation file items is in Appendix C

3.4 L5 Transmission plane

The order of transmission of the navigation messages by the satellites is strictly defined in
the ICD documents, except for the GPS L5 signal. The order of its messages is free. The
system must guarantee the refreshing time of the individual types of information; see [2],
Table 20-XII.

The L5 Transmission Plane is a semicolon separate CSV file that contains 32 columns and
min. 604 rows. The columns define the order of message Type Numbers transmitted by the
given satellite from the beginning of the simulation. The length of the file (number of lines)
has a margin sufficient for an hourly simulation since the duration of the GPS L5 message is
six seconds.

3.5 User Position

The user position is defined with the help of User position file. The user position can be
set in ECEF (Earth-Centered, Earth-Fixed) or LLH (Longitude, Latitude and Height above
ellipsoid) coordinates. The type of coordinates is distinguished by a file extension. The
extension .xyz means that the coordinates are in ECEF while .[Ih specifies LLH coordinates.
No other extensions are allowed.

The position data are referred to WGS84 ellipsoid.

3.5.1 Static User

The static and moving user is distinguished by the number of lines in User position file. In
the case of a static user, the file has only one line. At the end of such line, there must not be
character LF or CR; in the opposite chase, the gSim detects the moving user!

Examples of the static user position files are Nizbor.llh and Nizbor.zyz.

The .1k file consists of three coordinates separated by a semicolon. In the end, the semicolon
is absent.

1150.0; 14.0; 255
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Listing 2: Nizbor.llh

The first number indicates latitude in [°], the second longitude in [°] and the last ellipsoid
height in [m]. Positive latitudes are northern and negative latitudes are southern. Similarly,
the longitudes; positives are eastern and negatives western.

The coding of .zyz uses the same rules. The first number specifies the X coordinate in [m],
the second Y and the last Z.

113986002.01; 993821.92; 4862984.38

Listing 3: Nizbor.xyz

3.5.2 Moving User

For the moving user, the user position file has multi-line content. The position samples are
written to the lines with the time step 100 ms (sampling rate 10 Hz). The data on the line
has the same meaning as the static user position file. The example is DynamicStress.llh or
DynamicStress.llh, see gSim Simulation Guide [5]. The lines are separated by CR character.
At the end of the last line, the CR character is missing.

Number of lines must satisfy the following non-equality:

Number of Lines > Simulation_Duration x 10 4 3

In the opposite case, the gSims terminates with Error. The precise assignment of the GPS
Time of Week to the individual positions is clarified from paragraph 3.8. Additional three
position lines are needed to smooth the satellite ranges in the Signal Generator.

3.6 Navigation Messages Files

The Navigation Messages Files are human-readable text files generated by a Navigation
Messages Generator that contain all necessary information for generating the navigation
messages bit streams that are subsequently modulated to the satellite signals. The fragment
of this file is in Listing 4

HHBHBHBHBHBHBHBHBHBHBHBHHHHHH R HBHB AR HBHBHBHBHBHBHBHH
#ToW 24 s

#WN 266

#TLM, Z-count 4

10001011, Preamble

11110000111100, TLM Message

0, INTEGRITY_STAT_F - Integrity Status Flag
5|0, Reserved Bits

o| SParity

)| SEB0B0000N0P0N0BOBN0N0N0A0BOBOBO, Error Word
1 | #HOW

> | 0000000000000B101, TOW-Count Message

3|0, ALERT - Alert Flag

1|1 @, A_SPOOF - Anti-Spoof Flag

~
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101, Sub-frame ID

$@0Parity

SE0000000000000000B000000N0A0A0B, Error Word
# Almanac SV 11

# a_e 1.2368950000000000e-03

# a_ToA 36864 s

# a_i 9.6643856201499778e-01 rad

# a_Omega_dot -8.0571209999999995e-09 rad/s
# a_sqrtA 5.1536970000000001e+03 m"1/2
# a_Omega_@  2.8223864556818561e+00 rad

# a_omega -2.5244390000000001e+00 rad

# a_M_@ -1.8023242829701189e+00 rad

# a_Af_0 0.0000000000000000e+00 s

# a_AF_1 0.0000000000000000e+00 s/s

#Subframe 5 Word 3
#Almanac SV 11

01, Data ID
001011, Data ID

3|0000101000100010, 'a_e' - Excentricity

SParity
SE00000000000000000000000N0A0R0B, Error Word
#Subframe 5 Word 4

7| #Almanac SV 11

00001001, 'a_ToA' - Almanac reference time
00060111110011111, 'a_i' - Correction to inclination
SParity

SE00000000000000N0B0000N0A0A0R0B, Error Word

Listing 4: Fragment of GPS L1 C/A navigation messages file

The Navigation Messages file consists of

e Navigation message bits

e Directives for transcoding of the file to the bit stream

e Comments
The files are saved to Navigation_Messages_Folder; the names are generated as follows:
GPS L1 C/A navigation messages files are named GPSL1_SVzz.nms, where zz is satellite
vehicle ID 1 - 32. The GPS L5 navigation messages are saved to GPSL5 _SVzz.nms. A similar
convention is used for Galileo E1B (GalE1B_SVzz.nms) and E5A (GalE5A  SVzx.nms).
The Galileo navigation messages files are generated for all 36 satellites (zz = 1 — 36).

The navigation message bits are always written at the beginning of the line and are terminated
with a comma. Possible comments are written after the comma. The Navigation Message
Generator writes each item of the message to a separate line with several exceptions of binary
flags. The first part of the comment is key enclosed in apostrophes followed by the item
description. The key is used for easier file searching.

Line comments start with hash tag character (#) followed by the text comments. For
instance, comment # Constellation I informs that the first navigation message constellation
is modulated. Similarly, the # Constellation 2 announced that the next navigation messages
are generated from Constellation 2.

The last items are directives that control the transformation of the navigation message file
to the bit stream. Directives start with dollar ($) and are listed in Table 1.
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Directive Description
$Start Defines time of week [s] of the transmission of the first bit
$Parity Computation of the GPS L1 parity bits

Set the last two bits of the source word and calculate
$00Parity the parity so that the last two parity bits are zero.
$E000000.. Apply the Error Word
$CRC Calculation of the CRC and finalization of the data coding
$WO0 — $W22 | Information about Galileo E1B Message Type
$R111.. SAR bits of the Galileo E1B message
$S00101111 SSP 8 bits, Secondary Synchronisation Pattern of E1B
$ri11.. OSNMA bits of the Galileo E1B message
$A $AO0 - coding I/NAV Normal Page, &A1l - I/NAV Alert Page

Table 1: Navigation Message Files Directives

Due to the delay in signal propagation and to create space for the delay or ad-
vance of the reflected or spoofed signals, navigation messages are not generated only
from the beginning (Simulation_Start_Time_of_Week) of the simulation to the end
(Simulation_Start_Time_of_Week 4 Simulation_Duration). They are extended by
at least one message or sub-frame before the start of the simulation and by at least one
message or sub-frame at the end.

The start times ($Start) of all navigation messages of the given signal must be the same.
The $Start times between signals, for instance, GPS L1 C/A and GPS L5, can differ.

3.6.1 GPS L1 Navigation Messages Files

The GPS L1 C/A navigation [1] message of a duration of 12.5 minutes is organized into 25
frames of duration of 30 seconds. Each frame consists of 5 sub-frames, each lasting 6 seconds.
Finally, the sub-frame contains ten words with a duration of 0.6 s and a length of 30 bits.
Each word is protected against errors by Hamming linear block code (32, 26). The 24-bit
data word is prolonged from the last two bits of the previous word to obtain a source word
of 26 bits. The length of the parity word is 6 bits.

To remove dependencies between sub-frames and between the first and second words of the
sub-frame, the last two bits of the sub-frame (= last two bits of the parity word) are set to
zeros. This is achieved by setting the last bits of the source word accordingly. Therefore the
Navigation Messages Generator generates 24 bits of words 2 — 9 and 22 bits of words 1 and
10.

The directives $Parity and $00Parity inform the file decoder that it must calculate the parity
word, respectively, set the last two bits of the source word and calculate the parity word with
the last two zero bits.

The Error Word serves to model errors during signal transmission. The length is 30-bit. The
error word is binary added® by the 30-bit coded word to obtain the received word, which is

5Binary addition corresponds to the XOR logical function.
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modulated. The generated Error Word consists of 30 zeros (no errors). In the case of error
modeling, the user must manually set the incorrectly received bits before signal generation.

The navigation message can be divided into precise data about transmitting satellites called
Ephemeris and less precise Almanac. The satellites transmit their own Ephemeris parameters
and a shorter Almanac for all constellation satellites. The Almanac parameters transmitted
by the satellites are referred to the same a_ToA. The Navigation Messages Generator must,
therefore, transform the Almanac data to the a_ToA of transmitting satellite.

The navigation message generator also sets the Almanac health of non-existing or non-active
(SA = 0) satellites to an unhealthy state.

3.6.2 GPS L5I Navigation Messages Files

The GPS L5I navigation message consists of messages that last for 6 seconds. Each message
modulates 300 source bits. The data are channel-coded by a convolutional code of coding
rate 1/2. The source data are protected by a 24-bit CRC code.

The order of the navigation messages is not defined in [2]. The document specifies the
maximum update time for the navigation data only. Therefore, the user must set the order
with the help of the L5 Transmission Plane file, paragraph 3.4.

The gSim generates at least one null message before Simulation_Start_Time_of_Week,
and one after the simulation ends for the same reasons as in the GPS L1 signal.

The L5 Navigation Messages Generator generates 276 data bits, followed by a directive $CRC
and Error Word of length 600 bits. The Error Word is divided into six lines due to its long
length.

When reading the L5 Navigation Messages File and generating the bits stream, gSim checks
the length of the data bits, calculates the CRC, encodes the source data using a convolutional
coder and finally applies the Error Word.

The current version of gSim supports Message Types:

0 Default Message
10 Ephemeris 1
11 Ephemeris 2
30 Clock, IONO & Group Delay
32 Clock & EOP (Earth Orientation Parameters)
33 Clock & UTC (Coordinated Universal Time)

The other messages were not transmitted by the satellites at the time of development. Those
messages will be added in the next versions.
3.6.3 Galileo E1B Navigation Messages Files

The generation of the Galileo E1B navigation message, also called I/NAV, is a bit complicated,
as the navigation data are transmitted with Search And Rescue (SAR) data and other
supporting data. In addition, the data are coded to pages split into even and odd parts; see
[3].
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The navigation data are organized into the 128-bit words that the Navigation Messages
Generator generates. The navigation data are then split into two parts: a part of the length
of 112 bits is encoded to the odd part. In contrast, the remaining 16 bits, together with 22
bits of SAR, 40 bits of OSNMA (Open Service Navigation Message Authentication) and 8
bits of SSP (Secondary Synchronisation Pattern), are included in the even part.

The SAR, OSNMA and SSP are non-navigation items. The first two items are static and are
set in INI file; the last item is automatically generated. Note that SSP is not protected by
the CRC.

The E1B signal also enables the transmission of Alert. The Alert signal is activated by
replacing the I/NAV Nominal Page with the Alert Page [3]. The type of I/NAV page
is controlled by directives $A0 (Normal Page) and $A1 (Alert Page). The Navigation
Messages Generator marks the navigation messages by directive $A0 (Normal Page). If
the user wants to send an Alert signal, he must manually change appropriate directives to
$A1. before signal generation.

The Navigation Messages Generator also adds directives $W0 — $W22 to the files that
inform which message is coded. The reason is that the navigation message contains additional
FEC2 (Forward Error Correction) based on Reed-Solomon code that generates words 17, 18,
19, and 20. The code protects the Clock and Ephemeris Data (CED) transmitted in words 1
— 4 and improves their decoding sensitivity. Note that CED data are essential for positioning.

The Navigation Messages Generator generates parity words and CRCs when reading
navigation messages. The same philosophy is used in the case of FEC2. The FEC2 (words
17 — 20) is generated while reading the navigation message file from actual modulated data.
So, the date bits in those words in navigation messages files are not generated (absenting)!

