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Satellite Navigation Welcome to the GNSS options

Key features

1 Welcome to the GNSS options

The R&S SMBV100B-K44/-K66/-K94/-K97/-K98/-K106/-K107/-K108/-K109/-K122/-
K132/-K133/-K134/-K135/-K136/-K137 are firmware applications that add functionality
to generate signals in accordance with GPS, Galileo, GLONASS, NavIC, QZSS and
COMPASS/BeiDou navigation systems and SBAS augmentation systems.

This user manual contains a description of the functionality that the application pro-
vides, including remote control operation.

All functions not discussed in this manual are the same as in the base unit and are
described in the R&S SMBV100B user manual. The latest version is available at:

www.rohde-schwarz.com/manual/SMBV100B

Installation

You can find detailed installation instructions in the delivery of the option or in the
R&S SMBV100B service manual.

O Ky fRAIUIES. ..o 11
o Accessing the GNSS dialog...c.couiieeeiiiieee e 13
L VAT o= o a1 YN 13
®  DOCUMENLAtION OVEIVIEW........ccevveviieiiiiiiceieeie it e et e e e e e e ee e eeee e e e e ae s bbb e e s e e e as 13
L IS ToTo] oY PR 16
®  NOES ON SCrEENSNOLS....ciue i et 16

1.1 Key features

The global navigation satellite system (GNSS) solution for the R&S SMBV100B is suit-
able for R&D lab tests or production tests. Supported are all possible scenarios, from
simple setups with individual satellites all the way to flexible scenarios generated in
real time.

Real-time scenarios offer simulation of up to several hundred satellites for navigation
systems GPS, Galileo, GLONASS, BeiDou, NavIC and QZSS depending on the instal-
led options.

Key features

The GNSS options key features are:

® Support of multiple GNSS and regional navigation satellite systems (RNSS) and
signals including mixed constellations (Table 1-1)

® Support of satellite-based augmentation systems (SBAS) and signals including
mixed constellations (Table 1-2)

® Configuring the state of a particular signal component individually
® Real-time simulation of mixed constellations and unlimited simulation time

® Flexible scenario generation including moving scenarios, dynamic power control
and atmospheric modeling
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Key features

Simulation of real-time kinematics (RTK) virtual reference stations

Configuration of realistic user environments, including obscuration and multipath,
antenna characteristics and vehicle attitude

Navigation test mode for satellite constellation simulation, position fixing and time
to first fix (TTFF) testing

Tracking test mode for signal acquisition and tracking tests
Single satellite per system test mode for production tests
Simulation of orbit perturbations and pseudorange errors
Support of ranging, correction and integrity services for SBAS

Configuration suitable for basic receiver testing using signals with zero, constant or
varying Doppler profiles

Common configuration of advanced GNSS scenarios

Support of assisted GNSS test scenarios, including generation of assistance data
for GPS, Galileo, GLONASS and BeiDou

Logging of user motion and satellite-related parameters
Real-time external trajectory feed for hardware in the loop (HIL) applications

High signal dynamics, simulation of spinning vehicles to support aerospace and
defense applications

Table 1-1: Supported GNSS/RNSS, frequency bands and signals

GNSS/RNSS L1 band L2 band L5 band
GPS C/A, P, L1C CI/A, P, L2C L5

Galileo E10S E6 E5a, E5b
GLONASS C/A, CDMA L1 C/A, CDMA L2 CDMA L3
BeiDou B1l, B1C B3l B2l, B2a, B2b
QZSS C/A, L1C L2C L5

NavIC - - SPS

For detailed information, see Chapter 2.2, "GNSS overview", on page 19.

Table 1-2: Supported SBAS, frequency bands and signals

SBAS L1 band L2 band L5 band
EGNOS C/A - Exp L5
WAAS C/IA - Exp L5
MSAS C/A - -
GAGAN C/A - -

For detailed information, see Table 2-11.
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1.2

1.3

1.4

1.41

1.4.2

Documentation overview

Accessing the GNSS dialog

To open the dialog with GNSS settings
» In the block diagram of the R&S SMBV100B, select "Baseband" > "GNSS".

A dialog box opens that displays the provided general settings.

The signal generation is not started immediately. To start signal generation with the
default settings, select "State" > "On".

What's new

This manual describes the feature pack of firmware version FW 5.30.047.xx and later
of the R&S®SMBV100B.
Compared to the previous version it provides the new features listed below:

® Generating real-time Galileo open service navigation message authentication
(OSNMA) signals, see Chapter 12.1.1, "About Galileo OSNMA real-time signals",
on page 175 and Chapter 12.2, "Generating Galileo OSNMA real-time signals"”,
on page 176.

® (Galileo OSNMA test vector scenarios configuration 1 and configuration 2 added,
see Table 12-1.

® [Editorial changes

Documentation overview

This section provides an overview of the R&S SMBV100B user documentation. Unless
specified otherwise, you find the documents at:

www.rohde-schwarz.com/manual/smbv100b

Getting started manual

Introduces the R&S SMBV100B and describes how to set up and start working with the
product. Includes basic operations, typical measurement examples, and general infor-
mation, e.g. safety instructions, etc. A printed version is delivered with the instrument.

User manuals and help

Separate manuals for the base unit and the software options are provided for down-
load:

® Base unit manual
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1.4.3

1.4.4

1.4.5

1.4.6

Documentation overview

Contains the description of all instrument modes and functions. It also provides an
introduction to remote control, a complete description of the remote control com-
mands with programming examples, and information on maintenance, instrument
interfaces and error messages. Includes the contents of the getting started manual.

e Software option manual
Contains the description of the specific functions of an option. Basic information on
operating the R&S SMBV100B is not included.

The contents of the user manuals are available as help in the R&S SMBV100B. The
help offers quick, context-sensitive access to the complete information for the base unit
and the software options.

All user manuals are also available for download or for immediate display on the inter-
net.

Service manual
Describes the performance test for checking compliance with rated specifications, firm-
ware update, troubleshooting, adjustments, installing options and maintenance.

The service manual is available for registered users on the global Rohde & Schwarz
information system (GLORIS):

https://gloris.rohde-schwarz.com

Instrument security procedures

Deals with security issues when working with the R&S SMBV100B in secure areas. It
is available for download on the internet.

Printed safety instructions

Provides safety information in many languages. The printed document is delivered with
the product.

Specifications and product brochures

The specifications document, also known as the data sheet, contains the technical
specifications of the R&S SMBV100B. It also lists the firmware applications and their
order numbers, and optional accessories.

The brochure provides an overview of the instrument and deals with the specific char-
acteristics.

See www.rohde-schwarz.com/brochure-datasheet/smbv100b
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1.4.7

1.4.8

1.4.9

1.4.10

Documentation overview

Calibration certificate

The document is available on https://gloris.rohde-schwarz.com/calcert. You need the
device ID of your instrument, which you can find on a label on the rear panel.

Release notes and open source acknowledgment
The release notes list new features, improvements and known issues of the current
software version, and describe the software installation.

The software uses several valuable open source software packages. An open source
acknowledgment document provides verbatim license texts of the used open source
software.

www.rohde-schwarz.com/firmware/smbv100b

Application notes, application cards, white papers, etc.

These documents deal with special applications or background information on particu-
lar topics.

For some application sheets, see also:

www.rohde-schwarz.com/application/smbv100b

Videos

Find various videos on Rohde & Schwarz products and test and measurement topics
on YouTube: https://www.youtube.com/@RohdeundSchwarz

On the menu bar, search for your product to find related videos.

HOME VIDEOS SHORTS PLAYLISTS COMMUNITY CHANNELS ABOUT Cl <product>

Figure 1-1: Product search on YouTube
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Notes on screenshots
1.5 Scope

Tasks (in manual or remote operation) that are also performed in the base unit in the
same way are not described here.

In particular, it includes:

® Managing settings and data lists, like saving and loading settings, creating and
accessing data lists, or accessing files in a particular directory.

® [nformation on regular trigger, marker and clock signals and filter settings, if appro-
priate.

® General instrument configuration, such as checking the system configuration, con-
figuring networks and remote operation

® Using the common status registers

For a description of such tasks, see the R&S SMBV100B user manual.

1.6 Notes on screenshots

When describing the functions of the product, we use sample screenshots. These
screenshots are meant to illustrate as many as possible of the provided functions and
possible interdependencies between parameters. The shown values may not represent
realistic usage scenarios.

The screenshots usually show a fully equipped product, that is: with all options instal-
led. Thus, some functions shown in the screenshots may not be available in your par-
ticular product configuration.
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Required options

2 About the GNSS options

Global navigation satellite system (GNSS) employs the radio signals of several naviga-
tion standards, like GPS, Galileo, GLONASS and BeiDou and NavIC. For several
years, GPS used to be the only standard available for civilian navigation through its

2.1

C/A civilian code.

Nowadays, the GNSS signals and systems are undergoing fast development, some
systems are getting modernized and some are new. In the foreseeable future, several
more GNSS satellites utilizing more signals and new frequencies are available.

The GNSS implementation in the R&S SMBV100B enables you to generate composite
signals of GNSS satellites, depending on the installed options. Signal generation is
performed in real time and thus not limited to a certain time period.

The following chapters provide background information on required options, basic
terms and principles in the context of GNSS signal generation. For detailed information
on the GNSS standards, see the corresponding specifications.

Required options

The basic equipment layout for generating GNSS signals includes:

® Base unit

® Baseband real-time extension (R&S SMBVB-K520)

® At least one basic or modernized GNSS option, see Table 2-1. The modernized
GNSS options do not require a basic GNSS option.
For production testing, use the option Single-Satellite GNSS instead of a GNSS
option, see Table 2-3.

® Optional enhanced simulation capability options, see Table 2-2.

® Optional enhanced simulation capacity options, see Table 2-3.

Table 2-1: GNSS system options

Option Designation Remark

R&S SMBVB-K44 | GPS C/A and P signals in L1 and L2 bands

R&S SMBVB-K66 | Galileo E1 OS, E6, E5a and E5b signals in L1, L2 and L5 bands
R&S SMBVB-K94 | GLONASS C/A signal in L1 and L2 bands

R&S SMBVB-K97 | NavIC/IRNSS SPS signal in L5 band

R&S SMBVB-K98

Modernized GPS

L1C, L2C and L5 signals in L1, L2 and L5 bands

R&S SMBVB-K107

BeiDou/COMPASS

B1l and B2l signals in L1 and L5 bands

Q-component AS signals are not supported, see also
Table 2-8.
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Option

Designation

Remark

R&S SMBVB-K123

Modernized GLONASS

CDMA L1, L2 and L3 signals in L1, L2 and L5 bands

R&S SMBVB-K132

Modernized BeiDou

B1C, B3I, B2a, and B2b_| signals in L1, L2 and L5 bands

Q-component AS signals including B2b_Q are not suppor-
ted, see also Table 2-8.

Table 2-2: GNSS simulation capability options

Option

Designation

Remark

R&S SMBVB-K106

SBAS/QZSS

Requires R&S SMBVB-K44.

Augmentation system option using satellite-based and
regional navigation signals.

R&S SMBVB-K108

Real world simulation

Simulates real-world environments: Signal obscurations,
echoed and multipath effects, receiver antenna patterns
and body masks.

R&S SMBVB-K109

Real-time interfaces

Emulates a realistic environment of the DUT in real time
via the Hardware in the Loop test mode.

R&S SMBVB-K122

Real-time kinematics
(RTK)

Requires R&S SMBVB-K520.

Simulates real-time kinematics for one RTK base station
and one GNSS receiver.

Table 2-3: GNSS simulation capacity options

Option

Designation

Remark

R&S SMBVB-K133

Single-Satellite GNSS

Requires no GNSS system option.

Single satellite signal of a GNSS system suitable for pro-
duction testing.

R&S SMBVB-K134

Dual-frequency GNSS

Simulation of 2 RF band signals

R&S SMBVB-K135

Triple-frequency GNSS

Requires R&S SMBVB-K134.

Simulation of 3 RF band signals

R&S SMBVB-K136

Add 6 GNSS channels

Installable up to 8 times

R&S SMBVB-K137

Add 12 GNSS channels

Installable up to 8 times

There is a limitation on the maximum number of satellite signals that can be simulated
simultaneously. For more information, see Chapter G, "Channel budget", on page 642.

To find out installed GNSS options

» Select "System Config" > "Setup" > "Instrument Assembly" > "Versions / Options" >
"Software Options".

The column "Licenses" lists the number of installed options.

To play back GNSS waveforms

You can generate signals via play-back of waveform files at the signal generator. To
create the waveform file using R&S WinlQSIM2, you do not need a specific option.
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2.2

GNSS overview

To play back the waveform file at the signal generator, you have two options:

® |nstall the R&S WinlQSIM2 option of the digital standard, e.g. R&S SMBVB-K255
for playing LTE waveforms

® |f supported, install the real-time option of the digital standard, e.g. R&S SMBVB-
K55 for playing LTE waveforms

For more information, see data sheet.

GNSS overview

This section provides an overview on the GNSS including the following:

® Power spectral density, frequency bands and center frequencies f gpier
® Characteristics of the satellite constellation
® Signal plan for each GNSS

The number of deployed satellites increases constantly. For the current deployment
status, see the official information of the GNSS providers.

The GNSS simulation capacity depends on installed options and the visibility state of
the individual satellite. For the number of satellites that can be present in the satellite
constellation, see Table 6-1.

L5/EB/B2/G3 L2 G2 E6/B3 L1/E1/B1 G1

Q
®Gps B Galileo  ®Glonass BeiDou

Figure 2-1: Power spectral density and center frequencies of most important GNSS signals

Red = GPS L1, L2 and L5 signals, details in GPS signal plan

Blue = Galileo E1, E5 and E6 signals, details in Galileo signal plan

Green = GLONASS G1(L1), G2(L2) and G3(L5) signals, details in GLONASS FDMA signal plan
Yellow = BeiDou B1, B2 and B3 signals, details in BeiDou signal plan

GPS

The Global Positioning System (GPS) consists of several satellites circling the earth in
low orbits. The satellites transmit permanently information that can be used by the
receivers to calculate their current position (ephemeris) and about the orbits of all sat-
ellites (almanac). The 3D position of a receiver on the earth can be determined by car-
rying out delay measurements of at least four signals emitted by different satellites.

Being transmitted on a single carrier frequency, the signals of the individual satellites
can be distinguished by correlation (gold) codes. These ranging codes are used as
spreading codes for the navigation message which is transmitted at a rate of 50 bauds.
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The C/A codes provide standard positioning service (SPS). The P codes provide pre-
cise positioning service (PPS).

For interface control documents (ICD), see GPS ICD.

Table 2-4: GPS signal plan

Signal CIA P L1C L2C L5
Freq. band L1 L1 L1 L2 L5
L2 L2
foenter, MHZ 1575.42 1575.42 1575.42 1227.6 1176.45
1227.6 1227.6
Modulation BPSK(1) - TMBOC BPSK(1) QPSK(10)
(6,1,1/11)
Galileo

Galileo is the European global navigation satellite system that provides global position-
ing service under civilian control. It is planed to be inter-operable with GPS and GLO-
NASS and other global satellite navigation systems.

The fully deployed Galileo system consists of operational and spare satellites. Three
independent CDMA signals, named E5, E6 and E1, are permanently transmitted by all
Galileo satellites. The E5 signal is further subdivided into two signals denoted E5a and
E5b (see Figure 2-1). The Galileo system provides open service (OS), public regulated
service (PRS) to authorized, commercial service (CS) and search and rescue (SAR)
service.

For interface control documents (ICD), see Galileo ICD.

Table 2-5: Galileo signal plan

Signal E10S E5a E5b E6
Freq. band E1 E5 E5 E6
L1 (GPS) L5 (GPS) L5 (GPS) L2 (GPS)
feenterr MHZ 1575.42 1176.45 1207.14 1278.75
Modulation CBOC AltBOC AItBOC BPSK(5)
(6,1,1/11) (15,10) (15,10)

) The Galileo signals E1 PRS-Noise and E6 PRS-Noise are for experimental use only.
These signals contain arbitrary noise. Use them for spectral interferer testing. For
example, to generate a E1 OS signal and an interfering E1 PRS-Noise signal on the
same center frequency. Theses noise signals are not useful position fix calculation and
do not comply with any ICD specification.

GLONASS

GLONASS is the Russian global navigation satellite system that uses 24 modernized
GLONASS satellites touring the globe.

Together with GPS, more GNSS satellites are provided, which improves the availability
and therefore the navigation performance in high-urban areas.
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For interface control documents (ICD), see GLONASS ICD.
Table 2-6: GLONASS FDMA signal plan

GNSS overview

Signal CIA CIA pPY P

Freq. band L1 (G1) L2 (G2) L1(G1) L2 (G2)
foonters MHZ 1602 + k*0.5625% 1246 + k*0.5625?) 1602 + k*0.5625% 1246 + k*0.5625?)
Modulation BPSK(0.5) BPSK(0.5) BPSK(5) BPSK(5)
L1 and L2 P code signals are not supported in the GNSS firmware.
2) k is the frequency number (FDMA) with -7 < k < 13.

Table 2-7: GLONASS CDMA signal plan

Signal CDMA L1" CDMA L2" CDMA L3

Freq. band L1 L2 L5

foonters MHZ 1600.995 1248.06 1202.025
Modulation | TDM TDM QPSK

") The modernized GLONASS signals CDMA L1 and CDMA L2 are for experimental
use only. Any compliance with GLONASS ICD CDMA open service navigation signal in
L1 frequency band or GLONASS ICD CDMA open service navigation signal in L2 fre-
quency band is not guaranteed.

BeiDou

The fully deployed BeiDou navigation satellite system (BDS) is a Chinese satellite navi-
gation system. This navigation system is also referred as BeiDou-2.

The BDS is a global satellite navigation system with a constellation of satellites (COM-
PASS satellites) to cover the globe. The constellation includes geostationary orbit sat-
ellites (GEO) and non-geostationary satellites. The non-geostationary satellites com-
prise medium earth orbit satellites (MEO) and inclined geosynchronous orbit (IGSO).

The BDS uses frequencies allocated in the B1, B2 and B3 bands. The in phase com-
ponents (I-components) of the signals provide open service (OS), the quadrature
phase components (Q-components) of the signals provide authorized service (AS). For
an overview of supported OS signals, see Table 2-8. Q-component AS signals B1Q,
B2Q, including B2b_Q, and B3Q are not supported in the GNSS firmware.

For interface control documents (ICD), see BeiDou ICD.

Table 2-8: BeiDou signal plan

Signal B1C Bl B2a B2b" B2I B3I
Freq.band | B1 B1 B2 B2 B2 B3
L1 (GPS) L1(GPS) |L5(GPS) |L5(GPS) |[L5(GPS) |L2(GPS)
fooner, MHz | 1575.42 1561.098 | 1176.45 1207.14 1207.14 1268.52
Modulation | BOC(1,1) BPSK(2) |BPSK(10) |BPSK(10) |BPSK(2) |BPSK(10)
QMBOC(S, 1, 4/33) BPSK(10)
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") BeiDou B2b_| I-component of the B2b open service signal for space vehicles PRN 6
to PRN 58.

QZSss

The Quasi-Zenith satellite system (QZSS) is a regional space-based positioning sys-
tem deployed in 2013.

In its final deployment stage, the QZSS uses a total number of three regional non-geo-
stationary and highly inclined satellites and one geostationary orbit (GEO) satellite. The
QZSS does not aim to cover the globe but to increase the availability of GPS in Japan,
especially in the larger towns.

The QZSS uses signals that are similar to the GPS public signals. For interface control
documents (ICD), see QZSS ICD.

Table 2-9: QZSS signal plan

Service name | C/A L1C SAIF" L2CM, L2CL L51, L5Q LEX"

Signal C/IA L1C - L2C L5 -

Freq. band L1 L1 L1 L2 L5 E6

foonen MHz | 1575.42 1575.42 1575.42 1227.6 1176.45 1278.75

Modulaton | BPSK(1) | TMBOC BPSK(1) | BPSK(1) BPSK(10) BPSK(5)
(6,1,1/11)

") QZSS SAIF and E6 LEX signals are not supported in the GNSS firmware.

NavIC

NavIC (Navigation Indian Constellation) is the Indian navigation satellite system, for-
merly denoted IRNSS (Indian Regional Navigational Satellite System).

NavlC is a regional satellite navigation system with a constellation of satellites to cover
an area of 1500 km surrounding India (2016). The constellation includes geostationary
orbit (GEO) satellites and inclined geosynchronous orbit (IGSO) satellites.

The NavIC system uses frequencies allocated in the L5 and S bands providing special
positioning service (SPS) and precision service (PS).

For interface control documents (ICD), see NavIC ICD.
Table 2-10: NavIC signal plan

Signal SPS pPS"
Freq. band L5 S

feenterr MHZ 1176.45 2491.75
Modulation BPSK(1) N/A

" NavIC PS signal is not supported in the GNSS firmware.
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SBAS overview

Assisted GNSS (A-GNSS)

Assisted GNSS (A-GNSS) was introduced to different mobile communication stand-
ards to reduce the time to first fix (TTFF) of a user equipment (UE) containing a GNSS
receiver. The reduction is achieved by transmitting information (assistance data) mainly
about the satellites directly from a base station to the UE.

For example, a standalone GPS receiver needs about 30 to 60 seconds for a first fix
and up to 12.5 minutes to get all information (almanac).

In A-GNSS "UE-based mode", the base station assists the UE by providing the com-
plete navigation message along with a list of visible satellites and ephemeris data. In
addition to this information, the UE gets the location and the current time at the base
station. That speeds up both acquisition and navigation processes of the GPS receiver
and reduces TTFF to a few seconds.

In A-GNSS "UE assisted mode", the base station is even responsible for the calcula-
tion of the UE's exact location. The base station takes over the navigation based on the
raw measurements provided by the UE. Since the acquisition assistance data provided
by the base station already serves speeding up the acquisition process, the UE only
has to track the code and carrier phase.

2.3 SBAS overview

Satellite-based augmentation systems (SBAS) use geostationary satellites (GEO) to
broadcast GNSS coarse integrity and wide area correction data (error estimations),
and ranging signal to augment the GNSS.

SBAS broadcast augmentation data in the GPS frequency band L1 using the C/A code
of GPS. For experimental use, the R&S SMBV100B provides modulation of SBAS L1
navigation message data in the GPS L5 band for SBAS systems EGNOS and WAAS.
The signal "Exp L5" is a pure copy of L1 data and does not comply with SBAS inter-
face control document (ICD) specifications.

Table 2-11: SBAS signal plan

Signal C/A Exp L5
Freq. band L1 L5
feenters MHZ 1575.42 1176.45
Modulation BPSK(1) N/A

The SBAS provides data for a maximum of 51 satellites. In the SBAS, the term
"pseudo random number" (PRN) is used instead of the term space vehicle (SV). There
are 90 PRN numbers reserved for SBAS, where the numbering starts at 120.

Several SBAS systems are still in their development phase, like, for example, the
SDCM in Russia Federation, and GAGAN in India.
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GNSS components overview

SBAS systems that are currently in operation argument the US GPS satellite naviga-
tion system, so that they are suitable, for example, for civil aviation navigation safety
needs. The following SBAS systems are supported by R&S SMBV100B:

e EGNOS
EGNOS (European geostationary navigation overlay service) EGNOS is the Euro-
pean SBAS system.

e WAAS
WAAS (wide area augmentation system) is the SBAS system in United States.
* MSAS

MSAS (multi-functional satellite augmentation system) is the SBAS system working
in Japan. It uses the multi-functional transport satellites (MTSAT) and supports dif-
ferential GPS.

e GAGAN
GAGAN (GPS aided geo augmented navigation system) is the SBAS implementa-
tion by the Indian government.

2.4 GNSS components overview

The GNSS system consists of three main components: the space segment, the ground
segment and the user segment.

Figure 2-2: GNSS system components (simplified)

1 = Space segment or satellites

2 = Ground segment or ground stations

3 = User segment or receivers

4 = Ephemeris (broadcasted satellites orbit and clock)
5 = Broadcasted navigation message
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2.5

How are the GNSS components simulated?

Space segment

The space segment consists of the satellites that orbit the earth on their individual
orbits. Satellites broadcast signals at specific frequency in the L band and spread by
predefined codes. For the GPS satellites using L1 frequency band, for instance, the
predefined codes are the coarse/acquisition (C/A) or the precision (P) codes.

The transmitted signal carries the navigation message, on which each satellite broad-
casts its major characteristics, its clock offsets and precise orbit description, where the
latter is called ephemeris. The navigation message contains also satellites status
information, ionospheric and time-related parameters, UTC information and orbit data
with reduced accuracy for all other satellites, commonly referred as almanac.

Ground segment

The ground segment is a network of ground stations whose primary goal is to mea-
sure constantly the satellites’ location, altitude and velocity, and the satellites signals.
The ground stations also estimate the influence of the ionosphere. They calculate the
precise orbit (and orbit perturbation) parameters and clock drifts parameters of
each satellite. This corrected highly accurate information is regularly broadcasted back
to the satellites so that their navigation messages can be updated.

User segment

Finally, the receiver decodes the navigation message (ephemeris and almanac)
broadcasted by the GNSS satellites, obtains information regarding the satellites orbit,
clock, health etc. and calculates the satellites coordinates. The receiver also measures
the signal propagation time (i.e. the pseudorange) of at least four satellites and esti-
mates its own position.

How are the GNSS components simulated?

In real life, the true satellite orbit can differ from the orbit information that the satellite
broadcasts.

In this implementation, the simulated orbit is the true orbit. Thus, the satellites motion
along their orbits, the clock they use and the current distance to each of them are refer-
red to as simulated orbit, clock and pseudorange. They are set as retrieved from
the constellation data source and can be configured on a per satellite basis.

The navigation message of each of the satellites is per default identical to the simula-
ted one. It is referred to as broadcasted navigation message, since it represents the
broadcasted satellite’s signal, see Figure 2-2. Per default, the broadcasted and the
simulated orbit and clock parameters match. Obviously, if the parameters in any of
those two groups are changed, a deviation between the sets is simulated.

The receiver is the device under test (DUT). In the simulation, the receiver is represen-
ted by its position, antenna configuration, environment, etc. The receiver is tested with
the GNSS that it would receive in a real-world situation if placed in the specified condi-
tions.
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How are the GNSS components simulated?

Simulation date, time and location

The R&S SMBV100B generates the signal for any simulation date and time, in the past
or in the future. The generated signal represents any location, on the earth or in the
space, for a static or moving receiver.

You have full control over the satellites’ constellation, the satellites signals and the nav-
igation message of each satellite. Repeat measurement scenarios with same precondi-
tions and vary the complexity or replay simulation events from the past.

For details, see:

® Chapter 4, "Simulation time", on page 46

® Chapter 5, "Receiver type and position", on page 52

® Chapter 6, "Satellite constellation", on page 67

Chapter 7, "Space vehicle configuration”, on page 82

Real-world scenarios through environmental effects

You can also simulate various different environmental conditions, like the effect of the
receiver’s antenna characteristic, vehicle movement, vehicle body mask, multipath
propagation, obstacles or the atmosphere.

For details, see Chapter 10, "Real-world environment", on page 116.

lonospheric effects

You can also simulate the effect of the atmospheric (ionospheric and tropospheric)
errors on the positioning accuracy.

For details, see "Tropospheric and ionospheric models" on page 197.

GNSS errors sources

Additional to the real-world and the ionosphere effects, you can simulate signal errors
by manipulating the navigation messages of the satellites. Signal errors have a direct
impact on the receiver’s positioning accuracy.

You can observe the effect of the following common error sources:

® Ephemeris errors: Orbit and orbit perturbation errors

® Satellite clock and time conversion errors

® Pseudorange errors

For details, see Chapter 13, "Perturbations and errors simulation", on page 191.

Historical constellations and navigation data

You can also replay historical satellite constellations, by loading constellation files and
navigation data files for all GNSS systems supported in the GNSS firmware.

For details, see:
® "File formats" on page 282
® Chapter 17.1, "Import constellation settings", on page 284
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How are the GNSS components simulated?

Correction data

You can also correct navigation data by loading SBAS corrections.

For details, see:
® Chapter 14, "SBAS corrections", on page 236
® Chapter 17.2, "Import SBAS settings", on page 286
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Trying out the GNSS simulator

3 Getting started

3.1

In its default configuration, the software generates GNSS signal that is sufficient for a
receiver to get a position fix. The simulated GNSS depends on the installed options.
For example, if R&S SMBV100B-K44 is installed, it is GPS C/A signal in the L1 band.

For all GNSS, the simulation starts on 2014-02-19 at 6 am UTC time and the satellite
constellation corresponds to a constellation that is visible for a static receiver located in
Munich.

To simulate a defined configuration, you can load predefined assistance GNSS scenar-
ios or load a user-defined scenario. The software applies the configuration automati-
cally, you can change related settings afterwards. For example, try out the receiver
templates and configure a receiver, moving in a circle in New York.

e Trying out the GNSS SIMUIALOT.....ccceceeiiiiiieie e 28
@  General SEHINGS.......o i aa s 32
®  SImMUIAtIoN MONITOT. ... e e 36

Trying out the GNSS simulator

The following simple examples can help you get familiar with the basic functions of the
software:

® "To generate a GNSS signal" on page 28
® "To use predefined scenarios" on page 29
® "To generate a multi-constellation GNSS signal" on page 31

To generate a GNSS signal

This step-by-step instruction shows how to generate a GNSS signal with the default
configuration of a GPS signal for simple receiver tests.

1. Select "Baseband" > "Satellite Navigation" > "GNSS".

2. Select "General" > "State" > "On".

I | |
Trigger In Clock
n General
o Set To @ Recall Save @ Predefined
Default Scenario ... Scenario ... Scenario ..
Test Mode Scenario
Navigation None

i RTK Configuration ...
@GNSS Configuration ... @ RTK Off
@Simulation Monitor ...

@Daia Generation ...
Logging Off

Configured is a GPS signal with C/A signal in the L1 frequency band.

?
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Trying out the GNSS simulator

3. To observe current satellite constellation, select "GNSS" > "Simulation Monitor".
GNSS: Simulation Monitor — | X
Display o Display o View Settings ..
Sky View Power View
sV 11
HDOP  0.83
PDOP 1.68
»
A4
oy i 5 E g 5 i E E ] © @
o 150° Los @ Space Vehicles
G- GPS 180° Off / Obscured () L1:
P- 48.15000°N 11.58333°E 508.00 m V:0.00 m/s T: 2014-02-19 06:00:00.000 g;‘:flsg |
4. In the block diagram, select "RF" > "On".

The signal generation starts. The frequency and level of the generated RF signal
are configured automatically. Further settings are not required.

For a description of related settings, see:
e Chapter 3.2, "General settings", on page 32
e Chapter 3.3, "Simulation monitor", on page 36

To use predefined scenarios

1.
2.

Select "Baseband" > "Satellite Navigation" > "GNSS".

Select "General" > "Predefined Scenarios".

The "Predefined Scenario" dialog opens displaying predefined scenarios in a list.
See also Chapter E, "Predefined GNSS scenarios", on page 630.

Select, for example, "Assisted GNSS" > "3GPP2" > "3GPP2 C.S0036 2.1.2 Mov-

ing".

Select "General" > "State" > "On".

Trigger In Clock
nGeneraI
o Set To @ Recall Save e Predefined
Default Scenario ... Scenario ... Scenario ...

[

Test Mode Scenario

Navigation 3GPP2 C.S0036 2.1.2 Moving

i RTK Configuration ...
QGNSS Configuration ... @ RTK Off
Qsimulalion Monitor ..
@Data Generation ...
Logging Off
29
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Trying out the GNSS simulator

The scenario provides a GPS signal with C/A signal in the L1 frequency band for a
moving GNSS receiver.

5. To observe simulation characteristics, open the "Simulation Monitor" dialog:

a) For the receiver trajectory, select "Display" > "Map View".
b) For the satellite constellation, select "Display" > "Sky View".

GNSS: Simulation Monitor —_— X

Display Display
Map View Grid Sky View

1.07
2.40

i Los@p
G- GPS 180° Off / Obscured (I
P: 36.99238°N 122.00599°W 115.00 m V:2778m/s  T:15.08.2001 16:58:47.200 e g;“:ﬂsg |

6. To check related settings of the GNSS receiver, select "Simulation Monitor" >
"GNSS Config".

a) To check general receiver characteristics, select "Receiver".

GINSS: GNSS Configuration —_ X

SYS1ems . Signals Recelver w Atmosphere _
Qsimulation Monitor ...

Positi
ostiion ~ Position Configuration ..

Static

Number of Antennas .
7] Antenna Configuration ...

Environment Model . .
~ Environment Configuration ..

Line of Sight (LOS)
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Trying out the GNSS simulator

7.

b) To check the receiver position, select "Receiver" > "Position Configuration".

GNSS: Position Configuration

X

@Waypoim File

3gpp2.txt

Duration

226.100s

Readout Mode

One Way (stop after last point)v

Reference Frame

WGS-84

Motion Behaviour
is Not Smoothing

[

More ...

3

Attitude Behaviour

More ..

Align to Motion |

500 1000 1500 2000 2500 3000 3500 4000

In the block diagram,

select "RF" > "On".

The signal generation starts. The frequency and level of the generated RF signal
are configured automatically. Further settings are not required.

For description of the related settings, see:

Chapter 3.2, "General settings", on page 32
Chapter 3.3, "Simulation monitor", on page 36
Chapter 5, "Receiver type and position", on page 52

To generate a multi-constellation GNSS signal

1.

Select "Baseband" > "Satellite Navigation" > "GNSS".

2. Select "GNSS Configuration" > "Systems & Signals".

Systems & Signals Satellites | Atmosphere | Output Streams _
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General settings

3. Select the frequency band, for example, set "L1" > "On".

4. Enable the global, regional and augmentation GNSS systems to be simulated, for
example, "GPS" > "On", "Galileo" > "On", "GLONASS" > "On".

5. Define the signals per GNSS system, for example, for GPS:

a) Enable the C/A signal: Select "GPS" > "C/A" > "On".
b) Disable the P signal: Select "GPS" > "P" > "Off".

6. To observe current satellite constellation, select "GNSS" > "Simulation Monitor".
7. To reconfigure constellation settings, select "Simulation Monitor" > "GNSS Config".
8. In the block diagram, select "RF" > "On".

The signal generation starts. The frequency and level of the generated RF signal
are configured automatically. Further settings are not required.

For related settings, see:

e Chapter 3.2, "General settings", on page 32

e Chapter 3.3, "Simulation monitor", on page 36
e Chapter 6, "Satellite constellation", on page 67

3.2 General settings

Access:

» Select "Baseband" > "Satellite Navigation" > "GNSS".

I | % |
Trigger In Clock
n Genera!
Set To @ Recall Save @ Predefined
Default Scenario .. Scenarlo Scenario ..
Test Mode Scenario
Navigation None

- RTK Configuration ...
@GNSS Configuration ... @ RTK OFf
Qsimulation Monitor ...

@Data Generation ...
Logging Off

The dialog provides general settings to call the default settings, save and recall
settings and access to further settings of the GNSS simulation.

The remote commands required to define these settings are described in Chap-
ter 21.1, "General commands", on page 328.
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Settings:

] = (= T 33
SEE 10 DEFAUI.......ciieeeeeeeete ettt a e e e e e e e e e e e e e e e e e eeeeeeerrrarara 33
Recall SCeNario/SaVve SCENAIIO......uuuiieieeeeiiieeeeeeeeeeeeeeeeeeeeeee e e e e e e e e aeaeaeeaeeeees 33
Predefined SCENAIIO.......coieeeiee et et e e e e et e e e e e e esbe e e e e eraaaaeeaes 34
ST oT=T o T= o (o T 34
B =553 011, o Yo [ 34
GNSS CoNfIGUIAtiON.... et ranee e 35
31011 =Y o] TR AY [ a1 (o R 35
(D= e= W CT=Tal=T =Y (o] o OSSR 36
[ I S o 11T [ = 11 o] o 36
State

Activates the standard and deactivates all the other digital standards and digital modu-
lation modes in the same path.

Remote command:
[ : SOURce<hw>] :BB:GNSS:STATe on page 329

Set to Default
Calls the default settings. The values of the main parameters are listed in the following
table.

Parameter Value

"State" Not affected by "Set to default"
"Scenario” "None"

"Test Mode" "Navigation"

"Logging" "Off"

"RTK" "Off"

Remote command:
[ : SOURce<hw>] :BB:GNSS:PRESet on page 329

Recall Scenario/Save Scenario

Accesses the "Save/Recall" dialog, that is the standard instrument function for saving
and recalling the complete dialog-related settings in a file. The provided navigation
possibilities in the dialog are self-explanatory.

The settings are saved in a file with predefined extension. You can define the filename
and the directory, in that you want to save the file.

See also, chapter "File and Data Management" in the R&S SMBV100B user manual.

To ensure repeatable test situation, the save file or recall file contains all settings. The
scenario includes all files used in the simulation, for example, waypoints files or vehicle
description files.

When recalling a scenario, the instrument checks the installed options and the used
system configuration. If there is a mismatch, the file is loaded, settings adapted as far
as possible and the simulation displays a warning message to indicate this situation.
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Remote command:

[ :SOURce<hw>] :BB:GNSS:SETTing:CATalog? on page 331
[ :SOURce<hw>] :BB:GNSS:SETTing: STORe on page 331
[:SOURce<hw>] :BB:GNSS:SETTing:LOAD on page 331

[ :SOURce<hw>] :BB:GNSS:SETTing:DELete on page 332

Predefined Scenario
Accesses the standard "File Select" dialog and allows you to select a predefined sce-
nario.

The available test scenarios depend on the installed software options. For an overview,
see Chapter E, "Predefined GNSS scenarios", on page 630.

Once a scenario is selected, all parameters (simulated position, satellite configuration,
navigation data, etc.) are configured automatically. The scenario name is indicated,
see "Scenario” on page 34.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SETTing:CATalog:PREDefined? on page 332
[ : SOURce<hw>] :BB:GNSS:SETTing:LOAD: PREDefined on page 332

Scenario

Displays a loaded scenario, if selected.

"None" No scenario selected (default setting), see "Set to Default"
on page 33.

Predefined scenario
Name of the predefined scenario as selected via "Predefined Sce-
nario" on page 34.

Predefined scenario *
Name of the predefined scenario with changed settings.

Directory and filename
Directory and filename, when you load a scenario, see "Recall Sce-
nario/Save Scenario" on page 33.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SCENario? on page 329

Test Mode
Set the test mode to match the operation mode in that the DUT works.

Irrespectively of the selected mode, initial satellites constellations are defined by the
predefined or imported constellation data. Also, the number of active satellites with
their initial position and messages are retrieved from constellation data. You can edit
the satellite constellation and signals in both modes.

Switching from one test mode to the other presets all satellites parameters to their
default values. The modes differ in terms of signal content and scenario complexity:

User Manual 1178.9403.02 — 10 34



Satellite Navigation Getting started

General settings

"Navigation" The generated signal contains satellite signals to simulate a particular
location of a GNSS receiver.
This signal implies a realistic navigation scenario. The DUT can ach-
ieve position fix, since the satellite constellation comprises of at least
three satellites. The signal is suitable for signal acquisition and TTFF
tests.
For more information, see Chapter 5, "Receiver type and position",
on page 52.

"Tracking" The generated signal contains no positioning data. You do not need
to configure the GNSS receiver.
Navigation and acquiring of position fix is not possible. The signal is,
however, sufficient to test the ability of the DUT to find the channel
and to decode the signal. It is also sufficient for sensitivity testing.
Use this mode to simulate high signal dynamics. For example, simu-
late spinning vehicles and precision code (P code) such as in some
aerospace and defense applications.
For more information, see Chapter 8, "Tracking mode", on page 106.

"Single Satellite per System"
Requires R&S SMBVB-K133.
The generated GNSS signal contains one satellite signal for each
GNSS system GPS, Galileo, GLONASS, COMPASS/BeiDou and
NavIC. Use this mode for production tests.
Navigation and acquiring of position fix is not possible. The signal is,
however, sufficient to test the ability of the DUT to find the channel
and to decode the signal. It is also sufficient for sensitivity testing.
For more information, see Chapter 9, "Production tester",
on page 112.

Remote command:
[ : SOURce<hw>] :BB:GNSS: TMODe on page 330

GNSS Configuration
Accesses the "GNSS Configuration" dialog for defining active navigation system, used
RF bands and signals. Also, the dialog provides further settings to configure satellites.

See:

® Chapter 6.1, "Systems and signals settings", on page 68
® Chapter 4.1, "Time settings", on page 46

® Chapter 5.1, "General receiver settings", on page 52

® Chapter 6.2, "Satellites settings", on page 73

[ ]

Chapter 13.4, "Atmospheric effects and ionospheric errors settings", on page 200

Simulation Monitor
Accesses the "Simulation Monitor" dialog for real-time display of the most important
parameters.

These parameters are, for example, the current satellite constellation with SV states
and position, receiver position or movement trajectory and received satellite power.

See Chapter 3.3, "Simulation monitor", on page 36.
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Data Generation

Accesses the "Data Generation" dialog for enabling and configuring data logging,
assistance data generation and generating files by converting. Also, the button dis-
plays logging state ("Logging On"/"Logging Off").

See:
® Chapter 15, "Data logging", on page 265
® Chapter 16, "Assistance data generation", on page 275

RTK Configuration
Requires R&S SMBVB-K122.

Accesses the "RTK Configuration" dialog for enabling and configuring real-time kine-
matics (RTK) simulation. Also, the button displays the RTK state ("RTK On"/"RTK Off").

See Chapter 11, "Real-time kinematics", on page 162.

3.3 Simulation monitor

About the simulation monitor

The simulation monitor visualizes the real-world situation of disappearance and reap-
pearance of satellites in real time. It is a dynamic display that provides real-time infor-
mation on the following:

® Satellite location, satellite states and satellite tracks

® Receiver position and receiver velocity including the current simulation time

® Trajectory of a moving receiver

® Signal power levels of the active satellites and echo signals

® Horizontal dilution of precision (HDOP) and position dilution of precision (PDOP)

To access the functionality

1. Select "GNSS" > "General" > "Simulation Monitor".
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GNSS: Simulation Monitor —_ X
Display o Display o View Settings ..
Sky View Power View
o sV 1

HDOP  0.83

250 i PDOP  1.68

»

- R i B0 () «

¥ 50-

: g Los gy Space Vehicles
HoH 180° Off / Obscured (1) L1:
P: 48.15000°N 11.58333°E 508.00 m V:0.00 m/s T: 2014-02-19 06:00:00.000 e g;‘:f?g

The dialog displays the view that fits best to the settings in the origin dialog.

2. To access related settings, select "GNSS Configuration".

The simulation monitor offers different views to monitor characteristics of the GNSS
signal. The views cover the following topics.

Settings:

1T o] = PRSPPI 37
AV USSR 42
GNSS CoNfigUration........ccciciiiieeee e e e e e e e e e s st eeeeeeeeas 42
EXpand ft/right. ... e e e e 42
SV/HDOP/PDORP........cttiiie ettt setee e e e st e e e e sestee e e e s sbae e e e s sssteeeeesasteeeessansaneeeennnees 42
VIBW SttiNGS. et e e s e e s srre e e e e 43
ShOW ECNOES. ...t e e e e e e e e e e e e e e e e e e e ennnes 43
0T L0 I = o S 43
1< TN 43
Yaw / Heading/Pitch / EIeV./ROIl / BANK........cccciiiiicciiiiiieeecee e eccieeie e e e e 44
Y25 (=] 1 1 44
0 |5 PSR 44
L7 0T T o 1= SR 44
HW Channels table.........oo e 45
Display

Switches between the available views.
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"Sky View"

"Power View"

User Manual 1178.9403.02 — 10

Simulation monitor

Displays the current position and state (active or inactive) of the satel-
lites in the current satellites constellation. In this display, you can, for
example, observe the situation of disappearance and reappearance
of satellites.

GNSS: Simulation Monitor

Display
Sky View

Display
Map View
sV 42

HDOP  0.39 1000
PDOP  0.73

t

8 B 28 8

- GLONASS

oumame

- BeiDou Inms + Echoes @
- SBAS _ ] Echoes
-QZss 180° ﬂﬂlﬂbscl"!d. =100 100 200 300 400 500 600 700 800 900 1000 1100

P: 48.14550°N 11.57848°E 500.03 m V:8.00 m/s T:19.02.2014 06:00:23.600

e Simulation
Config ...

Figure 3-1: Hybrid satellite constellation with obscured satellites in a moving
scenario

For instruments equipped with option R&S SMBV100B-K108, the
"Sky View" indicates also the obscured satellites, the satellites with
echoes, etc. For example, the satellites which signal is not visible
from the current receivers position because there is an obstacle
between the receiver and the satellite, are displayed in gray color.

Displays the current power levels of the signals of the active satellites
and their echoes.

— X

View Settings ...

GNSS: Simulation Monitor

Display

Display
Power View

Sky View |

sV 20
HDOP  0.65
PDOP  1.05

330°
B .
311, R18
ST
‘B33 T TR [
F R4 «

Power (dBm)

g gy
BEZZ G32 k8

L2 S

G- Space Vehicles

o cLonk . @ |

R - GLONASS LOS + Echoes @

B - BeiDou 0 Echoes @ L2: 12¢A E6 B3 L2

Q-0Q7Zss 180° Off / Obscured () L5: Esb B2 Esa L5 COMALS

P: 48.14550°N 11.57707°E 500.04 m V:4.26 m/s T: 2014-02-19 06:00:06.600 e S:nsf?g ‘

Figure 3-2: Hybrid satellite constellation with obscured satellites and echoes
with power signal levels per satellite
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"Ground Track"
Displays an aggregated plot of the trajectories of all satellites projec-

ted on the world map.

To observe satellite ground tracks, you can show tracks for all and for
single satellites:
® For all satellite ground tracks, select "Show Tracks". See "Show

Tracks" on page 43.
® For a single satellite ground track, access the "Simulated Orbit"
settings of this satellite. See "Ground Track" on page 94.

GNSS: Simulation Monitor — | X

Displa
play - Show Tracks D
Ground Track
e
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20 f E3
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oF e B32 s20 132 627 85 tE13 261312
164 i ! [ ETT B28 By, *Re —
R19 1 621
20 G 17 R14.2E g FiGERT 625" §dfos
B21 E1£63: *E27
+G5. 831 R3 618 P 9 £
40 i = A aas 1B 88
. » *E10 B14 B15
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-60 SRd R21
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Simulation monitor

Displays the trajectory of a moving receiver or the position of a static
one. The blue trajectory displays the last 50 receiver positions, the
orange trajectory displays the receiver positions from the last three
hours or the expected movement from a waypoint file. If the receiver
position reaches the limits of the axes, the scaling is adapted auto-
matically.

GNSS: Simulation Monitor — X
Display

Map View |

-5000
-10000
-15000
-20000
-60000 50000 -40000 -30000 ~20000 -=10000 10000 20000 30000 40000 50000 60000
P: 48.36612°N 11.80808°E 58.28 m V: 164.11 m/s T: 2014-02-19 06:00:07.200 (I ‘

Config ...

1 = Receiver position

2 = Blue trajectory: 50 last receiver positions

3 = Orange trajectory: receiver positions of the last three hours or the expected move-
ment from a waypoint file

If you analyze the generated GNSS signal with a GNSS receiver soft-
ware, you can notice a slight difference in the receiver position. The
receiver position displayed on the "Map View" and the position dis-
played on the receiver software can deviate at the beginning of a sim-
ulation. The accuracy of the "Map View" display is progressively
increasing with the time elapsed and after the first satellite handover
the deviation completely disappears.
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"Attitude View" Displays a compass showing the geographic direction of a moving
receiver, typically an airplane. It also displays an attitude indicator
showing the orientation of this airplane relative to earth's horizon.

GNSS: Simulation Monitor i X
Display

Attitude View |

Yaw / Heading ! Pitch / Elev. © Roll / Bank 9
37.8deg -34.4 deg -39.9 deg
P: 48.37116°N 11.82148°E 101.17 m V: 19472 m/s T: 2014-02-19 06:00:13.600 e g::ﬁg |

The displayed attitude indicator is known from the flight simulators.
The yellow sign in the middle represents the airplane with its nose
and wings. The brown part of the display is the earth, whereas the
sky is displayed in blue; the line between the two parts is the horizon.

The "Attitude View" changes in real time:

® |f the yellow circle, i.e. the nose of the airplane, is on the blue
background, then the airplane is nose up.

® |f a spinning and roll is enabled, the attitude indicator also visual-
izes pitch and roll (i.e. bank or side-to-side tilt).

"Elev./Azimuth"
Displays the time variation of the azimuth and the satellite's elevation
over 24 hours UTC time. The start time is hour 00:00:00 of the simu-
lated day. The vertical dotted green line indicates the current simula-
tion time and updates in real time. Crossing midnight ("24") triggers a
refresh of the two plots.

GNSS: Simulation Monitor — | X

Display System SV-ID

- -

Elev./Azimuth | GPS 1

Elevation (deg)

Azimuth (deg)

0 2 4 5 8 10 12 14 16 18 20 2 24
UTC Time (h)

P: 48.52616°N 11.96097°E 1735.04 m V: 257.22 m/s T: 2014-02-19 06:01:36.400 (R |

Config ...
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"HW Channels"
Lists the channel information, number of active channels and alloca-
ted channels of the composite GNSS signal.

GNSS: Simulation Monitor

Display
HW Channels

See also:
® "Channels" on page 44
e "HW Channels table" on page 45

Remote command:
[ :SOURce<hw>] :BB:GNSS:MONitor<ch>:DISPlay on page 577

PIVIT

Real-time information for receiver position, receiver velocity and simulation time.

"P" Receiver position with latitude and longitude in degrees and altitude
in meters. See also "Location Coordinates, Position Format"
on page 57.

"W Receiver velocity in meter per second

"T" Date and time in UTC format: YYYY-MM-DD HH:MM:SS. See also

"Simulation Start" on page 48.

GNSS Configuration

Accesses the "GNSS Configuration" dialog to configure the following GNSS settings:
Chapter 6.1, "Systems and signals settings", on page 68

Chapter 4.1, "Time settings", on page 46

Chapter 5, "Receiver type and position", on page 52

Chapter 6.2, "Satellites settings", on page 73

Chapter 13.4, "Atmospheric effects and ionospheric errors settings"”, on page 200
Chapter 13.2, "Noise and CW interferer settings", on page 191

Expand left/right
Expands the view to the full width of the dialog.

">>" Expands the left view to the right.
"<<" Expands the right view to the left.
SV/HDOP/PDOP

Displays the current HDOP and PDOP value of the selected satellite constellation and
the number satellites that these values apply to.

The HDOP and PDOP can be used as an indication of 2D and 3D positioning quality.
The general rule here is that the smaller the HDOP and PDOP are, the better the preci-
sion of the position fix.
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View Settings
Requires "Display" > "Power View".

Accesses a dialog to define visible signals in the graph that displays the signal power
levels per satellite. Disable or enable visible signals, for example, in hybrid satellite
constellations to highlight visible signals for a specific GNSS.

GNSS: Monitor Viewer Parameters (Left) —_— X
Show Echoes
GPS
L1 C/A

Galileo

E108

|n

GLONASS
L1 C/A

|n

BeiDou

B1l

<

Remote command:

[ :SOURce<hw>] :BB:GNSS:MONitor<ch>:DISPlay:POWer:SYSTem:GPS:
SIGNal:L1Band:CA on page 581

(etc. for the other GNSS systems)

Show Echoes
Requires "Display" > "Power View".

If enabled, the "Power View" graph indicates also the echoes per satellite. Echo signals
are present, if you configure a static multipath environment for a receiver with at least
one configured echo.

See also:
® Chapter 10.7.6, "Static multipath", on page 158
® Figure 7-3

Remote command:
[ : SOURce<hw>] :BB:GNSS:MONitor<ch>:DISPlay:POWer:ECHoes on page 579

Show Tracks
Requires "Display" > "Ground Track".

If enabled, the "Ground Track" view indicates both, the current satellite positions and
their orbits.

Remote command:
[ : SOURce<hw>] :BB:GNSS:MONitor<ch>:DISPlay:TRACks:SHOW on page 578

Axis
Requires "Display" > "Map View".

Changes the axis representation of the map. The origin and the distance of the
receiver trajectory to the origin stays the same for each representation.
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"Grid" Two-dimensional cartesian coordinates in grid-like representation.
"Circles" Two-dimensional coordinates in circular representation of an eye
chart.

Remote command:
[ :SOURce<hw>] :BB:GNSS:MONitor<ch>:DISPlay:MAP:AXIS on page 578

Yaw / Heading/Pitch / Elev./Roll / Bank
Requires "Display" > "Attitude".
Displays the receiver attitude parameters yaw/heading (Y), pitch/elevation (P), roll/

bank (R) in degrees. The simulation reads out these parameters from the receiver
movement file.

For constant attitude behavior, you can configure initial receiver attitude parameters,
see "Attitude Behaviour, More" on page 57.

System
Requires "Display" > "Elev./Azimuth".

Selects the GNSS for that the simulation varies the satellite elevation and azimuth val-
ues.

Remote command:
[ :SOURce<hw>] :BB:GNSS:MONitor<ch>:DISPlay:TRAJectory:SYSTem
on page 579

Sv-ID
Requires "Display" > "Elev./Azimuth".

Selects the space vehicle for that the simulation varies the satellite elevation and azi-
muth values.

Remote command:
[ :SOURce<hw>] :BB:GNSS:MONitor<ch>:DISPlay:TRAJectory:SVID
on page 578

Channels
Requires "Display" > "HW Channels".

Displays the number of active GNSS channels ("x") and allocated GNSS channels
("y"). The number of active channels is automatically configured depending on the
number of active GNSS systems, signals, satellites, vehicles and antennas. The num-
ber of allocated channels is also the maximum number of channels.

A GNSS channel refers to a hardware unit that is required to process and generate a
GNSS signal. GNSS channels are uniquely composed of the following configuration
elements: One vehicle/receiver, one antenna, one RF band and one signal of a single
satellite.

The maximum number of channels depends on the installed options. See Chapter G,
"Channel budget", on page 642.
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Remote command:

[ :SOURce<hw>] :BB:GNSS:MONitor<ch>:DISPlay:CHANnels:USED?

on page 581

[ :SOURce<hw>] :BB:GNSS:MONitor<ch>:DISPlay:CHANnels:ALLocated?
on page 581

HW Channels table
Requires "Display" > "HW Channels".

Lists GNSS channel information in a table.
Table 3-1: HW channels: Understanding the displayed information

Parameter Description

"Ant" Antenna number

"SV" Space vehicle with GNSS system and number
"Signal" Frequency band and signal

"Path" Type of signal: Line-of-sight (LOS) and echoes
"Power(dBm)" Channel power
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4 Simulation time

4.1

The default system time in this simulation is given in the UTC (Universal Time Coordi-
nates) time base. The simulation start time is thus defined as date and time and is set
to 2014-02-19 at 06:00:00 am.

Simulation start time

You can change the simulation start time as you can change the time basis at any time.
The time is then automatically recalculated and displayed in the selected time format.

The satellite constellation can comprise SVs from different navigation systems. You
can observe the current simulation time converted into the time basis of each of the
enabled GNSS systems at a glance.

If the satellite constellation comprises SVs from different navigation standards, the time
conversion between the time bases in these navigation standards has to be defined.
With other words, the time conversion settings are necessary for switching from one
timebase to another.

Time conversion parameters and leap second

Time conversion parameters are zero and first order system clock drift parameters and
the current leap second.

The leap second describes the difference between the GPS, Galileo, GLONASS, Bei-
Dou or NaviIC system time and UTC system time. Correct the time difference by speci-
fying the leap second transition date, the leap second before transition and the leap
second after transition.

How to: Example"Configuring leap second transition" on page 49

Simulating time conversion errors

Per default, the time conversion between the time basis excludes conversion errors
and drifts between the time basis of the GNSS systems. We recommend that you use
the default configuration, without system time offset or time drift.

If you aim to simulate deliberate errors and change the time conversion settings, see:
® "Additional UTC Parameters" on page 50
® Chapter 13.8, "Time conversion errors settings", on page 225

Time settings

Access:

1. Select "GNSS" > "GNSS Configuration" > "Time".
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GNSS: GNSS Configuration

Syﬂems . Slgna‘s Time SetEles Atmosphere _

Simulation Start: Date Time
Set Current Time

UTC 2014-02-19 06:00:00.000

Auto Configure Leap Second
(Ref. 1980) ¢ P ’7

Leap Second Transition Date T

2015-06-30

Leap Seconds before Transition - Ats
1 67
Leap Seconds after Transition - At s T
17

Additional UTC Parameters ... |

2. Select "Additional UTC Parameters".

0.000 000 000 0

0.000 000 000 000 000 0

0.000 0000000 0.000 000 000 000 000 0

0.000 000 000 0 0.000 000 000 000 000 0

0.000 000 000 0 0.000 000 000 000 000 0
0.000 0000000 0.000 000 000 000 000 0
0.000 0000000 0.000 000 000 000 000 0

These dialogs contain the settings required to configure the time conversion from a
navigation standard, for example GPS to UTC. The conversion settings are neces-
sary for switching from one timebase to another.

Settings

SIMUIAION STA.......c..ee e e e e e e e e e e e e aaas 48

7= TN 4 =Y oL T 1= TSSO 48

Leap Second Configuration...........oo et 49
L Auto Configure Leap Second (Ref. 1980)..........c.ccvurueeeueueueeeeeeseeeerereeeeneeennn. 49
L Leap Second Transition DAte.............c.eveueeeeeeeeeeeeeeeeeeeeeeeese e eeesee e 49
L Leap Second before TranSition = At g.......coveeeeeeeeeeeeereeeeseseeeeeeeseneesesesenns 49
L Leap Second after Transition = At gr....cceueveveeeeeeeeeeeeceeececaeeeeeseseseseeesessaneneees 49

Date / Week, Time / Time of Week /s, UTC Offset /S.....ueeeiriiiiiiiiiiiiiiiiieeeeeee e, 50

Additional UTC Parameters............uuuiiiiiiiiiee ettt e e e e e e e e e e eanbaneees 50
L Reference Week/Date, Reference Time of WeeK...........ccccevveeveeeeeueeennnn. 50
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L UTCUTC(SU) ettt en e s s s ana et s senenas 50
L INt@QEE OffSEL......vveeeeeeeeeeeeeeeeeete ettt e eeeae ettt ee e e en s ananae e e eeneas 50
L Fractional Offset AO, DFift Al .......cccoeeevereeeeeeeeeeeeeeeeeeeeeeeesesseeeeaeaeeeeeeeseneas 51

Simulation Start
Sets the simulation start date and time in the selected format.

"Format" Per default, the UTC format used. If different format is selected, the
time is automatically recalculated.

Note: Use the Additional UTC Parameters dialog to configure the
parameters, necessary for time conversion between the proprietary
time of the navigation standard and the UTC.

Remote command:
[ :SOURce<hw>] :BB:GNSS:TIME: STARL : TBAS1is on page 342

"Date [yyyy-mm-dd], Time [hh:mm:ss.xxx]"
Enters the date for the simulation in format YYYY-MM-DD (ISO
8601). The date corresponds to the Gregorian calendar and the exact
simulation start time in UTC time format.

Remote command:
[ :SOURce<hw>] :BB:GNSS:TIME:STARt: DATE on page 341
[ :SOURce<hw>] :BB:GNSS:TIME: STARt : TIME on page 342

"Week Number, Time of Week (TOW)"
The satellite clocks in the GPS and Galileo navigation systems are
not synchronized to the UTC. They use a proprietary time, the GPS
and the Galileo system time. The format used for these systems is
week number (WN) and time of week (TOW), that is the simulation
start time within this week.
TOW is expressed in number of seconds and covers an entire week.
The value is reset to zero at the end of each week.

The weeks are numbered starting from a reference time point
(WN_REF=0), that depends on the navigation standard:
® GPS reference point: January 6, 1980 (1980-01-06, 00:00:00
UTC)
GALILEOQ reference point: August 22, 1999 (1999-08-22)
® BeiDou reference point: January 01, 2006 (2006-01-01)
® NavlC reference point: August 22, 1999 (1999-08-22)

Remote command:
[ : SOURce<hw>] :BB:GNSS: TIME: STARt : WNUMber on page 343
[ :SOURce<hw>] :BB:GNSS:TIME: STARt : TOWeek on page 343

Set Current Time
Applies date and time settings of the operating system to the simulation start time.

To access the operating system time settings, select "System Config" > "Setup" >
"Maintenance" > "Date / Time".

Remote command:
[ :SOURce<hw>] :BB:GNSS:TIME: STARt: SCTime on page 342
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Leap Second Configuration
Configure leap second transitions for time corrections between UTC system time and
the individual GNSS time.

Example: Configuring leap second transition

The examples below comprise leap second transitions before/after the set transition

date. Also, the functionality allows you to configure no leap second transition at an

arbitrary transition date.

® | eap second transition in the future:
Set simulation start "Date" > "2014-02-19", "Leap Second Transition Date" >
"2015-06-30", "Leap Second before Transition - At " > "16", "Leap Second after
Transition - At g¢" > "17".

® | eap second transition in the past, no other transition event announced:
Set simulation start "Date" > "2019-12-10", "Leap Second Transition Date" >
"2016-12-31", "Leap Second before Transition - At " > "17", "Leap Second after
Transition - At g¢" > "18".

® No leap second transition at an arbitrary transition date:
Set simulation start "Date" > "2019-12-10", "Leap Second Transition Date" > "yyyy-
mm-dd", "Leap Second before Transition - At, " > "17", "Leap Second after Transi-
tion - At g¢" > "17".

Auto Configure Leap Second (Ref. 1980) — Leap Second Configuration
Sets the leap second value according to the simulation time.

Remote command:
[ :SOURce<hw>] :BB:GNSS:TIME:CONVersion:LEAP:AUTO on page 343

Leap Second Transition Date < Leap Second Configuration
Editing the parameter requires "Auto Configure Leap Second (Ref. 1980)" > "Off".

Defines the date of the next UTC time correction in format YYYY-MM-DD (ISO 8601).
You can transit leap seconds by adding or subtracting one second to the leap second
value before transition.

Remote command:
[ :SOURce<hw>] :BB:GNSS:TIME:CONVersion:LEAP:DATE on page 344

Leap Second before Transition - At g < Leap Second Configuration
Editing the parameter requires "Auto Configure Leap Second (Ref. 1980)" > "Off".

Specifies the leap second value At g before the leap second transition.

Remote command:
[ :SOURce<hw>] :BB:GNSS:TIME:CONVersion:LEAP:SEConds:BEFore
on page 344

Leap Second after Transition - At s — Leap Second Configuration
Editing the parameter requires "Auto Configure Leap Second (Ref. 1980)" > "Off".

Specifies the leap second value At 5 after the leap second transition.
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Remote command:
[ :SOURce<hw>] :BB:GNSS:TIME:CONVersion:LEAP:SEConds:AFTer
on page 344

Date / Week, Time / Time of Week /s, UTC Offset /s
Displays overview information on the parameters used for the time conversion between
the different navigation standards.

The basis for the time conversion is the UTC. The parameters of each of the navigation
standards are set as an offset to the UTC.

For in-depth configuration, use the "Additional UTC Parameters" on page 50 dialog.

Remote command:

[ :SOURce<hw>] :BB:GNSS:TIME: STARt:UTC: DATE? on page 345

[ :SOURce<hw>] :BB:GNSS:TIME: STARt:UTC: TIME? on page 345

[ :SOURce<hw>] :BB:GNSS:TIME: STARt :UTC:0FFSet? on page 346
[ : SOURce<hw>] :BB:GNSS:TIME : STARt : GPS: WNUMber? on page 345
[ :SOURce<hw>] :BB:GNSS:TIME: STARt : GPS: TOWeek? on page 346
[ :SOURce<hw>] :BB:GNSS:TIME: STARt : GPS:0FFSet? on page 346
(etc. for the other GNSS systems)

Additional UTC Parameters

Sets the time conversion parameters required for switching from one timebase to
another, for example GPS to UTC. The time conversion is performed according to the
following equation:

turc = (te - delta_t,7c) modulo 86400, where:

L de/ta_tUTC = de/ta_th+A0+A1 (tE'Tot+604800(WN-WNOt))
® e =tgps OF tgalieo

Reference Week/Date, Reference Time of Week < Additional UTC Parameters
Sets the reference data and time per navigation standard.

Remote command:

[ :SOURce<hw>] :BB:GNSS: TIME:CONVersion:GPS:UTC:WNOT on page 347
[ :SOURce<hw>] :BB:GNSS:TIME:CONVersion:GPS:UTC:TOT on page 348
[ :SOURce<hw>] :BB:GNSS:TIME:CONVersion:GPS:UTC:TOT:UNSCaled
on page 348

(etc. for the other GNSS systems)

UTC-UTC(SU) — Additional UTC Parameters
For GLONASS satellites, indicates the UTC-UTC (SU) time conversion reference date.

Remote command:
[ : SOURce<hw>] :BB:GNSS:TIME :CONVersion:UTCSu:UTC:DATE? on page 347

Integer Offset — Additional UTC Parameters
Indicates the integer offset.

Remote command:
[ :SOURce<hw>] :BB:GNSS:TIME:CONVersion:GPS:UTC: IOFFset? on page 349
(etc. for the other GNSS systems)
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Fractional Offset A0, Drift A1 — Additional UTC Parameters

Sets the time parameters constant term of polynomial, Ay and 15t order term of polyno-
mial, A;.

Remote command:

[ :SOURce<hw>] :BB:GNSS:TIME:CONVersion:GPS:UTC:AZERo on page 350
[ :SOURce<hw>] :BB:GNSS:TIME :CONVersion:GPS:UTC:AZERo:UNSCaled
on page 350

[ :SOURce<hw>] :BB:GNSS: TIME:CONVersion:GPS:UTC:AONE on page 351
[ :SOURce<hw>] :BB:GNSS:TIME:CONVersion:GPS:UTC:AONE:UNSCaled
on page 351

(etc. for the other GNSS systems)
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5 Receiver type and position

Throughout this description, receiver is a term describing a summary of conditions. The
conditions comprise receiver coordinates and movement, including the description of
the used vehicle, the number and characteristics of used antennas, surrounding envi-
ronment or environment effects.

This section focuses on the receiver type and position. For a description of the environ-
mental effects and the antenna characteristics, see Chapter 10, "Real-world environ-
ment", on page 116.

The following receiver types can be simulated:

® Static receiver
A receiver with fixed coordinated, given as ECEF WGS84 or PZ-90.11 coordinates.
You can select form a subset of predefined positions or define a specific one.
Regardless of the used coordination system, the latitude, longitude and the altitude
can be set in DEG:MIN:SEC format or as decimal degrees.

® Moving receiver
A receiver with varying coordinates, defined in waypoints, NMEA and KML files.
You can select from a subset of predefined files or load custom-specific files. More-
over, waypoint smoothing can be activated if vehicle description files are used.

® | ooped receiver
A receiver is looped with the R&S SMBV100B and a control application. The
R&S SMBV100B is remotely controlled by the control application, which processes
position, motion and attitude data sent by the receiver. The receiver receives a
GNSS signal from the R&S SMBV100B based on the remote control data of a con-
trol application.
You can select from a subset of predefined HIL position files or load custom-spe-
cific files. Moreover, waypoint smoothing can be activated based on real-time data
received from the control application.

For more information on the supported file formats, see:
® Chapter A.1, "Movement or motion files", on page 610
® Chapter A.2, "Vehicle description files (used for smoothening)", on page 622

5.1 General receiver settings

Access:

1. Select "GNSS" > "GNSS Configuration" > "Receiver".
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GNSS: GNSS Configuration

Syﬁems . Slgnals Sl 5ol Atmosphere _
@Simulation Monitor ...

. = Position Configuration ...
Static

Position

Number of Ant
umber of Anfennas 1v Antenna Configuration ...

Environment Model

i i ~ Environment Configuration ...
Line of Sight (LOS)

The dialog provides general settings to configure a GNSS receiver.

2. Select "Simulation Monitor" to observe the current receiver configuration.

Settings:

0TS 11 o PSS 53
POoSItion ConfigUuIratioN...........ciii i 53
N[0 0] o= Y (= ] = T S 54
Antenna ConfigUration............ccciiiiiiiiir e e e e e e e s s 54

Position
Determines what kind of receiver is simulated.

"Static" Receiver at one of the predefined or at a user-defined position.
See Chapter 5.2, "Static receiver", on page 54.

"Moving" Receiver that is moving according to a trajectory as described in a
file.
Use a moving receiver to simulate pedestrians, cars, ships, or air-
planes.
See Chapter 5.3, "Moving receiver", on page 59.

"Remote Control (HIL)"
Option: R&S SMBVB-K109
The receiver is part of a setup for hardware in the loop (HiL) testing. It
receives the GNSS signal and transmits position data to a motion
simulator. An external simulation software controls the
R&S SMBV100B and the motion simulator.
For details, see Chapter 18.2, "HIL settings", on page 295.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :POSition on page 353

Position Configuration
Accesses the position configuration dialog. You can configure the position of a GNSS
receiver or of an RTK base station.

The GNSS receiver position depends on the GNSS receiver type:
® Chapter 5.2, "Static receiver", on page 54

® Chapter 5.3, "Moving receiver", on page 59

® Chapter 18.2, "HIL settings", on page 295
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5.2

Static receiver

To configure the position of the RTK base station, see Chapter 11.4, "RTK position con-
figuration", on page 166.

Number of Antennas
Defines the number of configurable antennas.

You can create a pool of up to four antenna and body masks and switch between them.
To define which antenna is simulated, set "A#" > "Active".

Note: Switching between the active antenna restarts the simulation.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ANTenna:COUNt on page 361

Antenna Configuration
Accesses the antenna configuration dialog. You can configure antennas of a GNSS
receiver or of an RTK base station.

To configure antennas of a GNSS receiver, see Chapter 10.6, "Antenna and body
mask settings", on page 135.

To configure the antenna of an RTK base station, see Chapter 11.5, "RTK antenna
configuration”, on page 170.

Static receiver

Access:
1. Select "GNSS > Simulation Configuration > Receiver".
2. Select "Positioning" > "Static".

3. Select "Positioning Configuration".

GNSS: Position Configuration —_ X
Location
Munich' oo o
Reference Frame 30
WGS-84 |
Position Format
DEG:MIN:SEC ||
Latitude 9 = = | =
Long“ude‘w - — 000000 North | 1o e w0 ¢ & & o e e
L] s 35" 0.0000" East
Altitude 2
508.00 m
Attitude Behaviour *
More ...
Constant
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Settings:

Location, INitial POSIION..........ooeeeeeeee e e e e 55

RETEIENCE FrAmME.....ccceeeeeiriiiticcece ettt ettt e s e s e e e e e e e aaaaaeeeeeereees 56

Location Coordinates, Position FOrmat.............ooooviiiiiiiieiiiiiiiccciece e, 57

Attitude Behaviour, IMIOTE..........ueo it et e e e e e e e e e eerannes 57

Attitude ConfigUration............ooo i 58
L Yaw/Heading, Pitch/Elevation, (Start) Roll/Bank..............cccoceueueuereveeeeerernnan. 58
L SPINNING RALE. ......cvvveeeeeeeectete et te e eee e eeeesesas ettt eseeessenessssanaeeeteseseesnans 59

Location, Initial Position
Selects the location or initial position depending on the simulated object:
e Static GNSS receiver ("Position > Static"):
Selects the geographic location of the GNSS receiver.
® R&S SMBVB-K109: Hardware in the loop (HIL) GNSS receiver ("Position > From
Remote"):
Selects the initial position of the GNSS receiver.
® R&S SMBVB-K122: Real-time kinematics (RTK) base station:
Selects the geographic location of the RTK base station.

The representation of the coordinates depends on the selected "Reference Frame" and
"Position Format".

"User Defined" Sets the receiver position in terms of "Latitude", "Longitude" and "Alti-

tude"”
"City" Selects a predefined geographic location, see Table 5-1 for an over-
view.
The parameters "Latitude", "Longitude" and "Altitude" are set auto-
matically.
Table 5-1: Coordinates of the simulated predefined positions
Continent City Latitude [deg] Longitude [deg] Altitude [m]
Europe London 51.500625 -0.1246219 22
Moscow 55.7522222 37.6155556 200
Munich 48.15 11.5833333 508
Paris 48.8584 2.2946278 66
America New York 40.714667 -74.0063889 1
San Francisco 37.8194389 -122.4784939 35
Anchorage 61.2166667 -149.8833333 115
Mexico City 19.4510539 -99.1255189 2310
Bogota 47111111 -74.0722222 2640
Sao Paulo -23.5337731 -46.62529 760
Santiago de Chile -33.4474869 -70.6736758 522
Asia Beijing 39.9055556 116.3913889 60
New Delhi 28.6138889 77.2088889 77
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Continent City Latitude [deg] Longitude [deg] Altitude [m]
Seoul 37.5514997 126.9877939 265
Singapore 1.3113108 103.8268528 110
Taipei 25.0223439 121.5147581 10
Tokyo 35.6838611 139.7450581 45
Africa Cairo 30.0444419 31.2357117 23
Dakar 14.7166769 -17.4676858 22
Cape Town -33.9188611 18.4233 6
Australia Sydney -33.8833333 151.2166667 3
Perth -31.9535119 115.8570481 2

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:LOCation:CATalog

on page 353

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:LOCation[:SELect]

on page 354

[ : SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:CATalog on page 367

[ : SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation[:SELect] on page 367

Reference Frame

For GNSS receiver, selects the reference frame used to define the receiver coordi-
nates. The transformation between the reference frames is performed automatically.
R&S SMBVB-K122: For RTK base station, selects the reference frame used to define
the receiver or RTK base station coordinates. The transformation between the refer-
ence frames is performed automatically.

The following applies:

®  Xpwassa = (1-0.008*10%)*Xpz g0 - 0.2041*107*Yp; g9 + 0.1716*107*Zp; o0 - 0.013
®  Yiyesss = (1-0.008*10%)*Yps oo - 0.2041*107*Xp5 g9 + 0.1115*107*Zp5 o + 0.106
®  Zuwesss = (1-0.008*10)*Zp; g0 - 0.1716*107*Xpz g0 - 0.1115*107*Ypz oo + 0.022

Both reference frames are ECEF frames with a set of associated parameters.

"WGS-84" The World Geodetic System WGS-84 is the reference frame used by

GPS.

"PZ 90.11 (GLONASS)"
Parametry Zemli PZ (Parameters of the Earth) is the reference frame
used by GLONASS.
Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:COORdinates:
RFRame on page 354
[ : SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:RFRame
on page 367
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Location Coordinates, Position Format

In the ECEF coordinate system, a geographic location is identified by three coordi-
nates, the altitude, latitude and longitude. The last two can be displayed in decimal or
DMS format. The display format is determined by the parameter "Position Format".

Parameter Description

"Position Format" Sets the format in which the Latitude and Longitude are displayed.

e "DEG:MIN:SEC"
The display format is Degree:Minute:Second and Direction, i.e.
XX°XX'XX.XX" Direction, where direction can be North/South and
East/West.

® "Decimal Degrees"
The display format is decimal degrees, i.e. +/-XX.XXXXX°, where "+"
indicates North and East and "-" indicates South and West.

"Altitude" Sets the altitude of the reference location. The altitude value is the height
above the ellipsoid (HAE), that is the reference ellipsoid (WGS84 or PZ90).

"Latitude" Sets the latitude of the reference location.

"Longitude” Sets the longitude of the reference location.

Altitude, latitude and longitude are configurable, if "Location, Initial Position > User
Defined".

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:COORdinates:
FORMat on page 354

[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:FORMat
on page 368

To enter the coordinates in "Position Format > DEG:MIN:SEC"

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:COORdinates:DMS:
Pz on page 355

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:COORdinates:
DMS [ :WGS] on page 355

[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:DMS:PZ
on page 369

[ : SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:DMS]:
WGS] on page 369

To enter the coordinates in "Position Format > Decimal Degrees"

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:COORdinates:
DECimal:PZ on page 355

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:COORdinates:
DECimal[:WGS] on page 355

[ : SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:DECimal:
P7 on page 368

[ : SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:
DECimal[:WGS] on page 368

Attitude Behaviour, More
Defines how the attitude information is defined.

User Manual 1178.9403.02 — 10 57



Satellite Navigation Receiver type and position

Static receiver

To define the individual attitude parameters for all attitude behaviors, select "More".
This button is available with option R&S SMBVB-K108. See "Attitude Configuration”

on page 58.

"Constant" Sets the attitude of the receiver as a combination of the "Yaw/Head-
ing", "Pitch/Elevation”, "Roll/Bank" values.
The resulting attitude is a constant value.

"Spinning" Enables a constant rate of change of the roll.

See "Spinning Rate" on page 59.

"From Waypoint File/Align to Motion"
Option: R&S SMBVB-K108
For "Receiver" > "Position" > "Moving", the attitude parameters are
extracted from the selected waypoint file. Further settings are not
required.
This extraction forces the attitude parameters to motion direction
even if the waypoint has attitude information, like, for example, in a
*, xtd file with <property
waypointformat="position attitude">.
For specific applications like automotive, it is realistic to set the yaw
and pitch to the motion direction of the vehicle. The usual body axes
angles of a vehicle point to the direction of the velocity vector.
For other applications, however, like aeronautics with a landing plane,
this parameter is not useful. AS an example, the nose of the plane is
in an upward direction at the time when the plane is moving down-
wards.
To visualize the effect, select "Receiver" > "Monitor" > "Attitude View",
see "Display" on page 37.

"From Remote"
Option: R&S SMBVB-K109
For "Receiver" > "Position" > "Remote Control (HIL)", the attitude
parameters are set by the received HIL commands. The selection is
suspended.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:ATTitude[:BEHaviour]
on page 357

Attitude Configuration
Option: R&S SMBVB-K108

Attitude Configuration

Yaw / Heading

0.000 deg
Pitch / Elevation

0.000 deg
Roll / Bank

0.000 deg

Yaw/Heading, Pitch/Elevation, (Start) Roll/Bank — Attitude Configuration
Option: R&S SMBVB-K108
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5.3

5.3.1

Moving receiver

Sets the angles of rotation in the corresponding direction, i.e. the rotation around the
respective yaw, pitch and roll axes. "Yaw/Heading, Pitch/Elevation, Roll/Bank" are
defined relative to the local horizon.

Remote command:

[ : SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:ATTitude:YAW on page 357

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ATTitude:PITCh on page 357
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ATTitude:ROLL on page 358

Spinning Rate — Attitude Configuration
Option: R&S SMBVB-K108

Simulates a constant rate of change of the roll, defined with the parameter "Start Roll".

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ATTitude:SPIN:RATE
on page 358

Moving receiver

Defining a moving receiver

This section provides step-by-step procedures to define a moving receiver. It covers
the following topics:

® "To access moving receiver settings" on page 59

® "To load and play a waypoint file" on page 59

® "To monitor receiver movement characteristics" on page 60
® "To export a predefined waypoint file" on page 61

To access moving receiver settings

» See Chapter 5.3.2, "Receiver position settings", on page 62.

To load and play a waypoint file

1. In the "Position Configuration" dialog, click "Waypoint File".

A standard file-select dialog opens, where you can select predefined waypoint files
or user-defined waypoint files.

2. Select, for example, the predefined waypoint file Munich Car Motion.xtd.

The file is loaded to the "Waypoint File" selection. The trajectory duration is read-
out from the file automatically. The parameters "Latitude", "Longitude" and "Alti-
tude" are set according to the first simulated position.

A world map indicates the initial position of the receiver. Also, the trajectory of the
receiver movement is displayed in graph with east coordinates (x-axis) and north
coordinates (y-axis).
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GNSS: Position Configuration —_ X
@Waypoint File
Munich_Car_Motion.xtd || =
Duration 9 @
560.200s | *°
Readout Mode Ol cs
Cyclic (restart after last point) || -s0-
Reference Frame .
WGS-84
Motion Behaviour 9 180 135 90 45 o a5 90 135 180
is Not Smoothing D More ...
Attitude Behaviour 9
. v More ... 1000
From Waypoint File

g8 8 8

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

To monitor receiver movement characteristics

After loading and playing a waypoint file, for example, the file
Munich Car Motion.xtd, you can monitor movement characteristics in real time
and more detailed.

1. Select "Receiver > Monitor".

The "Simulation Monitor" dialog opens. Per default, it displays the "Ground Track"
view including the receiver position and the "Map View" displaying the current
receiver movement along a defined trajectory.

The blue trajectory displays the last 50 receiver positions, the orange trajectory dis-
plays the expected movement from a waypoint file.

GNSS: Simulation Monitor —_ X
Display | Show Tracks D Display o Axis .
Ground Track Map View Grid
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2. To monitor further characteristics due to receiver movement, try out the following:
e Select "Display > Sky View" to monitor changes in the satellite constellation.
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e Select "Display > Attitude View" to monitor the geographic direction of the
receiver. Also monitor the attitude indicator showing the orientation of the
receiver relative to earth's horizon.

e Select "Display > Elevation/Azimuth", to monitor the time variation of the azi-
muth and the satellite's elevation over 24 hours.

See also "Display" on page 37.

To export a predefined waypoint file

Export a predefined waypoint file to modify it, for example, the waypoints defining the
trajectory.

1. Open the "Select Waypoint File > Predefined Files" dialog as in step 1 of "To load
and play a waypoint file" on page 59.

2. Select afile, for example, Munich Car Motion.xtd.

3. Click "Export".

<trajectory>
<general>

<property waypointformat="position_attitude"/>
- - <property datavectorhastimestamp="yes"/>
MUnlCh_Fllght I <property coordsystem="cart ecef"/>
@Select | @Expon |

The "User Files" tab opens displaying the exported file in the directory /var/user.
The filename is modified by adding exported to the original filename, for exam-

ple, Munich Car Motion exported.xtd, to distinguish the exported file from
the predefined file.

/var/user <trajectorys
<general=
|a /var/user <property waypointformat="position_attitude"/>

<property datavectorhastimestamp="yes"/>
<property coordsystem="cart ecef"/>

a gnss <property attitudeunit="deg"/>
<property endbehaviour="jump"/>
</general>
<waypolints>
<waypointvector data="©.2,64177270.582@,855704.6505, 47280
H gMunich_CarJMotion_exported.xtd <waypointvector data="8.4,64177278.4677,855785.2081, 47280

<waypointvector data="8.6,4177278.3516,855785.7744, 47280
<waypointvector data="©.8,4177278.2338,855766.3493, 472805
0 /var/volatile <waypointvector data="1.8,4177276.1142,855766.9328, 472885
<waypointvector data="1.2,4177269.9928,8557087.5250, 472885

File
@Seleci @ Manager ...

4. To modify the exported file, open the file in the directory /var/user.

You can use a standard text editor.

5. Save the modified file using the same file extension * . xtd to ensure correct exe-
cution of the file.
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If you need to choose another file extension, waypoint files with file extensions
* txt, *.nmea, *.kml or *.xtd are executable on the R&S SMBV100B.

5.3.2 Receiver position settings

Access:
1. Select "GNSS" > "Simulation Configuration" > "Receiver".
2. Select "Position" > "Moving".

3. Select "Position Configuration”.

GNSS: Position Configuration —_ X
@Waypuint File _ }
Munich_Car_Motion.xtd || =
Duration 9 @
560.200s ||
Readout Mode 4=
Cyclic (restart after last point) | -0~
Reference Frame _m_
WGS-84
H H L 180° 135° -90' -45 ﬂl“ 45° 90 135 180°
ot g [ | More..
Attitude Behaviour 9
From Waypoint File | More ..
Settings:
WaYPOINT FlE....eeeeeei e e e e 62
Trajectory Length/DUration.........cc.oo et 63
ReadOUL MO ... e e e e e e e e e e e e eeeeeeeees 63
REfEreNCE Frame......coouiiiii et reee e 63
Motion Behaviour, Smoothing, MOT€.........ccceiiiiiiiiiiiiieec e 64
Motion Configuration > Vehicle Description............ouvuiiiiiiiciiiiieie e, 65
Attitude Behaviour, MOTe.........oooi it a e e e e e e 65
Attitude ConfiQUIratioN..........eeiiiiiieie e e 66
L Yaw/Heading, Pitch/Elevation, (Start) Roll/Bank..............cccecevevrureueuerererennns 66
L SPINNING RALE.......cvcvveeeeeeeeecteteeteesteeee e eeesseses et tessesssessenenesssessesesesesnnnnaes 66

Waypoint File
Selects a predefined or user-defined waypoint files to simulate a moving scenario.

A waypoint file is a description of a moving scenario with possibly attitude coordinates
that can have different forms, like, for example, a sequence of positions or vector arc
movement. A waypoint file must have the extension * . txt, * .nmea, *.kml or *.xtd.
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See also Chapter A.1, "Movement or motion files", on page 610 for detailed description
of the waypoint file formats.

Note: Simulating high dynamic moving scenarios. Dynamic waypoint files simulate
moving scenarios with velocities lower than 600 m/s and require option R&S SMBVB-
K520.

If you select a high dynamic waypoint file (v 2 600 m/s), the firmware displays a set-
tings conflict. The file is rejected. Instead, the R&S SMBV100B simulates the move-
ment of the default waypoint file Munich Car Motion.xtd.

How to: Chapter 5.3.1, "Defining a moving receiver", on page 59

Remote command:
[ : SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:LOCation:WAYPoints:FILE
on page 358

Trajectory Length/Duration
Displays the trajectory length (in kilometers) and the duration (in seconds) of the way-
point file.

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:WAYPoints:
LENGth? on page 359

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:WAYPoints:
DURation on page 358

Readout Mode
Defines the way the waypoint/attitude file is processed.

If . xtd files are used, the "Readout Mode" is retrieved from the file
(<endbehaviour>) and cannot be changed, see Chapter A.1.4, "Trajectory descrip-
tion files", on page 616.

"Cyclic" The waypoint file is processed cyclically. Once the last waypoint is
reached, file processing starts again from the beginning.

Using this mode is only recommended if the waypoint file describes

on of the following:

® A circle moving scenario

® A moving scenario in which the start and the end point are close
to each other.

"One Way" The file is processed once.
By reaching the end of the file, the last described position is assumed
to be a static one.

"Round Trip" By reaching the end of the file, the file is processed backwards.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:WAYPoints:ROMode
on page 359

Reference Frame

For GNSS receiver, selects the reference frame used to define the receiver coordi-
nates. The transformation between the reference frames is performed automatically.
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R&S SMBVB-K122: For RTK base station, selects the reference frame used to define

the receiver or RTK base station coordinates. The transformation between the refer-

ence frames is performed automatically.

The following applies:

®  Xpwassa = (1-0.008*10%)*Xp5 o0 - 0.2041*107*Ypz g9 + 0.1716*107*Zp7 o0 - 0.013
Ywasss = (1 -0.008*10)*Yp, oo - 0.2041*107*Xpz g9 + 0.1115*107*Zp5 oo + 0.106

®  Zuwesss = (1-0.008*106)*Zp; g0 - 0.1716*107*Xpz g0 - 0.1115*107*Ypz oo + 0.022

Both reference frames are ECEF frames with a set of associated parameters.

"WGS-84" The World Geodetic System WGS-84 is the reference frame used by
GPS.

"PZ 90.11 (GLONASS)"
Parametry Zemli PZ (Parameters of the Earth) is the reference frame
used by GLONASS.

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:COORdinates:
RFRame on page 354

[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:RFRame
on page 367

Motion Behaviour, Smoothing, More

GNSS: Motion/Attitude Config — X
@Vehicle Description File
LandVehicle1

Attitude Configuration

Yaw / Heading

0.000 deg
Pitch / Elevation
0.000 deg
Start Roll / Bank
0.000 deg
Spinning Rate
0.00 Hz

The discrete positions (waypoints) defined in the waypoints file can cause abrupt
changes in the movement direction.

The R&S SMBV100B provides an internal interpolating algorithm that smooths the
movement or the trajectory. This algorithm evaluates the dedicated vehicle description
(* . xva) file, retrieves the velocity vector and the <proximity> value, and inserts
waypoints to smooth the trajectory. The resulting movement is more realistic.

To use the algorithm, enable "Smoothing" and select "More" > Motion Configuration >
Vehicle Description to load a * . xvd file.

There are some predefined files provided.

Note: An error message is displayed, if the difference between the predicted and the
original waypoint for a given time point exceeds the proximity value.

If there is an error:

® Check the speed and acceleration values in the used * . xvd file.
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® Check whether these values fit to the flight simulator and the flight scenario.

See also:

® Chapter A.1, "Movement or motion files", on page 610

® Chapter A.2, "Vehicle description files (used for smoothening)", on page 622
® Chapter H, "List of predefined files", on page 647

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:LOCation:SMOVement
on page 359

Motion Configuration > Vehicle Description

Selects a predefined or user-defined vehicle description (* . xvd) file, see Chapter A.2,
"Vehicle description files (used for smoothening)", on page 622.

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:LOCation:VEHicle:FILE

on page 360

[ :SOURce<hw>] :BB:GNSS:VEHicle:CATalog:PREDefined? on page 360

[ :SOURce<hw>] :BB:GNSS:VEHicle:CATalog:USER? on page 360

Attitude Behaviour, More
Defines how the attitude information is defined.

To define the individual attitude parameters for all attitude behaviors, select "More".
This button is available with option R&S SMBVB-K108. See "Attitude Configuration”

on page 58.

"Constant" Sets the attitude of the receiver as a combination of the "Yaw/Head-
ing", "Pitch/Elevation", "Roll/Bank" values.
The resulting attitude is a constant value.

"Spinning" Enables a constant rate of change of the roll.

See "Spinning Rate" on page 59.

"From Waypoint File/Align to Motion"
Option: R&S SMBVB-K108
For "Receiver" > "Position" > "Moving", the attitude parameters are
extracted from the selected waypoint file. Further settings are not
required.
This extraction forces the attitude parameters to motion direction
even if the waypoint has attitude information, like, for example, in a
* , xtd file with <property
waypointformat="position attitude">.
For specific applications like automotive, it is realistic to set the yaw
and pitch to the motion direction of the vehicle. The usual body axes
angles of a vehicle point to the direction of the velocity vector.
For other applications, however, like aeronautics with a landing plane,
this parameter is not useful. AS an example, the nose of the plane is
in an upward direction at the time when the plane is moving down-
wards.
To visualize the effect, select "Receiver" > "Monitor" > "Attitude View",
see "Display" on page 37.
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"From Remote"
Option: R&S SMBVB-K109
For "Receiver" > "Position" > "Remote Control (HIL)", the attitude
parameters are set by the received HIL commands. The selection is
suspended.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:ATTitude|[:BEHaviour]
on page 357

Attitude Configuration
Option: R&S SMBVB-K108

Yaw / Heading

0.000 deg
Pitch / Elevation

0.000 deg
Roll / Bank

0.000 deg

Yaw/Heading, Pitch/Elevation, (Start) Roll/Bank — Attitude Configuration
Option: R&S SMBVB-K108

Sets the angles of rotation in the corresponding direction, i.e. the rotation around the
respective yaw, pitch and roll axes. "Yaw/Heading, Pitch/Elevation, Roll/Bank" are
defined relative to the local horizon.

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:ATTitude:YAW on page 357

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:ATTitude:PITCh on page 357
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ATTitude:ROLL on page 358

Spinning Rate «— Attitude Configuration
Option: R&S SMBVB-K108

Simulates a constant rate of change of the roll, defined with the parameter "Start Roll".

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ATTitude:SPIN:RATE
on page 358
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6 Satellite constellation

This section addresses basic satellite constellation characteristics including multi-satel-
lite signals, multi-GNSS signals and satellite selection within the constellation.

Single-satellite GNSS signal

The R&S SMBV100B simulates a single satellite GNSS signal, where static satellites
with constant Doppler shifts are provided for simple receiver tests, like receiver sensi-
tivity, acquisition, tracking and production tests. Selection and configuration localization
data is also enabled.

Multi-satellite GNSS signal

The default multi-satellite single GNSS system constellation is the realistic constella-
tion in a theoretical unobscured environment of a static receiver at a specific location. It
includes all visible GNSS satellites, where a line-of-sight (LOS) situation is assumed.

Example: Single GNSS satellite constellations for fully equipped R&S SMBV100B

For a fully equipped R&S SMBV100B, Table 6-1 provides an overview on the default
satellite constellation comprising visible, present and excluded satellites.
Table 6-1: Single GNSS satellite default constellations: Visible, present and excluded satellites

GNSS/SBAS Visible Present Excluded Present (max.)
GPS 11 31 6 37
Galileo 8 29 7 36
GLONASS 9 24 0 24
BeiDou 12 34 29 63
QZSS 0 3 4 7
NavIC 3 6 8 14
EGNOS 2 2 4 6
WAAS 0 3 2 5
MSAS 0 2 0 2
GAGAN 1 2 0 2

Multi-GNSS signal

The default single GNSS system configuration can be extended to support receiver
tests with complex test signal. You can generate mixed signal comprising satellites of
different GNSS systems or signals spread with different codes, possibly also modula-
ted on the other frequency.

See Chapter 6.1, "Systems and signals settings", on page 68.
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Satellite selection

If your test case requires a mixed GNSS signal with predefined minimum and maxi-
mum number of satellites per GNSS system, you can set these limits per GNSS sys-
tem, too.

Moreover, you can adjust the SV handover criteria and thus define when the satellite's
constellation is updated and satellites are exchanged. Satellites exchange is optimized
to fulfill the selected criteria; considered are all available satellites, regardless of the
GNSS system but obeying the limits for maximum and minimum number of satellites.

Visible satellites can be deactivated or reactivated on-the-fly. Current constellation and
an overview of the number of active satellites per GNSS system are displayed.

See Chapter 6.2, "Satellites settings", on page 73.

Dynamic monitor

You can observe the real-world situation of disappearance and reappearance of satel-
lites in real time on the build-in simulation monitor. The monitor is also a dynamic dis-
play of several parameters like HDOP and the PDOP.

See Chapter 3.3, "Simulation monitor", on page 36.

6.1 Systems and signals settings

Access:
1. Select "GNSS" > "GNSS Configuration" > "Systems & Signals".

2. In the dialog, activate frequency bands, systems and their signals.
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Systems and signals settings

Systems mean global navigation satellite systems (GNSS), regional navigation sat-
ellite systems (RNSS) and satellite-based augmentation systems (SBAS).

Systems & Signals Satellites | Atmosphere | Output Streams _

C/APL1C

C/APL2C

E10S E6 E5a,ESb
C/ACDMA L1 C/ACDMA L2 CDMA L3
B11,B1C B3l B2I,B2a

C/ALIC L2c L5

The figure displays the configuration for an R&S SMBV100B, equipped with triple-
frequency option. In this dialog you can activate signals of L1, L2 and L3 bands
simultaneously. See also "System" on page 69.

Settings:

31 (=1 FO SRR 69
[ T o o S 69
ST (o = R 71
System

Defines the navigation systems that are part of the system configuration, see Chap-
ter 6.2, "Satellites settings", on page 73.

The available global, regional and satellite-based navigation and augmentation sys-
tems depend on the installed options.

Note: At least one system is always enabled. Switching off a single enabled GNSS is
not possible, a warning message is displayed to indicate the situation.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SYSTem:GPS[:STATe] on page 335
(etc. for the other GNSS systems)

L# Band

Defines the used frequency band "L1/2/5 Band". The satellite signals are modulated on
the carrier frequencies as defined for the corresponding frequency band and system.
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Table 6-2: Carrier frequencies

Systems and signals settings

System RF band (signals) Carrier freq. (MHz) Required option
GPS L1 (C/A, P, L1C) 1575.42 R&S SMBVB-K44
L2 (C/A, P, L2C) 1227.6 R&S SMBVB-K98
L5 (L5) 1176.45 R&S SMBVB-K98
Galileo L1 (E1) 1575.42 R&S SMBVB-K66
L2 (E6) 1278.75 R&S SMBVB-K66
L5 (E5a) 1176.45 R&S SMBVB-K66
L5 (E5b) 1207.14 R&S SMBVB-K66
GLONASS | L1 (C/A) 1602 R&S SMBVB-K94
L1 (CDMA L1) 1600.995 R&S SMBVB-K123
L2 (C/A) 1246 R&S SMBVB-K94
L2 (CDMA L2) 1248.06 R&S SMBVB-K123
L5 (CDMA L3) 1202.025 R&S SMBVB-K123
BeiDou L1 (B1l) 1561.098 R&S SMBVB-K107
L1 (B1C) 1575.42 R&S SMBVB-K132
L2 (B3l) 1268.52 R&S SMBVB-K132
L5 (B2l) 1207.14 R&S SMBVB-K107
L5 (B2a) 1176.45 R&S SMBVB-K132
L5 (B2b) 1207.14 R&S SMBVB-K132
QZSS L1 (C/A, L1C) 1575.42 R&S SMBVB-K106
L2 (L2C) 1227.6 R&S SMBVB-K106
L5 (L5) 1176.45 R&S SMBVB-K106
NavIC L5 (SPS) 1176.45 R&S SMBVB-K97
SBAS L1 (C/A) 1575.42 R&S SMBVB-K106
L5 (Exp L5) 1176.45 R&S SMBVB-K106

Note: At least one frequency band is always enabled. Switching off all frequency
bands is not possible. A warning message is displayed to indicate the situation.
Assuming more than one frequency band and GNSS system enabled: If switching off a
GNSS system implies, that an enabled frequency band carries no signals, this fre-
quency band is switched off automatically.

Single-satellite operation: Requires R&S SMBVB-K135

Only one frequency band can be enabled. Switching from L1 to L2 or to L5 disables
the systems defined only for the L1 band. Switching the other way around does not
activate the systems that have been enabled before in the L1 band. For any frequency
band, activated per default is the first supported and available system in the list of
GNSS systems.

Dual-frequency operation: Requires R&S SMBVB-K136

Two frequency bands can be enabled. Enabling a third band causes a warning. To
enable the band, first, disable a previously enabled band.

Triple-frequency operation: Requires R&S SMBVB-K137
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All three frequency bands can be enabled. There is no restriction for en-/disabling sig-
nals for the basic GNSS systems.

Remote command:

[ :SOURce<hw>] :BB:GNSS:L1Band[:STATe] on page 335
[ :SOURce<hw>] :BB:GNSS:L2Band[:STATe] on page 335
[ :SOURce<hw>] :BB:GNSS:L5Band[:STATe] on page 335

Signals
Enables the signals per system.

The enabled signals are activated automatically for each SV belonging to the GNSS
system. To redefine the signals used by a particular satellite (SV), select "GNSS Con-
figuration" > "Satellites" > "GNSS System" > "SV ID#" > "SV Config" > "Signal" > "Sig-
nal State" on page 89.

Note: At least one GNSS, one frequency band and one signal are always active. If
switching one of them off, a message displays an error.

See also "System" on page 69 and "L# Band" on page 69.

"None" All signals of a GNSS system are disabled assuming, that the GNSS
system itself is disabled. All parameters of the GNSS system are dis-
abled, too.

"Signals = None" implies System > "State = Off".
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"C/A, P, L1C, E1 OS, B1l, B1C, L2C, EG6, B3I, L5, E5a, E5b, B2I, B2a, B2b, SPS, Exp

L5II
Table 6-3: Overview of the supported signals
Band System Signal Minimum required option
L1 GPS CIA, P R&S SMBVB-K44
L1C R&S SMBVB-K98
Galileo E10S R&S SMBVB-K66
GLONASS C/A R&S SMBVB-K94
CDMA L1 R&S SMBVB-K123
BeiDou B1l R&S SMBVB-K107
B1C R&S SMBVB-K132
QZSS C/A, L1C R&S SMBVB-K106
SBAS CI/IA R&S SMBVB-K106
L2 GPS CI/IA R&S SMBVB-K44
P, L2C R&S SMBVB-K98
Galileo E6 R&S SMBVB-K66
GLONASS C/A R&S SMBVB-K94
CDMA L2" R&S SMBVB-K123
BeiDou B3I R&S SMBVB-K132
QzSSs L2C R&S SMBVB-K106
L5 GPS L5 R&S SMBVB-K98
Galileo E5a, E5b R&S SMBVB-K66
GLONASS CDMA L3 R&S SMBVB-K123
BeiDou B2I R&S SMBVB-K107
B2a R&S SMBVB-K132
B2b? R&S SMBVB-K132
QZSSs L5 R&S SMBVB-K106
NavIC SPS R&S SMBVB-K97
SBAS Exp L5% R&S SMBVB-K106

") The modernized GLONASS signals CDMA L1 and CDMA L2 are
for experimental use only. Any compliance with GLONASS ICD
CDMA open service navigation signal in L1 frequency band or GLO-
NASS ICD CDMA open service navigation signal in L2 frequency
band is not guaranteed. See also Table 2-7.

2) BeiDou B2b_I I-component of the B2b OS signal for space vehicles
PRN 6 to PRN 58. Q-components of AS signals including B2b_Q are
not supported, see also Table 2-8.

3) SBAS "Exp L5" signals are for experimental use only and do not
comply with SBAS interface control document (ICD) specifications,
see also Table 2-11.
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Remote command:

[ :SOURce<hw>] :BB:GNSS:SYSTem:GPS:SIGNal:L1Band:CA[:STATe]
on page 337

[ :SOURce<hw>] :BB:GNSS:SYSTem:GPS:SIGNal:Ll1Band:P[:STATe]
on page 337

(etc. for the other GNSS systems)

6.2 Satellites settings

Access:

1. Activate the GNSS system for that you want to configure satellites settings.
See "System" on page 69.

2. Select "GNSS" > "Simulation Configuration" > "Satellites".

GNSS: GNSS Configuration

Systems & Signals CEIC N CL) Atmosphere | Noise / CW Interferer _

Ref P
SV Selection Configuration ... elerence Fower @Slmulahon Monitor ...
-120.00 dBm

[ ENl |ERER
THERIE ER )

B BEaae | (EE

B R —

The tab provides settings to configure satellite selection, to configure the reference
power and to access the simulation monitor. Also, it provides settings to configure
individual space vehicles (SV) of the satellite constellation for each activated
GNSS system.

To configure satellite selection, like selection criteria, minimum and maximum num-
ber of SVs of a satellite constellation, see Chapter 6.3, "Space vehicle selection
configuration", on page 77.

To configure individual SV settings, see Chapter 7, "Space vehicle configuration”,
on page 82.
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Understanding satellite constellation characteristics

GNSS: Simulation Configuration

Systems & Signals Salelllles Atmosphere . Noise / CW Interferer _
R | Reference Power @M .
election Criteria ... onitor ...
-120.00 dBm

Figure 6-1: Satellite constellation per GNSS system

1 = Activated GNSS systems

2 = Number of active and available SVs per GNSS system

3 = Visible and active SV that uses reduced power level

4 = Visible and active SV, full power level

5 = Visible and inactive SV ("Satellite's Constellation, SV ID" on page 75 = Off)
6 = Not visible and inactive SV

7 = Excluded from the constellation (Present in Constellation = "Off")

Active and visible satellites are indicated with blue color.

Settings:

SV Selection Configuration............ceeuiiiiiiiiccicie s 74

RETEIENCE POWET ..o ettt et e e e e et e e e e e e et e e e e e rebens 74

ST Ta a1 E= Y o] TRV [ a1 (o R 75

Satellite's Constellation, SV ID........e i e e 75
L SAtE (SV ID). ettt n ettt en e 76
L P OWET OffSEE...veeeeeeeeeeeeeeee et eeeeee et eeeee et e e e et e et et eae e eeeseeeseseetesereeteseneeeaenenenas 76
L SV CONTIG. ettt ettt ettt et e et s e st n s s sesee e eeenas 76

IMPOrt CoNSEEIAtION......ceiieieecccece e e e e e e e e e e e e e e eees 76

SV Selection Configuration

Accesses a dialog to configure satellite selection criteria and minimum and maximum
number of satellites of the satellite constellation. See Chapter 6.3, "Space vehicle
selection configuration", on page 77.

Reference Power
Sets the power level that is used as a reference for the calculation of the power level of
the satellites.

See "About satellite's (SV) power calculation" on page 82.
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Remote command:
[ : SOURce<hw>] :BB:GNSS:POWer :REFerence on page 429

Simulation Monitor
Accesses the "Simulation Monitor" dialog for real-time display of the most important
parameters.

These parameters are, for example, the current satellite constellation with SV states
and position, receiver position or movement trajectory and received satellite power.

See Chapter 3.3, "Simulation monitor”, on page 36.

Satellite's Constellation, SV ID
Indicates the SV IDs included in the current constellation.

— — —

5 GPS

2 - a 5 6 7 8 9 10 | sys0/3
Galileo

12 13 - 15 16 17 18 SVs:8 /29

B =)

21

31

1 = Enabled GNSS systems

2 = Number of active and available SVs per GNSS system

3 = Visible and active SV that uses reduced power level

4 = Visible and active SV, full power level

5 = Visible and inactive SV ("Satellite's Constellation, SV ID" on page 75 = Off)
6 = Not visible and inactive SV

7 = Excluded from the constellation (Present in Constellation = "Off")

The information is color-coded. Icons provide further information:

® Blue: active SV ID

® Gray: Inactive SV ID

® Sun: Visible SV ID

® (Cross out: SV ID is excluded from the constellation, for example if "SV ID > SV
Config" > Present in Constellation > "Off"

® Power bar: Reduced height indicates that the signal of the SV ID is transmitted with
less power than the value indicated as "Configurable Nav. Message".
The height of the power bar reflects enabled "Power Offset", "Power Path-Loss"
and "Power Offset" of the echoes.

The blocks are interactive. Select an SV ID to access further settings for changing its
state, enabling power offset of configuring the orbit simulation and navigation message
parameters.
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[

State

Power Offset
0.00 dB

SV Config ... |

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID:GPS:LIST:ALL? on page 415

[ :SOURce<hw>] :BB:GNSS:SVID:GPS:LIST[:VALid] ? on page 415

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:HEALthy on page 416

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:VISibility:STATe? on page 417
(etc. for the other GNSS systems)

State (SV ID) — Satellite’s Constellation, SV ID
Changes the SV ID state on-the-fly.

Per default, only visible satellites can be included in the constellation. SV ID for that
Present in Constellation > "Off" cannot be activated.

Tip: Pressing the On/Off toggle key has the same effect on the selected SV ID.

To enable any SV ID, set "Satellites > SV Selection Criteria > Selection Mode > Man-
ual".

Remote command:
[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:STATe on page 428
(etc. for the other GNSS systems)

Power Offset < Satellite's Constellation, SV ID
Reduces the signal of the selected SV ID by the defined value.

This is a global power offset parameter for a satellite. It affects the power level of all
signal components of a given satellite.

See "About satellite's (SV) power calculation" on page 82. Power changes are applied
on-the-fly.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:POWer:0FFSet on page 430

(etc. for the other GNSS systems)

SV Config < Satellite's Constellation, SV ID
Access a dialog with further settings for configuring the orbit simulation and navigation
message parameters.

See:
® Chapter 7, "Space vehicle configuration", on page 82
® Chapter 13, "Perturbations and errors simulation", on page 191

Import Constellation
Opens the "Import Constellation" dialog that is a standard "File Select" dialog.
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You can select, for example, almanac or RINEX files. See also:
® "File formats" on page 282.
® Chapter 17.1, "Import constellation settings", on page 284.

6.3 Space vehicle selection configuration

Access:
1. Select "GNSS" > "Simulation Configuration" > "Satellites".

2. Select "SV Selection Configuration”.

GNSS: SV Selection Configuration —_— X

Selection Mode

Visibility Time
Earth Obscuration Reference (Cut-Off Reference)

Local Horizon |

Earth Obscuration Offset (Cut-Off Angle)

5.0 deg

Maximum Number of Channels
102

The dialog provides settings to configure satellite visibility and handover criteria.
Also, you can set the minimum and maximum number of activated satellites per
GNSS system.

The maximum number of satellites and maximum number of channels depends on the
installed options, see Table 2-3. Selection criteria are not available for "Test Mode" >
"Tracking", the satellite selection is manual.

Settings:

S T= (=T o T 1Yo Yo L= USRI 77
Earth Obscuration References (Cut-Off Reference).........coceeeeveeeeiiiiiiccciiiiiieeeeeeeeeee 79
Earth Obscuration Offset (CUut-Off ANGIE).....cceiiiiiiiiiiiiee e 80
N[O ] o= Y S 81
Maximum Number of Channels...........cooiiii e 81

Selection Mode
Sets the space vehicle (SV) selection criteria to define the overall satellite constellation
and applies rules for satellite handover.
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"Visibility Time"
Constellation consists of satellites that are likely to be visible for the
longest time.

"Elevation Angle"
Selected are the satellites with the highest elevation.
For defining the elevation, see "Earth Obscuration References (Cut-
Off Reference)" on page 79 and "Earth Obscuration Offset (Cut-Off
Angle)" on page 80.

"DOP" Selects a satellite constellation which provides good dilution of preci-
sion (DOP) values at simulation start.

The DOP-based satellite selection implies the following:

® The selection prefers satellites that are visible for more than five
minutes.

® The final satellite constellation results from optimizations of sub-
constellations for all active GNSS systems.
These optimizations imply optimized independent geometric con-
ditions for each individual GNSS system.

® During runtime, the selection keeps active satellites as long as
possible in the constellation, even if their DOP values degrade.
Keeping these satellites ensures constant tracking.

® When active satellites sink or new satellites rise and free chan-
nels are available, the selection adds new satellites to the con-
stellation based on their DOP value.

"Adaptive DOP"
Selects a satellite constellation which provides good dilution of preci-
sion (DOP) values at simulation start and during runtime.

The adaptive DOP-based satellite selection implies the following:

® At simulation start, the selection is similar to the DOP-based
selection.

® During runtime, the selection adds or removes active satellites, if
the overall position (3D) dilution of precision (PDOP) value of the
satellite constellation is lower than 2.0.

® Adding or removing active satellites implies a gradual satellite
switching process that is independent over all active GNSS sys-
tems. The switching process has some constrains and starts only,
if the PDOP significantly improves.

"Manual" Manual selection as in the satellite constellation.
Automatic satellite selection is deactivated. Change the state of an
SV ID to change the satellite constellation manually. You can activate
any SV ID, including invisible satellites.
This mode is fixed and suspended for "Test Mode" > "Tracking", see
Chapter 8, "Tracking mode", on page 106.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SV:SELection:MODE on page 412
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Earth Obscuration References (Cut-Off Reference)

Selects how the behavior of earth obscuration is defined. The behavior also defines the
horizon, which is the reference line for applying the elevation mask angle, see Fig-

ure 6-2.

® B

e / e
/€% 4
/I r
/ i
(ad *

Figure 6-2: Impact of the Earth Obscuration References on the area of visible satellites (XY cut)

"Local Horizon"

"Earth Tangent"

"Earth Obscuration Offset" applied relative to the selected horizon

"Receiver > Positioning Configuration > Altitude"

r = Nadir (an imaginary vertical line that connects the location and the center of the earth)
1a = Horizon line for "Altitude = 0 m" (identical for both elevation mask types)

1b = Area of visible satellites (identical for both elevation mask types)

2a = Horizon line for "Altitude = h, km"; the horizon is parallel to the horizon with "Altitude = 0 m"
2b = Area of visible satellites

3a = Horizon lines for "Altitude = h, km"; the horizon lines are tangential to the earth surface
3b = Area of visible satellites

o w >
I

Use the "Signal Monitor" view to observe the current satellite constellation. The figures
in Table 6-4 show the satellite constellations as seen by receiver at an "Altitude = 200
km" with "Earth Obscuration Offset = 5°". The number of active satellites changes
because of the different elevation mask types.
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Table 6-4: Impact of the Earth Obscuration References on the visible satellites

"Earth Obscuration References > Local Horizon"

"Earth Obscuration References > Earth Tangent"

Display
Sky View

Display
Sky View

sV 1 ° sV 13

. HDOP 0.83 330° . HDOP 0.73
PDOP  1.66 A PDOP  1.31

F150°

150 I

0ff / Obscured (1)

Los @

G-GPS 180° 0ff / Obscured (1) G-GPS 180°

P: 48.15000°N 11.58333°E 200000.00m V:0.00 m/s P:48.15000°N 11.58333°E 200000.00m V:0.00 m/s

"Local Horizon"
The horizon is a horizontal plane that is perpendicular to the nadir.
For locations with attitudes above the sea level, the horizontal plane
is parallel shifted at the selected attitude.
The "Local Horizon" type is suitable, if you simulate receivers at low
altitude. For example, for pedestrian and automotive application.

"Earth Tangent"
The horizon is the surface of a right circular cone, where:
® The vertex of the cone is at the receiver position.
® The cone axis is along the nadir.
® The cone surface is made of lines that are tangential to the earth
surface.

The "Earth Tangent" type is suitable, if you simulate receivers at
higher altitude, where satellites with negative elevations are also visi-
ble. A typical example is a GNSS receiver mounted on low earth orbit
(LEO) object.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SV:SELection:EOBScuration:REFerence
on page 412

Earth Obscuration Offset (Cut-Off Angle)
Sets the elevation mask angle of the satellite. The angle is applied relative to the
selected horizon, see "Earth Obscuration References (Cut-Off Reference)" on page 79.

Satellites that are below the elevation mask angle are obscured. They are invisible for
the GNSS receiver at the selected location. Obscured satellites are displayed in the
"Signal Monitor" view but not simulated. A test receiver cannot use obscured satellites
for determining its position; it has to search for satellites with better visibility. See the
figures in Table 6-4.

User Manual 1178.9403.02 — 10 80



Satellite Navigation Satellite constellation

Space vehicle selection configuration

To ensure proper signal analysis, set the parameter "Earth Obscuration Offset" to the
elevation mask of the GNSS receiver under test.

Remote command:
[ : SOURce<hw>] :BB:GNSS:SV:SELection:EOBScuration:ANGLe on page 413

Number of SVs

Provides settings in a table to configure and monitor the number of satellites per GNSS

system.

"Min" Minimum number of activated satellites in the satellite constellation
per GNSS system.

"Max" Minimum number of activated satellites in the satellite constellation
per GNSS system.

"Current” Displays the number of active satellites in the satellite constellation

per GNSS system.
The value equals the value on the side tab of the "Satellites" dialog,
see Figure 6-1.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SV:SELection:GPS:MIN on page 414

[ :SOURce<hw>] :BB:GNSS:SV:SELection:GPS:MAX on page 414

[ :SOURce<hw>] :BB:GNSS:SV:SELection:GPS:ACTive? on page 414

[ : SOURce<hw>] :BB:GNSS:SV:SELection:GPS:AVAilable? on page 414
(etc. for the other GNSS systems)

Maximum Number of Channels
Displays the maximum number of channels.