The directive $CRC orders the navigation message decoder to calculate the CRC of even
and odd page parts. The result is then added to the even part. After that, both pages
are encoded by a convolutional code, and the results are interleaved by a block interleaver.
Finally, the software adds a 10-bit synchronization word, applies the Error word and series
the data into the data stream.

Note, that the Error Word is classified into even and odd parts, each containing 250 bits.

3.6.4 Galileo E5A Navigation Messages Files

The Galileo E5A navigation message, also called F/NAV, is organized into pages with a
length of 500 bits and a duration of 10 seconds. The first item of the page is a 12-bit
synchronization word followed by a 488-coded word. The length of the source data is 238
bits. The source data are protected by a 24-bit CRC. The resulting data are firstly prolonged
of the 6 tail zero bits, then coded by a convolutional coder of coding rate 1/2 and constraint
length 7, and finely interleaved resulting bits in a block interleaver.

Note that the tail zeros null the state of the coder in the message end, so the convolutional
coder is reset at the start of encoding.

The gSim generates the 214 source bits followed by a directive $CRC that commands the
data decoder to finalize the coding and apply the Error word. The length of the Error word
is 500 bits split into five lines.
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The gSim can generate all messages defined in [3].

3.7 Spoofed Messages Files

Spoofed Messages Files have the same names and structure as regular navigation messages
files. The difference is in the folder in which they are stored. The messages are not auto-
matically generated. They are loaded if it is permitted in INI file, see GPS_L1_Multipath,
GPS_L5_Multipath, Galileo_E1_Multipath, and Galileo_E5A_Multipath keys.

The start time of the spoofed messages must be the same as the (regular) Navigation
messages.

3.8 Generated Position

The generated position file is an output file calculated by a Satellite Ranges Generator.
The file provides data about GPS time and positions in both ECEF and LLH coordinates.
The name and folder are specified in [Folders Files|, Generated_Position.

The lines of the Generated position file contain individual position samples coded into seven
numbers:
1. GPS Time of Week [s]
Latitude [°]
Longitude [°]
Height above the ellipsoid [m]
Xecer[m]
Yecer[m]
Zecer[m]

A

3.9 Satellite Ranges

Satellite ranges files are the intermediate files a Satellite Ranges Generator calculates.
Those semicolon-separated CSV files have the following format of a time-increasing ordered
set of lines, where every line has the following content of columns (from left to right):
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Time, Azimuth and Elevation
1. GPS Time of Week [s]
2. Azimuth [°]
3. Elevation [°]
Satellite position
4. Xecer[m]
5. Yecer[m]
6. Zecer[m]
GPS L1 C/A or Galileo E1 Line of Sight signal
7. Signal Amplitude
8. Ranging Code Delay [s]
9. Carrier Phase Delay [s]
GPS L1 C/A or Galileo E1 First reflected or spoofed signal®
10. Signal Amplitude
11. Ranging Code Delay |[s]
12. Carrier Phase Delay |3
GPS L1 C/A or Galileo E1 Second reflected or spoofed signal®
13. Signal Amplitude
14. Ranging Code Delay [s]
15. Carrier Phase Delay |5
GPS L5 or Galileo E5A Line of Sight signal
16. Signal Amplitude
17. Ranging Code Delay [s]
18. Carrier Phase Delay [
GPS L5 or Galileo E5A First reflected or spoofed signal®
19. Signal Amplitude
20. Ranging Code Delay [
21. Carrier Phase Delay [s]
GPS L5 or Galileo E5A Second reflected or spoofed signal®
22. Signal Amplitude
23. Ranging Code Delay |
24. Carrier Phase Delay [s]
Galileo Time Shift®
25. GST - GPST [s]

%The Ranges generator sets those items to zero. The multipath (reflected signal) or spoofing is added by

a user using third-party software.
bThis item is in Galileo Ranges Files only.

The files are generated for all 32 GPS satellites (file names GPS_SVxx.rng) and for 36
Galileo satellites (Gal SVxx.rng) where xx is a satellite identification number (SV ID), for
GPS 1 - 32, and Galileo 1 — 36. The GPS range file has 24 items in the line. The Galileo file
is supplemented by GST (Galileo System Time) — GPST (GPS time) shift.

3.10 Owutput Signal File

The resulting GNSS signal is saved to the Output signal file. The simulator supports three

types of output files:
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e SC16 Q11 determined for Nuand bladeRF SDR
e 8-bit 1&Q) samples for HackRF SDR
e Raw 1&Q float samples for general usage

The directory and file name without extension are set by [Folders Files|, Output_Signal.
The extension is automatically generated; bzz is used for SC16 Q11 (BladeRF) format, haz
for HackRF and rzz for Raw 1&Q float samples. The zz indicates the rounded sampling
rate to MHz. For example, the file Nizbor.h18 is determined for HackRF, and its sampling
frequency is about 18 MHz.

The Signal Generator calculates exactly Simulation_Duration x Sampling _Rate samples.
The first sample starts in Simulation_Start_ Time_of _Week seconds. The time of the last sam-
ple is Simulation_Start_ Time_of _Week + Simulation_Duration — 1/Sampling _Rate seconds.
This feature enables the connection of two or more Output Signal Files to the simulation
that exceeds the 3600-second limit.

3.11 Description File

The description file is an auxiliary file automatically generated by Signal Generator. It is
saved to the same folder as the Output Signal File. The file summaries important information
about the simulation, such as simulation description, simulation time and duration, sampling
rate, etc. The name is generated from the output signal name by the following rule: <Name
of output signal>_<Output signal extension>.txt.

The file has the format of an INI file with one section [Simulation|. The example of the
content is in Listing 5.

[Simulation]|

Scenario_Description — Test1, GPS and Galileo L1 L5
Simulation_Start_Week_No = 2314
Simulation_Start_Time_of_Week — ©

Simulation_Duration — 300

SDR_Type = 2

;HackRF [I,Q 8 bit binary]
SDR_Frequency — 1375935000
Sampling_Frequency — 18000000

;Generated signals:
;GPS L1

;GPS L5I&Q

:Galileo E1B&C
:Galileo ES5AIRQ

Listing 5: Description File
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4 Processing Modules

4.1 Constellation Preprocessor

The ICD documents [1, 2, 3] specify the time range of the navigation data applicability. The
GNSS navigation messages are periodically updated to provide precise and actual information
about the satellite orbits, clock and other supporting parameters. The applicability times
are determined from the Ephemeris, clock, Almanac, etc., referenced times.

Reference times usually point to the following parameter update times. Most GPS parameters
like Ephemeris or clock data are regularly updated every two hours, while Almanac or UTC
are updated much less frequently. The applicability time window is usually + /- 2 hours from
the reference time. The regular update time of Galileo Ephemeris is three hours. The GNSS
systems allow more frequent updates if needed.

The task of the Constellation preprocessor is to transform source constellation data to the ref-
erence times that correspond with the simulation start Simulation_Start_Time_of_Week
and duration Simulation_Duration time.

4.1.1 Automatic Mode

In Automatic mode, the Preprocessor sets the reference times, update times and other
parameters as follows:

GPS L1 C/A

The issues of the data clock of all GPS satellites are set as follows: GPS_L1_I0ODC_1 =
800, GPS_L1_IODC_2 = 801. Reference times of the satellites are set to the same value
for all satellites! The GPS_L1_Update_Time, t_oe and t_oc are set in the time raster
2 hours, i.e. 0, 7200, 14400,... s. The Preprocessor finds the first future time from
Simulation_Start_Time_of_Week and sets GPS_L1_t_oe_1 and GPS_L1_t_oc_1 to
this time. The GPS_L1_t_oe_2 and GPS_L1_t_oc_2 are set to the next value in the raster
mentioned above. When setting, the time step (granularity) of the given parameter defined
in the appropriate ICD is respected. The time step is not applied to GPS_L1_Update_Time
because when this time is exceeded, the Navigation Messages Generator first finishes
encoding the subframe and then switches to the second data set.

If the reference times are in the week Simulation_Start_Week_No, the corre-
sponding week offsets GPS_L1_t_oe_1_Week_Offset, GPS_L1_t_oe_2_Week_0Offset,
GPS_L1_t_oc_1_Week_Offset and GPS_L1_t_oc_2_Week_Offset are set to zero. If
the reference times are in the next week, the corresponding week offset is set to +1.

The GPS_L1_t_oa_1, GPS_L1_t_oa_2, GPS_L1_t_ot_1 and GPS_L1_t_ot_2 are set to
the same value approximately 10 hours before Simulation_Start_Time_of_Week. If
this time is in Simulation_Start_Week_No, the GPS_L1_t_oa_1_Week_Offset,
GPS_L1_t_oa_2_Week_Offset, GPS_L1_t_ot_1_Week_Offset and
GPS_L1_t_ot_2_Week_Offset are set to zero. If the time is in the next week,
Week offsets are set to +1. When setting those parameters, their quantization step is
respected; see the relevant ICD [1].

GPS L5
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The settings of the GPS_L5_Update_Time, GPS_L5_t_oe_1, GPS_L5_t_oe_2,
GPS_L5_t_oc_1, GPS_L5_t_oc_2, GPS_L5_t_oe_1_Week_Offset,
GPS_L5_t_oe_2_Week_Offset, GPS_L1_t_oc_1_Week_Offset and
GPS_L1_t_oc_2_Week_Offset are done using the same algorithm as in GPS L1;
only the parameters quantization step, and raster are different. The time raster is 1 hour.
The parameters t_op serve for the estimation of the age degradation of the navigation data.
This parameter always pointed to the past [2]. The Constellation preprocessor sets these
parameters (GPS_L5_t_op_1 and GPS_L5_t_op_2) 10 minutes before the parameter update
(70 minutes before corresponding t_oe). The week offsets(GPS_L5_t_op_1_Week_Offset,
GPS_L5_t_op_2_Week_0ffset) are set in the standard way. The algorithm respects the
quantization step.

The GPS_L5_t_ot_1, GPS_L5_t_ot_2 and corresponding week  offsets
(GPS_L5_t_ot_1_Week_Offset and GPS_L5_t_ot_1_Week_Offset) are set using
the same method as GPS L1 only a different quantization step is taken into account.

The Constellation Preprocessor further sets the L5 Inter-signal Correction L5_ISC_L5Q5
to the same value as L5_ISC_L5I5. This enables the generation of GPS L5IQ signals as one
QPSK-modulated signal. In the opposite case, the delay of L5I and L5Q signals will differ,
and the I and QQ components will have to be generated as two independent BPSK signals
that will increase numerical complexity.

Galileo E1 & E5A

Calculating the Galileo reference times and relating parameters is easier as both supported
Galileo signals use the same parameters with the same quantization. The same parameters’
settings are generated for all 36 Galileo Satellites. The Issue of Data parameters are fixed
to the following values Galiloe_E1B_IOD_nav_1 = 600, Galiloe_ES5A_IOD_nav_1
= 600, Galiloe_E1B_IOD_nav_2 = 601, Galiloe_E5A_IOD_nav_2 = 601,
Galiloe_E1B_IOD_a_1 = 8,Galiloe_E5A_IOD_a_1 = 8, Galiloe_E1B_IOD_a_2 =
9, Galiloe_E5A_IOD_a_2 = 9.

The navigation message parameters are updated similarly to
GPS every three hours. The Galiloe_E1B_Update_Time,
Galiloe_ES5A_Update_Time, Galileo_E1B_t_0Be_1, Galileo_E1B_t_Be_2,
Galileo_E5A_t_0e_1, Galileo_E5A_t_0e_2, Galileo_E1B_t_0Be_1_Week_Offset,
Galileo_E1B_t_0e_2_Week_Offset, Galileo_E5A_t_Be_1_Week_Offset,
Galileo_E5B_t_0Be_2_Week_Offset as well as Galileo_E1B_t_0@c_1,
Galileo_E1B_t_0c_2, Galileo_E5A_t_0c_1, Galileo_E5A_t_06c_2,
Galileo_E1B_t_0c_1_Week_Offset, Galileo_E1B_t_0c_2_Week_Offset,

Galileo_E5A_t_0c_1_Week_Offset, Galileo_E5B_t_0c_2_Week_Offset are set by
the same algorithm.
The Almanac, UTC and Galileo time (GST) are set to the same values as Ephemeris.