The number depends on the simulation capacity, see Chapter G, "Channel budget",
on page 642.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SV:SELection:CHANnels:MAX on page 413
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7 Space vehicle configuration

About satellite's (SV) power calculation

In R&S SMBV100B, you define the power level of the individual satellites or their sig-
nals and the power level at the RF output is calculated automatically. All power levels
are set relative to a configurable reference level. By changing this level you boost or
decrease the signal power at the R&S SMBV100B outputs, while maintaining the
power ratio between the satellites, their signals and, if enabled, the multi-path echoes.

Absolute SV power

The absolute SV power for a given signal Pgysigna is calculated as follows:

I:)SV,signaI = I:)Ref + PSV,offset + I:)Signal,offset + I:)PathLoss + I:)AntPatr where:

® Pk is the reference power level, as set with the parameter Reference Power

® Pgyomset IS the global power offset of the satellite, as set with the parameter Power
Offset

®  Psignaiofiset IS Signal-specific power offset, as set with the parameter Signal Power
Offset
The value reflects the differences between the signals and the frequency bands.

®  Pranloss IS the free space path-loss over the satellite to receiver distance (range),
included if Add Power Path-Loss > "On".
See "Free space path-loss power" on page 82.

® Panpat IS the power gain of the antenna, calculated automatically, depending on the

selected body mask
See Chapter 10.6, "Antenna and body mask settings", on page 135.

Free space path-loss power

PrainLoss iS the free space path-loss over the satellite to receiver distance (range), cal-
culated as follows:

Prathioss = 2010g19(Ro/R), where:

®* Ry ="(Romwisv? - )
Ry is the reference range, equal to the range of a receiver on the ground to an SV,
at 90° elevation

® Ris the receiver to satellite range.
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T SVy
Ro
. R _*l' Receiver
sV <% ,9;“} .
ol 17\

Figure 7-1: Free space path-loss calculation

SV, = Reference space vehicle

Ry = Reference range

SV = Space vehicle

R = Range between the SV and the receiver
r = Earth's radius

Absolute multi-path echo power
The absolute power of an echo for a given signal Pgy ech, iS calculated as follows:

PSV,echo = I:)SV,signaI + PEcho,signah where:
®  Pgysignal is the absolute satellite's power

®  Pecnosignal IS the power offset per echo, as set with the parameter Power Offset.

CD Satellite constellation recalculation

If you change settings of the space vehicle configuration, e.g., simulated orbit or simu-
lated clock settings, the satellite constellation is recalculated accordingly. Recalculation
interrupts the simulation of the satellite constellation as long as the recalculation proc-

ess takes.

During longer calculation times, the R&S SMBV100B shows a "Busy" state.

Settings:

@ POWET SEHINGS. .ttt e e e e —————— 83
e Modulation control SEINGS. .....ceoei i 88
e Simulated orbit and orbit perturbation settings. ... 93
o Simulated ClOCK SELHNGS.......uiiiiiiiiiiie e e 102

7.1 Power settings

Access:
1. Select "GNSS > Simulation Configuration > Satellites".

2. Set the "Reference Power".

All power values are set relative to the reference power.
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3. Select the GNSS system for that you want to change the satellite's power settings,
for example GPS.

Select "SV# > SV Config".
In the "SV Configuration” dialog, select "Signals Configuration".
Select "Add Power Path-Loss > On" to account for the free-space attenuation.

Set a "Power Offset" to reduce further the signal power of the satellite.

©® N o g &

In dual-band or multi-signal configurations, set a "Signal Power Offset" to account
for the power relation between the signals.

9. To apply the power settings of the current satellite to other SV ID, select for exam-
ple "SV-ID = 11" and "Copy Power Settings To".

GNSS: SV Conflgurutlun (GPS 1)
Slmulated Simulated | Pseudorange
State Ij | Present in Constellation (] || Healthy

Power Offset o

% 00048 0.00dB Add Power Path-Loss

Tﬁhﬁhﬁﬁﬁ

I e Copy Power Settings To

SV-ID

. Sv-ID
Allv QCOW Modulation Control To

Al

Figure 7-2: Power settings: understanding the displayed information

1 = Decreases the SV signal power and thus the power of all signals of this SV. SV "Power Offset" is
set relative to the Reference Power.

2 = Boosts or decreases the power of the individual signal components. Power offsets are set relative to
the Reference Power + "Power Offset".

Available power settings depend on the GNSS system and selected RF band.
For information on how these settings affect the SV power, see "About satellite's
(SV) power calculation" on page 82.

10. To simulate multi-path effects:
For more information, see Chapter 10.7.6, "Static multipath", on page 158.
a) Select "Simulation Configuration > Receiver > Environmental Model = Static
Multipath".
b) Select "Environmental Model"

c) Set for example: "Number of Echoes = 1", "Echo 1 > Init. Code Phase = 300
m", "Power Offset = -10 dB".
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11. Select "GNSS > Monitor > Satellites > Power View" to observe the power levels of
all satellites at a glance.

GNSS: Simulation Monitor — X

Displ Veh Ant Displ Veh Ant . .
isplay e n Ispiay o4 Ve nA1v View Settings ..

Sky View V1 Al Power View \'Al
sV 1
HDOP  0.83
PDOP  1.68

624 <

‘/dBm

F

Los @
LOS + Echoes @
150 hoes o
G - GPS 180° 0ff / Obscured (1) EEQ 58 zoa wzp ue

(V1) P: 48.15000°N 11.58333°E 508.00m  V:0.00m/s  T:19.02.2014 06:00:00.000 g'n'“n‘r’l';““m

Figure 7-3: Power View: understanding the displayed information

R = Reference Power=-120 dB

1 ="SVID 1 > Power Offset = -10 dB"

2 = "Signal Power Offsets", e.g. L1 C/A =0 dB and L1 P = - 3dB; the same power relation is observed
SVs with or without power offset and for the multipath echoes

3 ="SVID 1> Echo 1> Power Offset = -10 dB"

4 = One echo per signal ("Number of Echoes = 1"); displayed if "View Settings > Echoes = On"

12. Load and enable body mask files to visualize the effect of antennas on the power.
For more information, see Chapter 10.6, "Antenna and body mask settings",
on page 135.

The remote commands required to define these settings are described in:
e Chapter 21.12, "Signals and power configuration per satellite", on page 419
e Chapter 21.8, "Static multipath configuration", on page 386.

Settings:
=1 I (S AV | TSR 85
Present in Constellation........ ... i 86
[ (== 11 TP PP PPPPPPPPPP 86
POWET OffSEL..ciiiiiiiiiiii e e e s e e s e e e s nnaeee s 86
Add PoWer Path-LOSS....ccoiiii et 87
FrequenCy NUMDET ... ... e e 87
SV signal configuration table.............oooiirecccc e ———— 87
L Signal POWET OffSEL........c.cucuiueeeeeeeeeieeeeeeeeeeeeaeaeae ettt ee s s e s aeaeae e seneas 87
Copy Power Settings t0,SV-ID......cooi i 87

State (SV ID)
Changes the SV ID state on-the-fly.
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Per default, only visible satellites can be included in the constellation. SV ID for that
Present in Constellation > "Off" cannot be activated.

Tip: Pressing the On/Off toggle key has the same effect on the selected SV ID.

To enable any SV ID, set "Satellites > SV Selection Criteria > Selection Mode > Man-
ual".

Remote command:
[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:STATe on page 428
(etc. for the other GNSS systems)

Present in Constellation
If disabled, the SV ID is excluded from the currents constellation. The SV ID is auto-
matically deactivated ("SV ID > State = Off").

In the "Satellites" dialog, SV IDs that are excluded from the constellation are displayed
in gray color and are crossed out.

To reactivate such satellite, set "Present in Constellation > On" and activate it ("State >
On")

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:PRESent on page 429

(etc. for the other GNSS systems)

Healthy
Defines if the SV ID is healthy or not. A warning symbol indicates an unhealthy satel-
lite.

The healthy state reflects the value of the corresponding healthy flag in the navigation
message. The healthy flag and the healthy state are interdependent; changing one of
them changes the other.

See:

® (GPS > Additional Data > "SV Health" and "L1/L2/L5 Health"
® GLONASS > Additional Data > "SV Health"

® (Galileo > Additional Data > "E1Bpys/E5bpys/E1BLs/ESbys"
® BeiDou > Additional Data > "SV Health"

® (ZSS > Additional Data > "SV Health"

Remote command:
[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:HEALthy on page 416
(etc. for the other GNSS systems)

Power Offset
Reduces the signal of the selected SV ID by the defined value.

This is a global power offset parameter for a satellite. It affects the power level of all
signal components of a given satellite.

See "About satellite's (SV) power calculation" on page 82. Power changes are applied
on-the-fly.

Remote command:
[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:POWer:0FFSet on page 430
(etc. for the other GNSS systems)
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Add Power Path-Loss
In "Test Mode = Navigation", enable this parameter to account for the free space
attenuation and simulate real-world conditions.

The power of the SV ID signals is reduced automatically. The power path-loss is calcu-
lated depending on the current satellite's orbit and the distance (range) between the
satellite and the receiver's position on the Earth, see "Free space path-loss power"

on page 82.

To observe the effect, select the "Monitor > Display > Power View", see Chapter 3.3,
"Simulation monitor", on page 36.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:POWer: PLOSs on page 430
(etc. for the other GNSS systems)

Frequency Number
For GLONASS satellites, indicates the frequency number of the subcarrier used to
modulate the GLONASS satellite.

If "Nav Msg Type = NAV", the frequency number is retrieved from the imported configu-
ration file.

The value is configurable, if arbitrary data is used, e.g. "Nav Msg Control > Edit" and
"Nav Msg Type > All 0".

Remote command:
[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:FNUMber on page 429

SV signal configuration table
Table with one or more rows, one row per enabled signal ("Simulation Configuration >
Systems&Signals" > Signals).

Signal Power Offset — SV signal configuration table
Adds power offset for the selected signal.

If more than one signal or bands are activated, the power relation between the signals
and between the frequency bands is set automatically, as specified for the GNSS sys-
tem. You can change these default values. Signal-specific power offset values are set
relative to the satellites power level.

See also "About satellite's (SV) power calculation" on page 82.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIGNal:L1Band:CA:POWer:0FFset
on page 431

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIGNal:Ll1Band:P:POWer:0FFset
on page 431

(etc. for the other GNSS systems)

Copy Power Settings to,SV-ID
Applies the power settings of the current satellite to the selected or to all SV-IDs of the
same GNSS system.

The following settings are considered:
® Power Offset
® Add Power Path-Loss
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® Signal Power Offset

Remote command:

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:POWer:COPY:SVID on page 432

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:POWer:COPY:EXECute on page 433
(etc. for the other GNSS systems)

7.2 Modulation control settings

Access:
1. Select "GNSS > Simulation Configuration > Signals&Systems".

2. Enable the GNSS system for that you want to control the signal modulation, for
example:

a) "System > GLONASS > On"
b) "System > Galileo > On"

Select "GNSS > Simulation Configuration > Satellites".
Select "GLONASS > SV# > SV Config".

In the "SV Configuration" dialog, select "Signals Configuration™.

o g M~ w

To generate a signal with list mode data, sent on the GLONASS frequency, select:

a) "Primary Code > Off"

b) "Nav Msg Control > Edit"

c) "Nav Msg Type > Data List"

d) Load list mode data, e.g. from the file Glonass Data.dm iqgd:
"Nav Msg Content > /var/user/Glonass_Data"

e) "Meander Sequence > Off"

f) "Time Sequence > Off"
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7. To apply the modulation control settings of the current satellite to other SV ID,
select for example "SV-ID = All" and "Copy Modulation Control To"

GNSS: SV Configuration (GLONASS 1)

Slmulated Simulated | Pseudorange
ﬂ | Present in Constellation ] || Healthy

| 3
| Power Offset |
D ‘

State

Frequency Number

0.00 dB Add Power Path-Loss

Data List //var/user/Glonass_Data

SV-D

SVID |
hadl hd
All

Al |

Copy Power Settings To Cop)r Modulation Control To

Available modulation control settings depend on the GNSS system and selected
RF band.

The remote commands required to define these settings are described in Chap-
ter 21.12, "Signals and power configuration per satellite", on page 419.

Settings:

SV signal configuration table.............oooiiiiiiiicccrr e ———— 89
L SIGNal SEAte.....cecveveveveeeeeeeeeeeeeeeeeeeecte ettt ee ettt en s er e ennanaeaeaeaes 89
L Signal COMPONENL.........c.oeeeeeueeceeteteeeieeeeeeeeeeeeaeaeteae e te e e eeesenersanaeaeseseseseeenans 90
L PFIMAIY COAE.....vvvvieeeeeeeeeeeeeeeeeetetete e ee e ee s st s s s s e narananeee 90
L SECONAANY COUE......vveeeeeeeececeeeete e e e ee et es s s naeeeeeeeeeneas 90
L NGV MSG CONIOL......eeeeeeeeeeeeee ettt et e s ee e eaaen e 90
L NGV M. ettt ettt et st s es e s n et see s sesee e sesea s seenas 91
O N IV Yo T 1 o TR 91
L NGV MSG CONENL.......oeeeeeceeececeeeeteteie ettt ee e st s s s s s 92
L MEaNder SEQUENCE............veeeeeeeeeee et ee et 92
L TIME SEQUENCE. ... et n e e 93

Copy Modulation Control Settings t0,SV-ID.........cocciiiiiiei e 93

SV signal configuration table
Table with one or more rows, one row per enabled signal ("Simulation Configuration >
Systems&Signals" > Signals).

Signal State — SV signal configuration table
Activates the selected signal.

The available signals depend on GNSS system and the configuration in the Sys-
tems&Signals dialog.

At least one signal has to be activated per satellite. Activate another signal to deacti-
vate a particular signal, if it is the only one active at that moment.
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Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIGNal:LlBand:CA[:STATe]
on page 434

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIGNal:L1lBand:P[:STATe]
on page 434

(etc. for the other GNSS systems)

Signal Component < SV signal configuration table
Indicates the signal content (data only or data and pilot).

The information is retrieved automatically from the selected simulation data source file.
Signal components depend on the signal, the frequency band and the GNSS system.

Remote command:
n.a.

Primary Code < SV signal configuration table
Enables the primary code to spread the data and pilot components.

If your interference tests require the generation of a continuous wave signal send on
the same frequency as a specific SV, set "Primary Code > Off" and "Nav Msg Control >
Off".

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIGNal:L1Band:CA:DATA:PCODe|:
STATe] on page 436

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIGNal:LlBand:CA:PILot:

PCODe [ :STATe] on page 436

(etc. for the other GNSS systems)

Secondary Code < SV signal configuration table
Enables the secondary code in the pilot and data channel of GPS, Galileo or BeiDou.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIGNal:L1Band:L1C:PILot:
SCODe [:STATe] on page 437

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIGNal:L5Band:L5S:DATA:
SCODe [ : STATe] on page 437

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIGNal:L5Band:L5S:PILot:
SCODe [ : STATe] on page 437

(etc. for the other GNSS systems)

Nav Msg Control < SV signal configuration table
Requires "Test Mode > Navigation", see "Test Mode" on page 34.

Defines whether the navigation message parameters can be changed or not.
"Auto" Adjusts the navigation message parameters automatically.

"On/Edit" Enables configuration of the navigation message parameters ("Nav
Msg Type = xNav") or configuration of user-defined data ("Nav Msg
Type + xNav").
For SBAS space vehicles (PRN) the content is predefined.
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"Off" Navigation message is disabled.
A pure continuous-wave (CW) signal is output.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIGNal:L1lBand:CA:DATA:
NMESsage : CONTrol on page 439

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIGNal:L1Band:P:DATA:
NMESsage : CONTrol on page 439

(etc. for the other GNSS systems)

Nav Msg — SV signal configuration table
Requires "Test Mode > Tracking", see "Test Mode" on page 34.

Defines whether the navigation message parameters can be changed or not.

"On" Enables configuration of the navigation message parameters ("Nav
Msg Type = xNav") or configuration of user-defined data ("Nav Msg
Type # xNav").

"Off" Navigation message is disabled.

Remote command:

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIGNal:LlBand:CA:DATA:
NMESsage [ : STATe] on page 555

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIGNal:L1Band:P:DATA:
NMESsage [ :STATe] on page 555

(etc. for the other GNSS systems)

Nav Msg Type < SV signal configuration table
Sets the data source used for the generation of the navigation message.

"LNAV/CNAV/FNAV/INAV/D1NAV/D2NAV/NAV"
The navigation message parameters are "real" since they are
retrieved from the loaded simulation data source file, see Import Con-
stellation.
"D1NAV" denotes navigation messages belonging to BeiDou
medium-altitude earth orbit (MEO) satellites (SV ID 6 to SV ID 35).
"D2NAV" denotes navigation messages belonging to BeiDou geosta-
tionary (GEQO) satellites and inclined geostationary (IGSO) satellites
(SVID 1to SV ID 5).
Note: Galileo E6 signals carry no real navigation data. The signals
are simulated using data sources "PRBSxx/Data List/Pattern/Zero
NAV".

To change the automatically filled in values, select:
® Nav Msg Control > "Edit"
® Nav Msg Content > Config
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"PRBSxx/Data List/Pattern"
Selects a configurable data source.
The data symbols from the data source are transmitted in the naviga-
tion message. The signal is sufficient for simple functional tests and
sensitivity tests.

The following standard data sources are available:

e "AllO, All 1"

An internally generated sequence containing O data or 1 data.
® "PNxx"

An internally generated pseudo-random noise sequence.
e "Pattern"

An internally generated sequence according to a bit pattern.
Use the "Pattern" box to define the bit pattern.
® "Data List/Select DList"

A binary data from a data list, internally or externally generated.

Select "Select DList" to access the standard "Select List" dialog.

— Select the "Select Data List > navigate to the list file *.dm_iqd
> Select" to select an existing data list.

— Use the "New" and "Edit" functions to create internally new
data list or to edit an existing one.

— Use the standard "File Manager" function to transfer external
data lists to the instrument.

See also:
® Section "Modulation Data" in the R&S SMBV100B user manual.
® Section "File and Data Management" in the R&S SMBV100B user

manual.
® Section "Data List Editor" in the R&S SMBV100B user manual
"Zero NAV" Sets the broadcasted orbit and clock correction parameters in the

navigation message to zero. Frame structure, timing and channel
coding of the navigation message are retained.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIGNal:L1Band:CA:DATA:
NMESsage : TYPE on page 440

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIGNal:Ll1Band:CA:DATA:
NMESsage : DSELect on page 442

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIGNal:L1Band:CA:DATA:
NMESsage : PATTern on page 444

(etc. for the other GNSS systems)

Nav Msg Content <— SV signal configuration table
Opens the "Navigation Message" dialog, where you can observe the navigation mes-
sage parameter and if enabled, change them.

See Chapter 13, "Perturbations and errors simulation", on page 191.
Meander Sequence — SV signal configuration table

Enables meandering of GLONASS satellite navigation signals, i.e. doubling the data
rate.
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Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:SIGNal:L1Band:CA:DATA:
MEANdering|[:STATe] on page 444

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:SIGNal:L2Band:CA:DATA:
MEANdering[:STATe] on page 444

Time Sequence — SV signal configuration table
Enables the time signal component of GLONASS satellite navigation signals.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:SIGNal:L1Band:CA:DATA:
TSEQuence [ :STATe] on page 444

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:SIGNal:L2Band:CA:DATA:
TSEQuence [:STATe] on page 444

Copy Modulation Control Settings to,SV-ID
Applies the power settings of the current satellite to the selected or to all SV-IDs of the
same GNSS system.

The following settings are considered:
Signal State

Primary Code

Secondary Code

Nav Msg Control

Nav Msg Type

Meander Sequence

Time Sequence

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:MCONtrol:COPY:SVID on page 445
[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:MCONtrol:COPY:EXECute

on page 445

(etc. for the other GNSS systems)

7.3 Simulated orbit and orbit perturbation settings

Access:
1. Select "GNSS > Simulation Configuration > Satellites".

2. Select the GNSS system for that you want to configure satellites constellation, for
example GPS.

3. Select "SV# > SV Config".

4. In the "SV Configuration" dialog, select one of the following:
e "Simulated Orbit > Orbit"
e "Simulated Orbit > Orbit Perturbation”

Available navigation message parameters depend on the GNSS system.
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GNSS: SV Configuration (GPS 1)

e | X |
I Signals Confi Simulated BluMEIE LSEIGDIEWE
g el orbit Clock Errors

Ground Track Plot ...
Reference Week Reference Time of Week
1780 288 000 s Perturbation
Sqrt. of Semi-major Axis - A2 Eccentricity - e
5153.628 906 m'%2 0.002 737 999
Inclination Angle - ig Longitude of Ascending Node - Qg
0.305 935 668 8 semic. 0.018 540 220 3 semic
Argument of Perigee - w Mean Anomaly - Mp
0.117 445 588 1 semic. 0.555010 156 7 semic.
Rate of Inclination Angle - i' Rate of Right Ascension - Q'
0.000 000 000 000 0 semic./s -0.000 000 002 524 8 semic./s

Mean Motion Difference - A,
0.000 000 000 000 0 semic./s

Settings:
(C1e 10T Lo I I r=Te OO TR 94
GBS SV ettt ettt ettt ettt et et et e et ee e et e e ae et eenaeeeenen 94
L SIMUIAEA OBt vttt ettt et et et et e et e e ee e e e e e et eeeeeeeeneenenennn 95
L OrDit POrtUIDAtION. ....veveeee e e e e ee e e e e e e e s e e e e eeeeeseeseese e e eseeseeneaeeas 95
(G- 11T TS A TP TPTRRPPTRN 96
L SIMUIBEEA OFDit.. vttt ettt et et et eeeee et e e ee et ereeeeteeeeeeeneseeen 96
L OrDit PrtUMDALION. c..eevee ettt ettt ettt ee e et e e e et eeeee et eee et eeeeeeeeens 96
GLONASS SV .ottt et et et e e e et eeeee e e e e ee et e et eeeeae e eaeeee e eneanens 97
L SIMUIBEEA OFDIt. ettt ettt e et e e e e e e et eeeeeeeeeeeeenaean 97
BEIDOU SV .ottt et e et e et e e et e e ettt e e — et et e ra———— 98
L SIMUIALEA OFDit...veveeeeeeeeeeeeeeeeeeee oo ee e e ee e e e e ee e e e e e e ees e s ees e e ees e e e eeereereans 98
L OrDit POITUIDALION. ....veeveeeeeeee e eeeee et e e e e e e e e eeeee e e e e e eeeeeeeereeeeeeeereeeeesaeans 98
NBVIC SVttt ettt et ettt e et e et e e et et e ee et eeeee et ee e et eaeete et eaeeee et et eae et eaeeeeeeeeenns 99
L SIMUIBEEA Ottt ettt et et e e et eeeee et e e et eeeeeeeeeeeeeeen 99
@y o1 ==Y 8 (U1 oY= 1i[o) s FOUURT R 100
QY4753 YN 100
L SIMUILEA OBt vttt ettt et et ee et ee et eeereeeeeere et enereeeeeeneaens 100
L OrDit POITUIDALION. ....veeeeeeeee e e e e eee e e e e e e e e e e e eeeeee e e e eere e e eeeereeeeeeeeens 101
L NGVIC SVttt ettt et ee et et e e et e et et eae et et ese et et eee et eeeeeeeenens 101
L SIMUIGLEA Ottt ettt et eee et et e e eeereeeene 101
L Orbit PertUMDALtION. . e vttt ettt ettt e eeeeeeees 102

Ground Track
Displays a plot of the trajectory of the selected satellite.

To observe the aggregated ground tracks of all satellites, select "GNSS > Simulation
Monitor > Display = Satellites > Ground Track".

GPS SV

Comprises the navigation message parameters, specific to and common for all GPS
satellites.
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Comprises the navigation message parameters, specific to and common for all GPS

satellites.

Parameter Remote command:

"Reference Week" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
ORBit :WNOE on page 452

"Reference Time of Week" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
ORBit:TOE on page 452

"Square Root of Semi-Major Axis - A2" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
ORBit:SQORA on page 453

"Eccentricity - " [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
ORBit:ECCentricity on page 454

"Inclination Angle - iy" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
ORBit:IZERo on page 454

"Longitude of Ascending Node - Q," [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
ORBit:0ZERo on page 454

"Argument of Perigee - w" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
ORBit:0MEGa on page 454

"Mean Anomaly - My" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
ORBit:MZERo on page 455

"Rate of Inclination Angle - i" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
ORBit:IDOT on page 455

"Rate of Right Ascension - Q" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
ORBit:0DOT on page 455

"Mean Motion Difference - A" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:

ORBit:NDELta on page 456

Orbit Perturbation < GPS SV

Comprises the navigation message parameters, specific to and common for all GPS

satellites.

Parameter Remote command:

"Cosine Difference of Latitude - C." [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
ORBit:CUC on page 456

"Sine Difference of Latitude - C." [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
ORBit:CUS on page 456

"Cosine Difference of Orbital Radius - C,.;" | [ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
ORBit:CRC on page 456

"Sine Difference of Orbital Radius - C" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
ORBit:CRS on page 457

95
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Parameter Remote command:

"Cosine Difference of Inclination - C,." [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
ORBit:CIC on page 457

"Sine Difference of Inclination - C;," [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
ORBit:CIS on page 457

Galileo SV
Comprises the navigation message parameters, specific to and common for all Galileo
satellites.

Simulated Orbit — Galileo SV
Comprises the navigation message parameters, specific to and common for all Galileo

satellites.

Parameter Remote command:

"Reference Week" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
SIMulated:ORBit:WNOE on page 452

"Reference Time of Week" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
SIMulated:ORBit:TOE on page 452

"Square Root of Semi-Major Axis - A"2" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
SIMulated:ORBit:SQRA on page 453

"Eccentricity - " [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
SIMulated:0ORBit:ECCentricity on page 454

"Inclination Angle - iy" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
SIMulated:ORBit:IZERo on page 454

"Longitude of Ascending Node - Q," [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
SIMulated:ORBit:0ZERo on page 454

"Argument of Perigee - w" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
SIMulated:ORBit:0OMEGa on page 454

"Mean Anomaly - My" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
SIMulated:ORBit:MZERo on page 455

"Rate of Inclination Angle - i" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
SIMulated:ORBit:IDOT on page 455

"Rate of Right Ascension - Q™ [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
SIMulated:ORBit:0DOT on page 455

"Mean Motion Difference - A" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
SIMulated:ORBit:NDELta on page 455

Orbit Perturbation — Galileo SV
Comprises the navigation message parameters, specific to and common for all Galileo
satellites.

User Manual 1178.9403.02 — 10 96



Satellite Navigation

Space vehicle configuration

Simulated orbit and orbit perturbation settings

Parameter

Remote command:

"Cosine Difference of Latitude - C."

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:

SIMulated:ORBit:CUC on page 456

GALileo:

"Sine Difference of Latitude - C"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:

SIMulated:ORBit:CUS on page 456

GALileo:

"Cosine Difference of Orbital Radius - C,."

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:

SIMulated:ORBit:CRC on page 456

GALileo:

"Sine Difference of Orbital Radius - C"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:

SIMulated:ORBit:CRS on page 457

GALileo:

"Cosine Difference of Inclination - C,."

[ :SOURce<hw>] :BB:GNSS:3SVID<ch>:

SIMulated:ORBit:CIC on page 457

GALileo:

"Sine Difference of Inclination - C"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:

SIMulated:0ORBit:CIS on page 457

GALileo:

GLONASS SV

Comprises the navigation message parameters, specific to and common for all GLO-

NASS satellites.

Simulated Orbit — GLONASS SV

Comprises the navigation message parameters, specific to and common for all GLO-

NASS satellites.

Parameter Remote command:

"Reference Date" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
SIMulated:ORBit:DATE on page 452

"Reference Time" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
SIMulated:ORBit:TIME on page 453

"X," [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
SIMulated:ORBit:XN on page 451

"Y," [ : SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
SIMulated:ORBit:YN on page 451

"z [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
SIMulated:ORBit:ZN on page 451

"X [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
SIMulated:ORBit:XDN on page 451

"Y' [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
SIMulated:ORBit:YDN on page 451

"z [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
STMulated:ORBit:ZDN on page 451

"X [ : SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:

SIMulated:ORBit:XDDN on page 451
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Parameter Remote command:

"y [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
SIMulated:ORBit:YDDN on page 452

"z"" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
SIMulated:ORBit:ZDDN on page 452

BeiDou SV
Comprises the navigation message parameters, specific to and common for all BeiDou
satellites.

Simulated Orbit — BeiDou SV
Comprises the navigation message parameters, specific to and common for all BeiDou

satellites.

Parameter Remote command:

"Reference Week" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:WNOE on page 452

"Reference Time of Week" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:TOE on page 452

"Square Root of Semi-Major Axis - A"2" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:SQRA on page 453

"Eccentricity - " [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:0ORBit:ECCentricity on page 454

"Inclination Angle - iy" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:IZERo on page 454

"Longitude of Ascending Node - Q," [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:0ZERo on page 454

"Argument of Perigee - w" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:0OMEGa on page 454

"Mean Anomaly - My" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:MZERo on page 455

"Rate of Inclination Angle - i" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:IDOT on page 455

"Rate of Right Ascension - Q™ [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:0DOT on page 455

"Mean Motion Difference - A" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:0ORBit:NDELta on page 456

Orbit Perturbation — BeiDou SV
Comprises the navigation message parameters, specific to and common for all BeiDou
satellites.
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Parameter

Remote command:

"Cosine Difference of Latitude - C."

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:CUC on page 456

"Sine Difference of Latitude - C"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:CUS on page 456

"Cosine Difference of Orbital Radius - C,."

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:CRC on page 456

"Sine Difference of Orbital Radius - C"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:CRS on page 457

"Cosine Difference of Inclination - C,."

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:CIC on page 457

"Sine Difference of Inclination - C;"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:0ORBit:CIS on page 457

NaviC SV

Comprises the navigation message parameters, specific to and common for all NavIC

satellites.

Simulated Orbit < NavIC SV

Comprises the navigation message parameters, specific to and common for all BeiDou

satellites.

Parameter

Remote command:

"Reference Week"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:WNOE on page 452

"Reference Time of Week"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:TOE on page 452

"Square Root of Semi-Major Axis - A2"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:SQRA on page 453

"Eccentricity - "

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:0ORBit:ECCentricity on page 454

"Inclination Angle - iy"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:IZERo on page 454

"Longitude of Ascending Node - Q,"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:0ZERo on page 454

"Argument of Perigee - w"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:0OMEGa on page 454

"Mean Anomaly - My"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:MZERo on page 455

"Rate of Inclination Angle - i"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:IDOT on page 455
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Parameter

Remote command:

"Rate of Right Ascension - Q"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:0ORBit:0DOT on page 455

"Mean Motion Difference - A"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:NDELta on page 456

Orbit Perturbation < NavIC SV

Comprises the navigation message parameters, specific to and common for all BeiDou

satellites.

Parameter Remote command:

"Cosine Difference of Latitude - C " [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:CUC on page 456

"Sine Difference of Latitude - C" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:0ORBit:CUS on page 456

"Cosine Difference of Orbital Radius - C,;" | [ : SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:CRC on page 456

"Sine Difference of Orbital Radius - C" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:0ORBit:CRS on page 457

"Cosine Difference of Inclination - C,." [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:ORBit:CIC on page 457

"Sine Difference of Inclination - C" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:

SIMulated:0ORBit:CIS on page 457

QZSs sV

Comprises the navigation message

satellites.

Simulated Orbit — QZSS SV

Comprises the navigation message

parameters, specific to and common for all QZSS

parameters, specific to and common for all QZSS

satellites.

Parameter Remote command:

"Reference Week" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:072SS:SIMulated:
ORBit :WNOE on page 452

"Reference Time of Week" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:07SS:SIMulated:
ORBit:TOE on page 452

"Square Root of Semi-Major Axis - A2" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:0ZSS:SIMulated:
ORBit:SQRA on page 453

"Eccentricity - " [ :SOURce<hw>] :BB:GNSS:SVID<ch>:QZSS:SIMulated:
ORBit:ECCentricity on page 453

"Inclination Angle - iy" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:Q7SS:SIMulated:
ORBit:IZERo on page 454

"Longitude of Ascending Node - Q," [ :SOURce<hw>] :BB:GNSS:SVID<ch>:07SS:SIMulated:

ORBit:0ZERo on page 454
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ORBit:NDELta on page 455

Parameter Remote command:

"Argument of Perigee - w" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:Q7ZSS:SIMulated:
ORBit:0OMEGa on page 454

"Mean Anomaly - Mg" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:0ZSS:SIMulated:
ORBit:MZERo on page 455

"Rate of Inclination Angle - i" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:07SS:SIMulated:
ORBit:IDOT on page 455

"Rate of Right Ascension - Q™ [ :SOURce<hw>] :BB:GNSS:SVID<ch>:Q7ZSS:SIMulated:
ORBit:0DOT on page 455

"Mean Motion Difference - A" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:Q7SS:SIMulated:

Orbit Perturbation < QZSS SV

Comprises the navigation message parameters, specific to and common for all QZSS

satellites.

Parameter Remote command:

"Cosine Difference of Latitude - C." [ :SOURce<hw>] :BB:GNSS:SVID<ch>:Q7SS:SIMulated:
ORBit:CUC on page 456

"Sine Difference of Latitude - C¢" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:Q7SS:SIMulated:
ORBit:CUS on page 456

"Cosine Difference of Orbital Radius - C.." | [ : SOURce<hw>] :BB:GNSS:SVID<ch>:0%SS:SIMulated:
ORBit:CRC on page 456

"Sine Difference of Orbital Radius - C," [ :SOURce<hw>] :BB:GNSS:SVID<ch>:07ZSS:SIMulated:
ORBit:CRS on page 457

"Cosine Difference of Inclination - C,." [ :SOURce<hw>] :BB:GNSS:SVID<ch>:07SS:SIMulated:
ORBit:CIC on page 457

"Sine Difference of Inclination - C;," [ :SOURce<hw>] :BB:GNSS:SVID<ch>:07SS:SIMulated:

ORBit:CIS on page 457

NavIC SV — QZSS SV

Comprises the navigation message parameters, specific to and common for all NavIC

satellites.

Simulated Orbit — NavIC SV — QZSS SV
Comprises the navigation message parameters, specific to and common for all NavIC

satellites.

Parameter Remote command:

"Reference Week" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:
SIMulated:ORBit:WNOE on page 452

"Reference Time of Week" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:
SIMulated:ORBit:TOE on page 452

"Square Root of Semi-Major Axis - A"2" [ : SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:

SIMulated:ORBit:SQRA on page 453

User Manual 1178.9403.02 — 10

101




Satellite Navigation

Space vehicle configuration

Simulated clock settings

Parameter Remote command:

"Eccentricity - " [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:

SIMulated:0ORBit:ECCentricity on page 453

"Inclination Angle - iy" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:

SIMulated:0ORBit:IZERo on page 454

"Longitude of Ascending Node - Q," [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:

SIMulated:ORBit:0ZERo on page 454

"Argument of Perigee - w" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:

SIMulated:ORBit:0OMEGa on page 454

"Mean Anomaly - My" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:

SIMulated:ORBit:MZERo on page 455

"Rate of Inclination Angle - i" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:

SIMulated:0ORBit:IDOT on page 455

"Rate of Right Ascension - Q" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:

SIMulated:0RBit:0DOT on page 455

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:
SIMulated:ORBit:NDELta on page 455

"Mean Motion Difference - A"

Orbit Perturbation < NavIC SV «— QZSS SV
Comprises the navigation message parameters, specific to and common for all NavIC

satellites.

Parameter Remote command:

"Cosine Difference of Latitude - C." [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:
SIMulated:ORBit:CUC on page 456

"Sine Difference of Latitude - C " [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:
SIMulated:0ORBit:CUS on page 456

"Cosine Difference of Orbital Radius - C..," | [ : SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:
SIMulated:ORBit:CRC on page 456

"Sine Difference of Orbital Radius - C" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:
SIMulated:ORBit:CRS on page 457

"Cosine Difference of Inclination - C,." [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:
SIMulated:ORBit:CIC on page 457

"Sine Difference of Inclination - C" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:

SIMulated:0ORBit:CIS on page 457

7.4 Simulated clock settings

Access:

1. Select "GNSS > Simulation Configuration > Satellites".
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2. Select the GNSS system for that you want to configure satellites constellation, for
example GPS.

3. Select "SV# > SV Config".
4. In the "SV Configuration" dialog, select "Simulated Clock™.

Available navigation message parameters depend on the GNSS system.

GNSS: SV Configuration (GPS 1)

—_ X
-
Reference Week Reference Time of Week
1780 288 000 s
afp af
-0.000 000 427 5 5 0.000 000 000 003 6 s/
an Group Delay - Tgq
0.000 000 000 000 000 00 s/s? 0.000 000 0000 s
Settings:
(€] 2SI 1 0[] = (Yo I O (o Yo R 103
Galileo > Simulated ClIOCK............coeiiiiiieeeeeerit e e e e e e e e e e e e e e e e e e e e eeeeesererrar e 103
GLONASS > SimUIated ClOCK......uvuuttriiiiieieieeeeeeeeeeeeeeeeeee e e e e e e 104
BeiDou > SImUIAted ClIOCK.....uuuuieeieieieiiieieee e e e e e e e e e e e e e e e e e e e e eeaeaenes 104
QZSS > SIMUIALEA ClOCK. ... ittt e e eeaeees 104
NaVIC > SIimMUIAted CIOCK.......cuueeeeeeeeeeee et e s 105

GPS > Simulated Clock
Comprises the navigation message parameters, specific to and common for all GPS
satellites.

Parameter Remote command:

"Reference Week" [ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
CLOCk:WNOC on page 457

"Reference Time of Week" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
CLOCk:TOC on page 458

"agp - ap" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
CLOCk:AF<s2us0> on page 458

"Group Delay - Tyy" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SIMulated:
CLOCk:TGD on page 458

Galileo > Simulated Clock
Comprises the navigation message parameters, specific to and common for all Galileo
satellites.
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Parameter

Remote command:

"Reference Week"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
SIMulated:CLOCk:WNOC on page 457

"Time of Clock - to, (E1-E5B)"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
SIMulated:CLOCk:TOC on page 458

"ap (E1-E5B)" to "a, (E1-E5B)"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
SIMulated:CLOCk:AF<s2us0> on page 458

"Group Delay - BGD (E1-E5B)"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
SIMulated:CLOCk:TGD on page 458

GLONASS > Simulated Clock

Comprises the navigation message parameters, specific to and common for all GLO-

NASS satellites.

Parameter

Remote command:

"Reference Date"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
SIMulated:CLOCk:DATE on page 452

"Reference Time"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
SIMulated:CLOCk:TIME on page 453

af0" to llalel

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
SIMulated:CLOCk:AF<s2us0> on page 458

"Group Delay - Tgq"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
SIMulated:CLOCk:TGD on page 458

BeiDou > Simulated Clock

Comprises the navigation message parameters, specific to and common for all BeiDou

satellites.

Parameter

Remote command:

"Reference Week"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:CLOCk:WNOC on page 457

"Reference Time of Week"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:CLOCk:TOC on page 458

af0" to llalel

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
SIMulated:CLOCk:AF<s2us0> on page 458

"Group Delay B1l - Tgp"
"Group Delay B2l - Tgp,"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
PRERrors:MODE on page 461

QZSS > Simulated Clock

Comprises the navigation message parameters, specific to and common for all QZSS

satellites.
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Parameter Remote command:

"Reference Week" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:Q072SS:SIMulated:
CLOCk:WNOC on page 457

"Reference Time of Week" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:Q07ZSS:SIMulated:
CLOCk:TOC on page 458

"ag - ap" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:072SS:SIMulated:
CLOCk:AF<s2us0> on page 458

"Group Delay - Tgq" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:Q7SS:SIMulated:
CLOCk:TGD on page 458

NavIC > Simulated Clock
Comprises the navigation message parameters, specific to and common for all NavIC

satellites.

Parameter Remote command:

"Reference Week" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:
SIMulated:CLOCk:WNOC on page 457

"Reference Time of Week" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:
SIMulated:CLOCk:TOC on page 458

"agp - ap" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:
SIMulated:CLOCk:AF<s2us0> on page 458

"Group Delay - Tgq" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:
SIMulated:CLOCk:TGD on page 458
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8 Tracking mode

Per default, the R&S SMBV100B generates a GNSS signal that is suitable for testing
the receiver capabilities to acquire and track the signal and to estimate its position
based.

Some receiver tests, however, focus on testing if the receiver is capable to acquire and
decode the signal; navigation and thus position estimation is not necessary. For such
tests or for receivers' sensitivity tests in zero Doppler conditions or under varying signal
dynamics conditions, the R&S SMBV100B provides the tracking mode.

With the provided signal dynamic settings, you can enable a predefined or constant
velocity profile, or define a user-specific one.

8.1 Signal dynamics settings

Access:
1. Select "GNSS > Test Mode" > "Tracking".
2. Select "GNSS > Simulation Configuration > Satellites".

3. Select the GNSS system for that you want to configure satellites constellation, for
example GPS.

4. Select "SV# > SV Config".

5. Inthe "SV Configuration" dialog, select "Signal Dynamics™.
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6. Select, for example, "Mode > High Order".

GNSS A: SV Configuration (GPS 1)

| REIGEIENEGITE) Signal Dynamics

Velocity Profile
User Dynamics

/s

Ve

« Hide Details |

Initial Velocity
100.000 0 m/s

Constant Velocity Period £
20.0s g
Constant Acceleration Period 7
40.0s
Maximum Acceleration
10.0000 m/s? || &
Maximum Jerk I
20.0000 m/s® | | =
Repetition Period 9
240.0s I

Figure 8-1: Spinal Dynamics: Understanding the displayed information (Mode > Higher Order
and Velocity Profile = User Dynamics)

= Velocity at the start of the profile

= Period of time the velocity is held constant

= Period of time an acceleration is applied

= Maximum acceleration together with the acceleration period and, if set the initial velocity, defines

the maximum velocity (7a and 7b)

= Defines how fast the maximum acceleration is reached

6 = Profile's duration, calculated from the selected periods of constant speed and acceleration; the
profile is repeated every 240 s.

7a = Maximum velocity = "Initial Velocity" + "Constant Acceleration Period"."Maximum Acceleration" =
500 m/s

7b = "Initial Velocity" - "Constant Acceleration Period"."Maximum Acceleration"

BON -~

[6)]

Signal dynamics settings are provided for testing the receiver sensitivity under
varying signal dynamics conditions. You can select a predefined or constant veloc-
ity profile, or define a user-specific one.

The displayed settings depend on the selected "Mode" and "Velocity Profile". Dedi-
cated plots visualize the variations of the velocity, acceleration and the jerk over

time.
Settings:
1 o o [ SRS 108
L= I Y= 10 o (o] =1 g o = TSP 108
INital Carrier PRASE.......uo ittt e e e e e 108
Velocity (PsSeudorange Rate).......cocoooiiiiiiiiiiieeeecrrr et e e eeeaaens 108
High-order profile SEtNGS. ....ccooi it 108
L Start TIME OffSOL......cucueieeeeeeeeeeeeeeeeee et eeeeeeeee et 108
L VelOGItY PrOfilE.....vvveveveeeeeeeeeeeecececetete e tetet e st s s s sasas et tsesess s se s s s ananeees 109
L N1 VEIOCHY ...ttt e e s e e se s e s e ee s s e eeenas 109
L Constant VElOCity PEHOU...........ccueueueeeeeeeeeeeeeeeeeeeeeeee et e e ee e s s en s 109
L Constant Acceleration PErOd.............c..ceueueurreeeeiereeeeeeesseeeeseseseeeeeesenenens 109
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L Maximum ACCEIEIAtION. ......eeeeeee e e e e e et ee e eeeeeeeeeaes 109
L MAXIMUM JETK et ee e ee e e e e n e eeeneneeenenaen 110
L REPELtION PEIOM. ... ..ot eeeeeeee et s e 110

Mode
Selects the dynamics profile type.

"Constant” Generates a constant velocity profile with configurable velocity, see
Velocity (Pseudorange Rate).
This mode is suitable for testing the receiver characteristics under
more realistic conditions than with zero Doppler.

"High Order" Enables profiles with higher-order dynamics.
There are two predefined profiles and you can define your own one,
see High-order profile settings.

Remote command:
[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SDYNamics:PROFile on page 556
(etc. for the other GNSS systems)

Inital Pseudorange
Sets the pseudorange at the beginning of the simulation.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SDYNamics: PRANge on page 557

Inital Carrier Phase
Sets the carrier phase at the beginning of the simulation.

Remote command:
[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SDYNamics:CPHase on page 556

Velocity (Pseudorange Rate)

In "Mode = Constant", sets the velocity, i.e. the constant Doppler with that the pseudor-
ange changes. The pseudorange at a give moment is calculated from the initial pseu-
dorange value and the velocity.

Velocity different than zero results in variation of the Doppler shift.

The velocity is constant, hence the acceleration and the jerk are zero. Observe also
the indications on the plots.

Remote command:
[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SDYNamics:VELocity on page 557
(etc. for the other GNSS systems)

High-order profile settings
In "Mode = High Order", observe the plots indicating the variations of the velocity,
acceleration and the jerk over time, see Figure 8-1.

For both predefined profiles ("Velocity Profile = Low Dynamics or High Dynamics"), the
profile settings are read-only.

To change the settings, set "Velocity Profile = User Dynamics".

Start Time Offset — High-order profile settings
Sets a time delay before the dynamics profile is applied.
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Remote command:
[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SDYNamics:TOFFset on page 558
(etc. for the other GNSS systems)

Velocity Profile < High-order profile settings
Selects between the predefined velocity profiles or a user-defined one.

"Low Dynamics, High Dynamics"
Generates a profile using the settings of one of the predefined veloc-
ity profiles.

"User Dynamics"
Generates a velocity profile with user-defined parameters.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SDYNamics:CONFig on page 559
(etc. for the other GNSS systems)

Initial Velocity < High-order profile settings

Indicates the start velocity, used at the beginning of the profile. This value is used at
the simulation start time or after the defined "Start Time Offset" elapses, see Fig-
ure 8-1.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SDYNamics:IVELocity on page 558
(etc. for the other GNSS systems)

Constant Velocity Period < High-order profile settings
Displays the time period during that velocity is kept constant and the acceleration is
assumed to be 0.

Remote command:
[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SDYNamics:CVPeriod on page 559
(etc. for the other GNSS systems)

Constant Acceleration Period < High-order profile settings
Displays the time duration during that acceleration is applied and thus the velocity var-
ies.

The acceleration is calculated from the "Maximum Jerk" and the "Maximum Accelera-
tion".

Remote command:

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SDYNamics:CAPeriod on page 560
(etc. for the other GNSS systems)

Maximum Acceleration — High-order profile settings
Indicates the maximum acceleration. This value together with the acceleration period
and, if set the initial velocity, defines the maximum velocity.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SDYNamics:ACCel :MAX on page 560
(etc. for the other GNSS systems)
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Maximum Jerk < High-order profile settings
Indicates the maximum jerk that defines how fast the maximum acceleration is
reached.

Remote command:
[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SDYNamics:JERK:MAX on page 561

(etc. for the other GNSS systems)

Repetition Period < High-order profile settings
Indicates the profile duration. The value is calculated automatically.

Remote command:
[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:SDYNamics:RPERiod? on page 561

(etc. for the other GNSS systems)

8.2 Related settings

Configured for signal tracking, the R&S SMBV100B requires only a subset of a GNSS
multi-frequency constellation simulator. To access related settings, follow the proce-
dures below. The description of the related settings is linked at the end of each proce-
dure.

SV Selection Criteria Settings

Access:

1. Select "GNSS > Test Mode > Single-Satellite".

2. Select "GNSS > Simulation Configuration > Satellites > SV Selection Criteria".

GNSS A: SV Selection Criteria — | X
Selection Mode 1

Manual

The settings are read-only except for the minimum and maximum number of space
vehicles.

For description of the settings, see Chapter 6.2, "Satellites settings", on page 73.

Additional Settings

Configure simulation time, signal power, navigation message, perturbation and data
logging settings as described in this manual.
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For a description of the settings, see:

® Chapter 4.1, "Time settings", on page 46

® Chapter 7.1, "Power settings", on page 83

® Chapter 13, "Perturbations and errors simulation”, on page 191
® Chapter 15, "Data logging", on page 265
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9 Production tester

In manufacturing, GNSS receiver testing refers to sensitivity testing for acquiring and
tracking a satellite signal. The tests do not require decoding of positioning data.

Configured as a production tester, the R&S SMBV100B enables you to generate hybrid
satellite signals in static mode. It supports up to four satellite signals, one for each of
the basic GNSS, that is GPS, Galileo, GLONASS and BeiDou.

You can activate signal components individually. The number of activated signal com-
ponents depends on the simulation capacity. See Chapter G, "Channel budget",
on page 642.

In addition, you can configure various Doppler profiles for receiver sensitivity testing
under varying signal dynamics.

Production tester upgrade

O You can upgrade a production tester configuration of the R&S SMBV100B. Install a
= basic GNSS option to upgrade to a GNSS simulator for navigation tests and tracking
tests.

Example: Increasing number of satellite signals

The R&S SMBV100B is configured as a production tester, see Chapter 9.1, "Required
options", on page 112. Additional installation, e.g., of the GLONASS system option
R&S SMBVB-K94 increases the number of GLONASS satellites from one to six.

Also, you can add the three satellite signals from the basic GNSS, one for GPS, Gali-
leo and BeiDou. This upgrade implies an increase in simulation capability from four to
nine satellite signals.

9.1 Required options

Configured as a production tester, the R&S SMBV100B requires only a subset of the
options presented in Chapter 2.1, "Required options", on page 17. Particularly, no
GNSS system option is required. The following table lists all options for single- and
multi-frequency production testing.

Option Designation Requirement
R&S SMBVB Base unit Mandatory
R&S SMBVB-K520 Baseband real-time extension Mandatory
R&S SMBVB-K133" Single-satellite GNSS Mandatory
R&S SMBVB-K134" Upgrade to dual-frequency Optional

R&S SMBVB-K135" Upgrade to triple-frequency Optional
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1 R&S SMBVB-K135 requires R&S SMBVB-K134, which requires R&S SMBVB-K133.

9.2 Related settings

Configured as a production tester, the R&S SMBV100B requires only a subset of a
GNSS multi-frequency constellation simulator. To access related settings, follow the
procedures below. The description of the related settings is linked at the end of each
procedure.

Satellite systems and signals settings

Access:

1. Select "GNSS > Test Mode > Single Satellite per System".

2. Select "GNSS > Simulation Configuration > Systems & Signals".

GNSS: Simulation Configuration
YStems ¢ Slgnals _

| GPS C/A L2C L5

All basic GNSS systems are activated. Depending on the installed options, L1, L2,
L5 bands are enabled:

R&S SMBVB-K133: Only one band can be activated.

R&S SMBVB-K134: Two bands can be activated.

R&S SMBVB-K135: All three bands can be activated.

Signal dynamics settings

Access:

1. Select "GNSS > Test Mode > Single-Satellite".

2. Select "GNSS > Simulation Configuration > Satellites".

3. Select the GNSS system for that you want to configure satellites constellation, for
example GPS.

4. Select "SV# > SV Config".

User Manual 1178.9403.02 — 10 113



Satellite Navigation Production tester

Real-time information

5. Inthe "SV Configuration" dialog, select "Signal Dynamics".

For description of the settings, see Chapter 8.1, "Signal dynamics settings",
on page 106.

SV selection criteria settings
Access:
1. Select "GNSS > Test Mode > Single-Satellite".

2. Select "GNSS > Simulation Configuration > Satellites > SV Selection Criteria".

GNSS: SV Selection Criteria — X

Selection Mode Number of SVs
Manual

The settings are read-only. The "Number of SVs > Current = 1" is fixed, since no
additional satellites are required.

For description of the settings, see Chapter 6.2, "Satellites settings", on page 73.

Additional settings

Configure simulation time, signal power, navigation message, perturbation and data
logging settings as described in this manual.

For a description of the settings, see:

® Chapter 4.1, "Time settings", on page 46

® Chapter 7.1, "Power settings", on page 83

® Chapter 13, "Perturbations and errors simulation", on page 191
® Chapter 15, "Data logging", on page 265

9.3 Real-time information

Configured as a production tester, the R&S SMBV100B offers also monitoring of real-
time information. It allows you to monitor allocated channels, channel composition and
the power associated with each channel.

Access:
1. Select "GNSS > Test Mode > Single-Satellite".
2. Select "GNSS > Simulation Monitor".
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3. Select "Display > HW Channels" or "Display > Power View".
HA U | — x

Display Channels Display
HW Channels 10/10 Power View

om s s B ||
17
18
19
» 1201
21
22
« 123
124
1251
126

o w ; @

Space Vehicles
Lzr.ra L2C Esb B2l ESa LS

1

View Settings ..

Power /dBm

T:19.02.2014 06:00:00.000 Simulation
Config ..

Monitor power levels of each channel/signal.

For description of the settings, see Chapter 3.3, "Simulation monitor", on page 36.
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10 Real-world environment

Ideal environment versus real-world environment

By default, the GNSS firmware application simulates an ideal environment between a
GNSS receiver and the satellite constellation. This ideal situation includes the follow-
ing:

® The GNSS receiver is static.

® The GNSS receiver has a line-of-sight (LOS) connection to the satellites.

® Excluded satellites from the constellation are invisible to the GNSS receiver.

A more realistic approach includes environmental effects on a dynamic GNSS receiver.
This chapter covers the impact of environmental effects and receiver dynamics on the
receiver positioning (pseudorange calculation) accuracy. The following sections explain
the different impact factors.

Advanced receiver dynamics

Simulating the receiver movement requires definition of the receiver trajectory within a
file. Additional to the movement, the dynamic characteristics include spinning and atti-
tude behavior of the GNSS receiver.

Static multipath propagation

A received GNSS signal does not only consist of the LOS component. Additional com-
ponents are signal scatters or signal echoes that result from reflections from objects in
the environment of the GNSS receiver. The propagation of the GNSS signal is a multi-
path propagation. The GNSS firmware application simulates static multipath effects,
also in addition to effects resulting from an obscured environment.

Obscurations and multipath effects

In obscured environments, the received GNSS signal originates from fewer satellites
than the satellite constellation displays. The number of visible satellites is typically
higher at the same position without obscurations like surrounding buildings. In rural or
suburban areas, in tunnels or in car parking places, some satellites are partly or com-
pletely obscured. A wall or a vertical plane obscures the receiver although the receiver
is theoretically visible for that particular location. From other satellites, the receiver
receives only the echoes, because there is no LOS connection to the satellites.
Receivers experience also effects of signal reflection caused by a water surfaces or
the ground.

Throughout this user manual, the combinations of environmental effects denote obscu-
ration and multipath.
Antenna patterns and body masks

GNSS receivers in vehicles typically have several built-in antennas to improve the reli-
ability of the received signal. The receivers experience additional obscurations that
arise from the vehicle body and the movement. To simulate the effects on the antenna,
you can load antenna patterns and body mask files.

User Manual 1178.9403.02 — 10 116



Satellite Navigation Real-world environment

10.1

Spinning and attitude simulation

Required options

For simulation of atmospheric effects, a GNSS system option is sufficient. Simulation of
GNSS receiver spinning, attitude changes and environmental effects including
obscured environments require R&S SMBVB-K108.

See also Chapter 2.1, "Required options", on page 17.

For information on perturbation, pseudorange errors and clock errors, or the impact of
the atmosphere on pseudorange calculation accuracy, see Chapter 13, "Perturbations
and errors simulation", on page 191.

e Spinning and attitude SIMUIAtION........c.cciiiiii i 117
e Antenna pattern and body MaskK............euueiuiiiiiiiiiii s 118
e Supported environMeNt MOAEIS.........ouvviiiiiiiiiccceieie e 120
o Supported multipath MOAEIS.........cceieiiiiiiiiie e 123
e Simulating real-world effeCtS........cccuueiiie e 124
e Antenna and body mask Settings...........c.uveeriiiiiiiiiiii 135
e Environment configuration Settings.........cceeeveieeeiiiiiicc e, 142

Spinning and attitude simulation

In a real-world scenario, a receiver placed in an airplane does not always receive the
signal of all theoretically visible satellites at its current position. Depending on the ori-
entation of the vehicle, several satellites can be partly or completely obscured. The ori-
entation of the vehicle is described with the three flight dynamics parameters, the yaw
(heading), pitch (elevation) and roll (bank), see Figure 10-1.

Equipped with option R&S SMBVB-K108, the R&S SMBV100B allows you to configure
a vehicle attitude or the body rotation parameters yaw, pitch, and roll. The instrument
calculates the power and the carrier phase response of a specific satellite or a multi-
path reflection at a specific angle of arrival (AoA).

The calculation is based on the defined attitude profile and the selected antenna pat-
tern. The power values and carrier phase offsets of all satellite signals are updated in
real time and with an update rate of 100 Hz.

With enabled spinning, the software additionally simulates a constant rate of change of
the roll.
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Figure 10-1: Flight dynamics parameters: yaw (heading), pitch (elevation) and roll (bank)

See:
e "Attitude Behaviour, More" on page 57
e "Attitude Configuration" on page 58

10.2 Antenna pattern and body mask

In the practice, a moving receiver is actually a GNSS receiver mounted in a car, air-
plane or other vehicle. A GNSS receiver often comprises of more than one antenna or
uses directional antennas rather than isotropic one for improving the reception.