4.1.2 Manual Mode

In manual mode, all reference times, update times, and other supporting parameters like
the issue of data, Ephemeris, clock, etc., must be set by the user in INI file. The user must
respect the quantization of the parameters, see Appendix A. The quantization step is the
same as the quantization round of the corresponding parameters in the navigation message.
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4.1.3 Satellite Constellation Transformation

The precise long-term extrapolation of the satellite orbits is, generally speaking, difficult.
Extrapolations of days, weeks, or even months are practically impossible using just data
broadcasted by navigation satellites. Let us note that GNSS navigation messages are designed
for precise short-therm extrapolation within Ephemeris, Clock, or Alamanc validity time
windows.

Applying the direct formulas from ICD documents for extrapolation of the inclination
and satellite clock parameters, etc., will lead to the overflowing of the parameters ranges.
The reason is a linear or cubic model of the development of the parameters. gSim uses a
transformation algorithm that

1. Keeps the GPS constellation,
2. Eliminates the parameter saturation.

The main criterion is to guarantee a smooth transition between navigation message constel-
lations 1 and 2 in order to simulate navigation message updates.

The transformation flow is as follows: the preprocessor first generates GPS navigation
messages for constellations 1 and 2 and satellite position installation; the second step is
the generation of the Galileo constellations. The final step is harmonizing the coefficients
for transforming the Galileo time to UTC with the GPS — UTC and Galileo — GPS time

conversions.

In exceptional cases, the range of the generated parameter may exceed the range. In such a
case, gSim will saturate the parameter and issue a Warning. It is up to the user whether the
Warning will resolve or ignore.

The parameter overflow typically occurs when the parameters are close to the limits of the
range, and their derivatives (rate) are significant. In such a case, the user needs to adjust
the value of the problematic parameters or the derivative in the source constellation and
rerun the Preprocessor.

4.2 Navigation Messages Generator

The module generates navigation messages according to [1, 2, 3] using the data from
GPS resp. Galileo Navigation Messages Constellations 1 and 2. Constellations 1 are
used before the navigation update, while Constellations 2 are used after the update. The
update times are entered in INI File by GPS_L1_Update_Time, GPS_L5_Update_Time,
Galileo_ET1_Update_Time, and Galileo_E5A_Update_Time, or are generated automat-
ically in automatic preprocessor mode, see paragraph 4.1.

The Almanac reference times and issue of data are set to the reference time and issue of
data of the broadcasting satellite, and Almanac orbital parameters are transformed to those
new reference times. So, the given satellite signal transmits a complete set of the Almanach
data with the same reference times and issues of data and therefore the Almanac reference
times and issues of data of the same satellite broadcasted by the different satellites at the
same time can differ, i.e., different satellites can transmit different issues (version, age) of
the Almanac.
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The results of the navigation messages generation are human-readable intermediate files
described in section 3.6. These files can be modified before signal generation to implement
the parameters errors, errors during signal transmission, and for other purposes.

4.3 Satellite Ranges Generator

The Satellite Ranges Generator generates the satellite ranges based on the user position,
GPS and Galileo position constellations, and instruction from INI File. The module first
reads the user position file, checks whether the user speed does not exceed the speed limit 590
m/s, assigns the times of individual points, and writes the results to the Generated Position
File.

In the next step, the module reads the GPS, Galileo, or both satellite position constellations,
calculates the satellite positions and ranges from GPS L1 Ephemeris and Galileo E1B
Ephemeris and saves them to the Satellite Ranges files. The calculation runs in GPS time.
The Galileo time for this purpose is transformed to the GPS time using GST GPS Conversion
coefficients ETB_A_0G, ETB_A_1G, ETB_WN_06G, and E1B_t_0G of the first Galileo Satellite
(ID = 1).

The signal amplitudes are calculated from the antenna radiation pattern and GPS_L1_Amp,
GPS_L5_Amp, Galileo_E1_Amp, resp. Galileo_ESA_Amp. The amplitudes of the satellites
below the elevation mask Elevation_Mask or the satellites that do not exist or not transmit
(SE, L5_SE, E1_SE, or E5A_SE is equal to zero) are set to zero.

The amplitudes and delay of the first and second reflected signals in the default setup are
automatically set to zero. The reflected or spoofed signals can be added by third-party
software if needed.

4.3.1 GPS

The GPS L1 C/A signal delay is calculated using the method presented in [1] that considers
Tep, satellite clock and relativistic corrections, and Ionospheric Tropospheric corrections if
switched on. The delay of the GPS L5 signal respects the group delay differences between GPS
L1P(Y) and L1 C/A signals (L5_ISC_L1C/A) and L1P(Y) and L5I signals (L5_ISC_L5I5).

4.3.2 Galileo

The signal delay is calculated according to [3]. Neither E1 nor E5 signals assume a time
delay between E1B and E1C nor E5AI and E5AQ components, as with GPS L5. The
time delay differences between E1 and E5A signals are defined by E1B_BGD_E1_E5A resp.
E5A_BGD_E1_E5AS. The Satellite Ranges Generator uses the first one to set the mutual
delay between Galileo E1 and E5A signals.

4.3.3 Ionospheric Delay

If the Tono_Model is set, the signals are affected by an ionosphere, and the modulation
envelope (code) is delayed while the carrier phase is advanced. The delay is calculated using
a Klobuchar model for both GPS and Galileo. The algorithm uses the coefficients alpha_g

6The group delays transmitted on E1 and E5A frequencies are harmonized by a Constellation Preprocessor.
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—alpha_3 and beta_0 — beta_3 of the first (ID = 1) GPS satellite from GPS Satellite
Position Constellation.

Klobuchar model calculates the ionospheric delay on L1/E1 frequency; the delay on L5/E5A
is then computed from L1/E1 delay using known frequency dependency.

4.3.4 Tropospheric Delay

The modeling of tropospheric delay is enabled by setting Tropo_Model = 1. The troposphere
is a non-dispersive medium, so the groups and phase delays are equal, and delays do not
depend on frequency. The delay is calculated using SPP (Standard Point Positioning)
Tropospheric model described in [4].

4.4 Signal Generator

The Signal Generator generates signal samples and saves them to the Output Signal file.
The input information are:

e Satellite Ranges Files
e Navigation Messages Files
e INI File

The module first reads the navigation messages files and transforms them into bit
streams. The next step is signal generation. The generated signal is the sum
of all signals on both frequencies. The delays of the individual signals are taken
from Satellite Ranges Files. The individual signals are frequency-shifted into the low
subcarriers” of frequencies GPS_L1_Frequency_Offset, GPS_L5_Frequency_Offset,
Galileo_E1_Frequency_Offset, Galileo_ESA_Frequency_Offset that are defined
in [Frequency| of INI File. The details are in section 6.

gSim can be used as a single-frequency or dual-frequency simulator. The mode of operation
depends on the generated signals (Appendix A.2), and SDR frequency setting (Appendix
A.3). The detailed instructions are in section 6.3.

When generating the signal, the 10 Hz (100 ms sampling period) signal delayed samples
must first be interpolated to the Sampling_Rate to the generated signal. Resampling is
done in two steps; the satellite ranges from satellite range files are first interpolated to a
sampling rate of 5000 Hz using the Cubic Spline method. The subsequent interpolation to
the target sampling rate is linear. For proper operation of the Cubic Spline interpolator, the
gSim requires one sample of the satellite ranges before the simulation starts and two samples
at the end; see 3.5.2.

The signal generator is computationally complex, so it is programmed as a multi-thread.
Each thread calculates a one-second signal chunk. The number of parallel executing threads
is set by Processor_Threads. The settings depend on the type of processor of the PC
workstation; details are in paragraph 3.1.8.

The signal generation rate depends on the PC processor, sampling frequency and the number
of satellites and reflected signals. The user is informed about the generation process; see

7—100000Hz < Frequency Offset < 100000Hz
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Listing 6. In the terminal, the threads that were started and ended are displayed together
with the information on the signal saturation.

The signal sample is a sum of the contributions of the partially generated line of sight and,
optionally, one or two reflected or spoofed signals. During signal generation, the sum can
exceed the range of the SDR analog to digital converter. In this case, the signal is saturated
(cut to the maximal or minimal value).

Signal saturation is common when generating such complex modulation. It has no measurable
impact on the signal quality if the percentage of saturated samples is low, about several per
cent. To be able to use the dynamic range of the SDR, the level of the generated signal
should be set to the maximum possible value. The level of individual signals is adjusted by
GPS_L1_Amp, GPS_L5_Amp, Galileo_E1_Amp and Galileo_E5A_Amp.

The default setting is optimal for generating line-of-sight signals of all supported GPS and
Galileo signals and common satellite constellations. When also generating high-amplitude
reflected signals, it is recommended to reduce the amplitudes of the signals adequately to
prevent excessive saturation.

Signal Generation Thread for second 58 started
Signal Generation Thread for second 28 ended
Saturated 8515 samples from 18000000

Signal Generation Thread for second 59 started
Signal Generation Thread for second 17 ended

;| Saturated 8618 samples from 18000000

Signal Generation Thread for second 60 started
Signal Generation Thread for second 10 ended
Saturated 8500 samples from 18000000

Listing 6: Signal generation progress messages fragment
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5 Software Control

5.1 Command Line

gSim simulator is designed as a Linux command-line application. As all settings are in INT
File, the software operation is easy. The user sets the file name with the full path to the
INI File. The order of the presets does not matter. The INI File can be set before or after
processing selection. If more than one processing is set, that valid is the last setting. The
settings are apparent from the program Help, Listing 7.

Help

-p Constellation Preprocessing

-m Navigation Messages Generation

-r Satellite Ranges Generation

-s Signal Generation

-a Generate all during single run

-i <INI File> Non-default initialization File

Listing 7: gSim Help

5.2 GUI

gSim GUI Figure 3 has been programmed to facilitate the control of gSim. Besides the
gSim operation, it can display and edit the input, intermediate, and output files with the
help of external text and CSV editors. Further, it can control the software for replaying the
generated signal by BladeRF or HackRF SDR transceivers, and finally, it can control the
gSim Converter.

The basic settings are made in the Settings frame, in which the user can input the name
and path of INI file, the location of the gSim program and enter the external third-party
text and CSV editors. The settings are saved to the /home/<username>/gSim,/ GUILINI
file (paragraph 3.2) by the button Save Settings.

The input files can be opened by buttons in the Input Files frame; the intermediate files
can be opened by buttons in the Intermediate Files frame. The file names, locations, and
other information are obtained from INI File.

The running of the gSim modules is made by buttons in the Processing frame. After
pressing the Run All button, confirmation of the choice is required because, in this case,
any changes in intermediate files made manually or by third-party software can easily be
overwritten. The last button Play Generated Signal runs the replaying of the signal by
an appropriate SDR transceiver with the help of bladeRF-cli or hackrf transfer third-party
software.

The status of gSim Converter is displayed in the frame gSim Converter. The attenuation
of the L1/E1 attenuator is controlled by the Slider. The attenuation of the L5/E5A attenuator
is set to the L1/E1 Attenuation + L5_Attenuation_Offset. The offset is defined in INT
File in section [System].

The GUI was developed for Python 3 (version 3.10.12). The script links the following modules:
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tkinter, worker, configparser, os, psutil, serial, and math. The GUI is delivered as a script or
one-file bundled executable.

5.3 Third Party Software

The gSim requires for its operation external text and CSV editors for modification of the
input and intermediate files. Third-party software is also needed to play the signal using
SDR. The advanced user will need mathematical software like SciLab, Octave, Matlab or
Python to generate the advanced simulation scenarios.

5.3.1 Text and CSV Editors

For text file processing, we recommend the xed editor, which is part of many Linux
distributions. For editing semicolon-separated CSV files, it is suitable reCsvEditor as
it saves the file with the same delimiters as it was read. Alternatively, LibreOffice Calc can
be used, but the current version has a problem with saving semicolon-separated files. The
delimiter must be manually set before saving; otherwise, the comma is used.

5.3.2 SDR Software

gSim replays the generated signal by the SDR transceiver with the help of the software deliv-
ered with the SDR transceiver. For the HackRF transceiver, we recommend hackrf transfer
software publicly available on the internet [7].

To replay the generated signal by BladeRF SDR, we recommend the bladeRF-cli - command
line interface and test utility delivered by the BladeRF manufacturer [6].

Both programs are fully supported by the gSimGUI, which can automatically generate a
command line and run the software. The experienced user can control the SDR via the
command line.

5.3.3 Mathematical Software

Some advanced simulation scenarios, like multipath, spoofing immunity tests, investigation of
receiver behavior under dynamic stresses, and many others, require generating or modifying
input and intermediate files. Due to the wide variety of such scenarios, gSim can perform such
complex scenarios with the help of mathematical software or tools. The main requirements
for this software are:

Simple reading and saving of the text and CSV files
Processing of the data arrays

Coordinates transformation

Visualization of the data

The requirements satisfy many software packages like proprietary Matlab or open source
SciLab, GNU Octave, and eventually Python.

The example codes for generating the advanced scenario presented in this manual are written
in GNU Octave.
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6 Hardware

This section deals with the hardware for gSim. The simulator uses commercial SDR
transceivers BladeRF or HackRF to transmit the generated signals. The simulator can
also generate a signal in float format, so the signal can also be played by other device. The
details are described below.

6.1 Simulator Timing

GNSS systems operate on the timing principle. The navigation receiver measures the time
of arrival of the navigation satellite signals, calculates so-called pseudoranges, and solves
the navigation task. Pesudorange is the Euclidean distance between the user receiver and
the navigation satellite distorted by an unknown time offset of the time of the user receiver
relative to the time of the navigation system. The satellite navigation signals, therefore, have
to be perfectly mutually synchronized, while the clock of the navigation receiver does not.

Perfect time synchronization of the navigation satellites and the ground control segment
is achieved using atomic clocks. On the ground control segment, atomic clocks maintain
so-called system time, and the satellite atomic clocks maintain satellite times. The time
deviations of the satellite times from the system time are measured and modeled by the
polynomials. The model’s coefficients are transmitted in the navigation messages so the user
can transform the satellite clock to the system and vice versa.

The time base of the standard navigation receivers is generated by the standard quartz fre-
quency oscillators, whose precision is much worse than the atomic clock’s. When determining
position, velocity, and time, the time offset of the receiver clock is calculated.

Satellite navigation system time synchronization using atomic clocks is essential because
navigation satellites are distributed globally around the Earth. In the GNSS simulator, all
signals are generated by the simulator (in one device or computer). So, synchronization is
not a problem. A crystal oscillator, which has comparable stability to the receiver oscillator,
is sufficient for simulator timing.

The timing of the gSim simulator is controlled by the SDR transmitter frequency standard.
Its precision and stability are enough for most simulations. If necessary, a more accurate
external clock source can be used.

6.2 Coherence Between Carrier Frequency and Ranging Code

The navigation satellite uses the same atomic clock signal to generate the ranging code
(modulation envelope) and carrier frequency. For instance, GPS satellites’ atomic standard
generates a frequency of 10.240 MHz. This signal directly controls the timing of L5 ranging
code. The timing of 1.1 C/A signal is obtained by its division by ten. L1 carrier frequency is
precisely 154 multiple of the reference signal and L5 carrier 115 multiple. For this reason,
the transmitted navigation signals are perfectly coherent. The small non-coherency of the
received signal causes ionospheric dispersion. This coherence must also be ensured for the
simulator signal. Note that navigation receivers use this ranging code — carrier frequency
coherency in the navigation filter to eliminate noise.
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6.3 Simulator Frequency Plan

The principal schema of signal generation is shown in Figure 4. The
gSim software generates complex signal samples modulated to low carri-
ers of frequencies GPS_L1_Frequency_Offset, GPS_L5_Frequency_Offset,
Galileo_E1_Frequency_Offset, and finally Galileo_E5A_Frequency_Offset.
This signal is up-converted in SDR onto the navigation signal carrier frequency (single
frequency mode, Figure 5) or the intermediate frequency carrier about 1375 MHz (dual
frequency mode, Figures 6 and 7).

The intermediate frequency signal is then frequency-mixed in the gSim Converter (Figure 2
and 8) with the local oscillator signal of 199500000 Hz. The sub-carrier frequencies and SDR
frequency are set so that the sum product is exactly L1/E1 frequency (1575420000 Hz), and
the difference product is equal to L5/E5A carriers (1176450000 Hz).

Real signal mixing is not ideal; it generates not only sum and difference products but also
many unwanted spurious products whose levels depend on the level of the input signal.
Therefore, it is essential to maintain the optimal input level, for which spurs are low. The
gSim Converter was designed for an input signal level of 0 dBm.

6.4 SDR

The SDR synthesizes the sampling and carrier frequencies from the SDR quartz
standard using fractional-N frequency synthesizers that feature fine-tuning steps®.
The tuning granularity can cause incoherence between code and carrier fre-
quency; fortunately, this incoherence can be compensated by a suitable setting
of the frequency offsets GPS_L1_Frequency_Offset, GPS_L5_Frequency_Offset,
Galileo_E1_Frequency_Offset, and finally Galileo_E5A_Frequency_Offset. The
recommended settings of those offsets for single frequency L1/E1 and dual frequency L1/E1
& L5/E5A modes are in the following paragraphs.

Note that the gSim Converter uses an integer-N synthesizer, which uses (shares) the frequency
standard of the SDR and is programmed for generation of exactly 199500000 Hz. The 10
MHz frequency oscillator (HackRF) is multiplied by 399/10, while the 38.4 MHz frequency
standard (BladeRF) is multiplied by 655/128. The details are in the following paragraphs.

6.4.1 BladeRF

The BladeRF SDR transceiver is based on AD 9361 chip. It communicates with PC via USB
3.0 bus. Although it is equipped with two RF (TX) outputs, the delivered software cannot
synchronously transmit the signal samples to both ports, so for GNSS simulation, only one
TX1 output is usable!

The main features of bladeRF 2.0 micro xA are:

e Frequency range: from 47 MHz to 6 GHz
e Sampling frequency: up to 61,44 MHz
e [F bandwidth: up to 56 MHz

8For example, the synthesizer cannot be set precisely to 15754200000 Hz, as the frequency is not divisible
by the tuning step. So, the SDR is set to the closest value, which typically differs by several hertz.
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DAC resolution: 12 bits

Interfacing and power: USB 3.0

Signal sample format: SC16_Q11
Frequency standard: 38.4 MHz
Frequency standard output: 38.4
External reference input: Programmable
Software: bladeRF-cli

More details are available on the manufacturer’s website https://www.nuand.com/.

The recommended settings:

Single frequency L1/E1 mode:
BladeRF_Tx_Gain = any
SDR_Frequency = 1575435000
GPS_L1_Frequency_Offset = -15000.9353
GPS_L5_Frequency_Offset = 14999.0647
Galileo_E1_Frequency_Offset = -15000.9353
Galileo_E5A_Frequency_Offset = 14999.0647

Dual frequency L1/E1 and L5/E5A:
BladeRF_Tx_Gain = 57
SDR_Frequency = 1375935000
GPS_L1_Frequency_Offset = -15000.1133
GPS_L5_Frequency_Offset = 14999.8867
Galileo_E1_Frequency_Offset = -15000.1133
Galileo_E5A_Frequency_Offset = 14999.8867

6.4.2 HackRF

HackRF SDR transceiver is based on Maxim (Analog Devices) chips. Due to the wide
frequency operation range, the signal is generated on an intermediate frequency of about 2.4
GHz and down or up-converted to the operated carrier frequency. The SDR communicates
with the PC via USB 2.0 bus. It modulates 8-bit 1&Q samples of maximal sampling
frequency 20 Msps. The transmission of such high sampling rate samples is unstable due to
the overloading of the USB bus. The transmission is stable for sampling frequency 18 MHz
and lower.

The main features are:

Frequency range: from 1 MHz to 6 GHz

Sampling frequency: up to 20 MHz

DAC resolution: 8 bits

Interfacing and power: USB 2.0 High-Speed

Signal sample format: 8-bit 1&Q

Frequency standard: 10 MHz

Frequency standard output: 10 MHz

External reference input: 10 MHz, automatic switching when the clock signal is

connected.
e Software: hackrf transfer
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Figure 8: gSim Converter block diagram

More details are available on the designer’s website https://greatscottgadgets.com/
hackrf/one/.

The recommended settings:

Single frequency L1/E1 mode:
HackRF_Tx_Gain = any
SDR_Frequency = 1575435000

GPS_L1_Frequency_Offset = -15013.7718
GPS_L5_Frequency_Offset = 14986.2282
Galileo_E1_Frequency_Offset = -15013.7718

Galileo_E5A_Frequency_Offset = 14986.2282

Dual frequency L1/E1 and L5/E5A:
HackRF_Tx_Gain = 47
SDR_Frequency = 1375935000
GPS_L1_Frequency_Offset = -15015.6797
GPS_L5_Frequency_Offset = 14984.3203
Galileo_E1_Frequency_Offset = -15015.6797
Galileo_E5A_Frequency_Offset = 14984.3203

6.5 gSim Converter

gSim Converter (Figures 8 and 2) is a USB-powered device that has three functions:
frequency conversion of the signal to L1/E1 and L5/E5A frequencies, signal level adjustment
and hardware key for software licensing.

6.5.1 Frequency Conversion

The converter shifts the SDR signal from the intermediate frequency to the L1/E1 and
L5/E5A carrier frequencies. The frequency conversion, including the optimal input signal
level, is described in detail in paragraph 6.3.
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6.5.2 Signal Level Adjustment

The other gSim converter function is to set and control the level of the generated signals. As
the recommended level of the input signal is 0 dBm, the signal must be attenuated to the
level that is acceptable for the GNSS receivers.

Many receiver manufacturers publish the receiver’s sensitivity as a minimal signal level that
produces the given quality of the receiver output. This quantity is questionable as it is
affected by an antenna and antenna amplifier. The correct way is to measure a receiver’s
sensitivity as a minimal signal-to-noise ratio (C/Np) that produces a given output. This
method does not consider the impact of the antenna and antenna amplifier. The gSim
simulator has to be able to set the level of the output signal to be able to reach the required
C/No width for a wide variety of receivers, from active antenna receivers to passive antenna
receivers to built-in antenna receivers.

The level plan of the gSim was designed to generate signals of power levels from approximately
- 95 dB to - 167 dBm®. The power of the output signal is adjusted with the help of a pair of
digital attenuators (each frequency separately) built into the gSim Converter and with the
help of an additional fixed attenuator of 30 dB connected to the output port!".

6.5.3 Hardware Key

gSim Converter serves as a hardware key for software licensing. Each converter is equipped
with a unique serial number. This number is programmed into the firmware and marked on
the PCB and the enclosure. A license file is linked to this number; see section 2.1.

6.5.4 Converter Installation

The converter is connected to the PC by USB bus. The communication with PC software
runs via two virtual COM ports UART 1 and UART 2. The first port is for the hardware
key communication, and the second is for converter control.

The installation can be divided into four steps:

9Total signal power (the sum of the signal of all visible satellites on both frequencies)

10The recommended attenuator has a maximum rated output of 2W, so a receiver with the antenna feeding
of a maximum voltage of 10 V or with a current limitation of 200 mA or lower can be directly (without AC
coupling) connected to the attenuator.
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1. Settings the UART 1 and 2 devices. The devices are set in INI File section [System)|
using Converter_Uart_1 and Converter_Uart_2.
2. Allow the user to use serial devices by command®:

1 sudo usermod -a -G dialout SUSER

To take effect of the command, the user must log out and lock back.
3. Preventing the USB Controller from entering the sleeping mode using the command®:

1 echo on | sudo tee /sys/bus/usb/devices/*/power/level >/dev/null

4. Setting a name with the full path of the license file in INI File, key License_File.

®The command can differ for the various Linux kernels.