To account for these effects, the R&S SMBV100B enables you to apply antenna pat-
terns, body masks and to simulate real-life scenarios, like a GNSS antenna placed in a
car. The instrument provides an interface for loading and creating user-defined
antenna patterns and body masks. The antenna patterns and body masks are files with
predefined file extension (*.ant pat/*.body mask) and file format as described in
Chapter A.3, "Antenna pattern and body mask files", on page 623.

You can define up to four antennas per vehicle.

Antenna pattern and body mask model

You find a subset of predefined body masks files of some generic vehicular models.
The models are simplified general models based on the following assumptions:

® All surfaces of the vehicle body are considered as planes

® Ground reflection is not considered for land vehicles; described is only the top body
of a car, the part from the window to the roof

® The receiver is placed at the central vertical plane.

A body mask is basically a table with rows of elevation angles in the range +90° to -90°
and columns of azimuth from -180° to +180°. Each table element gives the signal
power attenuation in dB of the incident signal. The predefined body masks have up to
three regions: pass, attenuated pass and non-pass. The resolution of the power
response and carrier phase offsets is up to 1° for both, the elevation and azimuth.
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The resulting body mask of a medium-sized car with roof-top as illustrated on Fig-
ure 10-2 is given on Figure 10-3.

0° Elevation

Figure 10-2: lllustration of a medium-sized car with roof-top

-180 -160-140 -120-100 -80 -60 -40 -20 0O 20 40 60 80 100 120 140 160 18C

Figure 10-3: Body mask of the medium-sized car with roof-tops (Azimuth -180° to +180°)

1 = Roof
2 = Roof window
3 = Back window
4 = Seat
5 = Side window
6 = Front window
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Supported environment models

7 = Pass region (dark blue color): the incident signal is not attenuated and the table elements are set to 0 dB

8 = Attenuated pass region (light blue color): the incident signal is attenuated but not fully blocked; the table
elements are set to 15 dB.

9 = Non-pass region (red color): the incident signal is heavily blocked and the table elements are set to 40
dB

Possible application fields

® Automotive applications
Attitude parameters are automatically extracted from the user-defined motion vec-
tor.

® Body mask applications
Three files describe an antenna: the antenna pattern * . ant_pat (or power
response) file, the phase response * .phase file and the body mask file
*.body mask.
Antenna pattern and phase response files must have the same filename and must
be saved in the same directory.
If the required * .phase file does not exist, the carrier phase matrix is assumed to
be zero.

® Qutdoor scenarios
Antenna patterns are applied on reflections from the defined environment model,
e.g multi-path.

® |ndoor absorption scenarios
Antenna patterns can also be used to simulate the signal absorption and the carrier
phase bias from any angle around a GNSS receiver.

® Over-the-air (OTA) test
You can also load antenna patterns measured by some over-the-air (OTA) mea-
surements, e.g the R&S®DST200 RF Diagnostic Chamber.

Supported environment models

R&S SMBV100B equipped with R&S SMBVB-K108 enables you to apply different envi-
ronment models and automatically simulate obscuration and multipath effects caused,
for example, from surrounding buildings in static or moving scenarios.

The Figure 10-4 is an example of a receiver placed in a car driving on a street. You can
define various test scenarios, including the particular moving behavior and surrounding
buildings. Buildings are defined with their height and the distance to the receiver, and
the material they are built from.
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Figure 10-4: Example: Vertical obstacles for simulation of obscuration and multipath from surround-
ing buildings

Understanding the simulation of obscuration and multipath effects

On signal generation start, the software selects an optimal satellites constellation
based on the enabled GNSS systems and SV selection criteria, like maximum number
of satellites per GNSS system. A line-of-sight propagation (LOS view) is assumed in
the first stage and the satellites constellation is selected to fulfill the selected visibility
criteria, for example HDOP/PDOP. Only now, the selected constellation is filtered by
the selected environment model and the obscuration and multipath effects are applied
on the satellite constellation. The satellite constellation is constantly proved and a sat-
ellite handover is performed automatically. Handover is performed whenever a new
satellite appears or because of the receiver's movement profile, a satellite is not any-
more obscured.

Internal sampling rate

The R&S SMBV100B uses different sample rate on environment model depending
whether only obscuration or the combination of obscuration and automatic multipath is
simulated. For example, the sampling rate of the model "Urban Canyon" is 10 Hz if
only obscuration is enabled and 5 Hz in the other case.

Creating your own environmental model

You can select from the predefined models, adjust their settings and customize them or
if you prefer create your own models. User-defined model can be loaded as files or
created internally. In the latter case, you create the model as a table, where each row
corresponds to an object that causes obscuration, reflection of the signal and/or multi-
path effects.

The following functions help you further and simplify and accelerate the configuration:

®  WYSWYG graphical view: visualizes the objects that you create and indicate each
object by its row index.
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® Subset of predefined but customizable user environment models: suitable as tem-
plates for creation of user-defined models.
Provided are suburban area, urban canyon, tunnel, bridge, highway, etc.

® Interface for file handling: enables loading files created with this or third-party soft-
ware or saving user-defined configuration

® Settings for joint obstacle's configuration: for defining of a subset of obstacles and
automatically repeating the configured subset.

Visualizing the obscured satellites

Environmental models are applied on the current satellite's constellation and for the
selected receiver's position. Satellites that are invisible at that position are not simula-
ted. Other satellites are simulated as obscured or as having echoes. The signal of
some others can be simulated with a power attenuation due to antenna pattern
response.

To visualize the satellite's constellation at any given simulation moment, select
"Receiver > Monitor" and observe the "Satellites > Sky View".

Built-in environment models

Provided are the following types of predefined environment models:

e City block
The model assumes: average building height 20m

® Urban canyon
Correspond to an urban canyon in commercial city places.
The model assumes: street width 30m, average building height 30m, gap between
the buildings along a street 10m, street length 1200m

® Suburban area
The model assumes: relatively high distance between the GNSS receiver and the
main reflecting obstacles

e Cutting
The model assumes: obscuration effects from side barriers on the left and right of a
vehicle moving on a highway

® Highway
The model assumes: effects of the barriers and cars moving in the opposite lines
and then interrupting the GNSS signal for a short time in a periodic way

Details and availability

Table 10-1 provides an overview of the environment models, their availability depend-
ing on the receiver's type and their applicability for the different vehicle types.
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Table 10-1: Supported environment models

Environment model | Receiver Mov- Static | Model description
types ing posi-
posi- tion
tion
Line of sight (LOS) all X X Near field environment is not defined.
Vertical obstacles Pedestrian X X Simulates the whole fix geometry of many objects (locations) to the
Land vehicle left, right, front and back of the user's static location and is suitable for

city block simulation.

The objects are defined relative to the map orientation, i.e to the street
orientation. The map is built on the OX and OY axes and any point on
the map can be defined as a reference point. Each object is defined
with its length and its distance to this reference point.

The receiver's position is configurable and defined as an offset to the
reference point.

See Chapter 10.7.2, "Vertical obstacles", on page 144.

Roadside planes Pedestrian X Describes an environment where the user-defined obstacles repre-
Land vehicle senting roadside planes or surfaces built from different materials are
located to the left and/or to the right side of the receiver. The roadside
planes are assumed parallel to the motion of the vehicle.
See Chapter 10.7.3, "Roadside planes", on page 148.
Full obscuration Pedestrian X X Defines areas with configurable size in that the satellite signals are
Land vehicle completely obscured.
Ship See Chapter 10.7.4, "Full obscuration", on page 152.
Ground/sea reflection | Ship X x (ship | Simulated is ground/sea reflection and obscuration of satellites due to
Aircraft only) modeled canyon obstacles (left and right) with configurable distance to
vehicle, height and surface type with different properties.
Spacecraft . ) . . .
Use this model to simulate flights over sea/lakes with surrounding can-
yon or for ships crossing sea straits.
See Chapter 10.7.5, "Ground/sea reflection", on page 156.
Static multipath X X See Chapter 10.7.6, "Static multipath”, on page 158.

10.4 Supported multipath models

Multipath is a term describing the situation when the satellite’s signal reaches the
receiver via two or more paths. The direct signal path is referred as the line-of-sight
(LOS) signal, whereas the reflected paths are called echoes. Multipath propagation
affects the accuracy of the pseudorange measurements.

The severity of the multipath propagation effect depends mainly on the following:

® The signal strength of the echoes

® The delay between the LOS component and the echoes

In R&S SMBV100B you can define static multipath effects per satellite, see Chap-
ter 10.7.6, "Static multipath”, on page 158. The multipath model describing the static

multipath propagation is implemented as a tapped delay model. It enables you to con-
figure a LOS component and up to 10 echoes per SV ID.
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10.5

10.5.1

Simulating real-world effects

Simulating real-world effects

Simulating rel-world effects covers the following topics:

e Simulating antenna patterns and body masks..........cccceeiiiiiiiiiii 124
e Creating multipath environment SCENArios...........coooiiiiiiiiiiiee e 132
e Creating obscured environmMent SCENAIIOS. ... ...ceiiiiiiurireeiiiieeeeeeieee e 134

Simulating antenna patterns and body masks

This chapter covers the following topics:

® "To load an antenna pattern/body mask file" on page 124

® "To simulate antenna pattern” on page 125

® "To change the antenna pattern" on page 128

® "To prepare for automotive applications" on page 129

® "To modify antenna attenuation and phase values" on page 130
® "To create an antenna pattern/body mask file" on page 131

To load an antenna pattern/body mask file
1. Select "GNSS" > "GNSS Configuration" > "Receiver".

2. Select "Antenna Configuration".

The default configuration uses one isotropic antenna in an open sky environment:
"Body Mask" > "OpenSky", "Antenna Pattern" > "Isotropic”

AY AZ AHeading| AElevation ABank
(m  (m) (deg) | (deg) | (deg)

Al @ OpenSky Isotropic|  0.000  0.000/ 0.000 0.000 0.000  0.000;

Active| Body Mask Antenna Pattern ﬁ)

3. To select a body mask file, proceed as follows:

a) Select "A1" > "Body Mask" > "Open Sky".
A standard file-select dialog opens and displays list of available files and the
content of the selected file.

b) Select "Predefined Files" or "User Files".

c) To load the file, confirm with "Select".

4. To select an antenna pattern file, proceed as follows:

a) Select "A1" > "Antenna Pattern" > "Isotropic".
A standard file-select dialog opens and displays list of available files and the
content of the selected file.

b) Select "Predefined Files" or "User Files".
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c) To load the file, confirm with "Select".

GNSS: Antenna Configuration —_ X
Display ’ 7 i j
Body Mask ;
3D View []
-150 -100 -50 0 50 100 150 0
. AX AY AZ AHeading AElevation ABank
Active | Body Mask Antenna Pattern s o e Jdeg Jdeg Jdeg
Al> @ Car_Medium_0OpenRoof Isatropic D.‘}DDI 0.000 -0.600 0.000 0.000 D.DDDI

The display is color-coded, where different power/attenuation or phase responses
between satellite carrier and receiver antenna are indicated with different colors
(see "Legend"). The vertical axis displays the elevation, the horizontal axis the azi-
muth.

With a selected antenna pattern, the R&S SMBV100B simulates the satellite power
and carrier phase depending on the antenna pattern and attitude parameters.

To simulate antenna pattern
1. Select "GNSS" > "General" > "Set To Default".
2. Select "Test Mode" > "Navigation".

3. Select "GNSS Configuration" > "Systems & Signals", for example, to activate a
hybrid GNSS constellation:

a) Select "GNSS" > "GPS"/"Galileo"/"GLONASS" > "On".
b) Select "L1 Band" > "On".

4. Select "GNSS Configuration" > "Receiver" > "Position" > "Moving".

5. Select a waypoint file, for example, the file Munich Flight with file extension
*.xtd:
Select "Position Configuration" > "Waypont File" > "Munich_Flight".

Select "Attitude Behaviour" > "Spinning".
Select "More" > "Spinning Rate" > "0.1 Hz"

Select "Receiver" > "Number of Antennas" > "3".

© © N o

Select "Receiver" > "Antenna Configuration”.

10. For all antennas "Ax", select one of the predefined files, for example,
Space Vehicle 3 antennas with file extension *.ant pat:
Select "Ax" > "Body Mask" > "Space_Vehicle_3 antennas".

11. Observe the 3D positioning of the three antennas:
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a) Select "Display" > "Position".
b) Select "3D View" >"On".

GNSS: Antenna Configuration —_ X

Display

Position |
3D View
-0.10 -0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08 0.10
. AX AY AZ AHeading AElevation ABank
Active | Body Mask Antenna Pattern e o m Jdeg Jdeg Jdeg

Al @ Space_Vehicle_3_antennas| Isotropici  0.000 0.000 0.200 0.000 0.000 -180.000
a2 O Space_Vehicle_3_antennas Isotropic  0.000 -0.141 -0.141 0.000 0.000 -60.000
A3 > O Space_Vehicle_3_antennas Isotropic  0.000 0.141 -0.141 0.000 0.000 60.000

The diagram displays the position of the antennas via their distance to the center of
gravity that is the position of the GNSS receiver. A cartesian coordinate system (X,
Y, Z) defines the position via the deviation to origin ("AX", "AY", "AZ").

Tip:

See also:

e Chapter 10.5.1, "Simulating antenna patterns and body masks", on page 124
e Example"Antenna with four sectors" on page 623

12. To activate signal generation, select "GNSS" > "General" > "State" > "On".

13. Select "Simulation Monitor" > "Display" > "Sky View".

GNSS A: Simulation Monitor - X
Display Display Axis
Sky View Map View Grid
sV 6

30000
e 20 HDOP 050

RY PDOP  0.89 25000

20000

15000
» | 10000

5000

5000
-10000
-15000

-20000

G - GPS
E - Galileo : Los ¢ !
R - GLONASS 180° off / Obscured {0 30000 20000  -10000 10000 20000
° o Simulation
P: 48.57025°N 11.93807°E 2149.67m V:257.23 m/s T:19.02.2014 06:01:56.800 Config
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The simulation updates the sky view and map view in real time. Observe GNSS
signal changes due to satellite visibility changes, spinning rate changes or currently
active antennas.

14. Select "Display" > "Power View".

GNSS A: Simulation Monitor — X

Displa . . Displa Axis
pay L View Settings .. pay . v
Power View Map View Grid

30000

25000

20000

15000

10000

5000

Power /dBm

5000

-10000

-15000

-20000

Space Vehicles

30000 20000  -10000 10000 20000

P:48.61770°N 11.77255°E 3271.58m  V:257.28m/s  T:19.02.2014 06:02:52.000 e gm’llg‘“”"

The simulation updates the power levels of the space vehicles in real time. The
body mask of the active antenna causes a 40 dB attenuation of the power level of
the space vehicle. Also, the attenuation depends on the GNSS receiver position
and orientation towards the direction of the signal of the space vehicles.

15. Select "Display" > "Attitude View".

GNSS A: Simulation Monitor — X
Display Display Axis
Attitude View Map View Grid

25000

20000

15000

5000

5000

15000

20000

Yaw/Heading ©| Pitch/Elev. @ Roll/Bank ©

32.1deg -12.8deg -27.6deg 30000 20000 10000 ‘ 10000 20000
. o Simulation
P:48.45602°N 11.93484°E 1084.73m V:257.19 m/s T:19.02.2014 06:01:04.400 Config

The attitude indicator confirms the enabled spinning.
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To change the antenna pattern

We assume that you loaded an antenna pattern, see "To load an antenna pattern/body
mask file" on page 124.

1. Select "GNSS Configuration" > "Receiver".
2. Select, for example, "Number of Antennas" > "2".

3. Select "Antenna Configuration".

The second antenna appears in the table of the "Antenna Configuration" dialog.
4. Select "Display Type" > "Position".

5. Specify antenna position parameters "AX", "AY" and "AZ" for each antenna.
"AX", "AY" and "AZ" are the deviations from the center of gravity (COG)

6. Specify antenna attitude parameters "AHeading", "AElevation" and "ABank" for
each antenna.

Display il Top View Side View
Position X (Heading) /m
3D View []
. AX AY AZ AHeading | AElevation| ABank
Active| Body Mask Antenna Pattern e o e fdeg i Tz
M @ Car_Medium_OpenRoof] PatchAntenna  0.900 O.DDDI -0.600  10.000  -20.000 —30.000‘
A2 O OpenSk Isotropic|  -0.900 O.DD% 0.600 -2.000 6.000 3.00%

The diagram displays the position in top view (in direction of the z-axis) and from
side view (in direction of the y-axis).

7. To visualize the antenna location on 3D view, proceed as follows:

a) Select "3D View" >"On".
b) To define the simulated antenna, select, for example, "A1" > "Active".
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Display
Position
3D View
-12 -10 -08 -06 -04 -02 00 02 04 06 08 10 12
. AX AY AZ AHeading| AElevation| ABank
Active Body Mask Antenna Pattern /m o e Jdeg Jdeg Jdeg
A= @ Car_Medium_OpenRoof PatchAntenna 0900 0.000 -0.600 10.000 -20.000 -30.000
A O OpenSky Isotropic.  -0.900 0.000 0.600  -2.000 6.000  3.000

Bars visualize the antenna position displaying the distance to origin that is the
COG. Also, the diagram highlights the simulated antenna "A1".

8. Select "Display" > "Antenna Pattern (Attenuation)"/"Antenna Pattern (Phase)" to
visualize the attenuation and phase response of the simulated antenna.

Display Legend: "
Antenna Pattern (Power) [36
3D View —32
%‘ — 28
<
c —24
2
& —20
216
2 12
iR
8
4
0
. AX AY AZ AHeading| AElevation| ABank
Active| Body Mask Antenna Pattern T T T ‘ Jdeg Jdeg e ‘
A @ Car_Medium_0penRoof PatchAntenna  0.9000 0.000 -0.600  10.000 -20.000 -30.000
ﬂ O OpenSky Isotropic| -0.900 0.000 0.600  -2.000 6.000 3.000

The display visualizes the orientation of the simulated antenna, which results from
the attitude setting compared to the COG. The power/attenuation response as
defined in the antenna pattern file is also displayed (see "Legend").

To prepare for automotive applications

Extract the attitude parameters from the waypoint file as follows:

1. Select "Receiver" > "Position" > "Moving".

2. Select "Position Configuration" > "Attitude Behaviour" > "From Waypoint File".
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To modify antenna attenuation and phase values

We assume that you have performed the steps 1 to 4 a) or 4 b) described in "To load
an antenna pattern/body mask file" on page 124. The procedures for modifying
antenna pattern and body mask files are the same. The following procedure describes
the steps for modifying an antenna pattern only.

1. Select "Edit" to edit the antenna pattern file.

The "Edit Antenna Pattern File - *" dialog opens. The display is color-coded, where
different attenuation values or phase values between satellite carrier and receiver
antenna are indicated with different colors (see "Legend"). The vertical axis dis-
plays the elevation, the horizontal axis the azimuth.

For body mask files, the "View Type" > "Attenuation” is available only.

2. Select, for example the "View Type" > "Attenuation” to modify attenuation values.

3. Change the "Resolution" of the display matrix:

e Select, for example, "Resolution" > "1°" for fine editing.
e Select, for example, "Resolution" > "30°" for coarse editing.

4. In the graph, use the mouse to drag a rectangular area, to modify the attenuation
of this area.

Edit Antenna Pattern File - Isotropic —_— X
90 : : : : \View Type:
Q)henomanannaon R R S L S prmonenmmmon oo oo .
70 ‘ — : _— : § § Attenuation~
60 B g B : g : : ; ;

: ; : : Legend:
50 ........ ............... ....................... ........ g 240
40 :
........ : 36
........ ; |
____________ o — 28
=
............. S o4
il
=20
3
é — 16
T 12
8

et A — . : : 4
-180-160 -140-120-100 -80 -60 -40 -20 0 20 40 60 80 100 120 140 160 18C 0

Azimuth ©  Elevation © Attenuation Resolution ’

- =] Save as
96 ° -90 ° 0.0dB 1°

5. Left mouse click into the rectangular area to access the context menu and select
"Edit Selection".

Set the "Attenuation" value.
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Edit Antenna Pattern File - sotropic * I X

90 View Type:
80 g : B B B B i i i : b
70— S SN SRR SR R AN, AN SN SO SN S Power~
60 i i i
: | Legend:
50 S SO . . i ........... PP S 40
40 S - . S S PB S
: P : , Iss
. U S OO | %Y
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o —28
=
- = 24
- =]
N B/ —20
2
_ 2 [ U T B B [ RN AR N N g6
) T _12
QT WU S S N SN SN SN U NN URN O S SR S SR R SR S 8
:90 o H o o o H - o " " H 4
-160-140 -120 -100 -80 -60 -40 -20 -0 20 40 60 80 100 120 140 160 18C 0
Azimuth® Elevation® PowerLoss 2| Resolution ’
- =P Save as ...
41 -90 0.0dB 1°

6. To zoom into an area: select a rectangular area.- In the context menu. Select
"Zoom Into Selection".
Displayed is only the selected area. Values outside this area are still valid. The
"Resolution" does not change.

7. Right mouse click, to zoom out.
8. For editing phase differences, repeat steps 4 and 5.

9. To save the antenna pattern into a file:

a) Select "Save as".
b) Enter a filename.
c) Select "Save".

To create an antenna pattern/body mask file

Three files describe an antenna, the body mask * .body mask file, the antenna pat-
tern * .ant pat file and the phase response * . phase file. The latter two files must
have the same filename and must be saved in the same directory. The *.ant pat file
describes the power response matrix of each antenna.

To create your own antenna pattern/body mask files from xml data:
1. Open a text editor.

2. To create an antenna pattern file for example, follow the *.ant pat file format
specification:
a) Specify <xml version>and <encoding> ISO type.
b) Define the file content in the <antenna pattern> container.
c) Specify the description for each antenna in the <antenna description>

subcontainer: Number of antennas, position and attitude shift parameters com-
pared to the center of gravity.
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d) Setthe azimuth <az res> and elevation <elev res> resolution, which spec-
ify the length of the columns and rows in the <data> container.
e) Inthe <data> container, specify the power/attenuation or phase response val-
ues of the antenna pattern.
3. To save the antenna pattern file and save it on the instrument's hard disk:

a) Enter a filename with extension .ant pat.

b) Save the file locally on your PC.

c) Use one of the standard file transfer methods to transfer the file to the hard disk
of the R&S SMBV100B.

d) Save the file, for example, in the standard user files directory:
/var/user/gnss/antenna patterns

4. To load the antenna pattern file on the R&S SMBV100B user interface, perform the
step 4 in "To load an antenna pattern/body mask file" on page 124.

See also:
e Chapter 10.6, "Antenna and body mask settings", on page 135
e Chapter A.3, "Antenna pattern and body mask files", on page 623

10.5.2 Creating multipath environment scenarios

To simulate static multipath propagation for one space vehicle
1. Select "GNSS" > "GNSS Configuration" > "Receiver".
2. Select "Environment Model" > "Static Multipath".

3. Select "Environment Configuration”.

The "Environment Configuration" dialog opens. It allows you to configure multipath
propagation for each GNSS and space vehicle.

4. Specify GNSS and space vehicle.
a) Select, for example, "System" > "GPS".
b) Select, for example, "SV-ID" > "1".
5. Specify the number of signal components, that define the multipath propagation:

a) Select the number of echoes, for example, "Number of Echoes" > "1".

b) To simulate an obscured direct signal path between space vehicle and receiver,
disable the LOS component, "Line of Sight (LOS)" > "Off".
This procedure assumes "Line of Sight (LOS)" > "On" that means there are two
components (one echo and LOS), that contribute to the received GNSS signal.

6. Specify characteristics of the echo signal, for example, as follows:
a) Set "Initial Code Phase" > "1000 m".
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b) Set "Code Phase Drift" > "50 m/s".
The application calculates the "Doppler Shift" automatically. Calculation
includes the code phase drift and the center frequency of the RF band, here
"L1".

c) Set"Power Offset" > "-3 dB".
The echo signal is attenuated by 3 dB compared to the LOS signal.

d) Set "Initial Carrier Phase" > "1 m".

e) Optionally, correct the "Doppler Shift" and the reference RF band.
If corrected, the application readjusts the "Code Phase Drift" as described in
step b).

f) Set angle of arrival for elevation and azimuth, "AoA Elev." > "1 rad" and "AoA
Azimuth" > "1 rad".

The graph to the right visualizes the configuration displaying the LOS component
and echoes. Plotted is the power of the space vehicle (y-axis) versus the initial
code phase (x-axis) of each signal component. The LOS power has reference
power/power offset of 0.0 dB.

GNSS: Environment Configuration —_— X
System SV-ID QCO To System SV-ID
GPS 1 - GPS All
Number of Echos Line of Sight (LOS)

1 is Enabled

Init. Code | Code Phase |Power Init. Carrier| Doppler| AocA | AoA
Phase Drift Offset  Phase Shift |Elev. |Azimuth

Unit m m/s dB rad Hz (L1) | rad | rad

LOS 0.000 0.0000 0.00 D.Dlﬂ 0.000 D.Dlﬂ 0.00

Echo 1| 1000.000 50.0000 -3.00 1.0[{ 262.752 1.DE{ 1.00)

0 200 400 600 8OO 1000120014001600180020002200240026002B003000
Initial Code Phase /m

Figure 10-5: Static multipath configuration for GPS space vehicles

7. Optionally, you can apply the configuration to other GNSS and space vehicles, for
example, as follows:

a) Set"System" >"GPS".
b) Set"SV-ID" > "All".

All GPS space vehicles have the same static multipath configuration comprising a
LOS component and one echo.

8. Select "GNSS" > "State" > "On".

The R&S SMBV100B generates the GNSS signal of satellite signals that experi-
ence static multipath propagation.
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Monitor LOS and echo signal components in the simulation monitor in "Display" >
"Sky View" and "Display" > "Power View".

GNSS: Simulation Monitor —_ X

Display Display

Sky View Power View
sV 1
HDOP  0.83
PDOP  1.68

I View Settings ...

=

[1)30°

w e
P LOS + Echoes i@
150 Echoes i

Space Vehicles

B 180° Off / Obscured ()
P: 48.15000°N 11.58333°E 508.00 m V:0.00m/s  T:19.02.2014 06:00:08.400 e g'onr‘\‘f’i';““"

Figure 10-6: Monitoring effects of static multipath configuration for GPS space vehicles

10.5.3 Creating obscured environment scenarios

See:

"To simulate vertical obstacles" on page 134

"To simulate roadside planes" on page 134

"To simulate full obscuration" on page 135

"To simulate ground reflections or sea reflections" on page 135

To simulate vertical obstacles

1.
2.

Select "GNSS" > "GNSS Configuration" > "Receiver".
Select "Environment Model" > "Vertical Obstacles".

Select "Environment Configuration”.

The "Environment Configuration" dialog opens. It allows you to configure vertical
obstacles parallel to the receiver trajectory.

To simulate roadside planes

1.
2.
3.
4.

Select "GNSS" > "GNSS Configuration" > "Receiver".
Select "Position" > "Moving".
Select "Environment Model" > "Roadside Planes".

Select "Environment Configuration”.
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The "Environment Configuration" dialog opens. It allows you to configure roadside
planes parallel to the receiver trajectory.

To simulate full obscuration

1. Select "GNSS" > "GNSS Configuration" > "Receiver".

2. Select "Environment Model" > "Full Obscuration".

3. Select "Environment Configuration".

The "Environment Configuration" dialog opens. It allows you to configure fully
obscured environment of a receiver.

To simulate ground reflections or sea reflections

1. Select "GNSS" > "GNSS Configuration" > "Receiver".

2. Select "Environment Model" > "Ground/Sea Reflection".

3. Select "Environment Configuration”.

The "Environment Configuration" dialog opens. It allows you to configure
ground/sea reflection, that airborne receivers experience.

10.6 Antenna and body mask settings

Option: R&S SMBVB-K108

Access:
1. Select "GNSS > Simulation Configuration > Receiver".

2. Set the number of simulated antennas, for example, "Number of Antennas = 2".

Try out also the following:
1. In the "Antenna Configuration" dialog, select "3D View > On".

2. Select "Display > Antenna Pattern (Power)/(Phase)" to visualize the power and
phase response.

3. Select "Display > Position" to visualize the antenna's orientation and location com-
pared to the center of gravity (COG).

Automotive applications

Extract the attitude parameters from the waypoint file as follows:

1. Select "Receiver > Position > Moving".

2. Select "Position Configuration > Attitude Behaviour > From Waypoint File".
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Settings:

Antenna configuration settings

Access:

1.
2.
3.

Select "GNSS > Simulation Configuration > Receiver".
Set the number of simulated antennas, for example, "Number of Antennas = 2".
Select "Antenna Configuration".

The dialog provides a graphical display of antenna characteristics and settings to
select the simulated antenna.

Antenna characteristics

Select "Display > Body Mask".

The default configuration uses favorable conditions: isotropic antennas in open sky
environment.

For tests in a more challenging environment, perform the following for each
antenna:

a) To select a body mask description file, select "A# > Body Mask > Open Sky >
Select Antenna Pattern File > Predefined/User Files".

b) To select the antenna pattern file, select "A# > Antenna Pattern > Isotropic >
Select Antenna Pattern File > Predefined/User Files".

c) Confirm with "Select".

The "Select Antenna Pattern File" displays both, a list of available files and the con-
tent of the selected file.

To define which antenna is simulated, for example the "A1" antenna, select "A1" >
"Active".
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Note: Switching between the active antenna restarts the simulation.

GNSS: Antenna Configuration —_ X
Displa Legend:
piay | 240
Body Mask
36
3D View [] — 32
S — 28
.5 — 24
*g' — 20
c— 16
o
I 12
8
H H 4
-150 -100 -50 0 50 100 150 0
. AX AY AZ AHeading AElevation ABank
Active | Body Mask Antenna Pattern e o m Jdeg Jdeg Jdeg
Al> @ Car_Medium_0OpenRoof PatchAntenna D.‘}DDI 0.000 -0.600 0.000 0.000 D.DDDI
a2 O Car_Medium_0penRoof Isotropic D.'}DD{ 0.000 -0.600 0.000 0.000 D.DDD{

The display is color coded, where the different power levels are indicated with dif-
ferent colors (see "Legend").

Three files describe an antenna, the body mask * .body mask file, the antenna
pattern * .ant pat file and the phase response *.phase file. The latter two files
must have the same filename and must be saved in the same directory. The
*.ant pat file describes the power response matrix of each antenna.

With a selected antenna pattern, the R&S SMBV100B simulates the satellite power
and carrier phase depending on the antenna pattern and attitude parameters.
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Number of Antennas
Defines the number of configurable antennas.

You can create a pool of up to four antenna and body masks and switch between them.
To define which antenna is simulated, set "A#" > "Active".

Note: Switching between the active antenna restarts the simulation.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ANTenna:COUNt on page 361

Display
Select the antenna characteristics that are currently visualized.

If more than one antenna is enabled (e.g. "Receiver > Number of Antennas = 2"), the
displayed information corresponds to the currently selected one ("A# > Active > On").
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The graph is merely a visualization. To change the values, select "A# > Filename >
Select Antenna Pattern File > Predefined/User Files" > "Edit".

"Position" Two displays that visualize the antenna position relative to the center
of gravity (COG):
® On the left, the top view - shows the x/y direction.
® On the right, the side view - shows the x/z direction.
To change the antenna position, set the parameters "AX, AY, AZ".

"Body Mask" Visual representation of the body mask retrieved from the selected
file ("Body Mask").
"Antenna Pattern (Attenuation), Antenna Pattern (Phase)"

Visual representation of the attenuation/phase distribution as
retrieved from the selected antenna pattern file ("Antenna Pattern").

Remote command:
[ : SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:ANTenna:DISPlay on page 362
[ : SOURce<hw>:BB:GNSS:RTK:BASE<ch>ANTenna:DISPlay

3D View
Displays an interactive 3D representation of the body mask or the power/phase distri-
bution the antenna.

Remote command:
[ : SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ANTenna:V3D on page 362

A x
Subsequent antenna number. It also selects the antenna whose pattern or body mask
is visualized.

Active
Activates the simulated antenna.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:A<ch>:STATe on page 363
[ : SOURce<hw>] :BB:GNSS:RTK:BASE<st>:A<ch>:STATe on page 371

Body Mask, Antenna Pattern
Displays the selected body mask and antenna pattern files.

To change a file, select its filename.

You access the standard "Select Antenna Pattern File" dialog to select (or edit) the file,
describing the body mask or the antenna pattern (* .ant pat and *.body mask).
Several predefined antenna patterns are provided but you can load your own files
("User Files"), too.

The "Select Antenna Pattern File" displays both, a list of available files and the content
of the selected file.

Select "Edit" to open a graphical editor for changing the file content.

See:
® [Edit > Body Mask/Antenna Pattern File
® Chapter A.3, "Antenna pattern and body mask files", on page 623.
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Remote command:

[ :SOURce<hw>] :BB:GNSS:APATtern:CATalog: PREDefined? on page 362
[ :SOURce<hw>] :BB:GNSS:APATtern:CATalog:USER? on page 363

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :A<ch>:APATtern:FILE

on page 363
: SOURce<hw>] :BB:GNSS:BODY:CATalog: PREDefined on page 362
:SOURce<hw>] :BR:GNSS:BODY:CATalog:USER on page 363

[ ]
[ ]
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :A<ch>:BODY:FILE on page 363
[ : SOURce<hw>] :BB:GNSS:RTK:BASE<st>:A<ch>:APATtern:FILE on page 370
[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:A<ch>:BODY:FILE on page 370
Delta X, Delta Y, Delta Z

Sets an offset relative to the center of gravity (COG) to place the antenna.

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :A<ch>:DX on page 364

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :A<ch>:DY on page 364

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :A<ch>:DZ on page 364

[ : SOURce<hw>] :BB:GNSS:RTK:BASE<st>:A<ch>:DX on page 371

[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:A<ch>:DY on page 371

[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:A<ch>:DZ on page 371

Delta Heading, Delta Elevation, Delta Bank
Displays the information on the antenna orientation and tilt.

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :A<ch>:DHEading on page 363
[ :SOURce<hw>] :BB:GNSS:RECeiver|[:V<st>] :A<ch>:DELevation

on page 363

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :A<ch>:DBANk on page 363

10.6.2 Edit body mask and antenna pattern settings

To edit body mask files

1. Select "Antenna Configuration > A# > Body Mask > Open Sky".
The dialog "Select Body Mask File" opens.

2. Select the body mask file that you want to edit.

a) Select a body mask file between from a list in the tabs "User Files", "Predefined
Files" or "Recent Files".
For example, select "Predefined Files > OpenSky".
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b) Select "Edit".

The "Edit Body Mask File" dialog of the selected file opens. It provides settings to
configure resolution and attenuation for a two-dimensional grid diagram of the body
mask. Also, it displays azimuth, elevation and attenuation for each grid point. You
can also zoom into the grid areas for fine-tuning.

Masked areas and antenna patterns with attenuation values of 40 dB and higher imply,
that the satellites are fully obscured in the masked direction. In the simulation monitor,
these satellites are grey in the "Sky View".

To edit antenna pattern files
1. Select "Antenna Configuration > A# > Antenna Pattern > Isotropic".
The dialog "Select Antenna Pattern File" opens.

2. Select the antenna pattern file that you want to edit.

a) Select an antenna pattern file between from a list in the tabs "User Files", "Pre-
defined Files" or "Recent Files".
For example, select "Predefined Files > PatchAntenna".
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b) Select "Edit".

The "Edit Antenna Pattern File" dialog of the selected file opens. It provides set-
tings to configure resolution, attenuation and phase relations for a two-dimensional
grid diagram of the antenna pattern. Also, it displays azimuth, elevation and attenu-
ation for each grid point. You can also zoom into the grid areas for fine-tuning.

Masked areas and antenna patterns with attenuation values of 40 dB and higher imply,
that the satellites are fully obscured in the masked direction. In the simulation monitor,
these satellites are grey in the "Sky View".

Edit > Body Mask/Antenna Pattern File..........ccccooriiiiiiii e 141
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Azimuth, Elevation, Attenuation, Phase, Resolution............ccccceveiiiiiiiceiiiiiiiiccee e, 142
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Edit > Body Mask/Antenna Pattern File

Access: "Antenna Configuration > A# > Body Mask > Open Sky > Select Antenna Pat-
tern File > Predefined/User Files", select the body mask description file and select
"Edit".
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In this dialog you can change the file content, e.g. attenuation values, and zoom in into
display areas.

View Type
Toggles between the phase and power representation.

Works like "Display > Antenna Pattern (Attenuation)" and "Antenna Pattern (Phase)".

Azimuth, Elevation, Attenuation, Phase, Resolution

Displays the corresponding values of the selected point on the attenuation/phase
graph.

To edit the values, select an area on the graph, left mouse click and select "Edit Selec-
tion". Also you can configure the resolution for high or low granularity antenna patterns.

Save as

Accesses the standard "File Select" dialog to save the antenna pattern or body mask
as a file. The predefined files cannot be overwritten. If a predefined file has been
changed, save it with a new filename.

Remote command:
n.a.

10.7 Environment configuration settings

Option: R&S SMBVB-K108

e Environment model and configuration..............cccoeiiiiiiiiiii e 143
@  Vertical ODSIACIES....coiiieiee e 144
L I (o = To £ T L= o =T 1 U 148
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®  Static MUIIPALN....eeeee e ——————— 158

Environment model and configuration

Access:

» Select "GNSS" > "Simulation Configuration" > "Receiver".

Environment Model
Selects the environment model.

"Line of Sight (LOS)"
The environmental model of an ideal environment with no environ-
mental effects. The GNSS signal is a single signal that follows only
the line of sight component of the signal.

"Vertical Obstacles”
The environmental model includes vertical obstacles, for example, for
movement simulation in a city environment.
See Chapter 10.7.2, "Vertical obstacles", on page 144.

"Roadside Planes"
The environmental model includes planes, for example, for move-
ment simulation on a road surrounded by buildings.
See Chapter 10.7.3, "Roadside planes”, on page 148.

"Full Obscuration”
The environmental model includes full obscuration, for example, for
movement simulation in tunnels.
See Chapter 10.7.4, "Full obscuration", on page 152.

"Ground/Sea Reflection"
The environmental model includes reflection elements, for example,
for movement simulation with ground and sea reflections.
See Chapter 10.7.5, "Ground/sea reflection”, on page 156.

"Static Multipath"
The environmental model includes multipath propagation of the
GNSS signal.
See Chapter 10.7.6, "Static multipath”, on page 158.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment [ :MODel]
on page 389

Environment Configuration
Accesses the "Enviroment Configuration" dialog to configure settings of the selected
environmental model.

See "Environment Model" on page 143.
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10.7.2 Vertical obstacles

Access:
1. Select "GNSS > Simulation Configuration > Receiver".
2. Select "Environment Model > Vertical Obstacles".

3. Select "Environment Configuration".

GNSS: Environment Configuration

Predefined Environment

Urban Canyon (square)v w0y

Physical Model 600
Obscuration & MuIti[:nathv 500

Obstacles File ) o
@ City_Block | 200
Map Orientation 0
0.00 deg 1o

Receiver X Offset 100
-490.0m || Lo

Receiver Y Offset 300
-500.0 M || 400

Receiver Height Offset -500
10.0m || -s00

~700

eZOOm Out

The vertical obstacles model is suitable for the simulation of obscurations and mul-
tipath effects expected in a city environment. Vertical obstacles are defined in a
coordinate system and are either parallel to the x-axis or parallel to the y-axis fol-
lowing axis direction.

Settings
Predefined ENVIFONMENT.........oi e e e e e e e e 145
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L MALETIAL ... ecev ettt 146
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L Insert, Delete, SAVE, SAVE @S.........ccoiieeeeeeeeeeeesee e e eeee e ee s ee e aes 147
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Predefined Environment
Loads a predefined environment configuration.

You can load a user-defined setting or predefined settings that simulate two urban can-
yon environments.

Parameter "Urban Canyon (square)" "Urban Canyon (long)"
"Physical Model" "Obscuration & Multipath" "Obscuration & Multipath”
"Obstacles File" City Block.rs obst Urban Canyon 1l.rs obst
"Map Orientation" "0.00 deg" "0.00 deg"

"Receiver X Offset" "-490.0 m" "15.0 m"

"Receiver Y Offset" "-500.0 m" "0.0 m"

"Receiver Height Offset" "10.0 m" "2.0m"

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :VOBS:
PREDefined on page 377

Physical Model
Specifies, if obscuration and/or multipath propagation effects are simulated.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :RPL:PMODel

on page 375

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :VOBS:PMODel
on page 375

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :PMODel

on page 375

Obstacles File
Accesses the standard "File Select" dialog to select predefined or user-defined obsta-
cle description files (* . rs_obst).

Remote command:

[ :SOURce<hw>] :BB:GNSS:0BSCuration:VOBS:CATalog:PREDefined?

on page 378

[ :SOURce<hw>] :BB:GNSS:0BSCuration:VOBS:CATalog:USER? on page 378
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:VOBS:FILE
on page 378

Edit Obstacles Files

Opens a dialog to modify obstacles, that are specified in the selected obstacles file.
The dialog provides a table-based editor and a graphical representation of the obsta-
cles configured in the table.
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GNSS: Obstacles File - City_Block
Material Property
Permittivity

Direc-
tion

1st Edge
X-Coord

/m

1st Edge
Y-Coord it
/m
/m

Permit-
tivity

Height

Material
/m

1> 10X -710.0  510.0 200.0 20.0User Def. 7.0

2 110X 7100 490.0 200.0 20.0User Def. 7.0
3 110X -710.0 10.0 200.0  20.0User Def. 7.0
4 110X 7100 -510.0 200.0  20.0User Def. 7.0

] 110X -710.0  -490.0 200.0 20.0User Def. 7.0

6 10X 7100 -100 2000 20.0UserDef. 7.0 o0 400 200 200 400 600 800 1000 1200

7 lloy  -510.0 10.0 480.0  20.0User Def. 7.0 eZQOm out
Insert Delete Save as ..

Obstacles configuration < Edit Obstacles Files

Provides settings to configure material and physical properties of obstacles. In the
table, each row defines a vertical obstacle. The row index indicates the obstacle on the
display view.

Material Property < Obstacles configuration < Edit Obstacles Files
Specifies, if the material is defined by its permittivity/conductivity or by its power loss
characteristic.

Direction — Obstacles configuration < Edit Obstacles Files
Determines the alignment of the vertical obstacle.

"|| OX" Alignment is parallel to the x-axis.
"|| OY" Alignment is parallel to the y-axis.

1st Edge X/Y Coord /m — Obstacles configuration < Edit Obstacles Files

For vertical obstacles, sets the x-coordinate and y-coordinate of the start point (first
edge) of the obstacle in meters. The first edge has the lowest coordinate value on its
direction axis.

Length /m / Height /m — Obstacles configuration < Edit Obstacles Files
Defines the length and height of the obstacles in meters. The obstacle is parallel to the
selected "Direction".

Material < Obstacles configuration < Edit Obstacles Files
Requires "Material Property > Permittivity".

Defines the material of the obstacle.
"User Def." User-defined material to configure the "Permittivity" manually.

"Glass/Concrete/Wood/Gypsum/Formica/Marble/Dry Wall/Brick"
Materials with fixed "Permittivity".
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Permittivity/Power Loss < Obstacles configuration — Edit Obstacles Files
Displays/defines the material property, permittivity or power loss, for the selected mate-
rial. This value is a measure for the reflection caused by the obstacle.

Insert, Delete, Save, Save as < Edit Obstacles Files
Standard functions for adding/appending and removing table rows and saving
changes.

Map Orientation

The map is aligned to the points of a compass. The map orientation represents the
angle between west-east direction and X-axis. The compass sign indicates the direc-
tion to the north.

Example:

A map orientation of 0° means, that the x-axis points to the east direction and the y-
axis points to the north direction. A value of 90° means, that the x-axis points to the
north direction and the y-axis points to the west direction.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :VOBS:
MORientation on page 377

Receiver Offset

Determines the initial position of a receiver/vehicle in terms of height and left/front off-
set relative to the reference point (i.e. the (0, 0, 0) coordinate). The reference point is
the reference for the definition of the vertical obstacles.

Tip: Use this parameter to redefine the receiver's start position relative to the config-
ured obstacles geometry without changing the obstacles definition in the table.

Note: Simulation of moving receivers. If a moving receiver is simulated, the position
describes a vehicle geometric reference. The offset between antenna and the vehicle’s
reference is described in the antenna pattern (* . ant pat).

The simulated GNSS signal refers to the antenna and not the vehicle geometric refer-
ence.

"Start Receiver X Offset"
X offset of the first simulated receiver position in the (OX, OY) coordi-
nate system

"Start Receiver Y Offset"
Y offset of the first simulated receiver position in the (OX, OY) coordi-
nate system

"Start Receiver Height Offset"
Height offset
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Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :VOBS:ROFFset:
X on page 376

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :VOBS:ROFFset:
Y on page 376

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:VOBS:ROFFset:
HEIGht on page 376

Roadside planes

Access:

1. Select "GNSS > Simulation Configuration > Receiver".
2. Select "Position > Moving".

3. Select "Environment Model > Roadside Planes".

4. Select "Environment Configuration”.

GNSS A: Environment Configuration

Predefined Environment
Highway'
Physical Model
Obscuration only'

Planes File !
@ Highway

Repetition Set To
0.550 km Trajectory Length
Receiver Height Offset
20m
Set Length to Infinite []

0 01 02 03 04 0S5 .6 07 08 09 1 14
Receiver Position /km

Display

. e T QZuom Out
Height vs. Position

The roadside planes model is suitable for the simulation of effects that a moving
receiver experiences while moving on a road surrounded, e.g., by buildings.

The vertical roadside planes are defined alongside the road and parallel to the
motion direction of the moving receiver. A maximum of two vertical planes at max
(left and right) are considered based on current user mileage.

Settings

Predefined ENVIFONMENT.. ... e e e e e e e e enaneaes 149
[ )Y [or= 1IN, o o = TR 149
[ P T  [SY T 1S 150
[ P= TSI T (= =L || PR 150
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L Roadside planes configuration................cceeeeurucueueueuereeeeeeeeeeeseesesesesesesesesenas 150

L Material PrOPEY.........c.cvoveveeeeeeeeeeceeeeeeteeeeeeeeeeeseeesesasaeas e eseeeenenenas 150

L ALIGNMENE. ..ottt en e ennenaees 150

L Reference Receiver POSItION /KM.........c.occeoeeeeeeeeeeeeeeeeeeeeseseeean 151

L DISEANCE /M.t eees 151

L HEIGNE /M.t n s n e 151

L IMAEEHIAL. ...ttt 151

L Permittivity/POWET LOSS.........ccvueeeeeueeeterereeeeeeeeesereeaeasaesesseeseseeenenenenans 151

o B 1Yo YOO 151

L Insert, Delete, SAVE, SAVE 8S.....cweeeeeeeeeeeeeeeeeeeeeeee e eeeeeeeeseeeee e eeeeeeeseees 151
=T 0 =Y 110 T VAT oV [ 1 PR 151
L SALE. . 1v ettt 152

L REPELIHION. ...ttt e et e e e e s e e e eeeenseneas 152

Set To Trajectory LENGth.......ceeeeceee e 152
Receiver Height OffSet.... ..o 152
Set Length t0 INfINIte.......oeiiiii e e 152

Predefined Environment
Loads a predefined environment configuration.

You can load a user-defined setting or predefined settings that simulate a highway, a
suburban area or cutting environments.

Parameter "Highway" "Suburban Area" "Cutting"

"Physical Model" "Obscuration only" "Obscuration & Multipath" | "Obscuration only"
"Planes File" Highway.rs buil Suburban 1.rs buil Cutting.rs buil
"Repetition” "on" "on" "Off"

"Repetition Window" "0.550 km" "0.600 km" "10.000 km"
"Receiver Height Offset" "2.0m" "2.0m" "2.0m"

"Set Length to Infinite" "Off" "Off" "On"

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :VOBS:
PREDefined on page 377

Physical Model

Specifies, if obscuration and/or multipath propagation effects are simulated.

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :RPL:PMODel
on page 375

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :VOBS:PMODel
on page 375

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :PMODel

on page 375
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Planes File

Accesses the standard "File Select" dialog to select a user-defined obstacles descrip-
tion file (*.rs buil).

Remote command:

[ :SOURce<hw>] :BB:GNSS:0BSCuration:RPL:CATalog:PREDefined?

on page 378

[ :SOURce<hw>] :BB:GNSS:0BSCuration:RPL:CATalog:USER? on page 378

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:RPL:FILE

on page 378

Planes File Edit

Opens a dialog to modify roadside planes, that are specified in the selected planes file.
The dialog provides a table-based editor and a graphical representation of the planes
configured in the table.

GNSS A: Roadside File - Highway — | X
Material Property
Permittivity
Align- Ref. Receiver Distance Height Material Permit-
ment Position /km /m /m tivity
1> Left 0.050 10.0 3.0User Def. 5.0
2 Right 0.050 20.0  10.0User Def. 5.0
3 Left 0.055 80.0  10.0User Def. 5.0
4 |Left 0.105 10.0 3.0User Def. 5.0
5 Left 0.110 80.0  10.0User Def. 5.0
6 Left 0.160 10.0 3.0User Def. 5.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
‘— Receiver Position /km
7 |Left 0.165 80.0  10.0User Def. 5.0 :
Displa
P . T QZOOH‘I Out
a 1 nft n2Me ann 2 Nllear Nnf En He‘ght VS. POSItlon —_
Insert Left Insert Right Delete Save as ..

Roadside planes configuration < Planes File Edit

Provides settings to configure material and physical properties of obstacles. In the
table, each row defines a roadside plane. The row index indicates the plane on the dis-
play view. Left and right planes are color-coded.

Material Property < Roadside planes configuration < Planes File Edit
Specifies, if the material is defined by its permittivity/conductivity or by its power loss
characteristic.

Alignment < Roadside planes configuration < Planes File Edit

For roadsides planes, determines according to which axis (left or right) the location is
aligned.
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Reference Receiver Position /lkm «— Roadside planes configuration < Planes File
Edit

Distance (mileage) starting from which the corresponding roadside plane is considered
for obscuration and multipath simulation.

Distance /m — Roadside planes configuration — Planes File Edit
Defines the distance of the vertical obstacle to the OX or OY axis. The distance is
expressed in meters.

Height /m «— Roadside planes configuration < Planes File Edit
Defines the obstacles' height in meters.

Material — Roadside planes configuration — Planes File Edit
Requires "Material Property > Permittivity".

Defines the material of the obstacle.
"User Def." User-defined material to configure the "Permittivity" manually.

"Glass/Concrete/Wood/Gypsum/Formica/Marble/Dry Wall/Brick"
Materials with fixed "Permittivity".

Permittivity/Power Loss — Roadside planes configuration — Planes File Edit
Displays/defines the material property, permittivity or power loss, for the selected mate-
rial. This value is a measure for the reflection caused by the obstacle.

Display < Roadside planes configuration < Planes File Edit
Changes the display type of the configured roadside planes.

0.1 0.2 0.3 0.4 0.5 0.6 07 0.8 0.9 1
Receiver Position /km

Display ‘ o emom out
Height vs. Position

Figure 10-7: Height vs. Position representation of a highway model

Insert, Delete, Save, Save as < Planes File Edit
Standard functions for adding/appending and removing table rows and saving
changes.

Repetition Window

Comprises the settings for defining a repetition window including activation and setting
the repetition interval.
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State — Repetition Window

Activates the repetition window of the obscured area with the set repetition interval.
Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:RPL:RWINdow:
STATe on page 379

Repetition < Repetition Window
Sets the repetition interval in kilometers or seconds depending on the set "Reference
Scale".

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :RPL:RWINdow
on page 379

Set To Trajectory Length
Sets the length of the repetition intervall equal to trajectory length of the waypoint file.

Aligning both lengths is useful to ensure that the obscuration pattern repeats itself at
each repetition of the waypoint file. See "Trajectory Length/Duration" on page 63.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :RPL:RWINdow:
STRajectory on page 380

Receiver Height Offset
Determines the start position of a receiver in terms of height offset relative to the refer-
ence point used to define the roadside planes.

Tip: Use this parameter to redefine the vehicle's height relative to the configured
obstacles geometry without changing the obstacles definition in the table.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :RPL:ROFFset:
HETIGht on page 379

Set Length to Infinite
If enabled, assumes planes with infinite width.

Enable this parameter to simulate cutting scenario.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:RPL:ILENgth
on page 380

10.7.4 Full obscuration
Access:

1. Select "GNSS > Simulation Configuration > Receiver".

2. Select "Environment Model > Full Obscuration".
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3. Select "Environment Configuration".

GNSS: Environment Configuration

Predefined Environment
Long Tunnel
Reference Scale

Distance ,"kmv

0 Repetition 9

10.000 km

Obscured Areas:

0.000

o 2 4 6 8 10 12 14 16 18 20 22 25
Position /km

Insert Delete @Zoom Out

The full obscuration model is suitable to simulate areas in that the satellite signal is
fully obscured, like in tunnels.

Predefined ENVIFONMENT.........vvuiiceiece et se e s e e e e e e e e aeaaeeeeeees 153
RETEIENCE SCaAIB.....coiie et e e e e e e e e e e eerae e es 154
XY 01T 114 a T AVA T o (o Y2 UUPUPPPRE 154
1 - (<Y OO 155
O =Y Y=Y 1110 PO 155
Set To Trajectory LENGtN........coo it 155
(0] o1 Yol (= Te [N (= T= LSS 155
L INSEIt, DI .. eeeveeeeeeee ettt e et e e e et e e ee et e e ee e e see et eneene et eneeneeenenes 156

Predefined Environment
Loads a predefined environment configuration.

You can load a user-defined setting or predefined settings that simulate a long tunnel,
multiple bridges or parking environments. The tables below provide an overview of the
configuration of the predefined obscured environments.
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Table 10-2: Predefined environment configuration with Reference Scale > Distance /km

"Predefined Environement” "Repetition State", "Window" Obscured areas:

"Reference /km", "Length /km"

"Long Tunnel" "Off", "10.000 km" "0.000", "24.500"

"Multiple Tunnels" "Off", "10.000 km" "0.000", "0.240"
"0.700", "0.400"
"2.000", "0.100"
"2.500", "0.300"
"3.500", "0.100"
"5.000", "0.200"
"7.000", "0.400"
"9.400", "0.200"

"Multiple Bridges (each 50 m)" "On", "1.000 km" "0.250", "0.050"
"0.750", "0.050"

Table 10-3: Predefined environment configuration with Reference Scale > Time /s

"Predefined Environement" "Repetition State", "Window" Obscured areas:

"Reference /s", "Duration /s"

"Multiple Bridges (each 30 s)" "Off", "10.0 " "30.0", "30.0"

(13 additional obscured areas
with distance of 60.0 s for contigu-
ous reference points)

"870.0", "30.0"
"Parking (1 min)" "On", "300.0 s" "120.0", "60.0"
"Parking (10 min)" "On", "840.0 s" "120.0", "600.0"
"Parking (1 hour)" "On", "3840.0 s" "120.0", "3600.0"

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:FULL:
PREDefined on page 377

Reference Scale

Defines whether the obstacles' positions are defined as distance (in km) or as time (in
s).

Note: Changing between the two scales without saving the configuration leads to data
loss.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:FULL:SCALe
on page 380

Repetition Window

Comprises the settings for defining a repetition window including activation and setting
the repetition interval.

User Manual 1178.9403.02 — 10 154



Satellite Navigation Real-world environment

Environment configuration settings

State — Repetition Window
Activates the repetition window of the obscured area with the set repetition interval.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver [:V<st>] :ENVironment :FULL:RWINdow:
STATe on page 381

Repetition < Repetition Window
Sets the repetition interval in kilometers or seconds depending on the set "Reference
Scale".

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :FULL:RWINdow
on page 381

Set To Trajectory Length
Requires receiver "Position > Moving".

Sets the length of the repetition intervall equal to trajectory length of the waypoint file.

Aligning both lengths is useful to ensure that the obscuration pattern repeats itself at
each repetition of the waypoint file. See "Trajectory Length/Duration” on page 63.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :FULL:RWINdow:
STRajectory on page 381

Obscured Areas
Defines fully obscured areas.

An obscured area has a defined reference position and a defined length or duration.
Each zone is defined in one table row.

Tips:
® To simulate repetition of obscured areas, define the obscured areas and the repeti-
tion interval.

Activate the repetition window.
® To zoom into an obscured area on the graphical display, drag a rectangular.
® To visualize all configured full obscuration areas, select "Zoom Out".

Area count Displays the number of the obscured area.

Remote command:
[ : SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:
FULL:AREA:COUNt? on page 381

"Reference” Defines the reference starting position or timestamp at which a spe-
cific obscured zone is applied.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:
FULL:AREA<ch>:REFerence on page 382
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"Length/Dura-  Length or duration of the obscured zone defined in kilometers or sec-
tion" onds.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:

FULL:AREA<ch>:LENGth on page 382

Insert, Delete < Obscured Areas
Standard functions for inserting and removing table rows and saving changes.

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:FULL:AREA:
APPend on page 382

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:FULL:
AREA<ch>:INSert on page 382

[ : SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:FULL:
AREA<ch>:DELete on page 382

Ground/sea reflection

Access:

Select "GNSS > Simulation Configuration > Receiver".