6.5.5 Converter Ports Verification

The port setting can be verified by a suitable terminal program, for example, picocom
https://github.com/npat-efault/picocom. The appropriate port will be opened in
the program with the default settings of the remaining parameters. Then the user sends "?"
character, and the converter returns the serial number and UART number, for example, gSim
Converter S/N: 000224, Converter UART 1 or gSim Converter S/N: 000224, Converter
UART 2.

6.5.6 Signal Generation Method Strengths and Weakness

The applied generation method of the dual frequency signals guarantees nearly perfect
coherency and mutual delay between signals. These features can be achieved with
relatively cheap hardware. On the other hand, the signals of one frequency increase the
noise on the other frequency. However, this is not a problem as civilian navigation signals are
transmitted at the same frequencies as military and SBAS (Satellite-Based Augmentation
Systems) signals. Those signals have similar effects as second-frequency signals.

A slight weakness (the penalty for simplicity) of the applied method is the presence of the
spurs in the generated signal (Figure 9) caused by the imperfection of the frequency

mixer.

6.5.7 Communication Protocol

The communication protocol on UART 1 is non-public. The communication protocol on
UART 2 is published below for users who will not be using gSim GUI. The gSim GUI
users do not need to deal with it as it is fully implemented in the GUI.

UATR 2 communication protocol
The UART 2 communication protocol enables:

e Reading the converter status

44


https://github.com/npat-efault/picocom

Bw N e

® N o

10

Ref Level 69.60 dBm ® RBW 100 kHz CWSource 0.00 dBm
Spectrum

Att 0dB SWT 285 ® VBW 1kHz Mode AutoSweep PA
1Frequengysweesp o]
Ma[1] -91.41dBm
| 127705 6he
-50 dBm MT[T] 6653 dBm
1.196918 GHz
60 dBm: =
{70 dBm -69.600-dBm
-80 dBm
ma
-90 dBm
-100[dBm:
-110[dBm: ]
| " |
At I\TM‘“ Wgthnphos b bl e ’ AL il . A
120 :EAW - ! L !
CF 1.383935 GHz 1001 pts 40.0 MHz/ Span 400.0 MHz
2 Marker Table
m1 1 1.196918 GHz -66.53 dBm
M2 1 1.57534 GHz -61.97 dBm
M3 1 1.375935 GHz -83.66 dBm
ma 1 . z - m
. 20240900
- Measuring...

09:12:58

09:12:58 AM 09/04/2024
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e Setting the SDR
o Setting the attenuation of L1/E1 and L5/E5A attenuators

The gSim converter is only programmed to follow the user’s commands, nothing else. The
converter control state machine must be programmed to the control software (gSim GUI
in our case). To maintain the current status of the converter, the control software has to
periodically request the converter status; Listing 8).

The reference frequency of the synthesizer is set by setting the SDR type, Listing 9. It is
advisable to send the SDR Settings command to the converter only once and then regularly
check the LOCK status. If the PLL is unlocked, send the SDR Settings command again.
The converter processor responds to the command by initiating the synthesizer chip for the
requested SDR reference frequency. Re-initialization of the locked synthesizer chip causes an
undesirable discontinuity in the generated signal!

The last command is an Attenuator Setting, Listing 10. The command can be repeated as
frequently as needed.

Command :
Ss\r

Reply:
8S/N;SDR;LOCK;Att1;Att2\r

S/N : Six digits serial number
SDR : SDR Type: b - BladeRF, h - HackRF
LOCK: PLL staus: L - lock, U - unlock

Att1: L1/E1 Attenuation [dB]
Att2:  L5/E5A Attenuation [dB]
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5| Example:

$000228;b;L;12.25;12.5\r

Listing 8: Converter Status

Command :
BladeRF: S$b\r
HackRF : S$Sh\r

;| No Reply

Listing 9: SDR Selection

Command :
SAtt1;Att2\r

Att1: Requested L1/E1 attenuation |[dB]|
Att2: Requested L5/E5A attenuation |[dB]

No Reply

Listing 10: Attenuator Setting

6.5.8 Recommendation

The gSim Converter must be permanently connected to the PC during the program operation.
After disconnection and consequent connection of the converter, the Linux operation system
often has a problem with port recovery!!. The solution is to log out of the user and then log
in.

11Port non-recovery is a feature of the Linux kernel.

46




References

[1] IS-GPS-200N, NAVSTAR GPS Space Segment/Navigation User Segment Interfaces,
22 Aug. 2022.

[2] IS-GPS-705J: Navstar GPS Space Segment/ User Segment L5 Interfaces, 22 Aug. 2022.

[3] GALILEO OPEN SERVICE SIGNAL-INSPACE INTERFACE CONTROL DOCU-
MENT (OS SIS ICD) 2.1., Nov. 2023.

[4] Subirana, J.S., Zornoza J.M.J., and Hernandez-Pajares, M.: GNSS DATA PROCESS-
ING, Volume I: Fundamentals and Algorithms, ESA, May 2013.

[5] Kovar P.: gSim Simulation Guide v 3.1, www.gsim.cz, Dec. 2024.
[6] bladeRF 2.0 micro, www.nuand.com/bladerf-2-0-micro/, Accessed 4 December 2024.
[7] HackRF One, https://greatscottgadgets.com /hackrf/one/, Accessed 4 December 2024.

47



A INI File Item List

Al

[Simulation]

Scenario_Descriptio

Descr.:

Type:
Usage:

Scenario description. The first 20 characters are displayed in gSim GUI, Scenario
frame

String, up to 199 characters

gSim

Simulation_Start_Week_No

Descr.:

Type:
Range:
Usage:

13-bit GPS L5 Week Number. The 10-bit GPS L1 or 12-bit Galileo Week Numbers
are obtained by omitting the corresponding number of the most significant bits.
Integer

1 - 8191

gSim

Simulation_Start_Time_of_Week

Descr.:
Unit:
Type:
Range:
Usage:

Start of the simulation in GPS time of week
S

Integer

0 — 604799

gSim

Simulation_Duration

Descr.:
Unit:
Type:
Range:
Usage:

Simulation duration
S

Integer

1 - 3600

gSim

Elevation_Mask

Descr.:
Unit:
Type:
Range:
Usage:

Elevation mask, below which the satellite signals are not generated
Float

0-90

gSim

Antenna_Pattern

Descr.:

Unit:
Type:
Range:
Usage:

Receiver antenna pattern (gains) for elevation angles 90°; 80°; 70°; 60°; 50°; 40°;

30°; 20°; 10°; 0°

[dBi]

Vector, 10 x float
-100 - 30

gSim
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A.2 [Signal]

GPS_L1_C/A
Descr.:  Switching On or Off GPS L1 C/A signal
Type: Enumerate
Values: 0 - Off
1-On
Usage: gSim
GPS_L5
Descr.: Switching On components of GPS L5 signal
Type: Enumerate
Values: 0- GPS L5 Off
1- GPS L51
2 - GPS L5Q
3 - GPS L51&Q
Usage: gSim
Galileo_E1
Descr.: Switching On components of Galileo E1 signal
Type: Enumerate
Values: 0 - Galileo E1 Off
1 - Galileo E1B
2 - Galileo E1C
3 - Galileo E1B&C
Usage: gSim

Galileo_E5A

Descr.:
Type:
Values:

Usage:

Switching On components of Galileo E5A signal
Enumerate

0 - Galileo E5A Off

1 - Galileo E5I

2 - Galileo E5Q

3 - Galileo E51&Q

gSim
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GPS_L1_Multipath,
GPS_L5_Multipath,
Galileo_E1_Multipath,
Galileo_E5A_Multipath,

Descr.:

Type:
Values:

Usage:

Switching On the generation of the reflected (multipath) signals or spoofed signals
with different (spoofed) navigation messages

Enumerate

1 - Line of Sight (LOS) signal only

2 - LOS + one reflected signal with the same navigation message

3 - LOS + two reflected signals with the same navigation messages

4 - LOS + one signal with spoofed (navigation) message

gSim

GPS_L5_Swap, Galileo_ES5A_Swap

Descr.: Key enables swapping of I and QQ components in the QPSK modulator
Type: Enumerate
Values: 0 - Normal modulation
1 - Swap
Usage: gSim
GPS_L1_Amp,
GPS_L5_Amp,

Galileo_E1_Amp,
Galileo_E5A_Amp

Descr.:
Unit:
Type:
Range:
Usage:

Keys enable the setting of amplitudes of the individual GNSS signals
Unit less

Float

0.0001 - 10.0

gSim

A.3 [Frequency]
SDR_Frequency

Descr.:
Unit:
Type:
Range:
Usage:

The carrier (centre) frequency of SDR transceiver

Hz

Float

Depends on SDR. The practical range is 1176000000 — 1576000000.
gSim GUI

Sampling_Rate

Descr.:
Unit:
Type:
Range:
Usage:

Sampling rate of generated signal

Hz

Float

5000 — 40000000, must be integer multiple of 5000. Depends on SDR.
gSin, gSim GUI
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GPS_L1_Frequency_Offset
GPS_L5_Frequency_Offset
Galileo_E1_Frequency_Offset,
Galileo_E5A_Frequency_Offset

Descr.: Frequency offset of the individual signals
Unit: Hz

Type: Float

Range: -100000 — +100000

Usage: gSim

A.4 [Folders Files]

License_File!?,
GPS_Source_Constellation!?,
GPS_Nav_Message_Constellation_1'2,
GPS_Nav_Message_Constellation_2'2,
GPS_Sat_Position_Constellation!?,
Galileo_Source_Constellation'?,
Galileo_Nav_Message_Constellation_1'2,
Galileo_Nav_Message_Constellation_2'2,
Galileo_Sat_Position_Constellation!?,
GPS_L5_Tx_Plan'?,
Navigation_Message_Folder!3,
Spoofed_Message_Folder!3,
User_Position!2,

Generated_Position'?,
Satellite_Ranges_Folder!3,
Output_Signal®4.

A.5 [Preprocessor|

Preprocessor_Mode
Descr.: Sets Preprocessor mode of operation
Type: Enumerate
Values: 0 - Preprocessor is not launched
1 - Automatic Mode
2 - Manual Mode
Usage: gSim

12File name with full path
13Full path to the folder
14File name without extension with full path
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GPS L1

GPS_L1_t_oe_1_Week_Offset

GPS_L1_t_oe_2_Week_Offset,

GPS_L1_t_oc_1_Week_Offset,

GPS_L1_t_oc_2_Week_Offset,

GPS_L1_t_oa_1_Week_0Offset

GPS_L1_t_oa_2_Week_Offset

GPS_L1_t_ot_1_Week_Offset,

GPS_L1_t_ot_2_Week_Offset

Descr.: Week offsets of GPS L1 navigation message parts (Ephemeris, Clock, Almanac,
UTC)

Type: 32 x Integer

Range: -1,0,1

Usage: gSim

GPS_L1_Update_Time

Descr.: Navigation message update time
Type: 32 x Integer

Range: 0 — 604800

Unit: s

Usage: gSim

GPS_L1_I0ODC_1,

GPS_L1_I0DC_2

Descr.: Issue of Data, Clock before and after the update
Type: 32 x Integer

Range: 0 - 1023

Unit: s

Usage: gSim

GPS_L1_t_oe_1,

GPS_L1_t_oe_2

Descr.: Time of Ephemeris before and after the update
Type: 32 x Integer

Range: 1 — 604784, must be integer multiple of 16
Unit: s

Usage: gSim
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GPS_L1_t_oc_1,

GPS_L1_t_oc_2

Descr.: Time of Clock before and after the update
Type: 32 x Integer

Range: 1 - 604784, must be integer multiple of 16
Unit: S

Usage: gSim

GPS_L1_t_oa_1,

GPS_L1_t_oa_2

Descr.: Time of Almanac before and after the update
Type: 32 x Integer

Range: 1 - 602112, must be integer multiple of 4096
Unit: s

Usage: gSim

GPS_L1_t_ot_1,

GPS_L1_t_ot_2

Descr.: Reference time of UTC data before and after the update
Type: 32 x Integer

Range: 1 - 602112, must be integer multiple of 4096

Unit: s

Usage: gSim

GPS L5

GPS_L5_t_oe_1_Week_Offset
GPS_L5_t_oe_2_Week_Offset,
GPS_L5_t_oc_1_Week_Offset,
GPS_L5_t_oc_2_Week_Offset,
GPS_L5_t_op_1_Week_Offset
GPS_L5_t_op_2_Week_0Offset
GPS_L5_t_oa_1_Week_Offset,
GPS_L5_t_oa_2_Week_Offset,
GPS_L5_t_ot_1_Week_Offset,
GPS_L5_t_ot_2_Week_Offset
Descr.: Week offsets of GPS L5 navigation message parts
Type: 32 x Integer

Range: -1,0,1

Usage: gSim
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GPS_L5_Update_Time

Descr.:
Type:
Range:
Unit:
Usage:

Navigation message update time
32 x Integer

0 — 604800

s

gSim

GPS_L5_t_oe_1,
GPS_L5_t_oe_2

Descr.:
Type:
Range:
Unit:
Usage:

Time of Ephemeris before and after the update
32 x Integer

1 — 604500, must be integer multiple of 300

s

gSim

GPS_L5_t_oc_1,
GPS_L5_t_oc_2

Descr.:
Type:
Range:
Unit:
Usage:

Time of Clock before and after the update
32 x Integer

1 — 604500, must be integer multiple of 300
s

gSim

GPS_L5_t_op_1,
GPS_L5_t_op_2

Descr.:
Type:
Range:
Unit:
Usage:

Reference time of CEI data sequence before and after the update
32 x Integer

1 — 604500, must be integer multiple of 300

s

gSim

GPS_L5_t_ot_1,
GPS_L5_t_ot_2

Descr.:
Type:
Range:
Unit:
Usage:

Reference time of UTC data before and after the update
32 x Integer

1 — 604784, must be integer multiple of 16

s

gSim
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Galileo

Galileo_
Galileo_
Galileo_
Galileo_
Galileo_
Galileo_
Galileo_
Galileo_
Galileo_
Galileo_
Galileo_
Galileo_
Galileo_
Galileo_
Galileo_
Galileo_
Galileo_
Galileo_
Galileo_
Galileo_

Descr.:
Type:

Range:
Usage:

Galiloe_
Galiloe_

Descr.:
Type:
Range:
Unit:
Usage:

Galileo_
Galileo_
Galileo_
Galileo_

Descr.:
Type:

Range:
Usage:

E1B_t_0e_1_Week_Offset,
E1B_t_0e_2_Week_Offset,
E5S5A_t_0Oe_1_Week_Offset,
E5S5A_t_Be_2_Week_Offset,
E1B_t_0c_1_Week_Offset,
E1B_t_0c_2_Week_Offset,
E5S5A_t_0Oc_1_Week_Offset,
ES5A_t_0c_2_Week_Offset,
E1B_t_0a_1_Week_Offset,
E1B_t_0@a_2_Week_Offset,
ES5A_t_0@a_1_Week_Offset,
E5S5A_t_0a_2_Week_Offset,
E1B_t_0t_1_Week_Offset,
E1B_t_0t_2_Week_Offset,
ESA_t_0t_1_Week_Offset,
ESA_t_0t_2_Week_Offset,
E1B_t_0G_1_Week_Offset,
E1B_t_0G_2_Week_Offset,
E5A_t_0G_1_Week_Offset,
ES5A_t_0G_2_Week_Offset
Week offsets of Galileo navigation message parts
36 x Integer

-1,0, 1

gSim

E1B_Update_Time
E5A_Update_Time

Navigation message update time
36 x Integer

0 — 604800

s

gSim

E1B_IOD_nav_1 ,

E1B_IOD_nav_2 ,

ESA_IOD_nav_1 ,

ESA_IOD_nav_2

Issue of Data NAV before and after the update
36 x Integer

0 - 1023

gSim
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Galileo_E1B_t_0@e_1,

Galileo_E1B_t_0e_2,

Galileo_E5A_t_0Be_T,

Galileo_E5A_t_0e_2

Descr.: Ephemeris reference time before and after the update
Type: 36 x Integer

Range: 1 — 604740, must be integer multiple of 60

Unit: S

Usage: gSim

Galileo_E1B_t_0c_1,

Galileo_E1B_t_06c_2,

Galileo_E5A_t_0c_1,

Galileo_E5A_t_0c_2

Descr.: Clock correction data reference time before and after the update
Type: 36 x Integer

Range: 1 - 604740, must be integer multiple of 60

Unit: s

Usage: gSim

Galileo_E1B_IOD_a_1 ,

Galileo_E1B_IOD_a_2 ,

Galileo_E5A_IOD_a_1 ,

Galileo_E5A_IOD_a_2

Descr.: Almanac Issue Of Data before and after the update
Type: 36 x Integer

Range: 0-15

Usage: gSim

Galileo_E1B_t_0a_1,

Galileo_E1B_t_0a_2,

Galileo_E5A_t_0a_T,

Galileo_E5A_t_0a_2

Descr.: Almanac reference time before and after the update
Type: 36 x Integer

Range: 1 - 604200, must be integer multiple of 600

Unit: s

Usage: gSim
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Galileo_E1B_t_0t_1,

Galileo_E1B_t_0t_2,

Galileo_E5A_t_0t_1,

Galileo_E5A_t_0t_2

Descr.: UTC data reference time before and after the update
Type: 36 x Integer

Range: 1 - 601200, must be integer multiple of 3600

Unit: S

Usage: gSim

Galileo_E1B_t_0G_1,

Galileo_E1B_t_0G_2,

Galileo_E5A_t_0G_1,

Galileo_E5A_t_0G_2

Descr.: GGTO data reference time before and after the update
Type: 36 x Integer

Range: 1 - 601200, must be integer multiple of 3600

Unit: s

Usage: gSim

A.6 [Navigation Messages Generator]|

GPS_L1_Fill_Pattern
Descr.: Specified fill pattern of the non-specified items of the GPS L1 navigation message
Type: Enumerate
Values: 0 - 0000...
1-1111...
2 - 0101...
Usage: gSim

Galileo_E1B_SAR

Descr.: SAR item of Galileo E1B (I/NAV) message®
Type: Vector of 0 and 1 of length 22.

Usage: gSim

@A static value, SAR (Search and Rescue) channel is not modelled as it does not relate with GNSS.

Galileo_E1B_OSNMA

Descr.: OSNMA of Galileo E1B (I/NAV) message®
Type: Vector of 0 and 1 of length 40.

Usage: gSim

@A static value, OSNMA (Open Service Navigation Message Authentication) channel is not modelled.
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A.7 [Satellite Ranges Generator]

Tono_model
Descr.: Switching On and Off Klobuchar ionospheric model
Type: Enumerate
Values: 0 - No Ionospheric model
1 - Klobuchar model
Usage: gSim
Tropo_model
Descr.: Switching On and SPP tropospheric model
Type: Enumerate
Values: 0 - No Tropospheric model
1 - SPP tropospheric model
Usage: gSim

A.8 [Signal Generator|

SDR_Type
Descr.: Selection of the output signal file format

Type: Enumerate
Values: 1 - BladeRF

2 - HackRF
3 - 1&Q float
Usage: gSim, gSimGUI
Turbo
Descr.: Switching between Standard mode and Turbo modes

Type: Enumerate
Values: 0 - Standard Mode
1 - Turbo Mode 1
2 - Turbo Mode 2
Usage: gSim
Processor_Threads
Descr.: Setting the number of threads for signal generation
Type: Integer
Range: 1128
Usage: gSim

A.9 [System]

Converter_Uart_1,

Descr.: Sets the UART port for the Hardware Key
Type: String

Usage: gSim
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Converter_Uart_2,

Descr.:
Type:
Usage:

Sets the UART port for gSim Converter control
String
gSimGUI

Converter_Attenuation,

Descr.:
Type:
Unit:
Range:
Usage:

Initial gSim Converter attenuation (after reset)
Float

dB

0-31.75

gSimGUI

L5_Attenuation_Offset,

Descr.:
Type:
Unit:
Usage:

Offset of L5 attenuate from L1
Float

dB

gSimGUI

BladeRF_Tx_Gain,

Descr.:
Type:
Unit:
Usage:

Gain of the BladeRF transmitter
Integer, range -23 — 60

dB

gSimGUI

%gSim does not check the range as bladeRF-cli saturate the value if the range is exceeded.

BladeRF_CLK_Out_Enable,

Descr.:
Type:
Values:

Usage:
Note:

Enables reference clock output of BladeRF SDR

Enumerate

0 - CLKOUT Off

1 - CLKOUT On

¢SimGUI

For proper operation of the gSim Converter, the clock output of the SDR in use
must be On!

BladeRF_Ext_Ref_Frequency,

Descr.:
Type:
Usage:

Defines external reference frequency for BladeRF
Integer
gSimGUI
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BladeRF_Ext_Ref_Enable,

Descr.: Enables External Clock Reference
Type: Enumerate

Values: 0 - Internal Clock Reference

1 - External Clock Reference
Usage: gSimGUI

HackRF_Tx_Gain,

Descr.: Gain of the HackRF transmitter
Type: Integer, range 0 — 47

Usage: gSimGUI

%gSim does not check range; if exceeded the hackrf transfer terminates with error.

HackRF_CLK_Out_Enable,

Descr.: Enables reference clock output of HackRF SDR

Type: Enumerate

Values: 0 - CLKOUT Off
1 - CLKOIT On

Usage: gSimGUI

Note: For proper operation of the gSim Converter, the clock output of the SDR in use
must be On!

Terminal,
Descr.:  Selects the terminal for gSim running
Type: Enumerate
Values: 1 - xterm
2 - gnome-terminal

Usage: gSimGUI
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B List of GPS Constellation file entries

ID

Descr.: Satellite ID

Type: Integer

Range: 1-32

Note: Not mandatory. Improves orientation in the file.

update_time,

L5_update_time

Descr.: GPS L1 resp. L5 navigation message update time (time in which the Navigation
Messages Generator switches the generation of the navigation messages from
Navigation Message Constellation 1 onto 2)

Type: Integer

Range: 0 - 604799

Note: Mandatory for Navigation Message Constellation 1. In Navigation Message
Constellation 2 and Satellite Position Constellation, the item is missing.

SE®,

L5_SE

Descr.: (L5) Signal Existence

Type: Enumerate

Values: 0 - Signal not exists’

Values: 1 - Signal is modulated if it is visible (above the elevation mask)

2Almanac Health of non-existing satellite is set to 11111111 (8-bit Health) or 111111 (6-bit Health) and
the signal is not generated
bSatellite transponder is switched off, the satellite is not in orbit, etc.

B.1 GPS L1 C/A Almanac

a_Health

Descr.: 8-bit Almanac Health
Type: Integer

Range: 0 - 255

a_e

Descr.: Eccentricity
Type: Float

Unit: Dimensionless
Range: 0.0-0.3
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a_ToA

Descr.: Time of Applicability (Almanac reference time t _oa or ToA)
Type: Integer
Unit: s

Range: 0 - 602112, must be integer multiple of 4096

a_i

Descr.: Orbital Inclination
Type: Float

Unit: rad

Range: 0.746 — 1.139 or 0

a_Omega_dot

Descr.: Rate of Right Ascension
Type: Float

Unit: rad/s

Range: -3.74 -3.74

a_sqrtA_dot

Descr.: Square Root of the Semi-Major Axis
Type: Float

Unit: mt/?