2. Select "Environment Model > Ground/Sea Reflection".

3. Select "Environment Configuration”.

GNSS: Environment Configuration —_— X
Material Property Surface Type
Permittivity Dry Ground
Ground Permittivity Ground Conductivity
4.0 0.000 010
d1 d2
1.000 0 km 1.000 0 km
= =
= =
h1 ® ® || h2
= =
1000m || 8 3 100.0m
o o
o o
Ground Level @
Ground Altitude
0.00 m
WGS 84

This model is suitable for the simulation of obscurations and multipath effects
caused by ground and sea reflections.

The model is available for ship, aircraft and spacecraft vehicles and describes can-
yon vertical obstacles parallel to the motion direction of the vehicle (direction axis).
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Ground Permittivity/Conductivity, POWEr LOSS..........ccooiiiiiiiiniiiieeieee e 157
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Material Property
Define whether the material is defined by its permittivity/conductivity or power loss
characteristic.

The material properties depend on the selected surface type.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:GSR:MPRoperty
on page 383

Surface Type
Describes the surface.

Available are "Dry Ground", "Medium Dry Ground", "Wet Ground", "Fresh Water" and
"Sea Water". The different surfaces feature different reflection characteristics.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :GSR:STYPe
on page 383

Ground Permittivity/Conductivity, Power Loss
Displays/defines the surface property, permittivity, conductivity or power loss, for the
selected surface type. This value is a measure for the reflection caused by the surface.

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :GSR:
PERMittivity on page 383

[ : SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :GSR:
CONDuctivity on page 384

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:GSR:PLOSs
on page 384

h1/h2, d1/d2
Sets the height of the right/left obstacle and the distance between the receiver and the
obstacles.

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:GSR:
OlDistance on page 384

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :GSR:
02Distance on page 384

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:GSR:01lHeight
on page 385

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment:GSR:02Height
on page 385
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Ground Altitude
Sets the altitude of the ground level relative to the WGS84 ellipsoid, i.e. the terrain
ground level is set relative to WGS84 zero level or sea level.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :GSR:GALTitude
on page 385

Static multipath

Access:

1. Select "GNSS > Simulation Configuration > Receiver".
2. Select "Environment Model > Static Multipath".

3. Select "Environment Configuration".

With the provided parameters, you can simulate signals undergoing multipath prop-
agation.

You can configure the number of echoes and the individual time and Doppler shifts,
power and carrier phase of each of them. A graph displays the resulting propaga-
tion.

In advanced mode with several antennas, the dialog comprises of several tabs.
There is one per antenna so that you can define individual multipath conditions for
each of the antennas.

GNSS: Environment Configuration (V1) —_ X

=) X ? x
System SVD 0 Copy To System SViID
GPS 1 GPS
Number of Echos Line of Sight (LOS) 0o
2 is Enabled =
-1.5
Init. Code| Code Phase| Power | Init. Carrier| Doppler | AoA | AoA B
Phase Drift Offset| Phase Shift |Elev. Azimuth g
Unit m m/s dB rad Hz (L2)  rad rad ﬁ :
e
LOS 0.0 0.0 0.00 0.1 0.00 0.00 0.1 =
. | %ﬁ:
Echo 1 500.0 360.0 -5.00 6.28 87.92 1.50 6.28 g"*
Echo 2 1000.0 0.0 -10.00 0.00 0.00 0.00 0.00 4
o  so oo 10 2000 2500 3000
Initial Code Phase /m
Settings:
Standard, SV-ID (source), Copy To, Standard, SV-ID (target).......ccccovvvmeereeeeeeeeeiinnns 159
NUMDEE Of ECNOS.... ittt e e e e et e e e e eeaaaas 159
Ling Of SIght (LOS)..ceiiiiiitiicieiie et s s e e e e e e e e e e e e e e e e e eeeeeeeeeserenes 159
(O RS- oo B =tod g ol F=T o] [ 159
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LUttt et ettt e n et e e e en e e e en e eenannn 159
L INit. COE PRESE........eeeeeeeeeeeeeeeeeeee et ee e eneeeneeaee 160
[ O7eYe (=X xd 17 LY=L 111 SRR TR 160
L P OWET OFFfSBL. .o ee e eee e eee e e e e e e e e e e eeeee e e et e s e s eeseeseeseeseeseseesreeneaneans 160
O T O 0= Y a =Yl =13 - Y-1- TO U USSR U 160
L DOPPIET SNt THZ. ..ottt ettt en s s s 160
L AOA Elevation, AOA AZIMULN.......eeueeeeeeeeeeeeeee e eeeeee e eee e 160

Standard, SV-ID (source), Copy To, Standard, SV-ID (target)
Defines the GNSS standard and the SV ID for that the multipath is configured.

To use the same configuration for another SV ID or all other SV IDs, define the SV ID
as "Standard, SV-ID" (target) and select "Copy To".

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :MPATh:SYSTem
on page 390

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :MPATh:SVID
on page 390

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :MPATh:COPY:
SYSTem on page 391

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :MPATh:COPY:
SVID on page 391

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ENVironment :MPATh:COPY:
EXECute on page 392

Number of Echos
Sets the echoes number. The value determines the number of rows available for con-
figuration.

Remote command:

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:MPATh|[ :V<us>:A<gr>] :ECHos:
COUNt on page 393

(etc. for the other GNSS systems)

Line of Sight (LOS)
Defines if a LOS component is present or not.

Remote command:

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:MPATh[:V<us>:A<gr>] :10S:
ENABle on page 392

(etc. for the other GNSS systems)

LOS and Echoes Table

Configuration of the LOS signal and the echoes, one row per multipath tap, where:
® [ OSis presentif "Line of Sight (LOS) > On"

® Number of echoes is defined by the parameter "Number of Echos"

Unit — LOS and Echoes Table
You can change the units of the parameters. The affected values are automatically
recalculated.

Note: The selected units are used only in the manual control (display).
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In remote control, SCPI commands always use the default units.

Init. Code Phase < LOS and Echoes Table
Sets an initial code phase (or delay) for the selected echo. To simulated echo delay
variation with the time, set the parameters Code Phase Drift and Doppler Shift /Hz.

The severity of the multipath effect depends on the delay of the echoes and their
power.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:MPATh[:V<us>:A<gr>]:
ECHO<s2us0>:ICPHase on page 394

(etc. for the other GNSS systems)

Code Phase Drift < LOS and Echoes Table
Sets a code phase drift that influences the delay of the echoes.

"Code Phase Drift" and "Doppler Shift" are interdependent. Changing either of them
affects the value of the other.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:MPATh|[:V<us>:A<gr>]:
ECHO<s2us0>:CPDRift on page 394

(etc. for the other GNSS systems)

Power Offset — LOS and Echoes Table
Sets the additional power offset for the echo.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:MPATh [ :V<us>:A<gr>]:
ECHO<s2us0>:POWer on page 395

(etc. for the other GNSS systems)

Init. Carrier Phase <« LOS and Echoes Table
Sets the carrier phase at the simulation start.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:MPATh[:V<us>:A<gr>]:
ECHO<s2us0>:CPHase on page 396

(etc. for the other GNSS systems)

Doppler Shift /[Hz — LOS and Echoes Table
Enters the additional Doppler shift that influences the delay of the echoes.

"Code Phase Drift" and "Doppler Shift" are interdependent. Changing either of them
affects the value of the other.

Remote command:

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:MPATh[:V<us>:A<gr>]:
ECHO<s2us0>:DSHift on page 397

(etc. for the other GNSS systems)

AoA Elevation, AoA Azimuth < LOS and Echoes Table
Sets the angle of arrival parameters elevation and azimuth.

These parameters are considered if non-isotropic antenna patterns are used.
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Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:MPATh|[:V<us>:A<gr>]:
ECHO<s2us0>:AELEVation on page 398

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:MPATh[:V<us>:A<gr>]:
ECHO<s2us0>:AAZimuth on page 398

(etc. for the other GNSS systems)
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11 Real-time kinematics

Key features

The option R&S SMBVB-K122 real-time kinematics (RTK) virtual reference station fea-
tures:

® Simulation of one RTK virtual reference station

® Static position of the RTK virtual reference station including one antenna

® RTK data transfer over LAN interface via NTRIP (Networked Transport of RTCM
via Internet Protocol)

GNSS positioning with RTK

The real-time kinematics (RTK) positioning system consists at least of three compo-
nents: A GNSS reference receiver or reference station, a satellite and a GNSS rover
that is the device under test (DUT). Figure 11-1 illustrates such an RTK system to
determine the positon R, of the GNSS rover.

B

6;%& Rsat (X, Y1,2)

Rref (Xref ,Yref ,Zref) Rrov (Xrov,Yrov,Zrov)

Figure 11-1: RTK principle

1 = GNSS reference station (base station) with coordinates R
2 = Satellite with coordinates Rg

3 = GNSS rover (DUT) with coordinates Ry,

4 = Baseline vector Ry,se = [Riov-Ryefl

Ri; = Distance between GNSS reference station and satellite
R, = Distance between GNSS rover and satellite

The GNSS reference station has a known location R, the trajectory of the satellite
Rq.t is also known. Measurements for the distance between satellite and GNSS refer-
ence station Ri.; and satellite and GNSS rover R/, are available. From these mea-
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Required options

surements, you can compute the baseline vector Ry, that is the distance between
GNSS rover and GNSS reference station. Using the baseline vector R, and the posi-
tion of the GNSS reference station R, you can compute the position of the GNSS
rover R.,,. Equation 11-1 provides an overview.

Riow = Rref+Rbase | Rpgse = Rf"ov_ 7i"ef

R}"ov = Rrov - Rsat ‘ R;«ef = Rref - Rsat

Equation 11-1: GNSS rover position

Note, that this position determination has a limited accuracy. The following errors affect
the position measurements:

e Satellite clock error

® Satellite orbit error

® Atmospheric delay

® Receiver clock error

® Noise and multipath propagation errors

The determination of the baseline vector Ry, = R,y - Ref Uses single location differen-

ces. The technique eliminates the satellite clock error and reduces the satellite orbit
error and the atmospheric delay influences. Further corrections require GNSS carrier
phase corrections.

The RTK approach in this firmware is to provide pseudorange data and carrier range
data via the RTCM protocol to compute the baseline vector more accurately.

L I S = To (U] =To [ o ) 110 o <SRRI 163
o RTK CONfIQUratioN........cooiiiieeee e e 164
o RTK protocol configuration............oooiiiiiiiiiiee e 165
o RTK position CoNfiguration.........cccooiiiiiiiiiiiie e 166
o RTK antenna configuration............occciiiiiiiiiiiiiiiec et 170

Required options

The equipment for real-time kinematics simulation includes the R&S SMBV100B equip-
ped with the options as described in the table below.

Option Designation

R&S SMBVB Base unit

R&S SMBVB-K520 Baseband real-time extension
R&S SMBVB-K122 RTK virtual reference station

For more information, see Chapter 2.1, "Required options", on page 17.
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RTK configuration

11.2 RTK configuration

Access:

» Select "GNSS" > "RTK Configuration"”.

GNSS: RTK Configuration

State Number of Base Stations 2 Protocol Configuration ...
1 NTRIP/RTCM 3.3

Mountpoint Base 1
RSO1

Position Configuration ... | Antenna Configuration ... |

The dialog provides settings to configure simulation of a real-time kinematics (RTK)
reference station (base station) at the R&S SMBV100B.

There are dedicated settings for activating RTK and configuring the RTK protocol.
Also, you can configure t, position and environment of an RTK base station.

The remote commands required to define RTK settings are described in Chapter 21.6,
"Real-time kinematics (RTK) commands", on page 364.

Settings:

S = L= SRR 164
Number of Base StatioNS.........cceeeiiieiiii e 164
Protocol ConfigUratioN............eeiii it ee e 164
1Y (0] ] a1 1 0 o] o | O PP PPPPPPUPPPPPPPT 165
PoSition CoNfiQUIatioN........ceeiiiiii e e e e e e e e e e snnnnes 165
Antenna Configuration........cccoooii i e 165
State

Activates real-time kinematics (RTK) simulation.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RTK:STATe on page 366

Number of Base Stations
Displays the number of RTK base stations.

You can configure one RTK base station. This base station has a dedicated configura-
tion, that you can access via the "Base 1" side tab.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RTK:BSTation:COUNt on page 366

Protocol Configuration
Accesses a dialog to configure the RTK protocol, see Chapter 11.3, "RTK protocol con-
figuration", on page 165.

Also, it displays the used protocol that is "NTRIP/RTCM 3.3".
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RTK protocol configuration

Mountpoint
Sets the mountpoint of the RTK base station for RTK simulation.

"RSO0x" Mountpoint of the RTK base station "x", e.g. "RS01" for the first virtual
reference station.

Remote command:
[ : SOURce<hw>] :BB:GNSS:RTK:BASE<st>:MOUNtpoint? on page 366

Position Configuration
Accesses the position configuration dialog. You can configure the position of a GNSS
receiver or of an RTK base station.

The GNSS receiver position depends on the GNSS receiver type:
® Chapter 5.2, "Static receiver", on page 54

® Chapter 5.3, "Moving receiver", on page 59

® Chapter 18.2, "HIL settings", on page 295

To configure the position of the RTK base station, see Chapter 11.4, "RTK position con-
figuration", on page 166.

Antenna Configuration
Accesses the antenna configuration dialog. You can configure antennas of a GNSS
receiver or of an RTK base station.

To configure antennas of a GNSS receiver, see Chapter 10.6, "Antenna and body
mask settings", on page 135.

To configure the antenna of an RTK base station, see Chapter 11.5, "RTK antenna
configuration", on page 170.

RTK protocol configuration

Access:

» Select "GNSS" > "RTK Configuration" > "Protocol Configuration".

GNSS: RTK Protocol Configuration - X

Protocol 9
NTRIP/RTCM 3.3

Host IP 9
10.102.52.41

Port

2101

User ID 9
instr1

Password 9
instr1

The dialog provides settings to configure the RTK protocol used for output of RTK
data at the "LAN" connector on the rear panel of the R&S SMBV100B.
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RTK position configuration

Settings:

[ () 0 Yoo | 166
(013 S 166
o VN 166
L ST o 10 166
= 111V 0 o [ 166
Protocol

Displays the protocol "NTRIP/RTCM 3.3" used for transmitting RTK data.
RTK corrections are provided in RTCM 3 format via an integrated Ntrip server.

Remote command:
[ : SOURce<hw>] :BB:GNSS:RTK: PROTocol on page 372

Host IP
Displays the IP address of the host that is the R&S SMBV100B.

For more information, see chapter "Network Settings" in the R&S SMBV100B user
manual.

Port
Sets the port of the LAN connection.

You can use ports "2101", "4022" and "50000".

Remote command:
[ : SOURce<hw>] :BB:GNSS:RTK: PORT on page 372

User ID
Displays the user ID that is the RTCM user name. The user ID is "instr1".

Remote command:
[ :SOURce<hw>] :BB:GNSS:RTK:PROTocol on page 372

Password
Displays the password. The password is "instr1".

Remote command:
[ : SOURce<hw>] :BB:GNSS:RTK: PASSword? on page 372

RTK position configuration

Access:

» Select "GNSS" > "RTK Configuration" > "Position Configuration".
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GNSS: Position Configuration (RTK Base 1) — X
OSync to Receiver Position | .
®
Location 30-
Munich o~
Reference Frame
| 20
WGS-84
Position Format U
. = = DEC;:MIN:SECQ 8 -3 90 48 o0 48 9 13 180
Latitude
48° 9" 0.0000"  North
Longitude  © 4 4 @
11° 35' 0.0000" East
Altitude 2
508.00 m

Attitude Behaviour 9
More ...
Constant

The dialog provides settings to configure the position of a real-time kinematics
(RTK) base station.

Settings:

SyYNC 10 RECEIVET POSItION......ccc oot e e 167
Location, Initial POSITION..........uuiiiiiieeiee e eeaaaa 167
Y L= TA =Y ot ol = U= SRR 169
Location Coordinates, Position Format............cooooveeeiiiiiiiiieee e 169

Sync to Receiver Position
Triggers position synchronization of the RTK base station with the current position of
the GNSS receiver as defined in "Location, Initial Position" on page 55.

Use this setting, for example, to synchronize the RTK base station with the current
position of a moving receiver. Synchronization fails, if the distance between RTK base
station and the receiver is higher than 150 km. A warning message displays synchroni-

zation failure.
eclose

@ (A)RTK Base 1 is far away (5310 km) from receiver, potentially receiver may not use it ‘b-

Remote command:
[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:SYNC on page 370

Location, Initial Position
Selects the location or initial position depending on the simulated object:
e Static GNSS receiver ("Position > Static"):
Selects the geographic location of the GNSS receiver.
® R&S SMBVB-K109: Hardware in the loop (HIL) GNSS receiver ("Position > From
Remote"):
Selects the initial position of the GNSS receiver.
® R&S SMBVB-K122: Real-time kinematics (RTK) base station:
Selects the geographic location of the RTK base station.

The representation of the coordinates depends on the selected "Reference Frame" and
"Position Format".
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Table 11-1: Coordinates of the simulated predefined positions

Real-time kinematics

RTK position configuration

Sets the receiver position in terms of "Latitude", "Longitude" and "Alti-

tude"

Selects a predefined geographic location, see Table 5-1 for an over-

view.

The parameters "Latitude", "Longitude" and "Altitude" are set auto-

matically.

Continent City Latitude [deg] Longitude [deg] Altitude [m]
Europe London 51.500625 -0.1246219 22
Moscow 55.7522222 37.6155556 200
Munich 48.15 11.5833333 508
Paris 48.8584 2.2946278 66
America New York 40.714667 -74.0063889 1
San Francisco 37.8194389 -122.4784939 35
Anchorage 61.2166667 -149.8833333 115
Mexico City 19.4510539 -99.1255189 2310
Bogota 4.711111 -74.0722222 2640
Sao Paulo -23.5337731 -46.62529 760
Santiago de Chile -33.4474869 -70.6736758 522
Asia Beijing 39.9055556 116.3913889 60
New Delhi 28.6138889 77.2088889 77
Seoul 37.5514997 126.9877939 265
Singapore 1.3113108 103.8268528 110
Taipei 25.0223439 121.5147581 10
Tokyo 35.6838611 139.7450581 45
Africa Cairo 30.0444419 31.2357117 23
Dakar 14.7166769 -17.4676858 22
Cape Town -33.9188611 18.4233 6
Australia Sydney -33.8833333 151.2166667 3
Perth -31.9535119 115.8570481 2

Remote command:

[ :SOURce<hw>] :BB:GNSS

on page 353

[ : SOURce<hw>] :BB:GNSS

on page 354

[ :SOURce<hw>] :BB:GNSS
[ : SOURce<hw>] :BB:GNSS
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:RECeiver[:V<st>]:LOCation:CATalog
:RECeiver[:V<st>]:LOCation[:SELect]

:RTK:BASE<st>:L0Cation:CATalog on page 367
:RTK:BASE<st>:10Cation[:SELect] on page 367
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Reference Frame
For GNSS receiver, selects the reference frame used to define the receiver coordi-
nates. The transformation between the reference frames is performed automatically.

R&S SMBVB-K122: For RTK base station, selects the reference frame used to define
the receiver or RTK base station coordinates. The transformation between the refer-
ence frames is performed automatically.

The following applies:

®  Xwases = (1-0.008%108)*Xpy g0 - 0.2041*107*Yp; 99 + 0.1716*107*Zp, 5 - 0.013
®  Yuwesss = (1-0.008*106)*Yp, g0 - 0.2041*107*Xpz 9o + 0.1115*107*Zp; oo + 0.106
® Zpycsss = (1-0.008*10%)*Zp, g0 - 0.1716*107*Xpz g - 0.1115*107*Yp; oo + 0.022

Both reference frames are ECEF frames with a set of associated parameters.

"WGS-84" The World Geodetic System WGS-84 is the reference frame used by
GPS.

"PZ 90.11 (GLONASS)"
Parametry Zemli PZ (Parameters of the Earth) is the reference frame
used by GLONASS.

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:COORdinates:
RFRame on page 354

[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:RFRame
on page 367

Location Coordinates, Position Format

In the ECEF coordinate system, a geographic location is identified by three coordi-
nates, the altitude, latitude and longitude. The last two can be displayed in decimal or
DMS format. The display format is determined by the parameter "Position Format".

Parameter Description

"Position Format" Sets the format in which the Latitude and Longitude are displayed.

e "DEG:MIN:SEC"
The display format is Degree:Minute:Second and Direction, i.e.
XX°XX'XX.XX" Direction, where direction can be North/South and
East/West.

®  "Decimal Degrees"
The display format is decimal degrees, i.e. +/-XX.XXXXX°, where "+"
indicates North and East and "-" indicates South and West.

"Altitude" Sets the altitude of the reference location. The altitude value is the height
above the ellipsoid (HAE), that is the reference ellipsoid (WGS84 or PZ90).

"Latitude” Sets the latitude of the reference location.

"Longitude" Sets the longitude of the reference location.

Altitude, latitude and longitude are configurable, if "Location, Initial Position > User
Defined".
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RTK antenna configuration

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:COORdinates:
FORMat on page 354

[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:FORMat
on page 368

To enter the coordinates in "Position Format > DEG:MIN:SEC"

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:COORdinates:DMS:
Pz on page 355

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:COORdinates:
DMS [ :WGS] on page 355

[ : SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:DMS:PZ
on page 369

[ : SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:DMS]:
WGS] on page 369

To enter the coordinates in "Position Format > Decimal Degrees"

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:COORdinates:
DECimal:PZ on page 355

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:LOCation:COORdinates:
DECimal[:WGS] on page 355

[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:DECimal:
P7 on page 368

[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:
DECimal[:WGS] on page 368

RTK antenna configuration

Access:

» Select "GNSS" > "RTK Configuration" > "Antenna Configuration".

GNSS: Antenna Configuration (RTK Base 1) — X
Display ' Top View Side View
Position X
3D View []
Z(m)
-1 -0.5 0 0.5 1
Active | Body Mask Antenna Pattern '?:) '?;) A(i) AH(:::;HQ AE(Iz;;ion ‘?::;)k
INEING) OpenSk Isotropic 0.0051 0.000  0.000 0.000 0.000 D.DDE1

The dialog provides settings to configure the antenna body and antenna pattern of
a real-time kinematics (RTK) base station.
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Settings:

[T EST o] = OO U PP PUPPPPPPP 171
3D VW .ttt ittt ettt e e e e e e et e e e e e b re e e e e e nbee e e e e anreeeeeennee 171
A Xttt ettt e e e e e e ahLee e e e e e bttt e e e e b eeeeeeahtee e e e e e beeeeeeaanreeeeeaanraeeeeeanraes 171
e (Y T PR PUP PR 171
Body Mask, Antenna Pattern...........ueuecee e 172
Delta X, Delta Y, DEIA Z.......oeeeeeeeeeeeee et e e e e e e ean 172
Delta Heading, Delta Elevation, Delta BankK...........ccoooieiccciiiiiieiiiieee e 172
Edit > Body Mask/Antenna Pattern File..........ccccceiiiiiiiiiiiii e 172
Display

Select the antenna characteristics that are currently visualized.

If more than one antenna is enabled (e.g. "Receiver > Number of Antennas = 2"), the
displayed information corresponds to the currently selected one ("A# > Active > On").

The graph is merely a visualization. To change the values, select "A# > Filename >
Select Antenna Pattern File > Predefined/User Files" > "Edit".

"Position" Two displays that visualize the antenna position relative to the center
of gravity (COG):
® On the left, the top view - shows the x/y direction.
® On the right, the side view - shows the x/z direction.

To change the antenna position, set the parameters "AX, AY, AZ".

"Body Mask" Visual representation of the body mask retrieved from the selected
file ("Body Mask").
"Antenna Pattern (Attenuation), Antenna Pattern (Phase)"

Visual representation of the attenuation/phase distribution as
retrieved from the selected antenna pattern file ("Antenna Pattern").

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :ANTenna:DISPlay on page 362
[ : SOURce<hw>:BB:GNSS:RTK:BASE<ch>ANTenna:DISPlay

3D View
Displays an interactive 3D representation of the body mask or the power/phase distri-
bution the antenna.

Remote command:
[ : SOURce<hw>] :BB:GNSS:RECeiver [:V<st>] :ANTenna:V3D on page 362

A x
Subsequent antenna number. It also selects the antenna whose pattern or body mask
is visualized.

Active
Activates the simulated antenna.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:A<ch>:STATe on page 363
[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:A<ch>:STATe on page 371
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Body Mask, Antenna Pattern
Displays the selected body mask and antenna pattern files.

To change a file, select its filename.

You access the standard "Select Antenna Pattern File" dialog to select (or edit) the file,
describing the body mask or the antenna pattern (* .ant pat and *.body mask).
Several predefined antenna patterns are provided but you can load your own files
("User Files"), too.

The "Select Antenna Pattern File" displays both, a list of available files and the content
of the selected file.

Select "Edit" to open a graphical editor for changing the file content.
See:

e [Edit > Body Mask/Antenna Pattern File
® Chapter A.3, "Antenna pattern and body mask files", on page 623.

Remote command:

[ : SOURce<hw>] :BB:GNSS:APATtern:CATalog:PREDefined? on page 362
[ :SOURce<hw>] :BB:GNSS:APATtern:CATalog:USER? on page 363

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :A<ch>:APATtern:FILE

on page 363
: SOURce<hw>] :BB:GNSS:BODY:CATalog: PREDefined on page 362
:SOURce<hw>] :BR:GNSS:BODY:CATalog:USER on page 363

[ ]

[ ]

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :A<ch>:BODY:FILE on page 363
[ : SOURce<hw>] :BB:GNSS:RTK:BASE<st>:A<ch>:APATtern:FILE on page 370
[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:A<ch>:BODY:FILE on page 370
Delta X, Delta Y, Delta Z

Sets an offset relative to the center of gravity (COG) to place the antenna.

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :A<ch>:DX on page 364
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :A<ch>:DY on page 364
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:A<ch>:DZ on page 364
[ : SOURce<hw>] :BB:GNSS:RTK:BASE<st>:A<ch>:DX on page 371

[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:A<ch>:DY on page 371

[ : SOURce<hw>] :BB:GNSS:RTK:BASE<st>:A<ch>:DZ on page 371

Delta Heading, Delta Elevation, Delta Bank
Displays the information on the antenna orientation and tilt.

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :A<ch>:DHEading on page 363
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :A<ch>:DELevation

on page 363

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :A<ch>:DBANk on page 363

Edit > Body Mask/Antenna Pattern File

Access: "Antenna Configuration > A# > Body Mask > Open Sky > Select Antenna Pat-
tern File > Predefined/User Files", select the body mask description file and select
"Edit".
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In this dialog you can change the file content, e.g. attenuation values, and zoom in into
display areas.
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About OSNMA

12 Generating Galileo OSNMA signals

12.1

This chapter provides information on generating Galileo open service navigation mes-
sage authentication (OSNMA) signals. For signal generation, the R&S SMBV100B
firmware uses specified OSNMA test vectors.

®  ADOUE OSINIMA . L.ttt e ae e e s bt e e e eate e e eate e e anbeeeeans 174
e Generating Galileo OSNMA real-time Signals..........cccooiiiiiiiiiiiicieee e 176
e Generating Galileo OSNMA test vector signals...........coooviiieceiiiiiiieeiee s 188
About OSNMA

Open service navigation message authentication (OSNMA) is an integral function of
the Galileo Open Service, providing data authentication to all enabled receivers.

OSNMA is authenticating data for geolocation information from the Open Service
through the navigation message (I/NAV) broadcast on the E1B signal component. For
authentication, the transmitted E1 I/NAV message contains authentication-specific data
in previously reserved fields.

Reference information

For OSNMA reference information, see latest versions of the following documents at
the European GNSS service center (Galileo ICD):

https://www.gsc-europa.eu/electronic-library/programme-reference-documents

Relevant documents:

® "Galileo OSNMA SIS ICD"

® "Galileo OSNMA Receiver Guidelines"

® "Annex B - OSNMA Test Vectors" provided as *. z1ip file

Copyright information

The OSNMA Receiver Guidelines is protected by copyright. Any alteration or transla-
tion in any language of the OSNMA Receiver Guidelines as a whole or parts of it is
prohibited unless the Publishing Authority provides a specific written prior permission.
The OSNMA Receiver Guidelines may only be partly or wholly reproduced and/or
transmitted to a third party in accordance with the herein described permitted use and
under the following conditions:

® the present "Terms of Use and Disclaimers" are accepted, reproduced and trans-
mitted entirely and unmodified together with the reproduced and/or transmitted
information;

® the copyright notice "© European Union 2024" is not removed from any page.

The Annex to the OSNMA Receiver Guidelines provides the test vectors and sample
data, supporting the verification of OSNMA functionality implementation. The Terms of
Use and Disclaimers from the OSNMA Receiver Guidelines are applicable to these
files.
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Required options

For generating Galileo OSNMA signals, the basic equipment including the Galileo sys-
tem option R&S SMBVB-KG66 is sufficient. See Chapter 2.1, "Required options",
on page 17.

12.1.1 About Galileo OSNMA real-time signals

The R&S SMBV100B firmware provides real-time signal generation of OSNMA signals
in line with Galileo OSNMA signal in space interface control document, see "Reference
information" on page 174.

OSNMA navigation message data

OSNMA navigation message data is common to all space vehicles of a given Galileo
satellite constellation. The R&S SMBV100B provides settings to configure OSNMA
data in a common dialog within the Galileo satellite constellation, see Chapter 12.2,
"Generating Galileo OSNMA real-time signals", on page 176.

12.1.2 About Galileo OSNMA test vectors

The R&S SMBV100B firmware provides official OSNMA test vectors as specified by
EUSPA including satellite constellation and testing times. These test vectors allow
standardized tests of the OSNMA receiver capabilities, see "Reference information”
on page 174.

The tables Table 12-1 and Table 12-2 list supported OSNMA test vectors including the
related scenario. See also "To load a Galileo OSNMA scenario" on page 188.

Table 12-1: OSNMA test vectors

Test vector Merkle root Key value (without line feed)

Scenario name

Configuration A Key 1 OE63F552C8021709043C239032EFFE94
OSNMA: Configuration 1 1BF22C8389032F5F2701E0FBC80148B8
Configuration B Key 2 A10C440F3AA62453526DB4AF76DF8D94
OSNMA: Configuration 2 10D35D8277397D7053C700D192702B0OD

Table 12-2: Galileo OSNMA test vectors for test phase

Test vector Merkle tree PKID NPKID Public key curve

Scenario name

Configuration A 1 2 N/A ECDSA P-256/SHA-256
OSNMA: Configuration A

Configuration B 1 3 N/A ECDSA P-256/SHA-256
OSNMA: Configuration B

Configuration C 2 8 N/A ECDSA P-521/SHA-256
OSNMA: Configuration C
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12.2.1
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Test vector Merkle tree PKID NPKID Public key curve

Scenario name

Configuration D 3 2 N/A ECDSA P-256/SHA-256
OSNMA: Configuration D

End of Chain Step 1 1 3 N/A ECDSA P-256/SHA-256
OSNMA: EOC_step_1

End of Chain Step 2 1 3 N/A ECDSA P-256/SHA-256
OSNMA: EOC_step_2

New Public Key Step 1 1 3 4 ECDSA P-256/SHA-256
OSNMA: NPK_step_1

New Public Key Step 2 1 1 2 ECDSA P-256/SHA-256
OSNMA: NPK _step_2

New Public Key Step 3 1 2 N/A ECDSA P-256/SHA-256
OSNMA: NPK _step_3

Public Key Revocation Step 1 1 2 3 ECDSA P-256/SHA-256
OSNMA: PKREV_step_1

Public Key Revocation Step 2 1 3 N/A ECDSA P-256/SHA-256
OSNMA: PKREV_step_2

Public Key Revocation Step 3 1 3 N/A ECDSA P-256/SHA-256
OSNMA: PKREV_step_3

OSNMA Alert Message 1 0 N/A ECDSA P-256/SHA-256
OSNMA: OAM

Simulation duration and test vector length

The duration of the test vector simulations is limited by the test vector length provided
in the reference documents. The simulation can run successfully only for the defined
length which typically is one hour but for some scenarios, the length is two hours or
three hours. For more information, see "Reference information" on page 174.

Scenario "OSNMA: PKREV _step 2" (Public Key Revocation Step 2) can only be suc-
cessful when running the GNSS simulation for more than one hour. As specified in
chapter A 2.5.3.2 of the ICD document "Galileo OSNMA Receiver Guidelines for Test
Phase (v1.1)", an OSNMA-compatible receiver makes use of the scenario key after
one hour of simulation.

Generating Galileo OSNMA real-time signals

Test setup

This chapter provides a test setup for Galileo OSNMA signal generation.
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Generating Galileo OSNMA real-time signals

Signal generator

R&S SMBV100B vector signal generator equipped with the Galileo system option, see
"Required options" on page 175.

GNSS receiver

GNSS receiver that is compatible with Galileo OSNMA. The configuration among
GNSS receivers can be different but is most likely very similar.

PC

PC with receiver control software for control and configuration of the GNSS receiver.

; e

Signal generator DUT

[ LAN | | RFout |—RF—»
LAN |

|
—LAN— PC

Figure 12-1: OSNMA test setup

1 = R&S SMBV100B
2 = GNSS receiver
3 = PC with control software

Configuring the R&S SMBV100B

This chapter provides step-by-step instructions on how to configure the

R&S SMBV100B for OSNMA signal generation. These instructions cover the following
topics:

® "To transfer Galileo OSNMA output files" on page 177

To transfer Galileo OSNMA output files

1. Select "GNSS" > "GNSS Configuration”.

2. Enable a Galileo signal. See "Signals" on page 71.

3. Open Galileo OSNMA space vehicle (SV) settings:

a) Select "Satellites" > "Galileo".
b) Select "OSNMA Configuration ...".

4. Set relevant OSNMA parameters as needed.
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5. Select "GNSS" > "On".

The R&S SMBV100B creates files as in the table Table 12-3 at satellite simulation
start. These files are available in the directory /var/user/gnss/osnma on the
instrument.

Table 12-3: OSNMA simulation output files

File Description

Osnma_MerkleTree x Bbz.txt ASCI! file of the Merkle tree (index x) in hex for-
mat. Except for Merkle tree transitions, x is
always 0.

OSNMA MerkleTree Bbz.xml XML file including public key and all required

Merkle tree nodes at simulation start time.

OSNMA PublicKey Bbz.pem PEM-encoded file of public key at simulation
start time.
OSNMA PublicKey Bbz.xml XML file including public key information at sim-

ulation start time.

Osnma_PublicKey y MerkleTree x Bbz.txt |ASCIlfile of the Public key index y (for Merkle
tree index x) in hex format and corresponding
Public key signature in PEM format (at simula-
tion start time). Note that for Public key transi-
tions, the indices of the Merkle tree x and Pub-
lic Key y change. Except for Merkle tree transi-
tions, x is always 0.

Osnma_Database Bbz.txt Summary of signal generator settings.

Bbz corresponds to the baseband index, for example Bb1 corresponds to base-
band 1.

Load these output files at the OSNMA receiver to provide the receiver with additional
settings like Public Key or Merkle root. Note, that the Public Key in force, together with
its ID and signature algorithm, is provided in the DSM-PKR every 6 hours (starting at
00:00 GST, 06:00 GST, 12:00 GST and 18:00 GST) for 30 minutes, alternated with
broadcast DSM-KROOT and DSM-PKR. For more information, see the Galileo
OSNMA SIS ICD Galileo ICD.

12.2.3 Configuring the GNSS receiver

This chapter provides step-by-step instructions on how to configure the GNSS receiver.
These instructions cover the following topics:

® "To generate a public key" on page 179

® Example"To extract an OSNMA public key" on page 179

® "To reset the GNSS receiver" on page 179

® "To install public keys at the GNSS receiver" on page 180

® "To check for satellites with no test vector data" on page 180

® "To change simulation time and receiver position" on page 180
e "Additional hints" on page 180
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Configure the receiver via a receiver control software or manually, if possible.

To generate a public key

A successful Galileo OSNMA simulation requires installation of specified public keys

onto the GNSS receiver. These keys are based on the Merkle Tree number and the

public key ID number specified in the ICD “Galileo OSNMA Receiver Guidelines".

1. At GSC, download the *. zip file attached to annex “Annex B - OSNMA Test Vec-
tors”.

2. In the file, navigate to a public key directory, for example open the following:
../cryptographic material/Merkle treel/PKID2/
OSNMA PublicKey 20201210090026.pem

3. To extract the public key, copy the string between ——--- BEGIN PUBLIC
KEY-—-—- and -———- END PUBLIC KEY----- without line feed. See Example"To
extract an OSNMA public key" on page 179.

4. Copy the key to the GNSS receiver.

Tip: For scenarios with two public keys like “New Public Key Step 1” copy two keys
to the GNSS receiver. For example, copy keys as specified for Merkle Tree number
1, PKID number 3 and PKID number 4.

Example: To extract an OSNMA public key

This example illustrates how to extract a public key from the file
OSNMA PublicKey 20201210090026.pem.

MEkwEWYHK0ZIZzjOCAQYIK0ZIZz]jO0DAQCDQGAErUzcTNDCVOMMNT rRmONmnggsRmsp
tpJd9Ine09GTKFpYv/BIPNNMYQykoULW]VAKQF2U7XM/72CXdjKKzy/eAnYA==

To extract the public key, copy the following string without line feed:

MFkwEWYHK0ZIzJ0CAQYIKoZIzj0DAQcDQAErUzcTNDCVOMmMNT rRmINmnggsRmsptpIIne09GTKFpY v/
BJPNNMYQykoULWIvAkgF2U7XM/72CXdjKKzy/eAnYA==

To reset the GNSS receiver

1. Reset the receiver.

2. Also, reset the following data at the receiver:
e Position, velocity and timing (PVT) data
e Satellite data
e Signal in space authentication data

We recommend a hard reset before running the receiver test.
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To install public keys at the GNSS receiver
1. At the receiver, activate OSNMA usage.

2. Transfer a valid public key to the receiver.

For example, enter a valid public key as in Example"To extract an OSNMA public
key" on page 179.

3. While running receiver tests, make sure that the receiver is active and ready for
receiver the GNSS signal.

When receiving the GNSS signal, the receiver acquires the satellites after several
minutes until it verifies the OSNMA.

To check for satellites with no test vector data

Some satellites of an OSNMA scenario are active but carry no test vector data. For
example, SV 18 in scenario "OSNMA: Configuration B". These satellites were visible at
the date of simulation but are not specified with test vector data by EUSPA.

1. If the GNSS receiver does not authenticate all satellites, check the satellite constel-
lation at the R&S SMBV100B.

Reasons for non-authentication at the receiver can be as follows:

e The visibility state of the satellite changes within the simulation while running
the scenario.

e The GNSS receiver position changed while running the scenario.

2. In the satellite constellation at the R&S SMBV100B, deactivate affected satellites
before starting or restarting the simulation.

To change simulation time and receiver position

You can change the simulation time and receiver position of a test scenario. Changing
these parameters can lead to failure of authentication tests.

1. Make sure that the simulation time is within the timeframe of the test vector data.
The timeframe is typically one hour.

2. Change the receiver position as needed.
When changing the receiver position, some satellites which carry no test vector
data can become visible. These visible satellites are not appropriate for OSNMA
receiver testing.

Additional hints

e Always reset the GNSS receiver data when starting or restarting an OSNMA test.
Typically, GNSS receivers react erroneously to time jumps, for example, into the
past.

® Delete previous authentication data on the GNSS receiver, if necessary and possi-
ble.
Deleting ensures correct reception of OSNMA data.

® The test vector length provided in the reference documents limits the duration of
the simulation of the test vectors.
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Typically a simulation can run successfully for one hour.

12.2.4 OSNMA real-time configuration and settings

Access:
1. Select "GNSS" > "GNSS Configuration".

2. Enable a Galileo signal. See Chapter 12.3.2, "Configuring the R&S SMBV100B",
on page 188.

3. Open Galileo OSNMA space vehicle (SV) settings:

a) Select "Satellites" > "Galileo".
b) Select "OSNMA Configuration ...".

The "OSNMA Configuration" dialog opens and provides OSNMA settings for all
Galileo space vehicles. These settings are in line with the specifications in the Gali-
leo OSNMA signal-in-space interface control document, see "Reference informa-
tion" on page 174.

Settings:

e Navigation Message SENGS. . ... uriiiiiiiii e 181
o General OSNMA SEttiNgS.......uciiiiiiiiiie e 182
e TESLA Key transition SEtHNGS. ... .uuuiiiiieeii it e e e 186
e Public key transition SettiNgS.........uuuuuieiiiiiiiiie e 187

12.2.4.1 Navigation message settings

Access:
1. Select "GNSS" > "GNSS Configuration”.

2. Enable a Galileo signal. See Chapter 12.3.2, "Configuring the R&S SMBV100B",
on page 188.

3. Select "Satellites" > "Galileo".
Settings:

OSNMA Configuration ...
Opens the Galileo OSNMA Configuration dialog, see Chapter 12.2.4.2, "General
OSNMA settings", on page 182.

Remote command:
n.a.
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12.2.4.2 General OSNMA settings

Access:
1. Select "Satellites" > "Galileo".

2. Select "OSNMA Configuration ...".

GNSS: Galileo 0SNMA Configuration (for All SVs) — X
Transition Mode 4 MACLT .
TESLA Chain Renewal 28
TS LS i
5 0
HF | NPKT i
0 1
MF
0
FID Test Phase ADKD4 []
. Additional Data Delay for Tag Verification
Status Preemption [] 1 Subframe
The upper part of the "OSNMA Configuration" dialog provides common OSNMA
settings.
For key transition settings, see the following sections:
® Chapter 12.2.4.3, "TESLA key transition settings", on page 186
® Chapter 12.2.4.4, "Public key transition settings", on page 187
Settings:
TranSition MOGE........co e e e e e e e e e e 182
] O S 183
IS T RSP OPPRPPN: 183
S T PRSPPI 184
i PO UPUUPUPPRP 184
AN S USSR 184
VI ettt ettt et et oottt e e et e e e e e e e e e e e anntenneeeeeeaeee e e e e nnnnnreaeeeaaaaeaaan 185
CMAC AES Key LeNGth.....ueiiiiiiieiee et 185
| SR 185
TESt Phase ADKDA..........eiiiiiieieee ettt e e st e e e s e nb e e e e e s nbee e e e e ennees 186
StatUS Pre@mptioN.. ... oo ——————— 186
Additional Data Delay for Tag Verification...........ccceceeeiiiiniiiieeeee 186

Transition Mode
Sets the OSNMA transition mode.

These modes define the provision for the Public Key, TESLA chain and Alert Message.
Also, the modes determine the OSNMA status transitions.

"Public Key Renewal"
Public key renewal mode
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"Public Key Revocation"
Public key revocation mode

"TESLA Chain Renewal"
TESLA chain renewal mode

"TESLA Chain Revocation"
TESLA chain revocation mode

"Merkle Tree Renewal"
Merkle tree renewal mode

"Alert Message"
Alert message mode

Remote command:
[ : SOURce<hw>] :BB:GNSS:GALileo:0SNMa: TMODe on page 539

MACLT
Sets the bits in the 8-bit MAC Look-up Table (MACLT) field. MAC is the message
authentication code.

Also, sets the range of the fields Tag Size (TS) and Key Size (KS). Set the "MACLT"
bits before setting "TS" and "KS".

The look-up table specifies the authentication data and key delay (ADKD) type
sequence for the tags provided within the MAC and key (MACK) message. The look-up
table can specify a sequence for one or two MACK messages.

Remote command:
[ :SOURce<hw>] :BB:GNSS:GALileo:0SNMa:MACLt on page 536

TS

Sets the bits in the 4-bit Tag Size (TS) field.

This field identifies the entry of a look-up table indicating the tag length I in bits. Also,
the TS field defines the range of the Key Size (KS) field. Set the "TS" bits before set-
ting "KS".

Table 12-4: TS value and tag length

TS value Tag length
Oto4 Reserved
5 20 bits

6 24 bits

7 28 bits

8 32 bits

9 40 bits
10to 15 Reserved

Remote command:
[ :SOURce<hw>] :BB:GNSS:GALileo:0SNMa:TS on page 540
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KS

Sets the bits in the 4-bit Key Size (KS) field.

This field identifies the entry of a look-up table indicating the key length I of the chain in
bits.

Table 12-5: KS value and key length

KS value Key length
0 96 bits

1 104 bits
2 112 bits
3 120 bits
4 128 bits
5 160 bits
6 192 bits
7 224 bits
8 256 bits
9to 15 Reserved

Remote command:
[ :SOURce<hw>] :BB:GNSS:GALileo:0SNMa:KS on page 536

HF
Sets the bits in the 2-bit Hash Function (HF) field.

This field identifies the hash function used for the chain as in the table below.
Table 12-6: HF value and hash function

HF value Hash function
0 SHA-256

1 Reserved

2 SHA3-256

3 Reserved

Remote command:
[ :SOURce<hw>] :BB:GNSS:GALileo:0SNMa: HF on page 535

NPKT
Sets the bits in the 4-bit New Public Key Type (NPKT) field.

This field represents the signature algorithm associated with the public key provided in
the digital signature message for a public key renewal (DSM-PKR).

The table below describes NPKT values and related messages. The R&S SMBV100B
supports "1" and "3". For an OSNMA Alert Message (OAM), select "Transition Mode" >
"Alert Message", see "Transition Mode" on page 182.
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Table 12-7: NPKT value and message type

NPKT value Message

0 Reserved

1 ECDSA P-256

2 Reserved

3 ECDSA P-521

4 OSNMA Alert Message (OAM)
5t0 15 Reserved

Remote command:
[ : SOURce<hw>] :BB:GNSS:GAL1ileo:0SNMa : NPKT on page 536

MF
Sets the bits in the 2-bit MAC Function (MF) field.

This field identifies the MAC Function to authenticate the navigation data.
Table 12-8: MF value and hash function

MF value Hash function
0 HMAC-SHA-256
1 CMAC-AES

2 Reserved

3 Reserved

Remote command:
[ :SOURce<hw>] :BB:GNSS:GALileo:0SNMa :MF on page 536

CMAC AES Key Length
Requires "MF" ="1".

Sets the length of the cipher-based message authentication code (CMAC) key.

"CMAC(AES-128)"
The length of the CMAC key is 128 bits.

"CMAC(AES-256)"
The length of the CMAC key is 256 bits.

Remote command:
[ :SOURce<hw>] :BB:GNSS:GALileo:0SNMa:AESKey: LENGth on page 534

PID
Sets the ID of the Public Key (PK) used to verify the signature of the digital signature
message for a root key (DSM-KROOT).

If the transition mode defines the change of the public key, the PKID depends on the
simulation time. This PKID means the public key which is in use and the PKID is
increased by each public key transition.

User Manual 1178.9403.02 — 10 185



Satellite Navigation Generating Galileo OSNMA signals

12.2.4.3

Generating Galileo OSNMA real-time signals

For transition mode "Merkle Tree Renewal", the Merkle tree index alternates between 0
and 1 at each Public key transition. All other transition modes use Merkle tree index 0.

Remote command:
[ :SOURce<hw>] :BB:GNSS:GALileo:0SNMa:PID Oon page 537

Test Phase ADKD4
Enable the authentication data and key delay (ADKD) for ADKD = 4 for Galileo I/NAV
timing parameters.

Remote command:
[ :SOURce<hw>] :BB:GNSS:GALileo:0SNMa: ADKD on page 534

Status Preemption
Enable the status preemption.

Enable this setting if your test setup requires an alignment of the header and root key
(HKROOT) message. The alignment applies to any change of navigation message
authentication (NMA) status or chain and public key status (CPKS) value.

Remote command:
[ : SOURce<hw>] :BB:GNSS:GALileo:0SNMa: SPReemption on page 539

Additional Data Delay for Tag Verification
Sets an additional delay in subframes of the navigation data for the tag verification.
The delay can depend on receiver implementation.

You can set a delay of one subframe. A zero subframe delay corresponds to no delay.

Remote command:
[ :SOURce<hw>] :BB:GNSS:GALileo:0SNMa:ADDelay on page 534

TESLA key transition settings

Access:
» Select "OSNMA Configuration ..." > "TESLA Key Transition".

Number of Root Key Transitions per Day Time Offset of Root Key Transition vs. Midnight
4 10800's
Chain Key Transition Duration (Step 1) Chain Key Transition Duration (Step 2)
3600s 3600s

This section of the "OSNMA Configuration" dialog provides settings for transition of
timed efficient stream loss-tolerant authentication (TESLA) keys.

Settings:

Number of Root Key Transitions per Day...........ooovviviiiiiiiiiiiiiiiiie e eeeeeeeeeeeeaens 187
Time Offset of Root Key Transition vs. Midnight...........cccc e, 187
Chain Key Transition DUration (Step 1)......oocueeiiiiiiiiee et 187
Chain Key Transition DUration (Step 2).......ocueeieiiiiiiii et 187
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Number of Root Key Transitions per Day
Sets the number of TESLA chain transitions per day.

Remote command:
[ : SOURce<hw>] :BB:GNSS:GALileo:0SNMa:RKEY :NTDay on page 538

Time Offset of Root Key Transition vs. Midnight
Sets a time offset of the TESLA chain transitions per day.

Remote command:
[ :SOURce<hw>] :BB:GNSS:GALileo:0SNMa:RKEY : TOMidnight on page 538

Chain Key Transition Duration (Step 1)
Sets the duration of step 1 for TESLA chain transitions.

Remote command:
[ :SOURce<hw>] :BB:GNSS:GALileo:0SNMa:PKEY : TDURation: SONE
on page 537

Chain Key Transition Duration (Step 2)
Sets the duration of step 2 for TESLA chain transitions.

Remote command:
[ :SOURce<hw>] :BB:GNSS:GALileo:0SNMa:PKEY : TDURation:STWO
on page 538

Public key transition settings

Access:
> Select "OSNMA Configuration ..." > "Public Key Transition".

Number of Public Key Transitions per Day Time Offset of Public Key Transition vs. Midnight
4 0s
Public Key Transition Duration (Step 1) Public Key Transition Duration (Step 2)
3600s 3600s

This section of the "OSNMA Configuration" dialog provides settings for the transi-
tion of public keys.

Settings:

Number of Public Key Transitions per Day........ccccoccuiiiiiiiiiiiieniiiieee e 187
Time Offset of Public Key Transition vs. Midnight............cccccoiiiiiiiiiiiic e 188
Public Key Transition Duration (Step 1)......cccccciiiiiiiieiee e 188
Public Key Transition Duration (StEP 2)....cceieiiiiiiiiieieieiccciieie e e e e e e e e eeeeeeeeeens 188

Number of Public Key Transitions per Day
Sets the number of Public key transitions per day.

Remote command:
[ :SOURce<hw>] :BB:GNSS:GALileo:0SNMa:RKEY :NTDay on page 538
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Time Offset of Public Key Transition vs. Midnight

Sets a time offset of the Public key transitions per day.

Remote command:

[ :SOURce<hw>] :BB:GNSS:GALileo:0SNMa:RKEY : TOMidnight on page 538

Public Key Transition Duration (Step 1)
Sets the duration of step 1 for Public key transitions.

Remote command:
[ :SOURce<hw>] :BB:GNSS:GALileo:0SNMa:PKEY:TDURation: SONE
on page 537

Public Key Transition Duration (Step 2)

Sets the duration of step 2 for Public key transitions.

Remote command:

[ :SOURce<hw>] :BB:GNSS:GALileo:0SNMa:PKEY :TDURation:STWO
on page 538

12.3 Generating Galileo OSNMA test vector signals

This chapter provides an overview on how to prepare, configure and operate the
R&S SMBV100B or multiple R&S SMBV100B instruments for generation of extended
bandwidth signals. It covers the following topics:

O TSt SBIUP i —————————————— 188
o Configuring the R&S SMBVT00B......ccccoiiiiiiiiiiieie e 188
o Configuring the GNSS rECEIVET.......uuueiiiiieee e e e 190
0 Related SEtliNGS....oooiiiiiiierr e e e 190

12.3.1 Test setup

See Chapter 12.2.1, "Test setup”, on page 176.

12.3.2 Configuring the R&S SMBV100B

This chapter provides step-by-step instructions on how to configure the
R&S SMBV100B for OSNMA signal generation. These instructions cover the following
topics:

® "To load a Galileo OSNMA scenario" on page 188

To load a Galileo OSNMA scenario

1. Select a predefined OSNMA scenario:
a) Select "Predefined Scenario" > "Galileo OSNMA" > "OSNMA".
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b) Select, for example "OSNMA: Configuration 1".

GNSS A: Predefined Scenario — X

Predefined Scenarios

= Galileo OSNMA
OSNMA Testphase
5 OSNMA Receiver Guidelines v1_1

- OSNMA: Configuration 2

c) Confirm with "Select".

Trigger In Clock
n General
o Set To @ Recall Save @ Predefined
Default Scenario ... Scenario ... Scenario ...
Test Mode Scenario
Navigation OSNMA: Configuration 1

Selecting loads the scenario. The R&S SMBV100B also loads test vector-specific
configuration of the satellite constellation, simulation time and navigation message
data. For example, the simulation date for the test vector "Configuration 1" is
"2023-08-16".

2. Select "GNSS Configuration" > "System & Signals".
By default, the Galileo L1 band signal "E1 OS" is enabled.

3. Check OSNMA settings of a Galileo space vehicle (SV).

a) Select "Satellites" > "Galileo".
b) Select, for example, "SV 2" > "SV Config".

GNSSA: SV Cunflgurutlon (Galileo 2)

Slmulaied Simulated | Pseudorange
State E ‘ Present in Constellation Healthy
Power Offset
Add Power Path-Loss
0.00dB [

Edit |Data List ...vectors/configuration_1/configl_Sat02

The navigation message content is predefined list mode data as specified by GSC.
OSNMA coding is active.

To load predefined OSNMA scenarios remotely, see Example"To load a Galileo
OSNMA scenario" on page 419.
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Configuring the GNSS receiver

See Chapter 12.2.3, "Configuring the GNSS receiver", on page 178.

Related settings

Access:

1. Select a predefined OSNMA scenario. See "To load a Galileo OSNMA scenario”
on page 188.

2. Access OSNMA settings of a Galileo space vehicle (SV).

a) Select "Satellites" > "Galileo".
b) Select, for example, "SV 2" > "SV Config".

GNSS A: SV Conflgurutlon (Galileo 2)

Slmulaied Simulated | Pseudorange
State ‘ Present in Constellation Healthy

Power Offset Add Power Path-Loss
0.00dB

The table provides settings to enable OSNMA coding for the navigation message
content of the predefined OSNMA scenarios.

Settings:

OSNMA

Enables coding of the OSNMA content of the Galileo navigation message for the pre-
defined OSNMA scenarios.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:SIGNal:L1Band:E10S:DATA:
OSNMa [ : STATe] on page 442
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Noise and CW interferer settings

13 Perturbations and errors simulation

Section Real-world environment deals with the impact of the multipath and other envi-
ronment effects on the position accuracy.

Real receivers experience also perturbations such as noise, interfering signals, atmos-
pheric effects and ionospheric errors. Other signal errors are caused by satellite orbit
and clock errors. The errors remain non-corrected despite the corrections in the broad-
casted navigation message.

To simulate even more challenging conditions, you can add deliberate signal errors by
manipulating the navigation messages of the satellites. Perturbations of the signal and
signal errors of any kind have a direct impact on the receiver’s positioning accuracy.

The following sections illustrate error sources and settings necessary to simulate

errors.

o About noise and CW interferer........ .o 191
e Noise and CW interferer Settings....ccouue i 191
L I Y o T T | =4 o] Yo TU ]y oY 196
e Atmospheric effects and ionospheric errors settings...........ccccoviiieeeiee i 200
e Pseudorange errors SetliNgsS........ccoiiicciiiiiiiieie e 210
e Orbit and orbit perturbation errors settings..........cccoovveieiiiiiii i, 213
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e Time conversion errors SEHNGS. ......uuiuiiiiiiieieie e e 225
®  System errors SEttNGS. . oo 230

13.1 About noise and CW interferer

You can add noise or an interfering continuous wave (CW) signal to the generated
GNSS signal.
Required options

Adding noise or an interfering signal to the generated GNSS signal requires the follow-
ing options:
* AWGN (R&S SMBVB-K62)

See R&S SMBV100B user manual, section "Adding Noise to the Signal".

13.2 Noise and CW interferer settings

Option: R&S SMBVB-K62
See also "Required options" on page 191.

Add noise to the GNSS signal or interfere the signal. The settings allow you to apply a
GNSS-specific configuration without accessing the "AWGN" block in the block diagram
of the R&S SMBV100B.
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Access:

> Select "Simulation Configuration" > "Noise / CW Interferer".

GNSS A: Simulation Configuration

Systems & Signals SRV GG PRI EE Noise / CW Interferer _

State

Mode 3
Additive Noise
Carrier/Noise Density Ratio - C/Ng

40.00 dBHz %'1‘“’
Reference Power (Carrier) 2 Edit §
-120.00 dBm " Bas
. . ol
Noise Config - Edit 2
Auto

g

1.1 1.2 13 14 1.5 1.6
Frequency /GHz

The dialog provides settings necessary to configure additive noise and an interfer-
ing CW signal. Also it displays the plotted carrier frequency versus the power den-
sity in a graph. The graph also displays the center frequencies of the L1, L2 and L5
bands via red dotted lines. Also displayed is the noise signal or CW interferer sig-
nal depending on the selected mode.

The remote commands required to define these settings are described in Chap-
ter 21.10, "AWGN configuration”, on page 405.