Range: 2530.0 - 8192.0 or 0

a_Omega_0

Descr.: Right Ascension at Week
Type: Float

Unit: rad

Range: (-, 7)

a_omega

Descr.: Argument of Perigee
Type: Float

Unit: rad

Range: (-, 7)

a_M_o

Descr.: Mean Anomaly
Type: Float

Unit: rad

Range: (—m, m)
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a_AF_@

Descr.: SV Clock Bias Correction Coefficient
Type: Float

Unit: S

Range: (—m, 7)

a_AF_1

Descr.: SV Clock Drift Correction Coefficient
Type: Float

Unit: s/s

Range: -3.72¢-9 — 3.72¢-9

a_week

Descr.: 8-bit Almanac Week Number
Type: Integer

Range: 0 - 255

B.2 Anti-Spoof (A-S) Flags and SV Configurations

AS_SV_CONFIG

Descr.: A-S flags & SV Configuration
Type: Integer

Range: 0-15

B.3 UTC time data

A_@

Descr.: A0 - Constant term of the polynomial for transformation GST to UTC
Type: Float

Unit: s

Range: -2-2

Almanac L5_A_0

Descr.: L5 A 0 n - Bias coefficient of GPS time scale relative to UTC time scale
Type: Float

Unit: s

Range: -9.54e-7 — 9.54e-7

A_1

Descr.: Al - First-order term of the polynomial for transformation GST to UTC
Type: Float

Unit: s

Range: -7.45-9 — 7.45e-9
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L5_A_1

Descr.: L5 A 1 n - Drift coefficient of GPS time scale relative to UTC time scale
Type: Float

Unit: s

Range: -1.82e-12 — 1.82e-12

L5_A_2

Descr.: L5 A 2 n - Drift rate correction coefficient of GPS time scale relative of UTC
time scale

Type: Float

Unit: s

Range: -2.17e-19 — 1.13e-19

t_ot

Descr.: Time data reference Time of Week

Type: Integer

Unit: S

Range: 0 - 602122, must be integer multiple of 4096

L5_t_ot

Descr.: L5 UTC Time data reference Time of Week
Type: Integer

Unit: S

Range: 0 — 604784, must be integer multiple of 16

WN_t

Descr.: UTC Time data reference Week Number
Type: Integer

Range: 0 - 255

L5_WN_t

Descr.: L5 UTC Time data reference Week Number
Type: Integer

Range: 0 - 1891

WN_LSF,
LS_WN_LSF
Descr.: Leap second reference Week Number

Type: Integer
Range: 0 - 255
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DN.

L5_DN

Descr.: Leap second reference Day Number
Type: Integer

Range: 1-7

Deltat_LS,

L5_Deltat_LS

Descr.: Current or past leap second count
Type: Integer

Unit: s

Range: -128 — 127

Deltat_LSF,

L5_Deltat_LSF

Descr.: Current or future leap second count
Type: Integer

Unit: s

Range: -128 - 127

B.4 Earth Orientation Parameters

L5_t_EOP

Descr.:
Type:
Unit:
Range:

L5_PM_X,
L5_PM_Y
Descr.:
Type:
Unit:
Range:

L5_PM_X_
L5_PM_Y_

Descr.:
Type:
Unit:
Range:

EOP Data Reference Time

Integer

s

0 — 604784, must be integer multiple of 16

X and Y -Axis Polar Motion Value at Reference Time
Float

arc seconds
-1-1

dot,

dot

X and Y -Axis Polar Motion Drift at Reference Time
Float

arc seconds/day

-7.81e-3 — 7.81e-3
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L5_DeltaUTGPS

Descr.: UTI1-GPS Difference at Reference Time
Type: Float

Unit: S

Range: -128 — 128

L5_DeltaUTGPS_dot

Descr.: Rate of UT1-GPS Difference at Reference Time
Type: Float

Unit: s/day

Range: -7.81e-3 — 7.81e-3

B.5 Ionospheric Corrections

15

alpha_o,

L5_alpha_@

Descr.: Zero-order coefficient of a cubic equation representing the amplitude of the vertical
delay

Type: Float

Unit: s

Range: -1.19e-7 - 1.19e-7

alpha_T,

L5_alpha_1

Descr.: First-order coeflicient of a cubic equation representing the amplitude of the vertical
delay

Type: Float

Unit: s/semi-circle

Range: -9.5e-7 — 9.5e-7

alpha_2,

L5_alpha_2

Descr.: Second-order coefficient of a cubic equation representing the amplitude of the
vertical delay

Type: Float

Unit: s /semi-circle?

Range: -7.6e-6 — 7.6e-6

15The angle units have been left in the semi-circle because the algorithm for calculating the Ionospheric
delay uses them.
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alpha_3,

L5_alpha_3

Descr.: Third-order coefficient of a cubic equation representing the amplitude of the
vertical delay

Type: Float

Unit: s /semi-circle3

Range: -7.6e-6 — 7.6e-6

beta_o,
Almanac L5_beta_0
Descr.: Zero-order coefficient of a cubic equation representing the period of the model

Type: Float
Unit: s
Range: -2.6e5 — 2.6eb

beta_1,

L5_beta_1

Descr.: First-order coefficient of a cubic equation representing the period of the model
Type: Float

Unit: s/semi-circle

Range: -2.1e6 — 2.1e6

beta_2,

L5_beta_2

Descr.: Second-order coefficient of a cubic equation representing the period of the model
Type: Float

Unit: s/semi-circle?

Range: -8.4e6 — 8.4e6

beta_3,

L5_beta_3

Descr.: Third-order coefficient of a cubic equation representing the period of the model
Type: Float

Unit: s/semi-circle3

Range: -8.4e6 — 8.4e6

B.6 Ephemeris

t_oe

Descr.: Reference Time Ephemeris

Type: Integer

Unit: S

Range: 0 — 604784, must be integer multiple of 16
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L5_t_oe

Descr.: L5 Reference Time Ephemeris

Type: Integer

Unit: s

Range: 0 - 604500, must be integer multiple of 300

M_0,

L5_M_0

Descr.: Mean Anomaly at Reference Time
Type: Float

Unit: rad

Range: (—m, 7)

Deltan,
L5_Deltan_0
Descr.: Mean Motion Difference From Computed Value

Type: Float
Unit: rad/s
Range: -1.17e-8 —1.17e-8

L5_Deltan_0@_dot

Descr.: L5 Rate of mean motion difference from computed value
Type: Float

Unit: rad/s?

Range: -9.1e-11 —9.1e-11

L5_e

Descr.: Eccentricity
Type: Float

Unit: Dimensionless

Range: 0-0.03

sqrtA

Descr.: Square Root of the Semi-Major Axis
Type: Float

Unit: m'/?

Range: 2530 — 8192, or 0 if SE =0

L5_A

Descr.: L5 Semi-Major Axis at reference time
Type: Float

Unit: m

Range: 26494174 — 26625246, or 0 if L5_SE =0
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L5_A_dot

Descr.: L5 Change rate in semi-major axis
Type: Float

Unit: m/s

Range: -8 -8

Omega_o,

L5_0Omega_0@

Descr.: Longitude of Ascending Node of Orbit Plane at Weekly Epoch
Type: Float

Unit: rad

Range: (—m, m)

i_o,

L5_.1i_0

Descr.: L5 Inclination Angle at Reference Time
Type: Float

Unit: rad

Range: (—m, m)

IDOT,

L5_IDOT

Descr.: L5 Rate of Inclination Angle
Type: Float

Unit: rad/s

Range: -2.92e-9 — 2.92¢-9

omega,

L5_omega

Descr.: Argument of Perigee
Type: Float

Unit: rad

Range: (—m, 7)

Omega_dot,

Descr.: Rate of Right Ascension [rad/s]
Type: Float

Unit: rad/s

Range: -1.99e-6 -0
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L5_Omega_dot

Descr.: L5 Rate of Right Ascension [rad/s|
Type: Float

Unit: rad/s

Range: -1,99e-8 — 3.54e-9

T_GD

Descr.: Estimated Group Delay Differential
Type: Float

Unit: S

Range: -5.9e-8 — 5.9¢-8

L5_T_GD

Descr.: L5 Group Delay Differential
Type: Float

Unit: s

Range: -1.19e-7 — 1.19e-7

L5_ISC_L1CA,

L5_ISC_L2C,

L5_ISC_L5I5,

L5_ISC_L5Q5

Descr.: L5 Inter-signal Correction
Type: Float

Unit: s

Range: -1.19e-7 — 1.19e-7

t_oc

Descr.: Time of Clock

Type: Integer

Unit: S

Range: 0 — 604784, must be integer multiple of 16

L5_t_oc

Descr.: L5 Clock Data Reference Time of Week
Type: Integer

Unit: S

Range: 0 — 604500, must be integer multiple of 300

L5_t_op

Descr.: L5 CEI Data Sequence Propagation Time of Week
Type: Integer

Unit: s

Range: 0 - 604500, must be integer multiple of 300
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L5_WN_OP

Descr.: L5 CEI Data Sequence Propagation Week Number
Type: Integer

Unit: s

Range: 0 - 255

af_o,

L5_af_o

Descr.: SV Clock Bias Correction Coefficient
Type: Float

Unit: S

Range: -9.8e-4 — 9.8e-4

af_1

Descr.: SV Clock Drift Correction Coeflicient
Type: Float

Unit: s/s

Range: -3.7e-9 — 3.7¢-9

L5_af_1

Descr.: SV Clock Drift Correction Coefficient
Type: Float

Unit: s/s

Range: -1.8e-9 — 1.8e-9

af_2

Descr.: Drift Rate Correction Coefficient
Type: Float

Unit: s/s?

Range: -3.6e-15 — 3.6e-15

L5_af_2

Descr.: Drift Rate Correction Coefficient
Type: Float

Unit: s/s?

Range: -4.4e-16 — 4.4e-16

Orbit correction coefficient
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C_uc,
C_us
Descr.:

Type:
Unit:
Range:

L5_C_uc,
L5_C_us
Descr.:

Type:
Unit:
Range:

C_rc,
C_rs
Descr.:
Type:
Unit:
Range:

L5_C_rc,
L5_C_rs
Descr.:

Type:
Unit:
Range:

C_ic,
C_is
Descr.:

Type:
Unit:
Range:

Amplitude of the Cosine (C_uc) and Sine (C_us) Harmonic Correction Term to
the Argument of Latitude

Float

rad

-6.1e-5 — 6.1e-5

L5 Amplitude of the Cosine and Sine Harmonic Correction Term to the Argument
of Latitude

Float

rad

-6.1e-5 — 6.1e-b

Amplitude of the Cosine and Sine Harmonic Correction Term to the Orbit Radius
Float
m

-9.8e-4 — 9.8e-4

L5 Amplitude of the Cosine and Sine Harmonic Correction Term to the Orbit
Radius

Float

m

-3.1e-5 — 3.1e-5

Amplitude of the Cosine and Sine Harmonic Correction Term to the Angle of

Inclination
Float

rad

-6.1e-5 — 6.1e-5
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L5_C_ic,
L5_C_is
Descr.: L5 Amplitude of the Cosine and Sine Harmonic Correction Term to the Angle of

Inclination
Type: Float
Unit: rad

Range: -3.1e-5—3.1e-5

B.7 GPS L1 Flags and Health

INTEGRITY_STAT_F

Descr.: TLM Integrity Status Flag
Type: Enumerate

Range: 0,1

ALERT
Descr.: HOW Alert Flag
Type: Enumerate

Range: 0,1
IODE
Descr.:  Issue of Data (Ephemeris)

Type: Integer
Range: 0 - 255

I0DC

Descr.: Issue of Data clock
Type: Integer

Range: 0 - 1023

Health

Descr.: SV health
Type: Integer
Range: 0 -63

URA_I

Descr.: URA INDEX
Type: Integer
Range: 0-15
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CA_OR_P_ON_L2

Descr.: CA OR P ON L2
Type: Integer

Range: 0-3

L2P_DATA_FLAG

Descr.: L2 P DATA FLAG
Type: Enumerate
Range: 0,1

FIT_INTERVAL_FLAG

Descr.: FIT INTERVAL FLAG
Type: Enumerate

Range: 0,1

AODO

Descr.: AODO Age of Data Offset
Type: Integer

Range: 0 - 31

ERD_AVAIL_IND

Descr.: ERD Availability Indicator
Type: Integer

Range: 0-3

ERD

Descr.: Estimated range deviation
Type: Integer

Range: -32-31

B.8 GPS L5 Flags and Health

L5_ALERT

Descr.: L5 ALERT
Type: Enumerate
Range: 0,1

L5_L1_HEALTH,
L5_L2_HEALTH,
L5_L5_HEALTH

Descr.: L1, L2, L5 HEALTH
Type: Enumerate

Range: 0,1
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L5_URA_ED_I

Descr.: L5 User Range Accuracy index

Type: Integer
Range: -16 - 15

L5_URA_NEDO_TI

Descr.: L5 NED Accuracy Index 0
Type: Integer

Range: -16 -15

L5S_URA_NED1_I

Descr.: L5 NED Accuracy Index 1
Type: Integer

Range: 0-7

L5_URA_NED2_I

Descr.: L5 NED Accuracy Index 2
Type: Integer

Range: 0-7

L5_L2C_Phasing
Descr.: L2C Phasing
Type: Enumerate
Range: 0,1

L5_INTEGRITY_STAT_F
Descr.: Integrity Status Flag
Type: Enumerate

Range: 0,1

[0)



C List of Galileo Constellation file entries

ID

Descr.: Satellite ID

Type: Integer

Range: 1 - 36

Note: Not mandatory. Improves orientation in the file.

E1B_update_time,

E5A_update_time

Descr.: Galileo E1B resp. E5A navigation message update time (time in which the
Navigation Messages Generator switches the generation of the navigation messages
from Navigation Message Constellation 1 onto 2)

Type: Integer

Range: 0 - 604799

Note: Mandatory for Navigation Message Constellation 1. In Navigation Message
Constellation 2 and Satellite Position Constellation, the item is missing.

E1B_IOD_nav,
ES5A_TIOD_nav

Descr.: Issue of data NAV
Type: Integer

Values: 0 - 1023

E1B_SE,

ESA_SE

Descr.: Signal Existence

Type: Enumerate

Values: 0 - Signal not exists®

Values: 1 - Signal is modulated if it is visible (above the elevation mask)

“Satellite transponder is switched off, the satellite is not in orbit, etc.

C.1 Clock Correction

E1B_t_0c,

E5SA_t_Oc

Descr.: Clock correction data reference Time of Week
Type: Integer

Unit: S

Values: 0 — 604740, must be integer multiple of 60
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E1B_a_f9,

E5A_a_f0

Descr.: SV clock bias correction coefficient
Type: Float

Unit: S

Values: -6.2e-2 — 6.2e-2

E1B_a_f1,

E5A_a_f1

Descr.: SV clock drift correction coefficient
Type: Float

Unit: s/s

Values: -1.49e-8 — 1.49e-8

E1B_a_f2,

E5A_a_f2,

Descr.: SV clock drift rate correction coefficient
Type: Float

Unit: s/s?

Values: -5.5e-17 — 5.5e-17

E1B_SISA_E1_E5B,
ESA_SISA_E1_E5A

Descr.: Signal In Space Accuracy
Type: Integer

Values: 0 - 255

C.2 TIonospheric correction

E1B_a_i0,

E5A_a_io@

Descr.: Effective Ionisation Level 1st order parameter
Type: Float

Unit: sfu

Values: 0 - 512

E1B_a_if,

E5A_a_i1

Descr.: Effective Ionisation Level 2nd order parameter
Type: Float

Unit: sfu/°

Values: -4 -4
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E1B_a_i2,

ES5A_a_i2

Descr.: Effective Ionisation Level 3rd order parameter
Type: Float

Unit: sfu/°?

Values: -0.25-0.25

E1B_Region1, ESA_RegionT,

E1B_Region2, ES5A_Region2,

E1B_Region3, E5A_Region3,

E1B_Region4, E5A_Region4,

E1B_Region5, E5A_Region5

Descr.: Ionospheric Disturbance Flag for region
Type: Enumerate

Values: 0-1

E1B_BGD_E1_E5A,
ESA_BGD_E1_ES5A,
E1B_BGD_E1_E5B

Descr.: Broadcast Group Delay
Type: Float

Unit: s

Values: -1.19e-7 — 1.19e-7

ET1B_E1B_HS,

E1B_E5B_HS,

ESA_E5A_HS

Descr.: Signal Health Status
Type: Integer

Values: 0-3

E1B_ESB_DVS,

E1B_E1B_DVS,

ESA_ES5A_DVS

Descr.: Data Validity Status
Type: Enumerate

Values: 0,1
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C.3 Ephemeris

E1B_M_0,

ESA_M_0

Descr.: Satellite mean anomaly at reference time
Type: Float

Unit: rad

Values: (—m, 7)

E1B_Omega_dot

E5A_Omega_dot

Descr.: Rate of change of right ascension
Type: Float

Unit: rad/s

Values: -2.99e-6 — 2.99e-6

E1B_e,

E5A_e

Descr.: Eccentricity
Type: Float
Values: 0-0.5

E1B_sqrtA,

ESA_sqrtA

Descr.: Square root of the semi-major axis
Type: Float

Unit: m?/2

Values: 2 - 8192

E1B_Omega_0

E5A_Omega_0

Descr.: Longitude of ascending node of orbital plane at weekly epoch
Type: Float

Unit: rad

Values: (—m, 7)

E1B_i_dot,

E5A_i_dot

Descr.: Rate of change of inclination angle
Type: Float

Unit: rad/s

Values: -2.93e-9 — 2.93e-9
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E1B_i_0,

ES5A_i_0

Descr.: Inclination angle at reference time
Type: Float

Unit: rad

Values: (—m, 7)

E1B_omega,

ES5A_omega

Descr.: Argument of perigee
Type: Float

Unit: rad

Values: (—m, 7)

E1B_Deltan

E5A_Deltan

Descr.: Mean motion difference from computed value
Type: Float

Unit: rad/s

Values: -1.17e-8 —1.17e-8

C.4 Orbit correction coefficient

E1B_C_uc, E1B_C_us,

ES5A_C_uc, ESA_C_us

Descr.: Amplitude of the cosine and sine harmonic correction term to the argument of

latitude
Type: Float
Unit: rad

Values: -6.1e-5 — 6.1e-5

E1B_C_rc, E1B_C_rs

ESA_C_rc, ESA_C_rs

Descr.: Amplitude of the cosine and sine harmonic correction term to the orbit radius
Type: Float

Unit: m

Values: -1024 - 1024

E1B_C_ic, E1B_C_is
E5A_C_ic, E5A_C_is

Descr.: Amplitude of the cosine and sine harmonic correction term to the angle of
inclination

Type: Float

Unit: m

Values: -6.1e-5 — 6.1e-5
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E1B_t_0e,

E5A_t_0e

Descr.: Ephemeris reference time

Type: Integer

Unit: S

Values: 0 — 604740, must be integer multiple of 60

C.5 GST-UTC Conversion
E1B_A_0,

E5A_A_0O

Descr.: Constant term of polynomial
Type: Float

Unit: S

Values: -2 -2

E1B_A_1,

ESA_A_1

Descr.: 1st order term of polynomial
Type: Float

Unit: s/s

Values: -7.5e-9 — 7.5e-9

E1B_Deltat_LS,

E5A_Deltat_LS

Descr.: Leap Second count before leap second adjustment
Type: Integer

Unit: s

Values: -128 — 127

E1B_t_0t,

ESA_t_0Ot

Descr.: UTC data reference Time of Week

Type: Integer

Unit: S

Values: 0 — 601200, must be integer multiple of 3600

E1B_WN_0Ot,

ES5A_WN_Ot

Descr.: UTC data reference Week Number
Type: Integer

Values: 0 - 255
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ETB_WN_LSF,

ES5A_WN_LSF

Descr.: Week Number of leap second adjustment
Type: Integer

Values: 0 - 255

E1B_DN,

ESA_DN

Descr.: Day Number at the end of which a leap second adjustment becomes effective
Type: Integer

Unit: s

Values: 1-7,0r0

E1B_Deltat_LSF,

E5A_Deltat_LSF

Descr.: Leap Second count after leap second adjustment
Type: Integer

Unit: s

Values: -128 — 127

C.6 GST-GPS Conversion

E1B_t_0G,

E5A_t_0G

Descr.: Reference time for GGTO data

Type: Integer

Unit: S

Values: 0 — 601200, must be integer multiple of 3600

E1B_A_0G,

E5A_A_BG

Descr.: Constant term of the polynomial
Type: Float

Unit: S

Values: -9.5e-7 — 9.5e-7

E1B_A_1G,

ESA_A_1G

Descr.: Rate of change of the offset
Type: Float

Unit: s/s

Values: -9.1e-13 — 9.1e-13
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ET1B_WN_0G,

ESA_WN_0OG

Descr.: Week Number of GGTO reference
Type:  Integer item|[Values:] 0 — 63

C.7 Almanac

E1B_IOD_a,

E5A_IOD_a

Descr.: Almanac Issue Of Data
Type: Integer

Values: 0-15

E1B_WN_a,

E5A_WN_a

Descr.: Almanac reference Week Number
Type: Integer

Values: 0-3

E1B_t_0a,

E5A_t_0a

Descr.: Almanac reference time

Type: Integer

Unit: S

Values: 0 — 604200, must be integer multiple of 600

E1B_a_DeltasqrtA,

E5A_a_DeltasqrtA

Descr.: Difference between the square root of the semi-major axis and the square root of
the nominal semi-major axis

Type: Float

Unit: m?/2

Values: -8 -8

E1B_a_e,

ESA_a_e

Descr.: Eccentricity
Type: Float
Values: 0 — 3.1e-2
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E1B_a_omega

E5A_a_omega

Descr.: Argument of perigee
Type: Float

Unit: rad

Values: (—m, 7)

E1B_a_deltai,
E5A_a_deltai
Descr.: Difference between the inclination angle at reference time and the nominal incli-

nation
Type: Float
Unit: rad

Values: -1.96e-1 — 1.96e-1

E1B_a_Omega_0
E5A_a_Omega_0

Descr.: Rate of change of right ascension
Type: Float
Unit: rad

Values: (—m, 7)

E1B_a_Omega_dot

E5A_a_Omega_dot

Descr.: Rate of change of right ascension
Type: Float

Unit: rad/s

Values: 3.75e-7 — 3.75e-7

E1B_a_M_9,

E5A_a_M_0

Descr.: Satellite mean anomaly at reference time
Type: Float

Unit: rad

Values: (—m, 7)

E1B_a_a_f®,

E5A_a_a_fo

Descr.: Satellite clock correction bias
Type: Float

Unit: S

Values: -6.2e-2 — 6.2e-2
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E1B_a_a_f1,
E5A_a_a_f1

Descr.: Satellite clock correction linear

Type: Float
Unit: s/s
Values: -1.49¢-8 — 1.49¢-8

E1B_a_E1B_HS,

E1B_a_E5B_HS,

E5A_a_ES5A_HS

Descr.: Satellite signal health status
Type: Integer

Values: 0-3
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D gSim Converter Technical Specification

General

Dimensions 96 x 72 X 22 mm
Weight 115 g typ. excluding cables
Operating Temperature 0—+40 °C
Operating Voltage 5V via USB Micro
Supply Current 65mA typ.

Interconnection
USB USB Micro
SDR IN SMA female
GNSS OUT SMA female
REF CLK SMA female

RF Characteristics
L1/E1 & L5/E5A Attenuator Range | 0 — 31.75 dB
L1/E1 Conversion Loss

Attenuator 0 dB 62 dB typ.
Attenuator 31.75 dB 94 dB typ.
L5/E5A Conversion Loss
Attenuator 0 dB 66 dB typ.
Attenuator 31.75 dB 98 dB typ.
SDR IN, GNSS OUT, REF CLK +/- 24V DC, 20 dBm
Supply Voltage 5.5V

ESD Protection
All ports ‘ up to 8kV

q3

Declaration of Conformity: gSim Converter complies with basic related European Union
legislation.

RoHS Compliance: gSim Converter follows the European Union Restriction of the Use of
Certain Hazardous Substances (RoHS) directive.

Packaging: gSim converter packaging follows the European Union Packaging and Packaging
Waste Directive 94/62/EC.
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