To add noise to a GNSS signal

1. Select "Mode > Additive Noise".

2. Set "Carrier/Noise Density Ratio - C/N,".

Using the default value of 40 dBHz and reference power of -120 dBm, the power
density equals -160 dBm/Hz.

3. To monitor bandwidth and center frequency of the noise signal, proceed as follows:

a) Select "Noise Config > Manual"
b) Click "Edit".

If fully equipped and all bands enabled, the noise signal covers all band signals.
The signal has a bandwidth of 500 MHz at 1.389225 GHz center frequency.
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-130
-
5
-140
2
.E‘
-150
a
=
]
5 -160
-170
Ls L2 L1
1.1 1.2 1.3 1.4 1.5 1.6
Frequency /GHz

4. To add the configured noise signal, select "State > On".

The settings are automatically applied to the settings at the "AWGN" block. In the
block diagram of the R&S SMBV100B, the "AWGN" block displays "AWGN GNSS".

To shift noise to one RF band

We assume you configured the R&S SMBV100B as in To add noise to a GNSS signal
until step 2.

1. Enable one RF band only, e.g., "Systems & Signals > L1 > On" and "L2 > Off" and
"L5 > Off".

2. Select "Noise Config > Auto".

The noise signal shifts automatically to the center frequency of the L1 band. The
signal has a bandwidth of 75 MHz at 1.57542 GHz center frequency.

-130
-
5
-140
2
.E‘
-150
a
g
5 -160
-170
Ls L2 L1
1.1 1.2 1.3 1.4 1.5 1.6
Frequency /GHz

3. To shift the noise signal manually:
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a) Select "Noise Config > Manual"
b) Click "Edit".

4. In the "Noise Configuration" dialog, shift the noise signal by setting the "Center Fre-
quency".

Note: Shifting the noise center frequency f q.nier depends on the bandwidth Af, ;e

and is limited to the following range:
1.139225 GHz + Af pise/2 < foenter £ 1.6392245 GHz - Af,yise/2

5. To add the shifted noise signal, select "State > On".

To add a CW interferer to a GNSS signal
1. Select "Mode > CW Interferer".
2. Set "Jammer/Signal Ratio - J/S".

Using the default value of 40 dB and reference power of -120 dBm, the power level
of the CW interferer signal is -80 dBm.

3. Set"CW Frequency".

By default, the frequency equals the center frequency of an RF band. E.g., with L1
enabled, it equals 1.57542 GHz. The signal is displayed as a yellow dotted line in
the graph.

Interferer Power /dBm

Ls L2 L1
1.1 1.2 1.3 1.4 1.5 1.6

Frequency /GHz

4. To add the configured CW interferer signal, select "State > On".

Settings:
=1 (TP PP P UPPPUPPRR 195
11/ Yo LRSS 195
Carrier/Noise Density Ratio = C/Ng....c.uueiiiiiiiiiie it 195
Jammer/Signal Ratio = J/S... . 195
Reference POWET (Carfier)... ... ittt e e 195
o1 L= @70 oo [P URPUPPPPPURPRRIN 196
L ittt 196
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L BANAWIAN c.. ettt 196
L CONtEr FIEQUENCY......veeeeeeeeeeeeeeeeeteee et eee ettt ee e e enanasanaeaeens 196
LA T o (=T 0= o o3 PSP 196

State

Activates/deactivates the generation of an AWGN signal. The interferer (AWGN or CW
interferer, depending on the selected mode) is generated after the generator is activa-
ted.

Remote command:
[ : SOURce<hw>] :BB:GNSS:AWGN [ : RF<ch>] : STATe on page 408

Mode

Activates/deactivates the generation of an AWGN signal. The interferer (AWGN or CW
interferer, depending on the selected mode) is generated after the generator is activa-
ted.

"Additive Noise"
The AWGN noise signal with selectable system bandwidth is added
to the baseband signal.

"CW Interferer" A sine with a defined frequency offset is added to the baseband sig-
nal.

Remote command:
[ : SOURce<hw>] :BB:GNSS:AWGN [ : RF<ch>] :MODE on page 408

Carrier/Noise Density Ratio - C/N,
Requires "Mode > Additive Noise".

Sets the carrier power to noise power ratio C/N ratio that is the difference of carrier
power and noise power:

C/N ratio = carrier power - noise power
Noise power = Refrence power + 10 * log,y(system bandwidth) - C/ N,

Remote command:
[ :SOURce<hw>] :BB:GNSS:AWGN [ : RF<ch>] : CNDRatio on page 406

Jammer/Signal Ratio - J/S
Requires "Mode > CW Interferer".

Sets the jammer (interferer) power to signal power ratio C// ratio that is the difference
of carrier power and noise power:

C/l ratio = carrier power - interferer power
Interferer power = Refrence power + J/S

Remote command:
[ :SOURce<hw>] :BB:GNSS:AWGN [ : RF<ch>] : JSRatio on page 408

Reference Power (Carrier)
Displays the reference power of the GNSS signal.

To edit, click "Edit". The tab "Simulation Configuration > Satellites" opens, where you
can set the reference power value. See also "Reference Power" on page 74.
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Remote command:
[ : SOURce<hw>] :BB:GNSS:POWer :REFerence on page 429

Noise Config
Requires "Mode > Additive Noise".

Defines how noise parameters "Bandwidth" and "Center Frequency" are set.
"Auto" Sets bandwidth and center frequency automatically.

"Edit" Enables configuration of bandwidth and center frequency. Click "Edit"
to the right of the selection.

Remote command:
[ :SOURce<hw>] :BB:GNSS:AWGN [ :RF<ch>] : CONFig on page 406

Edit — Noise Config
Opens the "Noise Configuration" dialog, where you can configure "Bandwidth" and
"Center Frequency".

Bandwidth < Noise Config
Sets the RF bandwidth to which the set carrier/noise ratio relates.

Within this frequency range, the signal is superimposed with a noise signal which level
corresponds exactly to the set C/N or S/N ratio.

Remote command:
[ :SOURce<hw>] :BB:GNSS:AWGN [ :RF<ch>] : BWIDth on page 406

Center Frequency < Noise Config
Sets center frequency of the noise signal.

Remote command:
[ : SOURce<hw>] :BB:GNSS:AWGN [ : RF<ch>] : FREQuency: CENTer on page 407

CW Frequency
Requires "Mode > CW Interferer".

Sets the frequency of the CW interfering signal.

Remote command:
[ :SOURce<hw>] :BB:GNSS:AWGN [ : RF<ch>] : FREQuency : CW on page 407

About error sources

You can observe the effect of the following common error sources on the receiver’s
positioning accuracy:
® Atmospheric (ionospheric and tropospheric) errors

See:

— Chapter 13.3.1, "About the atmospheric effects", on page 197.

— Chapter 13.4, "Atmospheric effects and ionospheric errors settings",
on page 200.
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e Difference between the atmospheric condition at the ground station and the
receiver, simulated as difference in the simulated ionospheric model and the broad-
casted ionospheric parameters in the navigation message
See "About simulating errors" on page 200

® Additive noise and CW interferer

® Pseudorange errors
See Chapter 13.5, "Pseudorange errors settings”, on page 210.

e Satellite orbit and orbit perturbation errors (ephemeris errors)
See:
— Chapter 13.3.2, "About orbit and orbit perturbation parameters and errors",
on page 198.
— Chapter 13.6, "Orbit and orbit perturbation errors settings", on page 213.

® Satellite clock and time conversion errors, like system time drifts due to difference
in the time conversion sets

See:

— Chapter 13.3.3, "About clock and time conversion parameters and errors",
on page 199.

— Chapter 13.8, "Time conversion errors settings", on page 225.

About the atmospheric effects

When traveling thought the atmosphere, the satellite signal experiences changes in
speed and direction. While the increased travel time due to signal refraction is insignifi-
cant, the variation in the signal propagation speed causes pseudorange measurement
errors.

Tropospheric effects

The troposphere is the lower atmosphere layer that comprises rain, snow, clouds, etc.
and affects the GNSS signals' propagation. GNSS signals experience a variable path
delay, caused mainly by the dry atmosphere. The magnitude of this delay depends on
the pressure, humidity, temperature and the location of the receiver and the satellite.

lonospheric effects

The magnitude of ionospheric effects depends geographical location of the receiver,
the hour of day and the solar activity.

lonospheric effects are frequency-dependent and can be counteracted by frequency
measurements. For single frequency receivers, the navigation message contains a set
of parameters that describes an ionospheric prediction model with the goal to remove
the ionospheric effect.

Tropospheric and ionospheric models

The R&S SMBV100B simulates atmospheric effects based on two models, a tropo-
spheric and an ionospheric one. These models define the ionospheric and tropospheric
models used to simulate the channel between the satellite and receiver. You can
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enable and set each of them independently. The selected model applies for all satel-
lites, irrespectively to the GNSS system they belong to.

The provided models differ in terms of complexity. The ionospheric models also
assume different approximation of ionospheric effects. For information about the sup-
ported models, see:

® "Tropospheric Model" on page 202
® "lonospheric Model" on page 203

lonospheric model vs. ionospheric parameters in the navigation message

The ionospheric model defines the satellite to receiver channel, whereas the iono-
spheric navigation parameters define what the satellites are transmitting (broadcasting)
as ionospheric correction parameters.

About orbit and orbit perturbation parameters and errors

The different GNSS systems use specific approach to describe the satellite’s orbit and
orbit perturbations.

In GPS, Galileo, BeiDou and QZSS systems, the orbit description is based on the first
approximation of 16 Keplerian parameters. The navigation message of a GPS satellite
thus carries the reference time of ephemeris ty,, six orbit elements and three rate
parameters describing the linear time-dependent changes [1].

GNSS A Nuvlgntlun Message LNAV (GPS 1)

Time Conversion Icmosph ere

Issueol Data Ephemens I0DE &
E—— S 224 [l
' Sqrt. of Semi-major Axis - A2 o

§ Reference Time of Ephemerls tge

288000 it
]' Orbit

Eccentnctty e

| Perturbation

5153.628 906 m2 0.002 7379990

ongitude of Ascending Node - Qg |

0.018 540 220 3 semic Ii
Mean Anomaly - Mg I
- 0.555 010 156 7 semic. |
Rateofmght Ascension - 0' i
-0.000 000 002 5 semic./s .]:

| Inclination Angle - i

0.305 935 668 8 semic

] Argument of Perigee - w
. 011?445 5881 semlc
| Rate of Inclination Angle i
0.000 000 000 000 0 semic./s
1 Mean Motion Difference - A, 3)
0.000 000 000 000 0 semic./

Show Scaled Values[ ]

Figure 13-1: Satellite orbit (GPS): Understanding the displayed information

1 = Issue of data, IODE and reference time, ty
2 = Orbit elements
3 = Rate parameters

In GPS, Galileo, BeiDou and QZSS, the perturbations are seen as variations of the
orbital elements. In the navigation message, they are described by three pairs of sinus-
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oidal (cosine and sine) corrections C; and Cg. Each pair describes the difference in lat-
itude Cy, orbital radius C, and inclination C,.

GLONASS satellites broadcast their PZ coordinates and velocity at reference epoch
time t, as well as the moon and sun acceleration components [1].

GNSS A Nu\ngcrtlun Message NAV (GLONASS 1)

iy Index Time of Day - tp h,lnterval
33300s 09:15:00 09:00:00 - 09:30:00
Xn Yn Zn
15812.7852 km 4 806.220 8 km 19 416.481 2 km
X'n Y'a Z'n
-2.557 162 3km/s 0.735528 0 km/s 1.901 7959 km/s
X' Y'n 2%
0.000 000 000 km/s? 0.000 000 000 km/s2 0.000 000 000 km/s?
Show Scaled Values[ ]

Figure 13-2: Satellite orbit (GLONASS): Understanding the displayed information

1 = Reference epoch, t,; orbit parameters are given at t,
2 = Coordinates in PZ-90

3 = Velocity component

4 = Moon and sun acceleration

About clock and time conversion parameters and errors

Clock and time conversion errors

Satellites and receivers can suffer from timing errors. Although satellites are equipped
with atomic clocks, there is always a clock offset due to:

® (Clock drift between the different SVs.

® Misalignment in the time bases of the different GNSS systems.

The clock in the receiver is usually less precise and is hence a prone to an additional
drift.

To counteract the drifts in the satellites and GNSS systems time, the navigation mes-
sage contains satellite clock offset and time conversion parameters, see "Satellite
clock parameters" on page 199.

The receiver clock synchronization errors are estimated and compensated during the
positioning measurements, because the receiver clock offset is a constant value pres-
ent in the measurements of all satellites.

Satellite clock parameters

Satellite clock offset AClocksy is described by a second order polynomial given as fol-
lows:
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AClocksy = ag + ay(t — tys) + ap (t — ty.)?, where:
® . is the reference time of clock

® a;, a and ay, are three coefficients that are broadcasted in the navigation mes-
sage.

Polynomial coefficients

In GPS, Galileo, BeiDou and QZSS, polynomial coefficients are:
® a,: SV clock offset
® a;: SV clock drift

® a;: SV clock drift rate

GLONASS considers the first order version of the polynomial (i.e. a5, = 0) and transmits
only two clock parameters:
® T,: SV clock offset, where:
ap =-Ty
e [:SV relative frequency offset
an =TI,

Simulating errors

Per default, the broadcasted navigation message parameters per SV are set automati-
cally to match the simulated orbit, clock and pseudorange parameters. For example,
the clock parameters in the navigation message of GPS SV ID #1 resemble the simula-
ted clock values for this satellite.

About simulating errors

Errors are deviations between the simulated and broadcasted navigation message
parameters. Changing the default navigation message values leads to deviation
between the simulated and the broadcasted navigation information and thus deliber-
ated errors. To simulate clock errors, change for example, the parameter ag in the

broadcasted navigation message of SV#1 but maintain the a;, value of the simulated
clock.

You can also simulate unusual stations, like, for example, the wrongly broadcasted
clock bias between UTC and GPS system clocks. Such situations are simulated by
configuring different time conversion sets for the UTC-GPS conversion parameters in
the broadcasted navigation message and in the simulated UTC time parameters.

Atmospheric effects and ionospheric errors settings

Access:

1. Select "Simulation Configuration" > "Atmosphere".
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2. Set the tropospheric and ionospheric models.
For example, select "lonospheric Model > NeQuick".

Syﬂems . Signals Setelies A‘tmosphere_

Tropospheric Model lonospheric Model
STANAG NeQuick
@
Use Measured Sunspot Number R12 []
Sunspot Number R12
9.908

Solar Flux

71.000

@Show Earth Grid ...

The atmospheric configuration comprises the parameters for adjusting the iono-
spheric and tropospheric models of the simulation. The selected model describes
the actual ionospheric and tropospheric models used in the satellite-receiver
channel simulation.

3. To configure the ionospheric navigation parameters that define what the satellites
are transmitting as ionospheric correction parameters, set the ionospheric
parameters on the navigation message of the particular GNSS system:

a) Select "Simulation Configuration > Satellites > GNSS system > SV# > SV Con-
fig > Signals Configuration".
lonospheric parameters are read-only and common for all SV of one GNSS
system. To change them, apply the same configuration to all SVs.

b) Select "SV# > SV Config" > "Copy Modulation Control to SVI-ID = All".

c) Select "Nav Msg Control > Edit".

d) Select "Nav Msg Content > Config > lonosphere™.

Per default, the navigation message parameters are set to fixed values. The values
are retrieved from the constellation data source and selected atmospheric model.

GNSS: Navigation Message LNAV (GPS 1)

— X
P U ERINTESY lonosphere
o

Alphag “ Betag
0.000 000 004 656 61 s 79872s
Alphay 2 Betag 2
0.000 000 014 901 2 s/semic. 65 536 s/semic.
Alphag 2 Betas 2
-0.000 000 059 605 s/semic.2 -65 536 s/semic.2
Alphay 2 Betag 2
-0.000 000 059 605 s/semic.? -393 216 s/semic.?
Show Scaled Values ||

Changing these values leads to deviation between the simulated and the broad-
casted navigation message and thus deliberated errors. SBAS corrections can be
activated for error compensation.
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Available navigation message parameters depend GNSS system and selected

navigation message type.

e The ionospheric model for GLONASS is not yet specified; its satellites transmit
no data on the atmosphere.

e GPS, Galileo and BeiDou assume specific ionospheric models. These systems
transmit different atmospheric navigation parameters.

For GPS satellites, for example, the navigation message carries the parameters
describing the Klobuchar ionospheric model, see Klobuchar Parameters.

Settings:

(a1 TS o] 1T = SR 202
L TropOSPhEriC MOTEL..........eieeeeee et 202
L 1ONOSPNEIC MOTEL. ...t e, 203
L KIObUChAr PArameters............cvcueueueveeeeseieeeeeeeeesseseetesesssssssssssssessasssaseesenes 203
L NeQUICK Parameters...........cccucueereeieeeeeeeeteeeseseesseeseetetessss s sessesesesesssss s, 204
L MOPS-DO-229D.......c0cueeeeeeieeeeeeeteeeeee et seseseeteeess s se st as e et sesensananas 205
L VI TPttt ettt e et e ee e e s n e 205
o T o o T2 R CTa e TR 205
L Edit GHi..vvecvieeeieteieieceteets ettt 206
L Time Scale, TiMe SEIECL ... et eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenanns 207
L Insert/Delete Page........ccoceeeeeeeeeeeeeeeeeeeeeeee e 207
LV IBW TYPC. ettt ettt ee s 207
L Longitude, Latitude...........cceeveueueeeeeeeeeeeeeeeeee e 207
L GIVEI/Vertical Delay............cccereeeereseeeeeereeeesesese s 207
L Plot Vertical Delays/PIOt IGP..........c.cceueueueeeeeeeeeeeeeeeeeeeeeeeeeenenennns 207
L EXPOI GHil.... ettt e e 208
L SHOW Erth Grid......ceveeeieeeiceeieisietsce ettt 208
(€T S T (o] g To ] o] o= - EEURRUR 208
(CF= 1] LYo el [o T To 1] o] o LY 209
BEIDOU > IONOSPNEIE. ....cuiiiiiccieeie e r e e s e e e e e e e e e e e e e e e e e eeeeeaeearanes 209
L0 SIS I (o g To =T o] o= Y S ES 209
NN E= AV (Ol Uo g o < o] 1= 4 SRR 209
ShOW SCAIEA VAIUES.......ueeiieiiiiieiiee e e e e e e e s e e e e e e e e s 210

Atmosphere

Comprises the parameters for adjusting the ionospheric and tropospheric models of
the simulation.

The selected model defines the ionospheric and tropospheric models used in the satel-
lite-receiver channel simulation.

See also "Tropospheric and ionospheric models" on page 197.

Tropospheric Model — Atmosphere

Sets the tropospheric model used in the satellite-receiver channel simulation.

The troposphere is the lower atmosphere layer that comprises rain, snow, clouds, etc.
and affects the GNSS signals propagation. The GNSS signals experience a variable
path delay, caused mainly by the dry atmosphere.

"STANAG" A tropospheric model described in the NATO Standard Agreement
STANAG 4294 Issue 1.
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"MOPS-DO-229D"
The minimum operational performance standard (MOPS) is a tropo-
spheric model used by the SBAS systems.
The model is based on a mapping function or wet and dry tropo-
sphere.

Remote command:
[ : SOURce<hw>] :BB:GNSS:ATMospheric: TROPospheric:MODel on page 401

lonospheric Model — Atmosphere
Sets ionospheric model used by the channel simulation.

The selected model applies for all satellites, irrespectively to the navigation standards
they belong to.

"Klobuchar" Klobuchar is the correction model used by GPS.
Although the Klobuchar algorithm estimates the ionospheric delay in
the GPS L1 frequency signal, it can be also used for delay estima-
tions for any GNSS signal.
See "Klobuchar Parameters" on page 203.

"NeQuick" NeQuick is the correction model proposed by Galileo, but the iono-
spheric corrections computed by the NeQuick can be used for any
GNSS signal.
NeQuick is a 3D time-dependent ionospheric electron density model.
It provides electron density in the ionosphere as a function of the
position (longitude, latitude and height), time (UTC or TOW) and the
solar activity. [1]
See "NeQuick Parameters" on page 204.

"MOPS-DO-229D"
The minimum operational performance standard (MOPS) is a model
used by the SBAS systems and based on a mapping function or wet
and dry troposphere.
See "MOPS-D0O-229D" on page 205.

Remote command:
[ : SOURce<hw>] :BB:GNSS:ATMospheric: IONospheric:MODel on page 401

Klobuchar Parameters < Atmosphere

SySlemS . Signals Satellifes A1mosphere _

Tropospheric Model lonospheric Model
STANAG Klobuchar
Alphag Betag
0.000 000 004 656 61 s 79872s
Alphaq Betaq
0.000 000 014 901 2 s/semic. 65 536 s/semic.
Alphaz Beta
-0.000 000 059 605 s/semic.? -65 536 s/semic.?
Alphas Betaz
-0.000 000 059 605 s/semic.? -393 216 s/semic.?
eShow Earth Grid ... |
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The Klobuchar model assumes that the vertical delays are constant values at night
time and follow a half-cosine function in daytime, see Figure 13-3.

Yy

Vertical dela

©
=
=1
E
=L

V2 period—
Local time
i 2 im T o
night P! night
—,. - »-a—daytime—»=_~ —
time time

Figure 13-3: Klobuchar ionospheric model

The amplitude and the period of this function depend on the receiver location and are
calculated from the eight broadcast coefficients "alpha_0 to alpha_3" and "beta_0 to
beta_3". These coefficients are included in the navigation message of the simulated
satellites.

Remote command:

[ :SOURce<hw>] :BB:GNSS:ATMospheric:IONospheric:KLOBuchar:
ALPHa<ch0>:UNSCaled on page 404

[ :SOURce<hw>] :BB:GNSS:ATMospheric:IONospheric:KLOBuchar:
BETA<ch0>:UNSCaled on page 405

NeQuick Parameters < Atmosphere

Tropospheric Model lonospheric Model
STANAG NeQuick
=}
Use Measured Sunspot Number R12 []
Sunspot Number R12
9.908

Solar Flux

71.000

@Show Earth Grid ...

The NeQuick model provides electron density in the ionosphere as a function of the
position (longitude, latitude and height), time (UTC or TOW) and the solar activity.

It is based on the original profiler proposed by Di Giovanni and Radicella, 1990. The
NeQuick FORTRAN 77 code is available for download at the website of the Interna-
tional Telecommunication Union Radiocommunication Sector (ITU-R).
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The solar activity is defined with one of the following parameters:
e "Solar Flux"
Flux level generated by the sun at the earth's orbit at a 10.7 cm wavelength (F10.7)
® "Sunspot Number R12"
Averaged sunspot number R12.
You can set the R12 value or, if the "Simulation Time" is within the period form year
1931 to year 2001, use real R12 values.
("Use Measured Sunspot Number R12 > On").

Remote command:
[ :SOURce<hw>] :BB:GNSS:ATMospheric:IONospheric:NEQuick:SFLux

on page 401

[ :SOURce<hw>] :BB:GNSS:ATMospheric:IONospheric:NEQuick:UMSN

on page 402

[ :SOURce<hw>] :BB:GNSS:ATMospheric:IONospheric:NEQuick:SUNSpot
on page 401

MOPS-D0-229D «— Atmosphere
The simulation of ionospheric delays follows the pierce point interpolation technique
described in the RTCA MOPS DO-229.

SyS1emS & Signals Satellites Atmosphere _

Tropospheric Model lonospheric Model
STANAG MOPS-DO-229D

" | View Type
Vertical Delay
Legend:

H-HH > 133

150° -180° -150° -120° -90° -60° -30° O° 30°  60° =Not Monitored

@Impon Grid ... ﬁ Edit Grid ... ePlol Vertical Delays ... @Expon Grid ...

Remote command:
[ :SOURce<hw>] :BB:GNSS:ATMospheric:IONospheric:MOPS:FILE

on page 402

View Type — MOPS-DO-229D — Atmosphere
Toggles between indication of the vertical delay and GIVEI values.

Remote command:
[ :SOURce<hw>] :BB:GNSS:ATMospheric:IONospheric:MOPS:DISPlay

on page 402

Import Grid <— MOPS-DO-229D «— Atmosphere
Access: Select "Import Grid > Add File/Add Directory > select the files > Import".

User Manual 1178.9403.02 — 10 205



Satellite Navigation

Perturbations and errors simulation

Atmospheric effects and ionospheric errors settings

Accesses the standard file import dialog for loading predefined and user-defined SBAS
files or ionospheric grid files (* . iono_grid). The ionospheric grid information is

replaced at once.

If more than one file is selected, the ionospheric grid information is aggregated. Com-
bining ionospheric grids allows you to create an ionospheric grid covering the entire

world map.

Provided functions are self-explanatory; for details, see Example"Importing grid files"

on page 399.

Remote command:

[ :SOURce<hw>] :BB:GNSS:
FILE:EMS on page 403

[ : SOURce<hw>] :BB:GNSS:
FILE:GRID on page 403

[ :SOURce<hw>] :BB:GNSS:
FILE:NSTB on page 403

[ :SOURce<hw>] :BB:GNSS:
DIR on page 403

[ :SOURce<hw>] :BB:GNSS:
on page 404

[ :SOURce<hw>] :BB:GNSS:
EXECute on page 404

[ :SOURce<hw>] :BB:GNSS:
REMove : ALL on page 404

[ :SOURce<hw>] :BB:GNSS:

ATMospheric:

ATMospheric:

ATMospheric

ATMospheric:

ATMospheric

ATMospheric:

ATMospheric

ATMospheric:

REMove : FILE<ch> on page 404

IONospheric

IONospheric:

:IONospheric:

IONospheric:

:IONospheric:

IONospheric:

:IONospheric:

IONospheric:

Edit Grid — MOPS-DO-229D — Atmosphere
Changes the ionospheric vertical delay and GIVEI values for a particular position on

the map.

Changes are applied immediately.

To save the ionospheric grid, select "Export Grid".

:MOPS:IMPort:ADD:

MOPS:

MOPS:

MOPS:

MOPS:

MOPS:

MOPS :

MOPS :

IMPort:

IMPort:

IMPort:

IMPort:

IMPort:

IMPort:

IMPort:

ADD:

ADD:

ADD:

LIST?

To restore the predefined ionospheric grid for the MOPS-D0O-229 model, select "Import
Grid > Add File > Predefined Files > 19 _02_14_mixed > Import".
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GNSS A: Edit lonospheric Grid — ) ¢
Time Select |00:03:40-00:35:40
. . Insert Page Delete Page
00:00:00 |,k e
80!_ : - - : - = : - . : .- = : - - : - - : - = : - = : - - : - - = View Type i
H E EH N E E N E NS E EE E N S E NN EE N EE N ES ] Vertical Delay
60°- " RmEmimman T
- mEmEmEm - Legend:
S ==z 19
20!_ EEE: -:-- ------------EE--- E _14'2
EEEEE a
0 =
& _95
-20°- TS
-40° E I[4J
I ] I I I ] I ] I I I 0
150° -180° -150° -120° -90° -60° -30° 0° 30° 60° "Not Monitored
Longitude Latitude GIVEI Vertical Delay |
10° 0° None 100.00 "lotIGP -

Time Scale, Time Select — Edit Grid — MOPS-DO-229D — Atmosphere
Displays a time scale (the gray bar) and the current time span (the orange bar).

An arrow indicates the current time ("Time Select").

Projection mechanism ensures that you can select any simulation date. Hence, date
information is irrelevant and not displayed.

Insert/Delete Page — Edit Grid — MOPS-D0O-229D — Atmosphere
"Insert Page" splits the current page at the current "Time Select" moment.

"Delete Page" removes the current page; the time span of the previous page is exten-
ded and the content of the new page corresponds to the content of the previous page.

View Type — Edit Grid — MOPS-D0O-229D «— Atmosphere
Toggles between indication of the vertical delay and GIVEI values.

Remote command:
[ :SOURce<hw>] :BB:GNSS:ATMospheric:IONospheric:MOPS:DISPlay
on page 402

Longitude, Latitude — Edit Grid — MOPS-D0O-229D «— Atmosphere
Indicates the geographic coordinated of the selected ionospheric grid point IGP.

GIVEl/Vertical Delay < Edit Grid < MOPS-D0O-229D «— Atmosphere
Sets the grid ionospheric vertical error indicator "GIVEI" and the "Vertical Delay" values
of the current IGP.

Changes are applied immediately.
To save the ionospheric grid, select "Export Grid".

To restore the predefined ionospheric grid for the MOPS-D0O-229 model, select "Import
Grid > Add File > Predefined Files > 19_02_14_mixed > Import".

Plot Vertical Delays/Plot IGP — MOPS-D0O-229D — Atmosphere
Displays the 24h vertical delay or GIVEI distribution functions.
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Access: select a particular position on the "lonospheric Grid" map and select "Plot
IGP".

GNSS: Plot lonospheric Grid (Model MOPS-D0-229D)

Vertical Delay /m

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 2 22 23 24
Time /h
. . Longitude Latitude Displa:
Grid Point: g p y -
10° 50° Vertical Delay

Figure 13-4: Example: 24h vertical delay distribution for a given position (the curve shows the MOPS-
DO-229D distribution)

"Longitude, Latitude"
Scrolls between the grid points.

"Display" Toggles between indication of the vertical delay and GIVEI values.
The plot displays the variation of these values over a 24-hour time
period.

Export Grid — MOPS-D0O-229D «— Atmosphere
Access: select "Export Grid > set the flename > Export".

Standard dialog for file handling; provided functions are self-explanatory. Filename is
user-definable, file extension * . iono grid is assigned automatically.

Use this function to save current ionospheric grid. Files created in this way can be
reloaded with the Import Grid function.

Remote command:
[ :SOURce<hw>] :BB:GNSS:ATMospheric:IONospheric:MOPS:EXPort
on page 403

Show Earth Grid — Atmosphere
Requires "lonospheric Model > Klobuchar/NeQuick".

Accesses the dialog that displays the earth grid for ionospheric models Klobuchar or
NeQuick.

GPS > lonosphere
Comprises the parameters of the GPS satellites.
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Parameter

Remote command:

"Alphay" to "Alpha,"

[ : SOURce<hw>] :BB:GNSS:ATMospheric:GPS:
NMESsage : LNAV: IONospheric:ALPHa<ch0> on page 530

"Betay" to "Betas"

[ : SOURce<hw>] :BB:GNSS:ATMospheric:GPS:
NMESsage : LNAV: IONospheric:BETA<ch(0> on page 532

Galileo > lonosphere

Comprises the parameters of the Galileo satellites.
Table 13-2: INAV and FNAV

Parameter Remote command:

"ap" to "ap" [ :SOURce<hw>] :BB:GNSS:ATMospheric:GALileo:
NMESsage: INAV: IONospheric:AI<ch0> on page 531

"SF," to "SF5" [ :SOURce<hw>] :BB:GNSS:ATMospheric:GALileo:
NMESsage : INAV: TONospheric:SF<ch> on page 532

BeiDou > lonosphere

Comprises the parameters of the BeiDou satellites.
Table 13-3: DNAV and CNAV

Parameter

Remote command:

"Alpha, - Alphas"

[ :SOURce<hw>] :BB:GNSS:ATMospheric:BEIDou:
NMESsage : DNAV: IONospheric:ALPHa<ch0> on page 530

"Beta, - Beta;"

[ :SOURce<hw>] :BB:GNSS:ATMospheric:BEIDou:
NMESsage : DNAV: IONospheric:BETA<ch0> on page 531

QZSS > lonosphere

Comprises the parameters of the QZSS satellites.
Table 13-4: NAV and CNAV

Parameter

Remote command:

"Alphay," to "Alphas"

[ :SOURce<hw>] :BB:GNSS:ATMospheric:QZSS:
NMESsage :NAV: IONospheric:ALPHa<ch0> on page 530

"Betay" to "Betas"

[ :SOURce<hw>] :BB:GNSS:ATMospheric:Q72SS:

NMESsage : NAV: IONospheric:BETA<ch0> on page 531

NavIC > lonosphere

Comprises the parameters of the NavIC satellites.

Parameter

Remote command:

"Alpha," to "Alpha;"

[ :SOURce<hw>] :BB:GNSS:ATMospheric:NAVic:
NMESsage :NAV: IONospheric:ALPHa<ch0> on page 530

"Beta," to "Betas"

[ :SOURce<hw>] :BB:GNSS:ATMospheric:NAVic:
NMESsage :NAV: IONospheric:BETA<ch0> on page 531
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Pseudorange errors settings

Show Scaled Values
Switches between scaled and unscaled values representation.

Navigation message values are recalculated automatically.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SSValues on page 450

Pseudorange errors settings

Access:

1. Select "Simulation Configuration > Satellites".

2. Select the GNSS system for that you want to configure satellites constellation, for
example GPS.

3. Select "SV# > SV Config".
4. In the "SV Configuration" dialog, select "Pseudorange Errors".
5. Select, for example, "Error Mode > Profile".
6. Define the errors in the table.
For "Error Mode = Profile or Constant", a pseudorange error plot indicates the error
variation over time.
GNSS: SV Configuration (GPS 1)
Slmulated SlNENCLd Pseudorange
Error Mode SV-ID
Profile QC"PY To All’
Start Time Offset
00s e
100
Time /s Value /m o
1 0.0 0.000 LI
40
2 50 -10.000 E
ER
3 10.0 130.000 || = -20
-40
4 > 15.0 -50.000 -60
-80
5 -100
=120
Insert Delete 4 6 3 1o 12 1 16
Time/s
Settings
gy o] 1Y/ oY = P 211
(0707 o)V (o TES AV | T PSSR 211
VAIUC. .ttt e e e e e e e e et et e — e ——————————————————aaaaaaaaaeees 211
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Start TiIMe OffSEt..... . e e e e e e e e 211

Pseudorange Errors File....... ... i 212

o) {1 LT 7= o] = R 212

Error Mode

Defines how the pseudorange errors are specified:

"Constant” Applied is the constant pseudorange error set with the parameter
Value.

"Profile" The pseudorange errors are defined in table form, see "Profile Table"
on page 212.

"From SBAS"  If "Simulation Configuration > Satellites > SBAS > Error Correction
Mode > Real Historical data and Sync Atmosphere & SVs Errors”,
pseudorange errors are extracted from the imported SBAS correction
flies.

All other pseudorange error modes are disabled.

"File" Loads pseudorange error information from a file with extension
*.rs_perr.
To load a file, click "Pseudorange Errors File" and select the file from
the standard "File Select" dialog.

Remote command:
[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:PRERrors:MODE on page 461
(etc. for the other GNSS systems)

Copy to,SV-ID

Applies the pseudorange errors of the current satellite to selected or to all SV-IDs.
Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:PRERrors:COPY:SVID on page 462
[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:PRERrors:COPY:EXECute

on page 463

(etc. for the other GNSS systems)

Value

Sets a constant pseudorange error value.

Remote command:

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:PRERrors:VALue on page 463
(etc. for the other GNSS systems)

Start Time Offset

Applies a delay and shifts the pseudorange error profile in time, for example to allow
the receiver under test to calculate a position fix. Suitable start time offsets are then
longer than the TTFF time.

"Start Time Offset = 0" corresponds to the simulation start time, as defined with the
parameter Simulation Start.

Observe the pseudorange error plot.
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Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:PRERrors:PROFile:0FFSet
on page 464

(etc. for the other GNSS systems)

Pseudorange Errors File
Requires "Error Mode > File".

Accesses a standard "File Select" dialog to select pseudorange error files with exten-
sion *.rs_perr.

Remote command:

[ :SOURce<hw>] :BB:GNSS:PERRors:CATalog on page 461

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:PRERrors:FILE on page 461
(etc. for the other GNSS systems)

Profile Table

A pseudorange error profile is described as a sequence of up to 10 errors defined in
table form.

"Time" Reference time of the error.

The value is set relative to the sum of the simulation start time and
the Start Time Offset.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:PRERrors:
PROFile<gr>:REFerence on page 465

(etc. for the other GNSS systems)

"Value" A positive or negative pseudorange error.
The last "Value" is repeated constantly.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:PRERrors:
PROF1le<gr>:VALue on page 466

(etc. for the other GNSS systems)

"Insert" Inserts a row above the selected one.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:PRERrors:
PROFile<gr>:INSert on page 466

(etc. for the other GNSS systems)

"Delete" Removes the selected row.

Remote command:

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:PRERrors:
PROFile<gr>:DELete on page 467

(etc. for the other GNSS systems)

Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:PRERrors:PROFile:COUNt?
on page 464

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:PRERrors:PROFile:APPend
on page 464

(etc. for the other GNSS systems)
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13.6 Orbit and orbit perturbation errors settings

Access:

1. Select "Simulation Configuration > Satellites".

2. Select the GNSS system for that you want simulate system errors, for example
GPS.

3. Select "SV# > SV Config > Signals Configuration".

4. Select real navigation data as data source.
For example, for a GPS SV ID, select "Nav Msg Type > LNAV".

5. Select "Nav Msg Control > Edit".

6. Select "Nav Msg Content > Config > Orbit".

Per default, the navigation message parameters are set to values corresponding to
the values retrieved from the constellation data source.

GNSS A: Nuwgntmn Message LNAV (GPS 1)

Time Conversion | lonosphere

Issue Of Data Ephemens IUDE \ >Refemnce Time Uf Ephemens 10 orbit.
- e = . . 224 [l - 2880005 DIt

| "Sqrt. of Semi-major Axis-A"? Eccentricity-e |0t
5 153.628 906 m% 0.002 737 999 0 | MAICILEEICL

| Inclination Angle-ip

J ongitude of Ascending Node - Qg |
| 0.305 935 668 8 semic. 0.018 540 220 3 semic .‘
] Argument of Perigee - w Mean Anomaly - Mg I

- 011?4455881sem|c - 0555010156?semlc |
| Rate of Inclination Angle-i' “Rate of R|ght Ascension - 0’ i
0.000 000 000 000 0 semic. )’SR -0.000 000 002 5 semic./s .]:

1 Mean Motion Difference - A,
0.000 000 000 000 0 semic. fs l

Show Scaled Values| |

Figure 13-5: Satellite orbit: Understanding the displayed information

1 = Issue of data, IODE and reference time, ty,
2 = Orbit elements
3 = Rate parameters

Changing these values leads to deviation between the simulated and the broad-
casted navigation message and thus deliberated errors. The generated signal can
be used for testing the receiver's ability to cope with errors. SBAS corrections can
be activated for error compensation.

Available navigation message parameters depend GNSS system and selected
navigation message type, see Chapter 13.3.2, "About orbit and orbit perturbation
parameters and errors", on page 198.
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Settings

LA T O 1 o] | SO 214
GPS > Orbit Perturbation............ooueviiiiiiiiiicicieie e 215
(€T 11T o I O o] | A 215
Galileo > Orbit Perturbation............oooooeiiiiiiiieee et 216
(@ VNS T O 14 o] | R 216
[S7CT1 Do TN b © 15 o] | SN 217
BeiDou > Orbit Perturbation............cciiiiieeiiie et 218
(O AT I © 1 o] | A 218
QZSS > Orbit Perturbation..........ccccuuvuiiiiiiee et r e e e e e e e e aaens 219
N E= 1Y (O @ T o | SRR 220
NavIC > Orbit PerturbDation............ooevuiiiiieee e 220
ShOW SCAIEA VAIUES....... oottt e e e e e s 221

GPS > Orbit
Comprises the orbit parameters of the GPS satellites.
Table 13-5: LNAV and CNAV

Parameter Remote command:

"Reference Time of Ephemeris - to." [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:TOE on page 488

"Square Root of Semi-Major Axis - A2" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:SQRA on page 489

"Eccentricity - " [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:ECCentricity on page 490

"Inclination Angle - iy" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:IZERo on page 491

"Longitude of Ascending Node - Q," [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:0ZERo on page 492

"Argument of Perigee - w" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:OMEGa on page 493

"Mean Anomaly - My" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:MZERo on page 494

"Rate of Inclination Angle - i" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:IDOT on page 495

"Rate of Right Ascension - Q™ [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:0DOT on page 495

Table 13-6: LNAV

Parameter Remote command:

"Issue of Data, Ephemeris - IODE" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:IODE on page 487

"Mean Motion Difference - A," [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:NDELta on page 497
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Table 13-7: CNAV

Parameter Remote command:

"Rate of Right Ascension Diff. - AQ™ [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
CNAV:EPHemeris:DODot on page 496

"Mean Motion Difference - A,o" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
CNAV:EPHemeris:NDELta on page 497

"Rate of Mean Motion Diff. - Ao [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
CNAV:EPHemeris:DNDot on page 497

"Change Rate in Semi-major Axis - A™ [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
CNAV:EPHemeris:ADOT on page 497

"Semi-Major Axis Difference - AA" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
CNAV:EPHemeris:ADELta on page 498

GPS > Orbit Perturbation
Comprises the parameters of the GPS satellites.
Table 13-8: LNAV and CNAV

Parameter Remote command:

"Cosine Difference of Latitude - C." [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:CUC on page 501

"Sine Difference of Latitude - C" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:CUS on page 502

"Cosine Difference of Orbital Radius - C,." | [ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:CRC on page 503

"Sine Difference of Orbital Radius - C" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:CRS on page 504

"Cosine Difference of Inclination - C,." [ : SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:CIC on page 505

"Sine Difference of Inclination - Cs" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:CIS on page 506

Galileo > Orbit
Comprises the parameters of the Galileo satellites.
Table 13-9: INAV and FNAV

Parameter Remote command:

"IODnav" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
NMESsage: INAV:EPHemeris: IODNav on page 487

"Reference Time of Ephemeris - to." [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
NMESsage: INAV:EPHemeris: TOE on page 488

"Square Root of Semi-Major Axis - A"2" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
NMESsage: INAV:EPHemeris:SQRA on page 489

"Eccentricity - " [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
NMESsage: INAV:EPHemeris:ECCentricity on page 490
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Parameter

Remote command:

"Inclination Angle - iy"

[ : SOURce<hw>] :
NMESsage:INAV:

BB:GNSS:SVID<ch>:GALileo:
EPHemeris:IZERo on page 491

"Longitude of Ascending Node - Q,"

[ : SOURce<hw>]
NMESsage: INAV:

:BB:GNSS:SVID<ch>:GALileo:

EPHemeris:0ZERo on page 492

"Argument of Perigee - w"

[ : SOURce<hw>]
NMESsage: INAV:

:BB:GNSS:SVID<ch>:GALileo:

EPHemeris:OMEGa on page 492

"Mean Anomaly - My"

[ : SOURce<hw>]
NMESsage: INAV

:BB:GNSS:SVID<ch>:GALileo:
:EPHemeris:MZERo on page 493

"Rate of Inclination Angle - i"

[ : SOURce<hw>]
NMESsage:INAV:

:BB:GNSS:SVID<ch>:GALileo:

EPHemeris:IDOT on page 494

"Rate of Right Ascension - Q"

[ : SOURce<hw>]
NMESsage:INAV:

:BB:GNSS:SVID<ch>:GALileo:

EPHemeris:0ODOT on page 495

"Mean Motion Difference - A"

[ : SOURce<hw>]
NMESsage: INAV

:BB:GNSS:SVID<ch>:GALileo:
:EPHemeris:NDELta on page 496

Galileo > Orbit Perturbation

Comprises the parameters of the Galileo satellites.

Table 13-10: INAV and FNAV

Parameter

Remote command:

"Cosine Difference of Latitude - C "

[ : SOURce<hw>]
NMESsage:INAV:

:BB:GNSS:SVID<ch>:GALileo:

EPHemeris:CUC on page 501

"Sine Difference of Latitude - C "

[ : SOURce<hw>]
NMESsage: INAV

:BB:GNSS:SVID<ch>:GALileo:
:EPHemeris:CUS on page 502

"Cosine Difference of Orbital Radius - C,"

[ : SOURce<hw>]
NMESsage: INAV

:BB:GNSS:SVID<ch>:GALileo:
:EPHemeris:CRC on page 503

"Sine Difference of Orbital Radius - C"

[ : SOURce<hw>]
NMESsage: INAV:

:BB:GNSS:SVID<ch>:GALileo:

EPHemeris:CRS on page 504

"Cosine Difference of Inclination - C,."

[ : SOURce<hw>]
NMESsage:INAV:

:BB:GNSS:SVID<ch>:GALileo:

EPHemeris:CIC on page 504

"Sine Difference of Inclination - C;"

[ : SOURce<hw>]
NMESsage: INAV

:BB:GNSS:SVID<ch>:GALileo:
:EPHemeris:CIS on page 505

GLONASS > Orbit

Comprises the parameters of the GLONASS satellites.

See also Chapter 13.3.2, "About orbit and orbit perturbation parameters and errors",

on page 198.
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Parameter Remote command:

"t, Index" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:EPHemeris: TINDex on page 499

"Time of Day - t,, / t,, Interval" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:EPHemeris:TOE? on page 498

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:EPHemeris:TINTerval? on page 498

X" [ : SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:EPHemeris: XN on page 499

"Y," [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:EPHemeris: YN on page 499

"z)" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:EPHemeris: ZN on page 499

"X [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:EPHemeris: XDN on page 500

"Y' [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:EPHemeris: YDN on page 500

AR [ : SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:EPHemeris:ZDN on page 500

X [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:EPHemeris:XDDN on page 500

"y [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage : NAV:EPHemeris: YDDN on page 500

"z"" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:EPHemeris: ZDDN on page 500

BeiDou > Orbit
Comprises the parameters of the BeiDou satellites.
Table 13-11: DNAV and CNAV

Parameter Remote command:

"AODE" [ : SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
NMESsage : DNAV:EPHemeris: IODE on page 487

"Reference Time of Ephemeris - to." [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
NMESsage : DNAV: EPHemeris : TOE on page 488

"Square Root of Semi-Major Axis - A'2" [ : SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
NMESsage : DNAV: EPHemeris: SQRA on page 489

"Eccentricity - e" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
NMESsage: DNAV:EPHemeris:ECCentricity on page 490

"Inclination Angle - iy" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
NMESsage : DNAV: EPHemeris: IZERo on page 491

"Longitude of Ascending Node - Q," [ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
NMESsage : DNAV:EPHemeris:0ZERo on page 492
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Parameter

Remote command:

"Argument of Perigee - w"

[ : SOURce<hw>] :
NMESsage : DNAV:

BB:GNSS:SVID<ch>:BEIDou:
EPHemeris:0OMEGa on page 493

"Mean Anomaly - Mg"

[ : SOURce<hw>]
NMESsage : DNAV:

:BB:GNSS:SVID<ch>:BEIDou:

EPHemeris:MZERo on page 493

"Rate of Inclination Angle - i"

[ : SOURce<hw>]
NMESsage : DNAV:

:BB:GNSS:SVID<ch>:BEIDou:

EPHemeris:IDOT on page 494

"Rate of Right Ascension - Q™

[ : SOURce<hw>]
NMESsage : DNAV

:BB:GNSS:SVID<ch>:BEIDou:
:EPHemeris:ODOT on page 495

"Mean Motion Difference - A"

[ : SOURce<hw>]
NMESsage:DNAV:

:BB:GNSS:SVID<ch>:BEIDou:

EPHemeris:NDELta on page 496

BeiDou > Orbit Perturbation

Comprises the parameters of the BeiDou satellites.

Table 13-12: DNAV and CNAV

Parameter

Remote command:

"Cosine Difference of Latitude - C "

[ : SOURce<hw>]
NMESsage : DNAV

:BB:GNSS:SVID<ch>:BEIDou:
:EPHemeris:CUC on page 501

"Sine Difference of Latitude - C¢"

[ : SOURce<hw>]
NMESsage :DNAV:

:BB:GNSS:SVID<ch>:BEIDou:

EPHemeris:CUS on page 502

"Cosine Difference of Orbital Radius - C,"

[ : SOURce<hw>]
NMESsage:DNAV:

:BB:GNSS:SVID<ch>:BEIDou:

EPHemeris:CRC on page 503

"Sine Difference of Orbital Radius - C,"

[ : SOURce<hw>]
NMESsage : DNAV

:BB:GNSS:SVID<ch>:BEIDou:
:EPHemeris:CRS on page 504

"Cosine Difference of Inclination - C;."

[ : SOURce<hw>]
NMESsage : DNAV:

:BB:GNSS:SVID<ch>:BEIDou:

EPHemeris:CIC on page 505

"Sine Difference of Inclination - C;"

[ : SOURce<hw>]
NMESsage :DNAV:

:BB:GNSS:SVID<ch>:BEIDou:

EPHemeris:CIS on page 505

QZSS > Orbit

Comprises the parameters of the QZSS satellites.

Table 13-13: LNAV and CNAV

Parameter

Remote command:

"Reference Time of Ephemeris - to"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
: TOE on page 488

"Square Root of Semi-Major Axis - A'/2"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
: SORA on page 489

"Eccentricity - e"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
:ECCentricity on page 490

"Inclination Angle - iy"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:0Q7ZSS:NMESsage:
: IZERo on page 491

"Longitude of Ascending Node - Q,"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:0ZSS:NMESsage:
:OZERo on page 491
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Parameter

Remote command:

"Argument of Perigee - w"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
:OMEGa on page 492

"Mean Anomaly - Mg"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
:MZERo : UNSCaled on page 493

"Rate of Inclination Angle - i"

[ : SOURce<hw>]

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
NAV:EPHemeris:

IDOT on page 494

"Rate of Right Ascension - Q™

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
:0DOT:UNSCaled on page 495

Table 13-14: LNAV

Parameter

Remote command:

"Issue of Data, Ephemeris - IODE"

[ : SOURce<hw>]

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
NAV:EPHemeris:

TODE on page 487

"Mean Motion Difference - A"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
:NDELta on page 496

Table 13-15: CNAV

Parameter

Remote command:

"Rate of Right Ascension Diff. - AQ"™ [ :SOURce<hw>] :BB:GNSS:SVID<ch>:0ZSS:NMESsage:

CNAV:EPHemeris:DODot on page 496

"Mean Motion Difference - A" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:Q072SS:NMESsage:

CNAV:EPHemeris:NDELta on page 496

"Rate of Mean Motion Diff. - A o™ [ :SOURce<hw>] :BB:GNSS:SVID<ch>:Q0ZSS:NMESsage:

CNAV:EPHemeris:DNDot on page 497

"Change Rate in Semi-major Axis - A"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:QZSS:NMESsage:
CNAV:EPHemeris:ADOT on page 497

"Semi-Major Axis Difference - AA"

[ :SOURce<hw>] :

BB:GNSS:SVID<ch>:QZSS:NMESsage:

CNAV:EPHemeris:ADELta on page 498

QZSS > Orbit Perturbation

Comprises the parameters of the QZSS satellites.

Table 13-16: LNAV and CNAV

Parameter

Remote command:

"Cosine Difference of Latitude - C."

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
:CUC on page 501

"Sine Difference of Latitude - C"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:0Q7ZSS:NMESsage:
:CUS on page 502

"Cosine Difference of Orbital Radius - C,"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QzSS:NMESsage:
:CRC on page 502

"Sine Difference of Orbital Radius - C"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
:CRS:UNSCaled on page 503
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Parameter

Remote command:

"Cosine Difference of Inclination - C,."

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
:CIC on page 504

"Sine Difference of Inclination - C;,"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
:CIS on page 505

NavIC > Orbit

Comprises the orbit parameters of the NavIC satellites.

Parameter Remote command:

"Issue of Data, Ephemeris & Clock - [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:

IODEC" NAV:EPHemeris: IODE on page 487

"Reference Time of Ephemeris - to." [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:
NAV:EPHemeris:TOE on page 488

"Square Root of Semi-Major Axis - A"2" [ : SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:
NAV:EPHemeris:SQORA on page 489

"Eccentricity - " [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:
NAV:EPHemeris:ECCentricity on page 489

"Inclination Angle - iy" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:
NAV:EPHemeris:IZERo on page 490

"Longitude of Ascending Node - Q," [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:
NAV:EPHemeris:0ZERo on page 491

"Argument of Perigee - w" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:
NAV:EPHemeris:OMEGa on page 492

"Mean Anomaly - Mg" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:
NAV:EPHemeris:MZERo on page 493

"Rate of Inclination Angle - i" [ : SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:
NAV:EPHemeris:IDOT on page 494

"Rate of Right Ascension - Q™ [ : SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:

NAV:EPHemeris

:0DOT on page 495

"Mean Motion Difference - A"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:NAVic:NMESsage:
:NDELta:UNSCaled on page 496

NavIC > Orbit Perturbation

Comprises the parameters of the NavIC satellites.

Parameter

Remote command:

"Cosine Difference of Latitude - C."

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:NAVic:NMESsage:
:CUC on page 501

"Sine Difference of Latitude - C"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:NAVic:NMESsage:
:CUS on page 501

"Cosine Difference of Orbital Radius - C,"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:NAVic:NMESsage:
:CRC on page 502
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Parameter Remote command:

"Sine Difference of Orbital Radius - C," [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:
NAV:EPHemeris:CRS on page 503

"Cosine Difference of Inclination - C;." [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:
NAV:EPHemeris:CIC on page 504

"Sine Difference of Inclination - C;" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:
NAV:EPHemeris:CIS on page 505

Show Scaled Values
Switches between scaled and unscaled values representation.

Navigation message values are recalculated automatically.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SSValues on page 450

13.7 Clock errors settings

Access:

1. Select "Simulation Configuration > Satellites > GNSS system > SV# > SV Config >
Signals Configuration".

2. Select "Nav Msg Control > Edit".
3. Select "Nav Msg Content > Config > Clock".

Per default, the navigation message parameters are set to values corresponding to
the values retrieved from the constellation data source.

GNSS A: Navigation Message LNAV (GPS 1)

Time Conversion [lonosphere

Issue of Data, Clock - 10DC Reference Time of Clock - toc
224 288000 s
af af1
-0.000 000427 5s 0.000 000 000 003 6 s/s
afp Group Delay - Tgq
0.000 000 000 000 000 00 s/s? 0.000 0000000 s
Show Scaled Values ||

Changing these values leads to deviation between the simulated and the broad-
casted navigation message and thus deliberated errors. The generated signal can
be used for testing the receiver's ability to cope with errors.

SBAS corrections can be activated for error compensation.

Available navigation message parameters depend GNSS system and selected
navigation message type, see Chapter 13.3.3, "About clock and time conversion
parameters and errors", on page 199.
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Settings

GPS 3 ClOCK. .ottt e et e e e et e e e e e e 222
(=110 e O [ Yod 222
(] O\ VNS S T 1 (o Yo] 223
(271 o1V I O o Yo T 223
QIZSS > ClOCK. ..ttt e e e e e e e e e e e e e e e e e e e e e aeaaaes 224
NAVIC 3 ClOCK. ... et 224
ShOW SCAIEA VAIUES.....c..eeeeeeeeeeee e e et e et e e et e e et r e et e e ena e 225
GPS > Clock

Comprises the parameters of the GPS satellites.
Table 13-17: LNAV and CNAV

Parameter Remote command:

"Reference Time of Clock - to." [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:CCORrection:TOC on page 507

ag" 10 "ap" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:CCORrection:AF<s2us0> on page 508

"Group Delay - Tgq" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:CCORrection:TGD on page 509

Table 13-18: LNAV

Parameter Remote command:

"Issue of Data, Clock - IODC" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
LNAV:EPHemeris:IODC on page 506

Table 13-19: CNAV

Parameter Remote command:

"ISCLic/a" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
CNAV:CCORection:ISC:L1CA on page 509

"ISCpoc" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
CNAV:CCORection:ISC:L2C on page 509

"ISCy 515" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
CNAV:CCORection:ISC:L5T on page 509

"ISCy 505" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:NMESsage:
CNAV:CCORection:ISC:L50 on page 509

Galileo > Clock
Comprises the clock parameters of the Galileo satellites.
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Clock errors settings

Parameter

Remote command:

"Time of Clock - to, (E1-E5A)"

[ :SOURce<hw>] :
NMESsage:INAV:

BB:GNSS:SVID<ch>:GALileo:
CCORrection:TOC on page 506

"ap (E1-E5A)" to "ap, (E1-E5A)"

[ :SOURce<hw>] :
NMESsage:INAV:

BB:GNSS:SVID<ch>:GALileo:
CCORrection:AF<s2us0> on page 507

"Broadcast Group Delay - BGD (E1-E5A)"

[ : SOURce<hw>] :
NMESsage:INAV:

BB:GNSS:SVID<ch>:GALileo:
CCORrection:BGDA on page 510

Table 13-21: INAV

Parameter

Remote command:

"Broadcast Group Delay - BGD (E1-E5B)"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:

NMESsage: INAV: CCORrection:BGDB on page 510

GLONASS > Clock

Comprises the parameters of the GLONASS satellites.

Parameter

Remote command:

"Time of Day - t,"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:EPHemeris:TOE? on page 498

"t, Interval"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage:NAV:EPHemeris:TINTerval? on page 498

"Tn (-210)"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage : NAV:CCORrection:TAUN on page 510

"Yn (an)"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage : NAV: CCORrection:GAMN on page 510

"AT, (Tga)"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:CCORrection:DTAU on page 510

BeiDou > Clock

Comprises the parameters of the BeiDou satellites.

Table 13-22: DNAV and CNAV

Parameter

Remote command:

"ReferenceTime of Clock - ty."

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
NMESsage : DNAV: CCORrection:TOC on page 507

af0" to |laf2|l

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
NMESsage : DNAV: CCORrection:AF<s2us0> on page 508
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Parameter

Remote command:

"AODC"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
NMESsage : DNAV: EPHemeris: I0DC on page 506

"Group Delay B1| - Tgp4", "Group Delay
B2 - Tep,"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
NMESsage : DNAV: CCORrection: TGD<s2us> on page 508

Table 13-24: CNAV

Parameter

Remote command:

"Group Delay - Tgy"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
NMESsage : CNAV: CCORrection:TGD on page 508

QZSS > Clock

Comprises the parameters of the QZSS satellites.

Table 13-25: LNAV and CNAV

CNAV:CCORection:ISC:L50 on page 509

Parameter Remote command:

"Reference Time of Clock - to." [ :SOURce<hw>] :BB:GNSS:SVID<ch>:Q0%SS:NMESsage:
NAV:CCORrection:TOC on page 506

"ag" to "agp" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:QZSS:NMESsage:
NAV:CCORrection:AF<s2us0> on page 507

"Group Delay - Tgy" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:QZSS:NMESsage:
NAV:CCORrection:TGD on page 508

Table 13-26: LNAV

Parameter Remote command:

"Issue of Data, Clock - IODC" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:QZSS:NMESsage:
NAV:EPHemeris:I0ODC on page 506

Table 13-27: CNAV

Parameter Remote command:

"ISCLicia" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:QZSS:NMESsage:
CNAV:CCORection:ISC:L1CA on page 509

"ISCpac" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:Q07SS:NMESsage:
CNAV:CCORection:ISC:L2C on page 509

"ISCy515" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:0ZSS:NMESsage:
CNAV:CCORection:ISC:L5T on page 509

"ISCisq5" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:QZSS:NMESsage:

NaviIC > Clock

Comprises the parameters of the NavIC satellites.
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Parameter Remote command:

"Reference Time of Clock - t,." [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:
NAV:CCORrection:TOC on page 506

ap" to "ap" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:
NAV:CCORrection:AF<s2us0> on page 507

"Group Delay - Tgy" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:
NAV:CCORrection:TGD on page 508

Show Scaled Values
Switches between scaled and unscaled values representation.

Navigation message values are recalculated automatically.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SSValues on page 450

13.8 Time conversion errors settings

Access:

1. Select "Simulation Configuration > Satellites > GNSS system > SV# > SV Config >
Signals Configuration".

2. Select "Nav Msg Control > Edit".

3. Select "Nav Msg Content > Config > Time Conversion”.

Time conversion parameters are read-only and common for all SV of one GNSS
system.

4. To change the time conversion parameters of all GPS SVs for example, select
"SV# > SV Config" > "Copy Modulation Control to SV-ID = All".

Per default, the navigation message parameters are set to values corresponding to
the values retrieved from the constellation data source.

GNSS A: Navigation Message LNAV (GPS 1)

— X
: - Time Conversion |GlGEEE

GPS - UTC
W q To

1780 299 008 s
A,

Ao

0.000 000 0000 :‘ 0.000 000 000 000 0000 S/SG‘

Show Scaled Values| |

Changing these values leads to deviation between the simulated and the broad-
casted navigation message and thus deliberated errors. SBAS corrections can be
activated for error compensation.
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Available navigation message parameters depend GNSS system and selected
navigation message type.

Settings

(€] A Il N0 0[S OT0] 0 1V/=T T (0] o 1R
Galileo > Time Conversion

GLONASS > Time CONVEISION....ccuuuieeeeiieteeeeeeeeeee e e e eeeee e e e e eetsa e e e e eeesseseeeseeranaaeaeees 227
BeiDOU > TimME CONVEISION......ccieeteeeeei et e e e ettt e e e e et e e e e e eeeb s e e e e eeasaneeeeseebaneeeeens 228
QZSS > TiME CONVEISION. .. .cciieeteiieiieeiiee e e e ettt e e et et e e e e s eea e et ereaaeseessesbseeeeresnns 229
NAVIC > TimME CONVEISION......eviritiitiiitcieieieieieeeeeeeeeeeee e e e e ereeresrarab e eeseeeeaaaaaseses 229

Show Scaled Values

GPS > Time Conversion
Comprises the parameters of the GPS satellites.
Table 13-28: GPS - UTC (LNAV and CNAV)

Parameter Remote command:

"Wt [ :SOURce<hw>] :BB:GNSS:SV:GPS:NMESsage : LNAV:
TIME:CONVersion:UTC:WNOT on page 520

"Tot" [ :SOURce<hw>] :BB:GNSS:SV:GPS:NMESsage : LNAV :
TIME:CONVersion:UTC:TOT on page 521

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:GPS:NMESsage: LNAV:
TIME:CONVersion:UTC:AZERo on page 524

"A" [ :SOURce<hw>] :BB:GNSS:SV:GPS:NMESsage: LNAV:
TIME:CONVersion:UTC:AONE on page 523

Table 13-29: GPS - UTC (CNAV)

Parameter Remote command:

"A" [ :SOURce<hw>] :BB:GNSS:SV:GPS:NMESsage:CNAV:
TIME:CONVersion:UTC:ATWO on page 522

Table 13-30: GPS - Galileo (CNAV)

Parameter Remote command:

"Wiot [ :SOURce<hw>] :BB:GNSS:SV:GPS:NMESsage :CNAV:
TIME:CONVersion:GALileo:WNOT on page 527

"Tot" [ :SOURce<hw>] :BB:GNSS:SV:GPS:NMESsage : CNAV :
TIME:CONVersion:GALileo:TOT on page 527

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:GPS:NMESsage :CNAV:
TIME:CONVersion:GALileo:AZERo on page 528

"A" [ :SOURce<hw>] :BB:GNSS:SV:GPS:NMESsage : CNAV:
TIME:CONVersion:GALileo:AONE on page 528

"A" [ :SOURce<hw>] :BB:GNSS:SV:GPS:NMESsage: CNAV:
TIME:CONVersion:GALileo:ATWO on page 528
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Table 13-31: GPS - GLONASS (CNAV)

Time conversion errors settings

Parameter

Remote command:

WMm

[ :SOURce<hw>] :BB:GNSS:SV:GPS:NMESsage:CNAV:
TIME:CONVersion:GLONass:WNOT on page 528

Tm

[ :SOURce<hw>] :BB:GNSS:SV:GPS:NMESsage:CNAV:
TIME:CONVersion:GLONass:TOT on page 529

Ao

[ :SOURce<hw>] :BB:GNSS:SV:GPS:NMESsage:CNAV:
TIME:CONVersion:GLONass:AZERo on page 529

Aq

[ :SOURce<hw>] :BB:GNSS:SV:GPS:NMESsage:CNAV:
TIME:CONVersion:GLONass:AONE on page 529

Az

[ :SOURce<hw>] :BB:GNSS:SV:GPS:NMESsage:CNAV:
TIME:CONVersion:GLONass :ATWO on page 530

Galileo > Time Conversion

Comprises the parameters of the Galileo satellites.
Table 13-32: Galileo - UTC (INAV and FNAV)

Parameter

Remote command:

" "
VVNm

[ :SOURce<hw>] :BB:GNSS:SV:

INAV:TIME:CONVersion:UTC

GALileo:NMESsage:
:WNOT on page 520

T

[ :SOURce<hw>] :BB:GNSS:SV:

INAV:TIME:CONVersion:UTC

GALileo:NMESsage:
: TOT on page 521

Ay

[ :SOURce<hw>] :BB:GNSS:SV:
INAV:TIME:CONVersion:UTC:

GALileo:NMESsage:

AZERo on page 524

A"

[ :SOURce<hw>] :BB:GNSS:SV:
INAV:TIME:CONVersion:UTC:

GALileo:NMESsage:

AONE on page 523

Table 13-33: Galileo - GPS (INAV and FNAV)

Parameter

Remote command:

" "
VVNm

[ :SOURce<hw>] :BB:GNSS:SV:
INAV:TIME:CONVersion:GPS:

GALileo:NMESsage:

WNOT on page 525

T,

[ :SOURce<hw>] :BB:GNSS:3V:
INAV:TIME:CONVersion:GPS:

GALileo:NMESsage:

TOT on page 525

A"

[ :SOURce<hw>] :BB:GNSS:SV:

INAV:TIME:CONVersion:GPS

GALileo:NMESsage:
: AZERo on page 526

A

[ :SOURce<hw>] :BB:GNSS:SV:
INAV:TIME:CONVersion:GPS:

GALileo:NMESsage:

AONE on page 526

GLONASS > Time Conversion

Comprises the parameters of the GLONASS satellites.
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Parameter Remote command:

"Te (-Ag)" [ :SOURce<hw>] :BB:GNSS:SV:GLONass :NMESsage :NAV:
TIME:CONVersion:UTC:AZERo on page 524

"Vn (A7)" [ :SOURce<hw>] :BB:GNSS:SV:GLONass:NMESsage : NAV:
TIME:CONVersion:UTC:AONE on page 523

"Taps (Ao)" [ :SOURce<hw>] :BB:GNSS:SV:GLONass :NMESsage :NAV :
TIME:CONVersion:GPS:AZERo on page 525

BeiDou > Time Conversion
Comprises the parameters of the BeiDou satellites.
Table 13-34: BeiDou - UTC (DNAV and CNAV)

Parameter Remote command:

"Wyt [ :SOURce<hw>] :BB:GNSS:SV:BEIDou:NMESsage : DNAV:
TIME:CONVersion:UTC:WNOT on page 520

"Tot" [ :SOURce<hw>] :BB:GNSS:SV:BEIDou:NMESsage : DNAV:
TIME:CONVersion:UTC:TOT on page 521

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:BEIDou:NMESsage: DNAV:
TIME:CONVersion:UTC:AZERo on page 524

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:BEIDou:NMESsage: DNAV:

TIME:CONVersion:UTC:AONE on page 523

Table 13-35: BeiDou - GPS (DNAV and CNAV)

Parameter Remote command:

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:BEIDou:NMESsage: DNAV:
TIME:CONVersion:GPS:AZERo on page 526

"A" [ :SOURce<hw>] :BB:GNSS:SV:BEIDou:NMESsage: DNAV:
TIME:CONVersion:GPS:AONE on page 526

Table 13-36: BeiDou - Galileo (DNAV and CNAV)

Parameter Remote command:

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:BEIDou:NMESsage: DNAV:
TIME:CONVersion:GALileo:AZERo on page 527

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:BEIDou:NMESsage: DNAV:
TIME:CONVersion:GALileo:AONE on page 528

Table 13-37: BeiDou - GLONASS (DNAV and CNAV)

Parameter Remote command:

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:BEIDou:NMESsage : DNAV:

TIME:CONVersion:GLONass:AZERo on page 529

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:BEIDou:NMESsage: DNAV:

TIME:CONVersion:GLONass :AONE on page 529
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QZSS > Time Conversion
Comprises the parameters of the QZSS satellites.
Table 13-38: QZSS - UTC (CNAV)

Parameter Remote command:

"Wiot" [ :SOURce<hw>] :BB:GNSS:SV:QZSS:NMESsage : CNAV :
TIME:CONVersion:UTC:WNOT on page 520

"Tot" [:SOURce<hw>] :BB:GNSS:SV:Q%SS:NMESsage : CNAV :
TIME:CONVersion:UTC:TOT on page 521

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:Q02SS:NMESsage : CNAV :
TIME:CONVersion:UTC:AZERo on page 524

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:Q02SS:NMESsage : CNAV :
TIME:CONVersion:UTC:AONE on page 522

"A" [ :SOURce<hw>] :BB:GNSS:SV:QZSS:NMESsage : CNAV:
TIME:CONVersion:UTC:ATWO on page 522

NavIC > Time Conversion
Comprises the parameters of the NavIC satellites.

Table 13-39: NavIC - UTC

Parameter Remote command:

"Wt [ :SOURce<hw>] :BB:GNSS:SV:NAVic:NMESsage:NAV:
TIME:CONVersion:UTC:WNOT on page 520

"Tot" [ :SOURce<hw>] :BB:GNSS:SV:NAVic:NMESsage:NAV:
TIME:CONVersion:UTC:TOT on page 521

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:NAVic:NMESsage:NAV:
TIME:CONVersion:UTC:AZERo on page 523

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:NAVic:NMESsage:NAV:
TIME:CONVersion:UTC:AONE on page 522

"A" [ : SOURce<hw>] :BB:GNSS:SV:NAVic:NMESsage: NAV:
TIME:CONVersion:UTC:ATWO on page 521

Table 13-40: NavIC - GPS

Parameter Remote command:

"Wt [ :SOURce<hw>] :BB:GNSS:SV:NAVic:NMESsage:NAV:
TIME:CONVersion:GPS:WNOT on page 525

"Tot" [:SOURce<hw>] :BB:GNSS:SV:NAVic:NMESsage :NAV:
TIME:CONVersion:GPS:TOT on page 525

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:NAVic:NMESsage:NAV:
TIME:CONVersion:GPS:AZERo on page 525

"A" [ :SOURce<hw>] :BB:GNSS:SV:NAVic:NMESsage:NAV:
TIME:CONVersion:GPS:AONE on page 526

"A" [ :SOURce<hw>] :BB:GNSS:SV:NAVic:NMESsage:NAV:
TIME:CONVersion:GPS:ATWO on page 527
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Show Scaled Values
Switches between scaled and unscaled values representation.

Navigation message values are recalculated automatically.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SSValues on page 450

13.9 System errors settings

Access:

1. Select "Simulation Configuration > Satellites > GNSS system > SV# > SV Config >
Signals Configuration".

2. Select real navigation data as data source.
For example, for a GPS SV ID, select "Nav Msg Type > LNAV".

3. Select "Nav Msg Control > Edit".
4. Select "Nav Msg Content > Config > Additional Data".

Per default, the navigation message parameters are set to values corresponding to
the values retrieved from the constellation data source.

GNSS: Navigation Message LNAV (GPS 1)

Time Conversion | lonosphere

SV Health User Range Accuracy Index
0
. SV Confi
Anti-Spoofing Flag [] onfig 4
Code On L2
L2 P Data Fla -
9 D P Code On
[=]
Fit Interval Flag [] Age of Data Offset a
Subframe 1, Reserved 1 (23 bits, Word 4) @ subframe 1, Reserved 2 (24 bits, Word 5) 2
2796 202 11184 810
Subframe 1, Reserved 3 (24 bits, Word 6) 2 Subframe 1, Reserved 4 (16 bits, Word 7) 2
11184 810 43 690

Available navigation message parameters depend GNSS system and selected
navigation message type.

5. To simulate errors, change the values.
For example, set "User Range Accuracy Index (URA) = 12",

With this URA index, the selected SV is set to unvisible.

Changing any navigation message value leads to deviation between the simulated
and the broadcasted navigation message and thus to a deliberated error.

The generated signal can be used for testing the receiver's ability to cope with
errors.

SBAS corrections can be activated for error compensation.
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Settings

GPS > Additional Data
Galileo > Additional Data
GLONASS > Additional Data
BeiDou > Additional Data
QZSS > Additional Data
NavIC > Additional Data
Show Scaled Values

GPS > Additional Data
Comprises the parameters of the GPS satellites.

Table 13-41: LNAV

System errors settings

Parameter

Remote command:

"SV Health" [ : SOURce<hw>]

NMESsage:LNAV:

:BB:GNSS:SVID<ch>:GPS:

EPHemeris:HEALth on page 513

"User Range Accuracy Index" [ : SOURce<hw>]

NMESsage : LNAV:

:BB:GNSS:SVID<ch>:GPS:

EPHemeris:URA on page 514

"Anti-Spoofing Flag" [ : SOURce<hw>]

NMESsage:LNAV:

:BB:GNSS:SVID<ch>:GPS:

EPHemeris:ASFLag on page 514

NMESsage:LNAV:

"SV Config" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:
NMESsage: LNAV:EPHemeris:SVConfig on page 514
"Code On L2" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:

EPHemeris:CLTMode on page 514

"L2 P Data Flag" [ : SOURce<hw>]

NMESsage:LNAV:

:BB:GNSS:SVID<ch>:GPS:

EPHemeris:LTPData on page 515

"Fit Interval Flag" [ : SOURce<hw>]

NMESsage: LNAV:

:BB:GNSS:SVID<ch>:GPS:

EPHemeris:FIFLag on page 515

"Age of Data Offset" [ : SOURce<hw>]

NMESsage: LNAV:

:BB:GNSS:SVID<ch>:GPS:

EPHemeris:A0DO? on page 515

"Subframe 1, Reserved 1 (23 bits, Word 4") [ : SOURce<hw>]
"Subframe 1, Reserved 2 (24 bits, Word 5") | NMESsage: LNAV:
on page 515

"Subframe 1, Reserved 3 (24 bits, Word 6")
"Subframe 1, Reserved 4 (16 bits, Word 7")

:BB:GNSS:SVID<ch>:GPS:

EPHemeris:SFlReserved<s2us>?

Table 13-42: CNAV

NMESsage:CNAV:

Parameter Remote command:

"Alert Flag" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:
NMESsage : CNAV:EPHemeris:ALERt on page 511

"L1 Health" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:
NMESsage:CNAV:EPHemeris:L1Health on page 511

"L2 Health" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:

EPHemeris:L2Health on page 511
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Parameter Remote command:

"L5 Health" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:

NMESsage:CNAV:EPHemeris:L5Health on page 511

"ED Accuracy Index" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:

NMESsage : CNAV:EPHemeris:URA on page 514

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:
NMESsage : CNAV:EPHemeris:NEDO on page 511

"NED Accuracy Index"

"NED Accuracy Change Index" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:

NMESsage : CNAV:EPHemeris:NED1 on page 512

"NED Accuracy Change Rate Index" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:

NMESsage :CNAV:EPHemeris:NED2 on page 512

"Data Predict Week Number -WN,," [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:

NMESsage : CNAV: EPHemeris:WNOP on page 512

"Data Predict Time of Week - t,," [ :SOURce<hw>] :BB:GNSS:SVID<ch>:GPS:

NMESsage : CNAV:EPHemeris: TOP on page 512

:BB:GNSS:SVID<ch>:GPS:

"Integrity Status Flag"

[ : SOURce<hw>]
NMESsage:CNAV:

EPHemeris:ISFLag on page 512

"L2C Phasing"

[ : SOURce<hw>]

:BB:GNSS:SVID<ch>:GPS:

NMESsage: CNAV:EPHemeris:L2CPhasing on page 513

Galileo > Additional Data
Comprises the parameters of the Galileo satellites.

Table 13-43: INAV

Parameter

Remote command:

"Signal in Space Accuracy Index"

[ : SOURce<hw>]

:BB:GNSS:SVID<ch>:GALileo:
NMESsage: INAV:

EPHemeris:SISA on page 516

"Data Validity Status - E1Bpys"

[ : SOURce<hw>]
NMESsage: INAV

:BB:GNSS:SVID<ch>:GALileo:
:E1BDVS on page 516

"Data Validity Status - E5bpys"

[ : SOURce<hw>]

:BB:GNSS:SVID<ch>:GALileo:
NMESsage: INAV:

E5BDVS on page 516

"Signal Health Status - E1Bys"

[ : SOURce<hw>]

:BB:GNSS:SVID<ch>:GALileo:
NMESsage:INAV:

E1BHS on page 516

"Signal Health Status - E5byg"

[ : SOURce<hw>]

:BB:GNSS:SVID<ch>:GALileo:
NMESsage:INAV:

ES5BHS on page 516

"SAR configuration"

"Mode"

[ : SOURce<hw>]

:BB:GNSS:SVID<ch>:GALileo:
NMESsage:INAV:

EPHemeris:SAR:MODE on page 517

"RLM Data 1" to "RLM Data 4/8"
(requires "Mode > Short/Long RLM)"

[ : SOURce<hw>]

on page 517

:BB:GNSS:SVID<ch>:GALileo:
NMESsage: INAV:

EPHemeris:SAR:RLM<s2us>

"Spare Data"

(requires "Mode > Spare)"

[ : SOURce<hw>]

:BB:GNSS:SVID<ch>:GALileo:
NMESsage:INAV:

EPHemeris:SAR:SPARe on page 518
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Table 13-44: FNAV

System errors settings

Parameter

Remote command:

"Signal in Space Accuracy Index"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
NMESsage : FNAV:EPHemeris:SISA on page 516

"Data Validity Status - E5apys"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
NMESsage : FNAV: E5ADVS on page 518

"Signal Health Status - E5ayg"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GALileo:
NMESsage : FNAV: ESAHS on page 518

GLONASS > Additional Data

Comprises the parameters of the GLONASS satellites.

Parameter

Remote command:

"SV Health - B, (I,)"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:EPHemeris:HEALth on page 513

"User Range Accuracy - F;"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:EPHemeris:URA on page 514

"Satellite Ephemeris Type - M"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:EPHemeris:SEType on page 518

"CDMA Field M"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:EPHemeris:CFM on page 519

"Satellite Operation mode - P"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage:NAV:EPHemeris:P on page 519

"Age of Ephemeris Page - P1"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:EPHemeris:AOEP on page 519

"t, Alignment - P2"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:

NMESsage :NAV:EPHemeris:TALignment on page 519

"E, "

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:GLONass:
NMESsage :NAV:CCORrection:EN on page 519

BeiDou > Additional Data

Comprises the parameters of the BeiDou satellites.

Table 13-45: DNAV

Parameter

Remote command:

"SV Health"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
NMESsage: DNAV: EPHemeris:HEALth on page 513

"User Range Accuracy Index"

[ : SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
NMESsage : DNAV: EPHemeris: URA on page 514

Table 13-46: CNAV

Parameter

Remote command:

"Alert Flag"

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:BEIDou:
NMESsage:CNAV:EPHemeris:ALERt on page 511
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Comprises the parameters of the QZSS satellites.

Table 13-47: LNAV

System errors settings

Parameter

Remote command:

"SV Health"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QzSS:NMESsage:
:HEALth on page 513

"User Range Accuracy Index"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
:URA on page 514

"SV Config" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:07SS:NMESsage:
NAV:EPHemeris:SVConfig on page 514
"Code On L2" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:QZSS:NMESsage:

NAV:EPHemeris

:CLTMode on page 514

"L2 P Data Flag"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
:LTPData on page 515

"Fit Interval Flag"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
:FIFLag on page 515

"Age of Data Offset"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
:AODO? on page 515

"Subframe 1, Reserved 1" to "Subframe
1, Reserved 4"

[ : SOURce<hw>]
NAV:EPHemeris

:BB:GNSS:SVID<ch>:QZSS:NMESsage:
:SFlReserved<s2us>? on page 515

Table 13-48: CNAV

Parameter Remote command:

"Alert Flag" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:QZSS:NMESsage:
CNAV:EPHemeris:ALERt on page 511

"L1 Health" [ : SOURce<hw>] :BB:GNSS:SVID<ch>:Q07ZSS:NMESsage:
CNAV:EPHemeris:L1Health on page 511

"L2 Health" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:Q0ZSS:NMESsage:
CNAV:EPHemeris:L2Health on page 511

"L5 Health" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:072SS:NMESsage:

CNAV:EPHemeris:L5Health on page 511

"ED Accuracy Index"

[ : SOURce<hw>]

:BB:GNSS:SVID<ch>:QZSS:NMESsage:

CNAV:EPHemeris:URA on page 514

"NED Accuracy Index"

[ : SOURce<hw>]

:BB:GNSS:SVID<ch>:QZSS:NMESsage:

CNAV:EPHemeris:NEDO on page 511

"NED Accuracy Change Index"

[ : SOURce<hw>]

:BB:GNSS:SVID<ch>:QZSS:NMESsage:

CNAV:EPHemeris:NEDI on page 511

"NED Accuracy Change Rate Index"

[ : SOURce<hw>]

:BB:GNSS:SVID<ch>:QZSS:NMESsage:

CNAV:EPHemeris:NED2 on page 511

"Integrity Status Flag"

[ : SOURce<hw>]

:BB:GNSS:SVID<ch>:QZSS:NMESsage:

CNAV:EPHemeris:ISFLag on page 512

"L2C Phasing"

[ : SOURce<hw>]

:BB:GNSS:SVID<ch>:QZSS:NMESsage:

CNAV:EPHemeris:L2CPhasing on page 513
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NaviC > Additional Data
Comprises the parameters of the NavIC satellites.

Parameter Remote command:

"L5 Health" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:
NAV:EPHemeris:L5Health on page 513

"S Health" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:
NAV:EPHemeris:SHEalth on page 513

"User Range Accuracy" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:NAVic:NMESsage:
NAV:EPHemeris:URA on page 514

Show Scaled Values
Switches between scaled and unscaled values representation.
Navigation message values are recalculated automatically.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SSValues on page 450
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14 SBAS corrections

Option: R&S SMBVB-K44 and R&S SMBVB-K106

A short introduction to the satellite-based augmentation system (SBAS) is provided in
Chapter 2.3, "SBAS overview", on page 23. This section gives an overview of SBAS
features in the context of this software.

14.1 About SBAS

The SBAS uses three types of services to improve augmentation:

® Transmission of ranging information for improved visibility

® Broadcast of correction data (error estimations) for improved accuracy

® Broadcast of coarse integrity information for improved reliability

The SBAS specification RTCA MOPS DO-229 defines different message types that

carry these coarse integrities or both integrity and wide area correction data informa-
tion. The correction data can be fast, long-term and ionospheric, where:

® The fast corrections eliminate pseudorange errors

® The long-term corrections overcome errors in the satellites position or slow chang-
ing clock and ephemeris errors

® The ionospheric corrections are based on the user location

SBAS provides separate corrections for different error sources. In particular, SBAS cor-
rects the following errors: lonospheric error, GPS satellite timing errors and GPS satel-
lite orbit errors. The latter two corrections are included for all GPS satellites that are
monitored by SBAS. The ionospheric errors are corrected if the satellite orbit crosses
the area covered by the SBAS iono grid points.

SBAS message types (MT)

According to RTCA MOPS DO-229, SBAS correction data is transmitted by a subset of
predefined message types. In this implementation, the SBAS information is not defined
on a message-by-message basis but grouped according to the SBAS service and cor-

rection data type.

The Table 14-1 list the SBAS message type with brief information on their content and
information on the section, describing the related settings.

Table 14-1: SBAS message types (MT)

MT Content Related settings

1 PRN masks assailments See Chapter 14.4.3.3, "PRN mask settings",
on page 252.

2to5 Fast corrections See Chapter 14.4.3.4, "Fast correction settings",
on page 253.

6 Integrity information Integrity information is included in Chapter 14.4.3.4,
"Fast correction settings", on page 253.
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MT

Content

Related settings

Fast correction degradation factor

See Chapter 14.4.3.6, "Fast correction degradation
factor configuration settings", on page 257.

GEO navigation message

See Chapter 14.4.2.2, "Broadcasted orbit, clock and
time conversion settings", on page 245.

10

Degradation parameters

See "Degradation Factors" on page 263.

12

SBAS network time, UTC offset
parameters

See Chapter 4.1, "Time settings", on page 46.

17

GEO satellites almanacs

See "Message Schedule" on page 262.

18

lonospheric grid point mask

Chapter 14.4.3.2, "lonosphere grid settings",
on page 250.

24

Mixed fast and log-term correction
data

Not supported

25

Long-term satellite error correction
data

See Chapter 14.4.3.5, "Long-term correction file con-
figuration settings", on page 256.

26

lonospheric delay corrections

Chapter 14.4.3.2, "lonosphere grid settings",
on page 250.

27

SBAS service message

See "Service" on page 263.

28

Clock-Ephemeris covariance matrix
message

See Chapter 14.4.3.7, "Clock-ephemeris covariance
matrix configuration settings", on page 258.

8
1"
13to 16
19to 23
29 to 61

Reserved

(not simulated)

0
62
63

For SBAS testing only
Initial test message

Null message

(This message is filled in with empty timeslots
depending on the transmit period values selected for
the other message types.)

SBAS message scheduling

The SBAS messages are scheduled according to a user-defined period. The default
values reflect the timeouts specified in the specification RTCA MOPS DO-229.

Loading SBAS corrections

Similar to the constellation and navigation data files, you can load SBAS constellation
and correction files, for example, to reproduce a specific situation from the past.

For details, see Chapter 17.2, "Import SBAS settings", on page 286.

Assigning SBAS space vehicles

The assignment of an SBAS space vehicle (PRN) to the corresponding regional aug-
mentation system can change from time to time. You can assign up to six space vehi-
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cles to one individual regional system, see "Mapping SBAS space vehicles (PRN)"
on page 240. For related settings, see "SBAS PRN Mapping" on page 242.

14.2 About SBAS corrections

Applying SBAS corrections

Apply SBAS corrections, if you want to correct errors that result from errors of the
simulated navigation message. These corrections result in a corrected broadcasted
navigation message and improve simulation accuracy of the generated GNSS output
signal.

SBAS corrections are not necessary, if the simulated navigation message and the
broadcasted navigation messages match as they are (default configuration). Activating
SBAS does not improve the positioning accuracy of the GNSS receiver. If, for example,
the receiver under test does not support SBAS, you may observe a degradation of the
positioning performance of the receiver.

SBAS error correction data source

By default, SBAS error correction uses the correction data as defined in the SBAS nav-
igation message, see Chapter 14.4, "SBAS settings", on page 241.

Also, you can import SBAS correction data from * . nstb, *.ems or Rinex files. Select
the data source via "Import Constellation and Correction Data" in the satellite constella-
tion settings of the SBAS, see Chapter 14.4.1, "SBAS satellites settings", on page 242.

Corrections are applied automatically for atmosperic delays and satellite biases (pseu-
dorange and clock biases and satellite orbit errors).

Biases and corrections

The following corrections are applied automatically:

® Alonogy
Vertical delay values, according to the ionospheric grid, broadcasted in the SBAS
messages

® ATroposy
Corrections, as defined by MOPS-DO-229D

ApSV = ApFast_corrections
Pseudorange bias corrections are the pseudorange corrections retrieved from the
SBAS fast correction data ("PRC")

® AtSV = At::Ik + AtLT_corrections
Clock corrections calculated as the sum of:

— The clock bias broadcasted by the SV itself (Atg)

— The corrections At 1 creciions retrieved from the SBAS long-term correction data
("oaf0", "daf1")

AXLT_correctionzav AYLT_(:orrectionzav AZLT_(:orrectionza
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Correction information on the GEO satellite location retrieved from the SBAS long-
term correction data ("dx/dy/5z")

These corrections are used for the pseudorange and range calculations.

Pseudorange calculation

The pseudorange Tgy is a function of the range pgy and the corrections:
Tsy = Psy + Apsy + Alonogy + ATropogy - Atgy.

Where the range pgy is:

Psv = V[(Xrx - Xsv)? *+ (Yrx - Ysv)* * (Zrx - Zsv)’]

The SV position (Xgy, Ysv, Zsy) is the sum of the ephemeris position (Xeph, Yeph: Zepn) @and
the Iong—term corrections (AXLT_correctionsa AyLT_correctionsa AZLT_corrections)! for example-

Xgv = Xeph + AXLT_corrections

SBAS correction impact on the logged data

SBAS corrects the pseudorange, satellites and receiver position values. If data logging
is used, the logged values include the corrections. The logged data can deviate from
the expected not corrected parameters.

14.3 How to generate SBAS corrections

Activating SBAS
1. Select "System Configuration" > "Systems & Signals".

2. To activate the frequency band, select "L# Band" > "On".
For SBAS, you can activate the L1 band and L5 band.

3. To activate the SBAS, select "SBAS" > "EGNOS/WASS/MSAS/GAGAN" > "On" as
needed.

The figure below shows a configuration with activated L1 band and L5 band. Also
GPS, EGNOS, WASS, MSAS and GAGAN system are activated.
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GNSS: GNSS Cunhgurutlun

Systems & Slgnals Satellites | Atmosphere | Noise / CW Interferer _

Mapping SBAS space vehicles (PRN)

This step-by-step instruction describes, how to map individual SBAS space vehicles
("PRN xyz") to the EGNOS SBAS. Mapping to other SBAS is analogous.

1. To activate EGNOS, see "Activating SBAS" on page 239.

2. Select "Satellites" > "SBAS" > "SBAS PRN Mapping".
The dialog "SBAS PRN Mapping" opens. It allows you to map SBAS space vehi-
cles "PRN xyz" with SBAS systems.

GNSS: SBAS PRN Mapping

By default, SBAS space vehicles and SBAS systems are mapped as described in
the table below.

SBAS SVID/PRN

EGNOS PRN 120 PRN 123 PRN 124 PRN 124 PRN 131 PRN 136
WAAS PRN 122 PRN 133 PRN 134 PRN 135 PRN 138 -
MSAS PRN 129 PRN 137 --- -
GAGAN PRN 127 PRN 128 --- -

When changing the default mapping, note, that you can map a maximum of six

space vehicles to an individual SBAS system.

3. To change the default mapping of EGNOS space vehicles, proceed as follows.
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a) Deselect space vehicles "PRN xyz", that you do not want to be part of the
EGNOS constellation.
For "PRN 120", select, for example "SBAS System" > "---".

b) Add space vehicles, that you want to include in the EGNOS constellation.
For "PRN 125", select, for example, "SBAS System" > "EGNOS".
If the EGNOS constellation already includes six space vehicles, you cannot
select "EGNOS".

PRN 125 - SBAS System

WAAS

MSAS

GAGAN

Applying real SBAS corrections

In the following, we use the default SBAS constellation and correction data. These cor-
rections are real SBAS data, downloaded from the SBAS server and applicable to the
default simulation time (2014-02-19).

1. Enable SBAS.
2. Select "Satellites > SBAS".

The SBAS corrections are configurable but the broadcast navigation message of
the GPS satellites cannot be edited. Atmospheric models and pseudorange param-
eters are retrieved from the SBAS corrections and cannot be edited, too.

The default SBAS corrections augment the default clock and orbit parameters of
the GPS satellites. If the simulated orbit and clock parameters are changed or
pseudorange errors are defined, the SBAS corrections have to be adjusted man-
ually.

3. Select "SBAS > SV ID > SV Config".
4. Select "Nav Msg Content > Config".

14.4 SBAS settings

The SBAS settings are distributed among several dialogs, depending on their type.
The SBAS satellites settings, for example, are located in the similar dialogs as the set-
tings of the GPS satellites. You access this dialog on the same way as you access the
dialogs of the other GNSS systems.

Common settings are thus described in the corresponding sections; cross-references
are provided wherever needed. This section focuses on the settings that are dedicated
to SBAS.
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14.41

SBAS settings

For step-by-step description, see Chapter 14.3, "How to generate SBAS corrections”,
on page 239.

The remote commands required to define these settings are described in Chap-
ter 21.15, "SBAS corrections", on page 540.

o SBAS satellites Settings. ... 242
o GEO ranging information....... ..o 243
o Differential CorreCloNS........cii i 248
e Additional SBAS system parameters.........coccccvviiiiiiiieee e 259

SBAS satellites settings

Access:

1. Select "GNSS Configuration" > "Systems & Signals".

2. Select "SBAS" > "EGNOS/WASS/MSAS/GAGAN" > "On"
3. Select "Satellites" > "SBAS".

Systems & Signals LG INEE] Atmosphere | Noise / CW Interferer _

Reference Power
SV Selection Criteria ... | @Slmulatlon Monitor ..

-120.00 dBm
@SBAS PRN Mapping ...

EGNOS

R [

WAAS

W ’Y Import Constellation and
A EN Correction Data ...

MSAS

SBAS PRN MaPPiNg....ceeeeeieeeeiiiiiicciiiieieeeie e e e e s sssssteseeseeeeeasessssssnssssaseeeesasasessassnnsenes 242
L SBAS SYSIEM... ettt ettt sttt n e ans 243

SBAS PRN Mapping
Accesses the dialog "SBAS PRN Mapping" to map SBAS space vehicles "PRN xyz"
with SBAS systems.
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14.4.2

14.4.21

SBAS settings

GNSS: SBAS PRN Mapping — | X

SBAS System

PRN 120 EGNOS

PRN 121 -

PRN 122 WAAS

PRN 123 EGNOS

PRN 124 EGNOS

PRN 125 -

How to: "Mapping SBAS space vehicles (PRN)" on page 240

SBAS System «— SBAS PRN Mapping
Maps the SBAS space vehicle "PRN xyz" with the SBAS system.

"PRN xyz" ranges from "PRN 120" to "PRN 150", so that you can map each of the 39
space vehicles to one individual SBAS system. For an individual space vehicle, "SBAS
System" > "---" means that this space vehicle is excluded from all SBAS constellations.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:SYSTem on page 544

GEO ranging information
The SBAS GEO satellites transmit GPS-L1-like signals to extend the number of visible
satellites. The signals transmitted with this purpose are called ranging signals.

As for any other GNSS satellites, you can configure the simulated ranging information
of the GEO satellites and, if necessary, change the broadcasted ranging information.

e Simulated orbit and simulated clock settings........cccoviieiiiiiiiiiiii e 243
e Broadcasted orbit, clock and time conversion settings............ooovoiiiieeee. 245

Simulated orbit and simulated clock settings

Access:
1. Select "System Configuration > Systems & Signals > SBAS (e.g. EGNOS) > On".
2. Select "Satellites > SBAS > SV ID# > SV Config > Simulated Orbit".
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GNSS A: SV Configuration (EGNOS 120)

Simulated FlnllELES|

Reference Date

Reference Time

— X

. i Pseudorange
I Signals Config b _

19.02.2014 06:00:00.000
X Ye Zs
40 636 720.00 m -11 245 916.00 m 0.0m
X¢ Rate of Change Y Rate of Change Z; Rate of Change
0.000 0 m/s 0.000 0 m/s 0.000 m/s
X¢ Acceleration Y Acceleration Z Acceleration
0.000 00 m/s? 0.000 00 m/s? 0.000 00 m/s?

3. Select "Satellites > SBAS > SV ID# > SV Config > Simulated Clock".

GNSS A: SV Configuration (EGNOS 120)

— X
{' signals Confi Simulated [EIyNELE:N Pseudorange
9 9] orbit Clock Errors

Reference Date Reference Time

19.02.2014 06:00:00.000

acfo acf

0.000 000 0000 0.000 000 000 000 O

Settings:

(1010 o Lo I I =] ST TR
Simulated Orbit........ceveeviiiiiiiiiiiiieie,
Simulated Clock

Ground Track
Displays a plot of the trajectory of the selected satellite.

To observe the aggregated ground tracks of all satellites, select "GNSS > Simulation
Monitor > Display = Satellites > Ground Track".

Simulated Orbit
Comprises the parameters of the EGNOS, WAAS, MSAS satellites.

Parameter Remote command:

"Reference Date" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:SIMulated:
ORBit:DATE on page 452

"Reference Time" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:SIMulated:
ORBit:TIME on page 453

"Xg" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:SIMulated:
ORBit : XN on page 451

"Yg" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:SIMulated:
ORBit:YN on page 451

"Zg" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:SIMulated:
ORBit:ZN on page 451

"Xs Rate of Change" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:SIMulated:
ORBit:XDN on page 451
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Parameter Remote command:

"Ys Rate of Change" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:SIMulated:
ORBit:YDN on page 451

"Zs Rate of Change" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:SIMulated:
ORBit:ZDN on page 451

"Xs Acceleration” [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:SIMulated:
ORBit:XDDN on page 451

"Y s Acceleration” [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:SIMulated:
ORBit:YDDN on page 451

"Zs Acceleration" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:SIMulated:
ORBit :ZDDN on page 451

Simulated Clock
Comprises the parameters of the EGNOS, WAAS, MSAS satellites.

Parameter Remote command:

"Reference Date" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:SIMulated:
CLOCk:DATE on page 452

"Reference Time" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:SIMulated:
CLOCk: TIME on page 453

"acn'"s "acnH" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:SIMulated:
CLOCk:AF<s2us0> on page 458

14.4.2.2 Broadcasted orbit, clock and time conversion settings

Access:
1. Select "System Configuration > Systems & Signals > SBAS (e.g. EGNOS) > On".

2. Select "Satellites > SBAS > Error Correction Mode > Replay Historical Data (and
Sync Atmosphere & SV Errors)".

3. Select "SV# > SV Config > Signals Configuration".
4. Select "Nav Msg Control > Edit".
5. Select "Nav Msg Content > Config" > "Orbit".
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Tlme Conversion | lonosphere| Differential Correction | System Parameters

Time of Day
280 768
Xo Ye Zc
40636 720.00 m -11245916.00 m 0.0m
X Rate of Change Y Rate of Change Z; Rate of Change
0.000 0 m/s 0.000 0 m/s 0.000 m/s
Xg Acceleration Y Acceleration Z¢ Acceleration
0.000 00 m/s? 0.000 00 m/s? 0.000 00 m/s?

Show Scaled Values [_]

6. Open the "Clock", "Time Conversion" and "Additional Data" setting in the same

manner.

Per default, the navigation message parameters are set to values that correspond
to the values retrieved from the constellation data source.

Settings:
L4 o1 SR 246
L3 oo USRS 247
FaNe (o1 (o] T I I = = T USRI 247
TIME CONVEISION. .ttt e e e e et e e e e e e e e e e e e e s nnneeeeeeeaaaaeeas 247
Orbit
Comprises the parameters of the EGNOS/WAAS/MSAS satellites.
Parameter Remote command:
"Time of Day" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:NMESsage:
NAV:EPHemeris:TOE on page 488
"Xg" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:NMESsage:
NAV:EPHemeris: XN on page 499
"Yg" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:NMESsage:
NAV:EPHemeris:YN on page 499
"Zg" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:NMESsage:
NAV:EPHemeris:ZN on page 499
"Xs Rate of Change" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:NMESsage:
NAV:EPHemeris:XDN on page 500
"Ys Rate of Change" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:NMESsage:
NAV:EPHemeris:YDN on page 499
"Zs Rate of Change" [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:NMESsage:
NAV:EPHemeris:ZDN on page 499
"Xg Acceleration” [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:NMESsage:
NAV:EPHemeris:XDDN on page 500
246
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Parameter Remote command:

"Y g Acceleration” [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:NMESsage:
NAV:EPHemeris:YDDN on page 500

"Zs Acceleration” [ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:NMESsage:
NAV:EPHemeris:ZDDN on page 500

Clock
Comprises the parameters of the EGNOS/WAAS/MSAS satellites.

Parameter Remote command:

"agn", "acn" [ : SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:NMESsage:
NAV:CCORrection:AF<s2us0> on page 507

Additional Data
The "User Range Accuracy Index" (URA) indicates statistically the SBAS satellite rang-
ing accuracy.

Satellites with "User Range Accuracy Index = 15", for example, are not used for posi-
tion estimation.
Remote command:

[ :SOURce<hw>] :BB:GNSS:SVID<ch>:SBAS:NMESsage:NAV:EPHemeris:URA
on page 514

Time Conversion
Comprises the SBAS time conversion parameters.
Table 14-2: EGNOS - UTC

Parameter Remote command:

"Wt [ :SOURce<hw>] :BB:GNSS:SV:SBAS:EGNOS:NMESsage:
NAV:TIME:CONVersion:UTC:WNOT on page 520

"Tot" [ : SOURce<hw>] :BB:GNSS:SV:SBAS:EGNOS :NMESsage :
NAV:TIME:CONVersion:UTC:TOT on page 521

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:SBAS:EGNOS:NMESsage:
NAV:TIME:CONVersion:UTC:AZERo on page 523

"A" [ :SOURce<hw>] :BB:GNSS:SV:SBAS:EGNOS:NMESsage:
NAV:TIME:CONVersion:UTC:AONE on page 522

Table 14-3: GAGAN - UTC

Parameter Remote command:

"Wt [ :SOURce<hw>] :BB:GNSS:SV:SBAS:GAGAN:NMESsage :
NAV:TIME:CONVersion:UTC:WNOT on page 520

"Tot" [ : SOURce<hw>] :BB:GNSS:SV:SBAS: GAGAN :NMESsage :
NAV:TIME:CONVersion:UTC:TOT on page 520
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Parameter Remote command:

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:SBAS:GAGAN:NMESsage:
NAV:TIME:CONVersion:UTC:AZERo on page 523

"A" [ :SOURce<hw>] :BB:GNSS:SV:SBAS:GAGAN:NMESsage:
NAV:TIME:CONVersion:UTC:AONE on page 522

Table 14-4: MSAS - UTC

Parameter Remote command:

"Wiot" [ :SOURce<hw>] :BB:GNSS:SV:SBAS:MSAS:NMESsage:
NAV:TIME:CONVersion:UTC:WNOT on page 520

"Tot" [ : SOURce<hw>] :BB:GNSS:SV:SBAS:MSAS:NMESsage:
NAV:TIME:CONVersion:UTC:TOT on page 520

"Ag" [ :SOURce<hw>] :BB:GNSS:SV:SBAS:MSAS:NMESsage:
NAV:TIME:CONVersion:UTC:AZERo on page 523

"A" [ :SOURce<hw>] :BB:GNSS:SV:SBAS:MSAS:NMESsage:
NAV:TIME:CONVersion:UTC:AONE on page 522

Table 14-5: WAAS - UTC

Parameter Remote command:

"Wiot" [ :SOURce<hw>] :BB:GNSS:SV:SBAS:WAAS:NMESsage:
NAV:TIME:CONVersion:UTC:WNOT on page 520

"Tot" [ : SOURce<hw>] :BB:GNSS:SV:SBAS:WAAS:NMESsage:
NAV:TIME:CONVersion:UTC:TOT on page 520

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:SBAS:WAAS:NMESsage:
NAV:TIME:CONVersion:UTC:AZERo on page 523

"Ay" [ :SOURce<hw>] :BB:GNSS:SV:SBAS:WAAS:NMESsage:
NAV:TIME:CONVersion:UTC:AONE on page 522

14.4.3 Differential corrections

The SBAS GEO satellites broadcast additional correction data, known as differential
corrections, to the existing GNSS navigation messages to improve the positioning
accuracy. The differential corrections include corrections for the satellite orbits and
clocks, and ionospheric corrections.

e Timing setting of the differential corrections...........cccccveveeiiiiiiiccccieee e, 249
e |onosphere grid settings...

e PRN mask settings

o Fast CorreCtion SEtHNGS. ... uuuiiiii e 253
e Long-term correction file configuration settings..........cccovveviiiiiiiiccii e 256
e Fast correction degradation factor configuration settings..........ccccooiieeiiiiinne 257
e Clock-ephemeris covariance matrix configuration settings..........ccccoecieeeiiiieenn. 258
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14.4.3.1 Timing setting of the differential corrections
Navigation and correction data are time-specific information and the SBAS parameters
are defined for a specific time span. In this implementation, the SBAS corrections are
valid for 24 hours and this time span is repeated infinitely. Projection mechanism
ensures that you can select any simulation date.
Time span
There is a time slider in each SBAS dialog. With this time slider, you can "scroll" over
the time and edit, for example, the correction data at a particular time. The time span is
displayed as a gray time bar with its start and end time. The orange bar indicates the
current time span for that the SBAS parameters apply.
Time Select S| — Insert Page | Delete Page
06:00:00 |30.00 * cEie
Figure 14-1: Timing settings
Use the following functions to define the SBAS parameters for a specific time span:
® Set the "Time Select" value to define the start time (and the time span) the SBAS
parameters apply for.
® Insert a page to split the time span and define parameter changes at more precise
time granularity.
Time Select 05:55:43 - 06:11:47
06:00:00 59.00 * 23:59
Time Select 05:55:43 - 66:00:00 Time Select 06:00:00 - 06:11:47
05:59:00 |g0.00 * 2msg | 06:00:00 po'oo + ]
1 = "Time Select" defines the page split edge
® Remove pages to merge correction data
Time Select Time Select 06:11:47 - 06:27:57
06:00:00 |0.00 23:59 | 06712:00 fgoigp * 2359
Time Select 06:00:00 - 06:27:57
06:12:00 |gg:pg * 23:59

1 = "Time Select" defines the merge edge
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Settings:
INSEr/DElEte Page.....coii i 250
Time Scale, TIME SEIEC.......cuuiiii it 250

Insert/Delete Page
"Insert Page" splits the current page at the current "Time Select" moment.

"Delete Page" removes the current page; the time span of the previous page is exten-
ded and the content of the new page corresponds to the content of the previous page.

Time Scale, Time Select
Displays a time scale (the gray bar) and the current time span (the orange bar).

An arrow indicates the current time ("Time Select").

Projection mechanism ensures that you can select any simulation date. Hence, date
information is irrelevant and not displayed.

14.4.3.2 lonosphere grid settings

Access:
1. Select "System Configuration > Systems & Signals > SBAS (e.g. EGNOS) > On".

2. Select "Satellites > SBAS > Error Correction Mode > Replay Historical Data (and
Sync Atmosphere & SV Errors)".

3. Select "SV# > SV Config > Signals Configuration".
4. Select "Nav Msg Control > Edit".

5. Select "Nav Msg Content > Config" > "lonosphere".

GNSS A: Navigation Message NAV (EGNOS 120)

— X
; - Time Conversion LIS N Differential Correction | System Parameters

Ti Select 05:55:43 - 06:11:47
ime Selec Insert Page Delete Page
06:00:00 |50.00 * .
[ ] ' ' [ ] [ ] m | View Type
80° ' 5 : pe -
. - = m Vertical Delay
70 - Legend:
60° L] 19
- [17.1
50° , ™ ; g 152
. L : : = 133
40 T = y
T T rrrrrraarT < —11.4
30~ m mE a_—95
20" y = -E —76
EEEEEEEEE £ B 5.7
10° ; 2 _38
: 1.9
i I I I I 0
-90° -75° -60° -45° -30° -15° 0° 15°  30° 45° 60° 75° 90° |=Not Monitored
Longitude Latitude GIVEI . Vertical Delay Plot IGP
-10 ° 25° 7 (2.4m|0.5322m?) 1.625
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The ionospheric grid contains the ionospheric delay correction parameters of MT
26. It also contains the ionospheric grid mask of MT 18, that is the grid of all moni-
tored squares.

MT 26 carries information on the vertical delays and their accuracy (o2%g,g) at geo-
graphically defined ionospheric grid points (IGP).

The "GIVEI" and "Vertical Delay" values are displayed as a color-coded grid. Not
monitored (NM) IGPs are indicated in gray.

Settings:

Longitude, LatitUde. ..........ooiiiiiei e 251
GIVEI/NVErtiCal DEIAY.......eo ettt e e e e e e e eneeas 251
VAL Y/ o 1= TP PPUPPPPPPP 251
Plot Vertical DelayS/PIOt IGP........coou it 251

Longitude, Latitude
Indicates the geographic coordinated of the selected ionospheric grid point IGP.

GIVEl/Vertical Delay
Sets the grid ionospheric vertical error indicator "GIVEI" and the "Vertical Delay" values
of the current IGP.

Changes are applied immediately.
To save the ionospheric grid, select "Export Grid".

To restore the predefined ionospheric grid for the MOPS-D0O-229 model, select "Import
Grid > Add File > Predefined Files > 19 _02_14_mixed > Import".

View Type
Toggles between indication of the vertical delay and GIVEI values.

Remote command:
[ :SOURce<hw>] :BB:GNSS:ATMospheric:IONospheric:MOPS:DISPlay
on page 402

Plot Vertical Delays/Plot IGP
Displays the 24h vertical delay or GIVEI distribution functions.

Access: select a particular position on the "lonospheric Grid" map and select "Plot
IGP".
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14.4.3.3

SBAS settings

GNSS: Plot lonospheric Grid (Model MOPS-D0-229D) — X
5
4.5
4
3.5
E
E 3
&
w 2.5
.%
z
1.5
1
0
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24
Time /h
Grid Point: Longitude Latitude Dlsplay i
10° 50° Vertical Delay

Figure 14-2: Example: 24h vertical delay distribution for a given position (the curve shows the MOPS-
DO-229D distribution)

"Longitude, Latitude"
Scrolls between the grid points.

"Display" Toggles between indication of the vertical delay and GIVEI values.
The plot displays the variation of these values over a 24-hour time
period.

PRN mask settings

Access:

1. Select "System Configuration > Systems & Signals > SBAS (e.g. EGNOS) > On".

2. Select "Satellites > SBAS > Error Correction Mode > Replay Historical Data (and
Sync Atmosphere & SV Errors)".

w

Select "SV# > SV Config > Signals Configuration”.

B

Select "Nav Msg Control > Edit".
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14.4.3.4

SBAS settings

5. Select "Nav Msg Content > Config" > "Differential Corrections".

GNSS: Navigation Message NAV (EGNOS 120) — X
. . Time Conversion | lonosphere i 0iE NG =T8Tl M System Parameters
ol s NN for AllSVs for All SVs

Time Select 00:00:09 - 23:59:59
06:00:00 |0\ + |

EEEEEEEEEEEEEEE
EEEEEEEEEEEREEE -

EGNOS PRNs
.ll 123 | 124 . 131| (136

The PRN mask is a list of the SVs for which the fast and long-term correction data
apply.

Insert Page

Delete Page

=
il

8
)

35

Settings:
GNSS PRNS/SBAS PRNS, State......ciiiiieeiiieiiiie e e e 253

GNSS PRNs/SBAS PRNs, State
To enable an SV ID/PRN: select it and select "State > On".

Up to 51 satellites can be enabled, where an enabled satellite is indicated with blue
color.

It is, however, not necessary to change the PRN mask because currently, only GPS
and SBAS satellites are monitored; EGNOS and WAAS do not change the PRN mask.
In the future, when more GNSS systems are augmented, changing the PRN mask
would be necessary to define the 51 monitored SV ID/PRNs.

Remote command:
[ :SOURce<hw>] :BB:GNSS:SYSTem: SBAS:EGNOS:NMESsage : NAV: PRN<ch>:
STATe on page 544

Fast correction settings

Access:
1. Select "System Configuration > Systems & Signals > SBAS (e.g. EGNOS) > On".

2. Select "Satellites > SBAS > Error Correction Mode > Replay Historical Data (and
Sync Atmosphere & SV Errors)".

3. Select "SV# > SV Config > Signals Configuration".
4. Select "Nav Msg Control > Edit".
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5. Select "Nav Msg Content > Config" > "Differential Corrections".

GNSS: Navigation Message NAV (EGNOS 120) — X
Time Conversmn Ionosphere Differential Correction F3E IR

Time Select INLINIAES 2 3. 55 5
06:00:00 ool +

Insert Page

Delete Page

GPS PRNs

IIIIIIIIIIIIIII
1 IE

.|| 123 | 124 .|| 131| 136

SBAS differential corrections augment only the GPS satellites. The "Differential
Corrections" displays all GPS SV IDs (or PRNs) for that correction data is availa-

EGNOS PRNs

ble.
6. Select "PRN > State > On" to enable transmission of correction data for the particu-
lar satellite.
_ x
State

Corrections ...

7. To configure the differential corrections, select "PRN > Corrections > Fast Cor-
rections".

GNSS: EGNOS Correction Data (PRN 1)

A i Long Term Correction | FC Degradation | C-E Covariance Matrix

1

ED

=1l

o1 2 3 4 5 6 7 & 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24

Time Select BB A DO Display
06:00:00 ool * sass  PRC
Insert Page
05:59:54 - 06:00:02 375 1.299 0.00 off Delete Page
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The fast corrections contain the fast correction parameters of MT 2, 3, 4 and 5.

The four messages MT 2, 3, 4 and 5 carry information on the following:

e The issue of data fast correction (IODF)

e User Differential Range Error Indicator (UDREI) and the UDRE

e The coarse integrity "use/don't use" alarm ("Alert" flag)

e The Pseudo Range Correction (PRC) per PRN for a set of up to 13 PRNs

Table 14-6: UDRE, ¢?,pre and GPS URA as a function of UDREI

UDREI UDRE, m 02pre, M? GPS URA*
0 0.75 0.0520 2
1 1.0 0.0924 2
2 1.25 0.1444 2
3 1.75 0.2830 2
4 2.25 0.4678 2
5 3.0 0.8315 3
6 3.75 1.2992 3
7 45 1.8709 4
8 5.25 2.5465 5
9 6.0 3.3260 5
10 7.5 5.1968 5
1 15.0 20.7870 15
12 50.0 230.9661 10
13 150 2078.695 1
14 not monitored ("NM") not monitored ("NM") 5%
(average accuracy)
15 Do not use ("DNU") Do not use ("DNU") 15
Do not use ("DNU")

*) If "Error Correction Mode = Replay Historical Data and Sync Atmosphere & SV
Errors" is enabled, the GPS URA values are automatically set.

**) for UDREI = 14 (not monitored), the GPS URA value is set to average accuracy, i.e.
URA = 5.
Settings:
D115 ] = Y2 255

Fast Correction Data Parameters. ...ttt 256

Display
Sets the parameter whose variation over the 24-hour time period is indicated on the
plot.
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14.4.3.5

SBAS settings

Fast Correction Data Parameters
Sets the fast correction data parameters per PRN.

"UDREI" User Differential Range Error Indicator

"UDRE" User Differential Range Error value

"Sigma" UDRE accuracy 02 pgre, See Table 14-6.

"PRC" Pseudo Range Corrections

"Alert" If enabled, simulates a short-term alarm, i.e. a coarse integrity "don't

use" information.

Long-term correction file configuration settings

Access:

1. Select "Satellites > SBAS > Error Correction Mode > Replay Historical Data (and
Sync Atmosphere & SV Errors)".

2. Select "SV# > SV Config > Signals Configuration > Nav Msg Content > Config >
Differential Corrections".

3. For a PRN, select "PRN > Configuration > Long Term Corrections".

GNSS: EGNOS Correction Data (PRN 1)

Fast Correction [Nl VR (nR=G(4(0] ) FC Degradation | C-E Covariance Matrix

o1 2 3 4 5 6 7 8 9 10 M 12 13 14 15 16 17 18 19 20 21 22 23 24

: 05:58:32 - 06:01:19 F
Tlme'SeI'ecl | || Use Velocity 0 Dlspl:ly i
06:00:00 |00 + 2350 X
X 5y oz saf0
Page Span m /m /m Is ‘IODE Insert Page
05:58:32 - 06:01:19 0.000  -0.500 1125  51E-09 116 pelete Page

The long-term corrections contain the fast correction parameters of MT 1, 24 and
25.

MT 25 and the long-term data set part of MT 24 carry error estimates for slow vary-
ing satellite ephemeris (SV location) and clock errors, including velocity and drift

errors.
Settings:
USE VEIOCIY...e ittt e e e e e s e s e e e e e e e e e e e e s 257
D] ET o] = PP P O PP PPPPUPPPPPPPRN 257
Long Term Correction Data Parameters.........cccoooveciiiiiieiiiee e 257
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SBAS settings

Use Velocity
Enables signaling of the velocity and clock drift errors.

Display
Sets the parameter whose variation over the 24-hour time period is indicated on the
plot.

Long Term Correction Data Parameters
Sets the long-term correction data parameters per PRN.

"dx/0y/dz, m" Correction information on the GEO satellite location in WGS-84 coor-

dinates.
"0afo, s" Clock offset error correction
"IODE" Issue of Data Ephemeris (IODE)

Note: The IOD must match the IODC and IODE in the navigation
message of the GPS satellite.

To automatically synchronize the required values and ensure integrity,
select "Error Correction Mode = Replay Historical Data and Sync
Atmosphere & SV Errors".

"dx'/dy'/dz"™ Rate of change correction vector
If the "Use Velocity > Off", the rate of change vector is set to 0.
"daf1" Clock drift error correction.
"TOD" Time of Day, i.e. the time span for that the "dx'/dy'/6z™ and "daf1" are
applied.

14.4.3.6 Fast correction degradation factor configuration settings

Access:

1. Select "Satellites > SBAS > Error Correction Mode > Replay Historical Data (and
Sync Atmosphere & SV Errors)".

2. Select "SV# > SV Config > Signals Configuration > Nav Msg Content > Config >
Differential Corrections".

3. For a PRN, select "PRN > Configuration > FC Degradation™.

The fast correction degradation factor ("a"), the applicable IODP and the system
latency time (t,,;) are carried by the MT 7.
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14.4.3.7

SBAS settings

GNSS: EGNOS Correction Data (PRN 1)

Fast Correction | Long Term Correction f[g§SUEL[EGEIGTN C-E Covariance Matrix

o1 2 3 4 5 6 7 & 9 10 M 12 13 14 15 16 17 18 19 20 21 22 23 24
Time /h

Time Select LA 2.5 System Latency || Display @
06:00:00 |g0'00 + 2359 3 aii
) a IfcNPA | 1fcPA Max. Update Interval

Page Span ai Imis? e e s Insert Page

00:00:00 - 00:00:00 15  0.00580 18 12 §  Delete Page
Settings:
SYSIEM LAtENCY ...ttt 258
91157 ] = Y2 258
Fast Correction Degradation Factor Parameters...........cccoceeeeeeiiieieiiiiiieieeceeeeeeeeeeeiaes 258

System Latency
Sets the system latency time t;.

Display
Sets the parameter whose variation over the 24-hour time period is indicated on the
plot.

Fast Correction Degradation Factor Parameters
Sets the fast correction degradation factor per PRN.

"a" Fast correction degradation factor indicator
This value of this parameter determines the values of the other deg-
radation parameters.

"a, m/s?" Fast correction degradation factor.
"l NPA, s" User timeout interval, En-route through LANV Approach.
"l PA, s" User timeout interval, En-route through LANV/VAN, LV, LP Approach.

"Max. update interval, s"
Maximum fast correction update interval.

Clock-ephemeris covariance matrix configuration settings

Access:

1. Select "Satellites > SBAS > Error Correction Mode > Replay Historical Data (and
Sync Atmosphere & SV Errors)".
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SBAS settings

2. Select "SV# > SV Config > Signals Configuration > Nav Msg Content > Config >
Differential Corrections".

3. For a PRN, select "PRN > Configuration > C-E Covariance Matrix".

GNSS: EGNOS Correction Duta (PRN 1)

(R EECRBLI T ER LT C-E Covariance Matrix
6

4

Scale Exp.

2

0

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time /h

Time Select LN 2 3. 5. Display

w
06:00:00 50100 + 23559 Scale Exp
Page Span ‘::;"‘ EN ‘522 E33 ‘EM ‘m ‘513 ‘EM ‘523 ‘524 ‘E:H ‘ Insert Page
00:00:00-23:59:59 5 1 1 1 1 0 0 0 0 0 0 peetepage

The relative covariance matrix for clock and ephemeris errors is transmitted by MT
28.

Settings:
91157 ] = Y2 259

Clock-Ephemeris Covariance Matrix Elements...........cccoorrririccccccee e, 259

Display
Sets the parameter whose variation over the 24-hour time period is indicated on the
plot.

Clock-Ephemeris Covariance Matrix Elements
Sets the Clock-Ephemeris covariance matrix elements per PRN.

"Scale Exp." Scale exponent

"E11, E22, ... E44"
10 non-zero elements E, 4 to E4 4 of the covariance matrix.

14.4.4 Additional SBAS system parameters

Access:
1. Select "System Configuration > Systems & Signals > SBAS (e.g. EGNOS) > On".

2. Select "Satellites > SBAS > Error Correction Mode > Replay Historical Data (and
Sync Atmosphere & SV Errors)".

3. Select "SV# > SV Config > Signals Configuration".
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SBAS settings

4. Select "Nav Msg Control > Edit".

5. Select "Nav Msg Content > Config" > "System Parameters" > "Message Sched-
ule".

GNSS A: Navigation Message NAV (EGNOS 120)

. - Time Conversion | lonosphere | Differential Correction [EREUNEIEEE

Issue of Data
Service

GNSS: Navigation Message NAV (EGNOS 120)

Clock Additional Data | i ] lWi E System Parameters I

lonospheric Grid - Initial 10DI

In this dialog, you select which SBAS messages are generated.

6. Select "System Parameters > Issue of Data".

Message Schedule

PRN Mask - 10DP
0

Fast Correction - Initial IODF: MT2

Service -10DS Degradation F;

The dialog list the issue of data-related parameters of all differential correction
types.

7. Select "System Parameters > Service".
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SBAS settings

GNSS: Navigation Message NAV (EGNOS 120) —_ X
Clock T'T[Iirlgli‘e;'.Jévn\.'iersi(an I'orlm n g:::lesrcsparametersl

Number of Service Messages || Service Message Number || Priority Code Message Schedule
1 1 0
UDREI Inside UDREI Outside Number of Regions |[(FESIRe A €
15 1

Degradation Factors

The service information is transmitted by MT 27.
8. Select "System Parameters > Degradation Factors".

GNSS A: Navigation Message NAV (EGNOS 120) X

. - AR CESGINTE SOI TGS EE DI E COE R EWIBL] System Parameters

B B /0.002 Ceso Ciesb /0.002 Message Schedule
0.000 0 0.358 ge sc
Chicv1 Ciic_n / 0.00005 lite_v1 Issue of Data
0.007 80 156 120
Cievo Ciicvo / 0.002 lite vo

0.958 479 120

Cgeo,lsh /0.0005 Cgeo,v /0.00005

Cgeo,lsh C‘JEOJ

0.1770 0.020 00 400

lgea Cer Cer/ 0.5
120 0.0

Ciono_step Ciono_step / 0.001 liono

0.657 657 300
Ciono_remp Ciono_amp / 0.000005 RS Suore

0.000 000
RSSiona C covariance Ceovariance / 0.1
0 X

The dialog comprises the optional global degradation factors as specified in RTCA
MOPS DO-229. The degradation factors are broadcasted in MT 10.

Settings:

MesSSage SCREAUIE. ... e e e as
1T C T o) - | = SRR
L lonospheric Grid - 10DI...
L PRN M@SK = JODP......coiririieriircreiseseeneesessessisseseesssessssssesssssssssesssssssssesseens
L Fast Correction - IODF ..........cccueueeieeeeeeeeeseeeeeeeeeesseseseesesneseseeeessssessssenes
L SErVICe - IODS......ocvceceeeeeeeceeeeee ettt ettt
ST TSRS
L Number of Service MESSAgES.........c.cueveveveeeeerereceeeeseseseeeeeseeeeeessasasaesesesnas 263
L Service Message Number
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SBAS settings

L PrIOFitY COAE....vevivevteeeeeeeeeeeeeeeeeetetete e te et es e ee e e asae ettt et eses s s s anaranaeseeas 263
L UDREI INSIAE/OULSIE. ...t 263
L NUMDEE Of REGIONS........veeeeeeeeereceeteteeeeeeeeeeeeeeeeeesaseseeae e saeese s s e nasesananees 263
L Coordinates and shape of each of up to five regions............cccccvveveverereennes 263
[D]=Te ir=To F= 1 T0] o W = To (o] = TR 263
L B IT ettt ettt ettt ettt ettt et en e 263
L C_Itc_v1, C_ltc_Isb, | Itc_ v1, C_tc_ VO, | HC_VO...ccormieeeeeeeeeeeeeeeeeeeee 263
L 1 ge0, C_ge0_ISh, C g0 V..uow oottt 264
L G- SOV 264
L RSS_iono, C_iono_step, C_geo V, |_iON0........c.coowereeeceeeeeeeeeeeeeeene 264
LRSS UDRE......eeeceeeeeeeeeeeeeeeee e ee et eee e ee e et see s s s ee st s en s e e 264
L C COVAMANGCE. ... ...ttt es 264

Message Schedule
The message schedule is a list of the SBAS messages that are generated.

Each SBAS message type is defined with:

"SBAS message content"
Indicates content of the SBAS message type.

"Message Indicates the SBAS message type according to RTCA MOPS DO-229
Typell
"State" Enables generation of the particular SBAS correction data.

Almanac and RINEX files, and UTC offset information are required for
the navigation services of SBAS and are always enabled.

Remote command:
[ : SOURce<hw>] :BB:GNSS:SYSTem: SBAS: EGNOS:NMESsage:
NAV:ALManac:STATe on page 547

"Period" Sets the periodicity of the SBAS message, i.e. the time interval after
that a message is retransmitted.
The selected value must not exceed the timeout specified in the
specification RTCA MOPS DO-229.

Remote command:
[ : SOURce<hw>] :BB:GNSS:SYSTem: SBAS:EGNOS:NMESsage:
NAV:ALManac: PERiod on page 549

Issue of Data
Access: "System Parameters > Issue of Data".

The dialog list the issue of data (IOD) related parameters of the differential correction
types. The 10D values are retrieved from the predefined or the loaded correction data,
see Chapter 17.2, "Import SBAS settings", on page 286.

lonospheric Grid - IODI < Issue of Data

Sets the initial Issue of Data ionospheric mask. The 10D is the incremental identifier of
the transmission.

The 10Dl is internally increased every 240 seconds with the transmission of each
page.
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PRN Mask - IODP « Issue of Data
Sets the Issue of Data PRN mask parameter.

Fast Correction - IODF — Issue of Data
Sets the issue of data fast correction IODF, per message type.

Service - IODS < Issue of Data
Sets the Issue of Data, Service.

Service
Access: "System Parameters > Service".

Comprises the service information as transmitted by MT 27.

Number of Service Messages < Service
Defines the total number of unique Type 27 messages for the selected "IDOS".

Service Message Number < Service
Sequential number that indicates a service message.

Priority Code — Service

If the regions defined in more than messages overlap, this parameter indicates the
message priority. The UDREI values specified in the service message with higher pri-
ority are used.

UDREI Inside/Outside < Service
Specifies the SUDREI factors.

The "UDREI Inside" factor applies on users within any of the specified regions; the
"UDREI Outside", to the users that are outside.

See "Coordinates and shape of each of up to five regions" on page 263.

Number of Regions < Service
Sets the number of geographic regions.

Coordinates and shape of each of up to five regions < Service
Geographic regions are closed polygons, described with their shape ("Triangular" or
"Square") and the coordinates ("Latitude" and "Longitude") of the corners.

Degradation Factors
Access: "System Parameters > Degradation Factors".

Degradation factors are optional global SBAS parameters and are defined in RTCA
MOPS DO-229. The degradation factors are broadcasted in MT 10.

B_rrc — Degradation Factors
Sets the range-rate correction degradation parameter B,.

C_ltc_v1, C_ltc_lIsb, I_Iltc_v1, C_Itc_vO, |_Itc_v0 — Degradation Factors
Set the degradation parameters for long-term correction:
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"lite_v1> Cite_v1, Apply if both offset and velocity are included in the messages (that is
oy MT 24 and MT 25 with Use Velocity = "On").

"lic_vo» Cite_vo" Apply if only offset is included in the messages (i.e. Velocity Code =
0).

I_geo, C_geo_lIsb, C_geo_v — Degradation Factors
Set the degradation parameters for GEO navigation message data lge,, Cgeo isp and

Cgeoﬁv-

C_er — Degradation Factors
Sets the extra "catch-all" degradation parameter C,,.

RSS_iono, C_iono_step, C_geo_v, |_iono «— Degradation Factors
Define the degradation of the ionospheric corrections, as a function of:

"RSSion0" The root-sum-square flag.

The rate of change and the minimum update interval for ionospheric
corrections.

n
Ciono_ramp, Iiono

The bound on difference between successive ionospheric grid delay
values.

n
Ciono_step

RSS_UDRE — Degradation Factors
Sets the root-sum-square flag RSSprg, Necessary to calculate the fast and long-term
correction degradation.

C_covariance < Degradation Factors

Sets the degradation factor C.yyariance» NECESSary to calculate the additional term €. that
is broadcasted in MT 28.
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15 Data logging

Data logging is a feature that enables you to acquire and download navigation data.
You can log real-time data and offline data. Save logged data in files on the hard disk,
in any network directory or on a remote computer.

Data logging not available for hardware-in-the-loop (HIL) receiver testing. If you acti-
vate logging in HiL mode, a warning message indicates a settings conflict. See also
"State" on page 268 and "Position" on page 53.

Application

Download and offline postprocessing of navigation data can be useful source for basic
analysis, for example for validation of the received parameters, for monitoring or docu-
mentation tasks. For example, you can log the simulated longitude, latitude and alti-
tude parameters or the ionospheric errors and compare these values with the values at
the receiver.

Filename syntax

The generated files are saved in the selected Directory and their filenames follow the
syntax log <Mode> <Logging Category/
Format>[ <YYMMDD> <HHMMSS>] <Stream#> <V#> <A#> <L#>, where:

® <Mode> corresponds to the selected "Mode" on page 268

® <Logging Category/Format> corresponds to the enabled category/format in
the Logging formats and categories table.
The available categories/formats are: Satellite, UserMotion.

® <YYMMDD> <HHMMSS> is the system time, appended if Create New Subdirectory
for Each Run >"On".

® <JStream#> <V#> <A#> <L#> indicate the logged stream, vehicle and antenna
number, and the RF band.

File format of the generated files

Logged navigation data is saved as * . csv files. The coma separated file format is

self-explanatory.

File content

Two kinds of parameters define the content of the logging files: parameters that set
what is logged and parameter that set how long and how often it is logged.

The logged data per file format and logging category is defined in the dialogs:

® "Logged Satellite Parameters" on page 271

® "Logged User Motion Parameters" on page 273

The time span, the number of logged records and the timestamp of the first logged
recorded are:

® Time span
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If logging is performed offline, the parameter "Duration" defines the time span that
is logged.

In real-time mode, the time span is the time that elapses between the moment you
start and stop the logging (select "On" and "Off").

Number of logged records

The number of logged records is defined by the logged time span and by the log-
ging resolution ("Log Step").

First logged record

In real-time mode, the timestamp of the first logged record is the time indicated with
the parameter "Simulation Start Time".

In offline mode, it is defined as "Simulation Start Time" + "Time Offset" + "Log
Step".

Example:

"Simulation Mode > Orbiting Satellites"

"Simulation Configuration > System & Signals > GPS C/A on L1 > On"
"Satellites > SV Selection Configuration > Number of SVs Max = 4"
"Time > Simulation Start Time = UTC 19:02:2014 06:00:00.000"

"Data Logging > Time Offset = 0", "Duration = 60s", "Logging Category > Satellite >
On", "Log Step = 10s"

"Data Logging > Mode > Offline" and "Generate"

Created is the file 1og _offline Satellite.csv with file content as shown on Fig-
ure 15-1.

The file content has been formatted for better reading; line numbers are included for
description purposes.
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Elapsed UTC Date UTC Tine
Time [s] [dd/mmiyyyy] |[hh:mm:ss.ms] Standard ID Elevation [deg] Azimuth [deg]

10.0 19.02.2014 U6:00:10.000 |G 14 166.314 -652.826
10.0 19.02.2014 06:00:10.000 | G 15 441.335 861.655

0.0 19.02.2014 06:00:10.000 |G 18 691.797 -962.890
10.0 19.02.2014 06:00:10.000 G 25 200.406 -1.740.554
20.0 19.02.2014 O6:00:20.000 |G 14 166.815 -652.321
20.0 19.02.2014 06:00:20.000 | G 15 440.542 0b2.494
20.0 19.02.2014 06:00:20.000 |G 18 691.877 -965.182
200 19.02.2014 06:00:20.000 |G 25 201.147 -1.740.627
30.0 19.02.2014 06:00:30.000 | G 14 167.317 -651.815
30.0 19.02.2014 06:00:30.000 |G 15 440.349 863.332
30.0 19.02.2014 06:00:30.000 | G 18 691.954 -967 476
30.0 19.02.2014 06:00:30.000 |G 25 201.889 -1.740.700
40.0 19.02.2014 06:00:40.000 | G 14 167.818 -651.310
40.0 19.02.2014 06:00:40.000 |G 15 439.856 864.168
40.0 19.02.2014 06:00:40.000 | G 18 692.027 969.772
40.0 19.02.2014 06:00:40.000 | G 25 202631 -1.740.772
50.0 19.02.2014 06:00:50.000 |G 14 166.320 -650.805
50.0 19.02.2014 06:00:50.000 | G 15 439.362 865.004
50.0 19.02.2014 06:00:50.000 | G 18 692.096 972.071
50.0 19.02.2014 06:00:50.000 |G 25 203.373 -1.740.644

Figure 15-1: Data logging: Example of a logged data (file extract)

1 = Logging time; first record made at "Time Offset + Log Step"

2 = Logged are 4 GPS satellites (SV IDs = 14, 15, 18, 25)

3 = Logged parameters (not all possible are enabled)

Rows 4, 5 = Difference in time between the rows 4 and 5, 8 and 9 etc. is the "Log Step"

Row 20 = Last record made 50s after the logging start ("Log Step = 10s" and the next record would be

exact 60s after logging start that is the end of the logging duration)

15.1 Data logging general settings

Access:
» Select "Data Generatiom" > "Data Logging".

The provide settings depend on the selected Mode. The differences are self-
explanatory.
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Data logging general settings

Mode
]
Real-Time

Directory
@ /var/user/gnss/log/

Create New Subdirectory for Each Run

Configure...

1 Configure... .
Directory:

Jvar/user/gnss/log/rt_210416_100610/
Log Files:

log_rt_BB_A_Satellite.csv
log_rt_BB_A_UserMotion.csv

The remote commands required to define these settings are described in Chap-
ter 21.19, "Data logging commands", on page 593.

Settings:
/LYo [P PPUPPUT RN 268
] = L= SRR 268
L TCT LT = | (= SRS 269
I L TS 5= RS 269
0 = 11T o PP 269
[0 =Y o1 (o ) Y75 269
Create New Subdirectory for EQCh RUN..........cuuiiiiiiiiiiiiiiicceiee e 269
Logging formats and Categories. ...........uiiiiiiiiiiii e 270
L SALE. . .v ettt 270
e 1T | AR 270
L LOG SEEP /Suuurueretereeeeeeeeeeeeeeeeeeeeetete e tet s s se e s s s sasa ettt es s se e ennnanenanaetananas 270
L CONfIGUIE LOGGING - -veteteeeeeeeeeeeeeee et eeeeeee e ees et ee e s e eneee et s s eeeeeeeeneneeeens 270
Mode

Sets the logging mode.
You can log real-time and offline navigation data for

"Real-Time" Logs real-time navigation data during runtime of the GNSS simula-
tion.

"Offline" Logs offline navigation data for a specified duration of the GNSS sim-
ulation.

Remote command:
[ :SOURce<hw>] :BB:GNSS:LOGGing:MODE on page 595

State
Starts/stops data logging.

Note: Existing files with the same name are overwritten. If you save the logged data to
files, first check if the selected folder is empty. The folder is specified via the Directory
configuration.

To prevent overwriting, activate Create New Subdirectory for Each Run.

"On" Logging is initialized and logging starts.
"Off" Logging files are saved.
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Remote command:
[:SOURce<hw>] :BB:GNSS:LOGGing:RT: STATe on page 596

Generate
Crates and saves logging files.

Note: Existing files with the same name are overwritten. If you save the logged data to
files, first check if the selected folder is empty. The folder is specified via the Directory
configuration.

To prevent overwriting, activate Create New Subdirectory for Each Run.

Remote command:

[ : SOURce<hw>] :BB:GNSS:LOGGing:0FFLine:GENerate on page 595
[ : SOURce<hw>] :BB:GNSS:LOGGing:OFFLine: ABORt on page 595

Time Offset

In "Mode > Offline", delays the logging start.

The first logged point of time is defined as "Simulation Start Time" + "Time Offset" +
"Log Step".

Remote command:

[ :SOURce<hw>] :BB:GNSS:LOGGing:0FFLine: TOFFset on page 596

Duration
In "Mode > Offline", sets the time span that is logged.

Remote command:
[ :SOURce<hw>] :BB:GNSS:L0OGGing:0FFLine:DURation on page 596

Directory
Access the standard "File Select" dialog and defines the storage place.

See also "Filename syntax" on page 265.
Remote command:

[ :SOURce<hw>] :BB:GNSS:LOGGing:DESTination:FILE:DIRectory
on page 597

Create New Subdirectory for Each Run
Adds time stamp to the logged files.

Creates subdirectories with time stamp and saves the logged files in them. Enable this
parameter to prevent that files are overwritten.

If logging is enabled, the filenames of the created files and the folder structure are indi-
cated.

See also "Filename syntax" on page 265.

Remote command:

[ :SOURce<hw>] :BB:GNSS:LOGGing:DESTination:FILE:DIRectory

on page 597

[ :SOURce<hw>] :BB:GNSS:LOGGing:DESTination:FILE: TAPPend|[:STATe]
on page 597
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Logging formats and categories
The logging categories and logging formats are listed in table form.

Each logging category is defined with:

State — Logging formats and categories
Enables/disables logging of this particular category.

Remote command:
[ :SOURce<hw>] :BB:GNSS:LOGGing:CATegory:SATellite: STATe on page 597
[ : SOURce<hw>] :BB:GNSS:LOGGing:CATegory:UMOTion: STATe on page 597

Format < Logging formats and categories
Sets the file format in that the logged data is saved.

Remote command:
[ :SOURce<hw>] :BB:GNSS:LOGGing:CATegory:UMOTion: FORMat? on page 597

Log Step /s — Logging formats and categories
Sets the logging step, i.e. the resolution of the logged data per format and category.

Example:

A file generated in "Mode > Offline" with "Duration = 60 s" and "Log Step = 10 s" has
six records per SV ID.

The first one is made 10s after the "Simulation Start Time" + "Time Offset" and the next
steps are made after 10s each.

Observe also the file content of the log file. The first logged parameter
Elapsed Time ms indicates the log steps.

Remote command:
[ : SOURce<hw>] :BB:GNSS:L0GGing:CATegory:SATellite: STEP on page 598
[ : SOURce<hw>] :BB:GNSS:LOGGing:CATegory:UMOTion: STEP on page 598

Configure Logging < Logging formats and categories
Accesses the "Logging Satellites/User Motion" dialog to configure the messages to be
logged, see Chapter 15.2, "Configure logging settings", on page 270.

15.2 Configure logging settings

Access:
1. Select "Data Generatiom > Data Logging".

2. Inthe logging formats and category table, select "Satellite > Logged Data > Config-

ure-.
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GNSS: Logging Satellites (csv) —_ X
Select All Deselect All
Elevation / deg Pseudorange Bias / m
Azimuth / deg Pseudorange Bias Rate / m/s
Position (ECEF) / m Range / m
Velocity (ECEF) / m/s Range Rate / m/s
Acceleration (ECEF) / m/s? Doppler Shift / Hz
Clock Bias /m Carrier Phase / deg
Signal Level / dBm Tropospheric Delay / m
Pseudorange / m lonospheric Delay / m
Pseudorange Rate / m/s
3. Select "User Motion > Logged Data > Configure”.
GNSS: Logging User Motion (csv) I X
Select All Deselect All
Position (LLA) / deg,degm Attitude (YPR)
Position (ENU) / m,m,m Attitude Rate (YPR)
Position (ECEF) / m Attitude Acceleration (YPR)
Velocity (ECEF) / m/s Attitude Jerk (YPR)
Acceleration (ECEF) / m/s Number of Visible SVs
Jerk (ECEF) / m/s® GDOP
Velocity (Local NED) / m/s PDOP
Ground Speed / m/s HDOP
Antenna Offset (ECEF) / m VDOP
TDOP
Settings:
Logged Satellite Parameters..........cccoooeiviiiieiieieeee e 271
Logged User Motion Parameters. ..ot 273

Logged Satellite Parameters
Selects the information to be logged.

Use the "Select All/Deselect All" function to select all or none of the parameters.
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Velocity (ECEF) (m/s)
Acceleration (ECEF) (m/s?)

acceleration

Parameter Description Remote command
Elevation (deg) Elevation and azimuth arrival [ : SOURce<hw>] : BB:GNSS:LOGGing:CATegory:
Azimuth (deg) angles of the satellites signal SATellite:ELEVation on page 598
[ :SOURce<hw>] :BB:GNSS:LOGGing:CATegory:
SATellite:AzIMuth on page 598
Position (ECEF) (m) Satellites position, velocity and | [ : SOURce<hw>] :BB:GNSS:L0OGGing:CATegory:

SATellite:POSition:ECEF on page 598

[ :SOURce<hw>] :BB:GNSS:LOGGing:

CATegory:

SATellite:VELocity:ECEF on page 598

[ :SOURce<hw>] :BB:GNSS:LOGGing:

CATegory:

SATellite:ACCeleration:ECEF on page 598

SATellite:IDELay on page 598

Clock Bias (m) Change in satellite's range in [ : SOURce<hw>] :BB:GNSS:L0OGGing:CATegory:
the satellite clock over a time SATellite:CBTas on page 598
interval
Signal Level (dBm) Power of the LOS (Line of [ :SOURce<hw>] : BB:GNSS:L0OGGing:CATegory:
sight) signal; SATellite:SLEVel on page 598
Multipath effects or attenuation
because of used antenna pat-
terns are not considered
Pseudorange (m) Simulated signal delay [ : SOURce<hw>] :BB:GNSS:L0GGing:CATegory:
SATellite:PRANge on page 598
Pseudorange Rate (m/s) Rate of change of simulated [ :SOURce<hw>] :BB:GNSS:L0GGing:CATegory:
signal delay SATellite:PRRate on page 598
Pseudorange Bias (m) [ : SOURce<hw>] :BB:GNSS:LOGGing:CATegory:
SATellite:PRBias on page 598
Pseudorange Bias Rate (m/s) [ : SOURce<hw>] : BB:GNSS:L0OGGing:CATegory:
SATellite:PRBRate on page 598
Range (m) Satellite range [ : SOURce<hw>] : BB:GNSS:LOGGing:CATegory:
SATellite:RANGe on page 598
Range Rate (m/s) Rate of change of range [ : SOURce<hw>] :BB:GNSS:L0OGGing:CATegory:
SATellite:RRATe on page 598
Doppler Shift (Hz) Pseudorange rate converted to | [ : SOURce<hw>] :BB:GNSS:LOGGing:CATegory:
frequency SATellite:DSHift on page 598
Carrier Range (m) Range of the carrier [ :SOURce<hw>] :BB:GNSS:L0GGing:CATegory:
SATellite:CRANge on page 598
Tropospheric Delay (m) Tropospheric signal delay [ : SOURce<hw>] :BB:GNSS:LOGGing:CATegory:
SATellite:TDELay on page 598
lonospheric Delay (m) lonospheric signal delay [ : SOURce<hw>] : BB:GNSS:LOGGing:CATegory:

Remote command:

[ :SOURce<hw>] :BB:GNSS:LOGGing:CATegory:SATellite:SELect:ALL

on page 598

[ :SOURce<hw>] :BB:GNSS:LOGGing:CATegory:SATellite:SELect :NONE

on page 598
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Logged User Motion Parameters
Selects the parameters to be logged.

Use the "Select All/Deselect All" function to select all or none of the parameters.

Parameter

Description

Remote command

Position (LLA) (deg,deg,m)

Latitude, Longitude, Altitude of
a vehicle in WGS84 coordi-
nates, rad

[ : SOURce<hw>]
UMOTion[:CSV]

:BB:GNSS:LOGGing:CATegory:
:POSition:LLA on page 599

Position (ENU) (m,m,m)

Position of the vehicle in ENU
(East, North, Up) Cartesian
coordinates

[ : SOURce<hw>]
UMOTion[:CSV]

:BB:GNSS:LOGGing:CATegory:
:POSition:ENU on page 599

Position (ECEF) (m)
Velocity (ECEF) (m/s)
Acceleration (ECEF) (m/s?)
Jerk (ECEF) (m/s?®)

Position, velocity and accelera-
tion of the vehicle in ECEF
(Earth-Centered, Earth-Fixed)
coordinates

[ : SOURce<hw>]
UMOTion[:CSV]

[ : SOURce<hw>]
UMOTion[:CSV]

[ : SOURce<hw>]
UMOTion[:CSV]

[ : SOURce<hw>]
UMOTion[:CSV]

:BB:GNSS:LOGGing:CATegory:
:POSition:ECEF on page 599
:BB:GNSS:LOGGing:CATegory:
:VELocity:ECEF on page 599
:BB:GNSS:LOGGing:CATegory:
:ACCeleration:ECEF on page 599
:BB:GNSS:LOGGing:CATegory:
: JERK : ECEF on page 599

Velocity (Local NED) (m/s)

[ : SOURce<hw>]
UMOTion[:CSV]

:BB:GNSS:LOGGing:CATegory:
:VELocity:LNED on page 599

Ground Speed (m/s)

Vehicle speed

[ : SOURce<hw>]
UMOTion[:CSV]

:BB:GNSS:LOGGing:CATegory:
:GSPeed on page 599

Antenna Offset (ECEF) (m)

[ : SOURce<hw>]
UMOTion[:CSV]

:BB:GNSS:LOGGing:CATegory:
:AOFFset on page 599

Altitude (YPR)

Altitude Rate (YPR)
Altitude Acceleration (YPR)
Altitude Jerk (YPR)

Altitude means the HAE
(Height Above the Ellipsoid)
altitude.

Altitude parameters in local
Geodetic coordinates (Yaw/
Heading, Pitch/Elevation, Roll/
Bank)

[ : SOURce<hw>]
UMOTion[:CSV]

[ : SOURce<hw>]
UMOTion[:CSV]

[ :SOURce<hw>]
UMOTion[:CSV]

[ : SOURce<hw>]
UMOTion[:CSV]

:BB:GNSS:LOGGing:CATegory:
:ATTitude on page 599
:BB:GNSS:LOGGing:CATegory:
:ATTitude: JERK on page 599
:BB:GNSS:LOGGing:CATegory:
:ATTitude:ACCeleration on page 599
:BB:GNSS:LOGGing:CATegory:
:ATTitude: JERK on page 599

Number of Visible SVs

[ : SOURce<hw>]
UMOTion[:CSV]

:BB:GNSS:LOGGing:CATegory:
: SVS on page 599

UMOTion[:CSV]

[ : SOURce<hw>]
UMOTion[:CSV]

[ : SOURce<hw>]
UMOTion[:CSV]

GDOP Geometric DOP [ :SOURce<hw>] :BB:GNSS:LOGGing:CATegory:

PDOP Positional DOP UMOTion[:CSV] :GDOP on page 599

HDOP Horizontal DOP [ :SOURce<hw>] :BB:GNSS:LOGGing:CATegory:
) UMOTion[:CSV] :PDOP on page 599

VDOP Vertical DOP

TDOP Time DOP [ :SOURce<hw>] :BB:GNSS:LOGGing:CATegory:

:HDOP on page 599
:BB:GNSS:LOGGing:CATegory:
:VDOP on page 599
:BB:GNSS:LOGGing:CATegory:
: TDOP on page 599
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In HIL scenarios ("Receiver > Position > Remote Control (HIL)"), some parameters are
not logged.

Remote command:
[ :SOURce<hw>] :BB:GNSS:LOGGing:CATegory:UMOTion[:CSV] :SELect:ALL

on page 598
[ :SOURce<hw>] :BB:GNSS:LOGGing:CATegory:UMOTion[:CSV] :SELect :NONE

on page 598
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16 Assistance data generation

Access:
1. Select "GNSS" > "Data Generation" > "Assistance Data Generation".
2. Set the "Assistance Mode".

3. Select "Synchronize".

Relevant settings, like active satellites, receiver location or timing information are
retrieved automatically but you can change them later.

[ CELER B Assistance Data Generation

Assistance Mode® | Navigation Data Format .
- Synchronize
A-GPS LNAV
1 2 3 4 5 6 7 8 9 10 | Space Vehicles
Time of
1 12 13 14 15 16 17 18 19 20 Assistance Data
Reference
21 22 23 24 25 26 27 28 29 30 | Il
31 32 33 34 35 36 37
@Generate Almanac | @Generate Navigation | @Generate Acquisition |

4. To create an assistance data file, proceed as follows:

a) Select the corresponding file type.
b) Enter a filename.

With the provided settings, you can generate assistance data files for Assisted-
GNSS testing.

In a test setup with a protocol tester and a DUT, the generated assistance data files
can be formatted into mobile communication message formats. These files can be
used to accelerate the time to first fix (TTFF).

Settings:
YN S1Y 5] =T (o1 1Y, Lo To [ N 276
Navigation Data FOrmat..........ooeeiiiii e 276
SYNCRIONIZE. .. et e e e e e e e e e s reaerreeaaaeeas 276
ST 0 F= Lot L= o o 1= N 276
Time Of ASSISTANCE Data......cccoeviiiiiiiieece e 277
S T 0 T2 1= YRR 277
L B 1 YT 277
L 171 Y= OO 277
L VVEEK NUMDET ...ttt e et e e e e e e e e eee e eeeeeeeeeeeeeeeananns 277
L TiME OFf WEEK......evvcececeeeeeeeeeee ettt ee ettt s et 277
L DIUIBON ..ttt ettt ettt et et et et et e eae e et e ee et ereeeeeeereeneeeeneaes 278
L .ttt ettt ettt n et e eneenn 278
Y (= TR =T ot =Y o Tor=1 1 (o] o VU 278
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L REEIENCE FIAME. ... et e e eee e eeneen s 278
L REEIENCE LOCALON. ....ceeeeeeeeeee e et ettt ee e e e e e e e e e e eeneeeeeeeneeneeneenas 279
RS CT=T a1=T = o] TR 279
L GENErAte AIMANAC.. ... cceeeeeeeeeee e eee e eeeeereeeeereee e e es e e e e e eeeeseeeeeresreereseneneanes 279
L Generate Navigation...........cccoucueeeeeeeeieeeeee e et 280
L Generate ACQUISHION. ........cueeeiueeeeeeeee et eeee ettt eees 280

Assistance Mode
Defines the type of assistance data to be loaded.

Selectable values require installation of a GNSS system option, see table below.

Value Required option
A-GPS R&S SMBVB-K44
A-GALILEO R&S SMBVB-K66
A-GLONASS R&S SMBVB-K94
A-BeiDou R&S SMBVB-K107
A-QZSS R&S SMBVB-K106
A-NavIC R&S SMBVB-K97

Remote command:
[ : SOURce<hw>] :BB:GNSS:ADGeneration:MODE on page 565

Navigation Data Format
Requires "Assistance Mode" > "A-GPS".

Sets the format of the generated GPS navigation data file.

Remote command:
[ :SOURce<hw>] :BB:GNSS:ADGeneration:NAVigation:DFORmat on page 565

Synchronize
Retrieves relevant settings, like active satellites, receiver location or timing information
automatically but you can change them later.

Remote command:
[ :SOURce<hw>] :BB:GNSS:ADGeneration:GPS:SYNChronize on page 565
(etc. for the other GNSS systems)

Space Vehicles
Displays the space vehicles (SV) that are part of the current satellites constellation.
Highlighted SV ID are included in the generated assistance data.

To retrieve the SV IDs of the active satellites, select "Synchronize".
To redefine the included SV IDs, toggle its state.

Remote command:
[ : SOURce<hw>] :BB:GNSS:ADGeneration:GPS:SVID<ch>:STATe on page 565
(etc. for the other GNSS systems)
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Time of Assistance Data
Comprises the time-related parameters for the assistance data.

JNEIERIGLG () Assistance Data Generation

Assistance Mode® | Navigation Data Format .
- Synchronize
A-GPS LNAV
Start Time i Date Time Space Vehicles
UTC 2014-02-19 06:00:00.000
Duration Step Time of
1140.080 s 80 ms Assistance Data

Reference
Location

@Generate Almanac | @Generale Navigation | @Generate Acquisition

Start Time < Time of Assistance Data
Sets the time basis of the time parameter for the assistance data.

Remote command:
[ : SOURce<hw>] :BB:GNSS:ADGeneration:GPS:TOAData: TBASis on page 569
(etc. for the other GNSS systems)

Date < Time of Assistance Data
For "Time Basis > UTC or GLONASS", sets the date for the assistance data. The date
applies to the Gregorian calendar in format YYYY-MM-DD (ISO 8601).

Remote command:
[ : SOURce<hw>] :BB:GNSS:ADGeneration:GPS:TOAData: DATE on page 570
(etc. for the other GNSS systems)

Time «— Time of Assistance Data
For "Time Basis > UTC or GLONASS", sets the exact start time for the assistance data
in UTC time format HH.MM.SS.xxx.

Remote command:
[ :SOURce<hw>] :BB:GNSS:ADGeneration:GPS:TOAData: TIME on page 570
(etc. for the other GNSS systems)

Week Number «— Time of Assistance Data
For "Time Basis > GPS, GALILEO, QZSST or BDT", sets the week number (WN) the
assistance data is generated for.

Remote command:
[ : SOURce<hw>] :BB:GNSS:ADGeneration:GPS:TOAData:WNUMber on page 572
(etc. for the other GNSS systems)

Time of Week «— Time of Assistance Data

For "Time Basis > GPS, GALILEO, QZSST or BDT", sets the Time of Week (TOW) the
assistance data is generated for.

Remote command:

[ : SOURce<hw>] :BB:GNSS:ADGeneration:GPS:TOAData: TOWeek on page 572
(etc. for the other GNSS systems)
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Duration < Time of Assistance Data
Sets the duration of the assistance data.

Remote command:

[ : SOURce<hw>] :BB:GNSS:ADGeneration:GPS:TOAData:DURation
on page 571

(etc. for the other GNSS systems)

Step — Time of Assistance Data
Sets the resolution of the assistance data.

Remote command:

[ : SOURce<hw>] :BB:GNSS:ADGeneration:GPS:TOAData:RESolution
on page 571

(etc. for the other GNSS systems)

Reference Location
Comprises reference frame and reference position parameters for the assistance data.

POEIERELL) Assistance Data Generation

Assistance Mode | | Navigation Data Format
A-GPS LNAV

Reference Frame B Space Vehicles

WGS-84
Position Format Timg of
DEG:MIN:SECv Assistance Data
Latitude i Esf:alﬁgﬁe
48° 9' 0.0000" North
Longitude
11° 35" 0.0000" East |
Altitude
508.00 m
Uncertainty Radius
3.000 km

@Generale Almanac ... | @Generaie Navigation ... | @Generale Acquisition ...

Reference Frame «— Reference Location
Select the reference frame used to define the receiver coordinates.

The transformation between the reference frames is performed automatically.
Both reference frames are ECEF frames with a set of associated parameters.

"WGS-84" The World Geodetic System WGS-84 is the reference frame used by
GPS.

"PZ 90.11 (GLONASS)"
Parametry Zemli PZ (Parameters of the Earth) is the reference frame
used by GLONASS.

Remote command:

[ :SOURce<hw>] :BB:GNSS:ADGeneration:GPS:LOCation:COORdinates:
REFRame On page 566

(etc. for the other GNSS systems)
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Reference Location «— Reference Location
Defines the position format, coordinates, altitude and uncertainty radius of the refer-
ence location.

Parameter Description

"Position Format" Sets the format in which the Latitude and Longitude are displayed.

e "DEG:MIN:SEC"
The display format is Degree:Minute:Second and Direction, i.e.
XX°XX'XX.XX" Direction, where direction can be North/South and
East/West.

®  "Decimal Degree"
The display format is decimal degree, i.e. +/-XX.XXXXX°, where "+"
indicates North and East and "-" indicates South and West.

"Altitude" Sets the geographic altitude of the reference location in meters above sea
level.

"Latitude" Sets the latitude of the reference location.

"Longitude" Sets the longitude of the reference location.

"Uncertainty Radius" Sets the maximum radius of the area within which the two-dimensional loca-

tion of the UE is bounded.

The uncertainty radius determines the required sensitivity of the DUT.

Remote command:

[ :SOURce<hw>] :BB:GNSS:ADGeneration:GPS:COORdinates:FORMat

on page 566

To enter the coordinates in "Position Format > DEG:MIN:SEC"

[ :SOURce<hw>] :BB:GNSS:ADGeneration:GPS:LOCation:COORdinates:
DMS [ :WGS] on page 568

(etc. for the other GNSS systems)

To enter the coordinates in "Position Format > Decimal Degrees"

[ :SOURce<hw>] :BB:GNSS:ADGeneration:GPS:LOCation:COORdinates:
DMS [ :WGS] on page 568

(etc. for the other GNSS systems)

File Generation
Each of the provided function triggers the generation of the respective file:

Generate Almanac < File Generation
Accesses the standard "File Select" dialog for file handling.

In this dialog, set the filename. The data format is defined with the parameter Naviga-
tion Data Format.

The almanac file is generated in one of following file formats:
® Comma-separated file format *.rs al
See Table 16-1.
e Standard Yuma formatted file * . rs yuma
— For GPS, Galileo, BeiDou, QZSS and NavlIC, you can use the *.rs_yuma
almanac file as the main almanac source for the specific GNSS.
— For GLONASS, this file format is not supported.
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Table 16-1: Contents of the generated almanac file (GPS)

Parameter Unit

SatlD -

e -

toa S

delta_i semicircles
OMEGADOT semicircles/s
SV Health Boolean
SQRT(A) meters
OMEGAO semicircles
MO semicircles
w semicircles
af0 s

af1 s/s

The generated almanac file conforms with the format appended to standards TS
34.108, TS 51.010-1 and TS 37.571-1.

Remote command:
[ :SOURce<hw>] :BB:GNSS:ADGeneration:AlLManac:CREate on page 573

Generate Navigation — File Generation
Accesses the standard "File Select" dialog.

Set the filename and file extension. The generated navigation file conforms with RINEX
file formats, see Table B-1.

Navigation data comprises the ephemeris page of each satellite for the selected Time
of Assistance Data.

Remote command:
[ : SOURce<hw>] :BB:GNSS:ADGeneration:NAVigation:CREate on page 573

Generate Acquisition — File Generation
Accesses the standard "File Select" dialog to create an acquisition file.

Define the filename and save the file. The firmware assigns the file extension . rs acq
automatically.

The acquisition file consists of:

® One or more rows, each corresponding to the time parameter listed in Table 16-2.
The number of generated rows is calculated as follows:
Number of generated rows = "Duration Of Assistance Data" / "Resolution of Assis-
tance Data"

® One or more sequential acquisition blocks per row, where each block comprises
the parameters listed in Table 16-3.
The number of the acquisition blocks depends on the number of enabled space
vehicles.
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The generated acquisition file conforms with the format as specified for standards TS
34.108, TS 51.010-1 and TS 37.571-1.

Table 16-2: Time parameter

GNSS Parameter Description Unit
All except GNSS TOW Receiver referenced GNSS time of week S
GLONASS

All except GLONASS: GPS, Galileo, Bei-
Dou, QZSS, NavIC

GLONASS | Time of Validity Elapsed time relative to GLONASS time of | ms
assistance data

Table 16-3: Acquisition block (one sequence)

GNSS Parameter Description Unit
All SVID/PRNID Satellite ID that corresponds to the record -
All Doppler (0th order Zero order Doppler term m/s
term)
All Doppler (lst order | Firstorder Doppler term m/s?
term)
All Doppler Uncertainty | Uncertainty of the Doppler shift m/s
All Code Phase Code phase Chips (GPS)

Or half-Chip index at epoch Time of Trans- | ms (non-GPS)
mission (GPS Sat Time)

All Integer Code Phase Integer code phase CA periods (GPS)

Or ms unit index at epoch Time of Trans- ms (non-GPS)
mission (GPS Sat Time)

All Code Phase Search Correlation code phase search radius Chips (GPS)

Window ms (non-GPS)

All Azimuth Azimuth angle of the satellite in ENU coor- | deg
dinate system centered at reference point

All Elevation Elevation angle of the satellite in ENU coor- | deg
dinate system centered at reference point

Remote command:
[ :SOURce<hw>] :BB:GNSS:ADGeneration:ACQuisition:CREate on page 573
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17 Loading constellation and navigation mes-
sage data

The default satellite's constellation and the navigation message are extracted from offi-
cial navigation source files and emulates the GNSS navigation system at 9 February
2016 at 06:00:00 am.

Internal algorithms use the predefined navigation source information and predict the
satellite's constellation and the navigation messages at any given moment of time. For
most test cases, the prediction is sufficient.

Applications

Load constellation data and navigation data for any of the GNSS systems separately.
Use loaded data to simulate a realistic GNSS signal or to reproduce a historical satel-
lite constellation.

Loading user-defined constellation is useful, if the HDOP and PDOP values exceed
your specific limits. To observe current values, select "GNSS" > "Simulation Monitor" >
"Sky View".

File formats

Supported are constellation and navigation message files in the following formats:
® GPS: YUMA, SEM, TXT or RINEX files
See:
"YUMA, SEM and XML file download" on page 282
"RINEX file download" on page 283

e Galileo: XML
See "YUMA, SEM and XML file download" on page 282

® GLONASS and QZSS: AGL, YUMA and XML
See "YUMA, SEM and XML file download" on page 282

® BeiDou: ALC
See "YUMA, SEM and XML file download" on page 282

® SBAS: *.ems or *.nstb
See "SBAS correction file download" on page 283

YUMA, SEM and XML file download

You can download YUMA, SEM and XML files via the Internet. Transfer them to the
R&S SMBV100B and load them if necessary.
Use, for example, the following sources:

® US Coast Guard Navigation Center GPS Homepage
https://www.navcen.uscg.gov/archives
Provides YUMA (xxx.alm)and SEM (xxx.al3 files, where xxx denotes the day
of a year

® https://www.celestrak.com/GPS/almanac/
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Provides almanac.sem/yuma.weekXXXX.YYYYYY. txt files, where
xxxx denotes the GPS week and yyyyyy the time of almanac (TOA)

® European GNSS Service Center (GSC) Galileo almanac file repository
https://www.gsc-europa.eu/product-almanacs
Provides XML (zzzz-yy-xx.xml) files, where zzzz, yy and xx denote year,
month and day.

® ftp://ftp.glonass-iac.ru/MCC/ALMANAC/
GLONASS files xxx.agl

® Test and Assessment Research Center (TARC) of China Satellite Navigation Office
(CSNO) BeiDou almanac file server
ftp://59.252.100.32/almanac/
Provides ALC files tarcOxxx0.zzalc, where xxx denotes the file number and
zz the year. For example, *.19alc files contain almanac data from the year 2019.
The file number is approximately the day of the year, but can deviate. The ALC file
format is similar to the YUMA file format.

® Japanese Space Agency homepage https://qz-vision.jaxa.jp/USE/en/almanac
Provides QZSS or QZSS+GPS YUMA ( zzyyyyxxx.alm)or XML
(zzyyyyxxx.alm.xml) files, where
zz=q indicates the QZSS and zz=qgg the QZSS+GPS files;
yyyy denotes the year and xxx the day of a year.

For detailed information on the content and frame structure of navigation data, refer to
the specifications.

RINEX file download

RINEX files are standard formats generated by control stations (CS) and many com-
mercial receivers. RINEX navigation files usually comprise the ephemeris sets for sev-
eral satellites with different TOE and TOC. One RINEX file is enough to describe satel-
lite orbits for a period longer than two hours and sometimes up to one day.

Use, for example, the following sources:

® https://cddis.nasa.gov/archive/gnss/data/daily/
® fip:/ftp.glonass-iac.ru/MCC/BRDC

® https://qz-vision.jaxa.jp/USE/en/ephemeris

Provided are * . rnx or * . <xx>n, where <xx> denotes the year in two-digit format.
See also Chapter B, "RINEX files", on page 626.

SBAS correction file download

The *.ems and * .nstb files are files with augmentation messages broadcast by
EGNOS and WAAS.

You can find files in this format at:

® EGNOS message server (EMS):
http://www.egnos-pro.esa.int/ems/index.html.
The provided files are hierarchy grouped per PRN (PRN#), per year (y#), per day
(d#) and per hour (h#). Each EMS file contains information on one PRN for the
time span of one hour.
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Import constellation settings

Correction data is extracted form one of the loaded files; the exact PRN is configu-
rable.

® http://www.nstb.tc.faa.gov/DisplayNSTBDataDownload.htm.
Provided are files from different control stations. The files are grouped per day,
where each file contains information on several PRNs for the time span of 24

hours.
The downloaded files do not have an extension. Add the extension * .nstb man-
ually.
o Import constellation SEttNGS. ....ccuuiiii i 284
®  IMPOIt SBAS SEHINGS...uuutiiiiiiiieeie i e e e e e e e e e e 286

17.1 Import constellation settings

Access:
1. Select "GNSS" > "Simulation Configuration" > "Satellites".

2. In the side tab, select the GNSS system, for that you want to import a satellite con-
stellation.

3. Select "Import Constellation".

4. Select "Constellation Source File", to load a constellation source file.
For GPS, for example, load a RINEX file with file extension * . rnx.

GNSS: Import GPS Constellation — X
@Constellation Source File
test.rnx
Use Different Source File for

Navigation Message

@Navigation Message Source File

Use Constellation Source File for D
all active GNSS systems

°Impon | °Cancel

The filename of the last imported file is displayed on the button accessing the stan-
dard "File Select" dialog.

5. Optionally, use a different data source for the navigation message.
6. Optionally, apply the specifications in the source file for all active GNSS systems.

7. Select "Import".

Triggers extracting the data, the satellite constellation and the navigation changes
as specified in the file.
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Import constellation settings

Settings:

Constellation SOUMCE File.......iiiiiiiiieeeeie e e e e e e e 285
Use Different Source File for Navigation Message........cccccceeveveeeiieicccciiiiiieeeeeeee e 285
Navigation Message SOUrce File.........uuiiiiiiiii i 285
Use Constellation Source File for all active GNSS system...........cooevvviiiiiiiccccciennnnnn. 285
[ g oY) o 0= T To =Y TP 285

Constellation Source File
Selects the file from that the satellites constellation and navigation data are extracted.

Simulation data (i.e. the almanac part of the navigation message) and the navigation
data per SV ID (i.e. ephemeris) can be extracted from the same or from different files.
Supported are almanacs and RINEX files, in any of the standard formats for these files.

For an overview of supported file types, see Table 21-1.

Remote command:
[ : SOURce<hw>] :BB:GNSS:SV:IMPort:GPS:FILE:CONStellation on page 417
(etc. for the other GNSS systems)

Use Different Source File for Navigation Message
Loads a dedicated file as source for the navigation data.

Per default, navigation data is extracted from the same file that is used as source for
the simulation (satellite constellation).

Remote command:
[ :SOURce<hw>] :BB:GNSS:SV:IMPort:GPS:UDSource on page 418
(etc. for the other GNSS systems)

Navigation Message Source File
Selects the file from that the navigation data is extracted.

Use this function, if navigation data differs from the constellation file. For overview of
the supported file types, see Table 21-1.

Remote command:
[ : SOURce<hw>] :BB:GNSS:SV:IMPort:GPS:FILE:NMESsage on page 418
(etc. for the other GNSS systems)

Use Constellation Source File for all active GNSS system
Requires RINEX files version 3.x or later, see Table B-1.

Applies extracted data from the constellation source to all active GNSS.

Use this function when importing comprehensive constellation source files covering
data for several GNSS. If you have a defined constellation of an active GNSS and the
file has no constellation data for this GNSS, the constellation of this GNSS is deactiva-
ted.

Remote command:
[ : SOURce<hw>] :BB:GNSS:SV:IMPort:GPS:FILE:NMESsage on page 418
(etc. for the other GNSS systems)

Import, Cancel
Triggers the import or discards the selected files.
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Import SBAS settings

Remote command:
[ : SOURce<hw>] :BB:GNSS:SV:IMPort:GPS:EXECute on page 419
(etc. for the other GNSS systems)

17.2 Import SBAS settings

Access:

1. Select "GNSS" > "Simulation Configuration" > "System & Signals".

2. Select "System" > "SBAS" > "On".

3. Select "Import Constellation/Import Constellation and Correction Data".
4

Select "Add File" or "Add Directory".
You can add predefined files or load a specific constellation. For example, for
importing EGNOS system data, load * . ems files.

GNSS A: Import (EGNOS) — X

Add File

/var/user/gnss/RawData/PRN120_y2018_d067_h14.ems  08.03.2018 14:00:00 08.03.2018 14:59:59

Add Directo
Y /var/user/gnss/RawData/PRN126_y2018_d030_h03.ems  08.03.2018 14:59:59 08.03.2018 14:59:59

Remove File Jvar/user/gnss/RawData/PRN126_y2018_d126_h23.ems  08.03.2018 14:59:59 08.03.2018 14:59:59

Remove All

°Impon | °Cancel

5. Select "Import".

The dialog provides standard file handling functions.

Settings:

o L I R 286
J e (o B (=T o] PP PP PPPPR 287
Remove File, REMOVE All........oeueiieiiceeieie e e e e e e e e e e 287
INPUL FIIES... ettt e e e e e e e et et e e e te et aeaeseeeeeeaaaaaaaaaaneees 287
[ g oY) o PR O T To =Y T 287
Add File

Selects a predefined or user-defined file.
Supported are files defined in "SBAS correction file download" on page 283.
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Remote command:

[ :SOURce<hw>] :BB:GNSS:SV:IMPort:
[ :SOURce<hw>] :BB:GNSS:SV:IMPort:

Add Directory
Selects a set of files in one step.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SV:IMPort:

[ :SOURce<hw>] :BB:GNSS:SV:IMPort

Remove File, Remove All
Remove a file or all files from the list.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SV:IMPort:

on page 551

[ :SOURce<hw>] :BB:GNSS:SV:IMPort:

on page 551

[ :SOURce<hw>] :BB:GNSS:SV:IMPort:

[ :SOURce<hw>] :BB:GNSS:SV:IMPort

Input Files

SBAS
SBAS

SBAS

: SBAS

SBAS

SBAS

SBAS

: SBAS

Import SBAS settings

:EGNOS:ADD: FILE on page 549
:WAAS:ADD: FILE on page 549

:EGNOS:ADD:DIR on page 549
:WAAS:ADD:DIR on page 549

:EGNOS:REMove: FILE<ch>
:WAAS :REMove: FILE<ch>

:EGNOS : REMove : ALL on page 550
:WAAS :REMove : ALL on page 550

When a file is loaded, its "Filename" and "Start/End Date and Time" are retrieved and

displayed.

Remote command:
[ : SOURce<hw>] :BB:GNSS:SV:IMPort

Import, Cancel
Loads the files or aborts the import action.

Remote command:

[ :SOURce<hw>] :BB:GNSS:SV:IMPort:
[ :SOURce<hw>] :BB:GNSS:SV:IMPort:

User Manual 1178.9403.02 — 10

: SBAS
[ :SOURce<hw>] :BB:GNSS:SV:IMPort:

SBAS

SBAS
SBAS

:EGNOS:LIST? on page 550
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18 Hardware in the loop (HIL)

The term hardware in the loop (HIL) describes the mode in which the R&S SMBV100B
is remotely controlled by control application software (see Figure 18-1). The control
application software sends remote commands over LAN in real time, possibly from a
motion simulator. The R&S SMBV100B processes the received position, motion and
attitude information and generates the required signal.

The output GNSS signal is sent to system under test, that typically includes a GNSS
receiver forwarding the calculated position to the application software. The application
software can use the retrieved position for display purposes (such as infotainment plat-
form in a vehicle) or to control the actual position of the vehicle (e.g. auto-pilot).

_Controlled instrument” ,control application®

LAN/USB/GPIB

HIL
remote control
commands
° A
MARKER
= pe]
c 8 O
ey + gr: g
0 0 9=
)] =< 0
) z+<
=z a3 g
] ® Q9 5
[e]
N A .
) bosit I
osition '
| data :

Synchronization signal
(for example 1PPS)

Motion
simulator |

Figure 18-1: Example of HIL test setup

Refer to the following sections, for definition of the terms used in the context of HIL
testing and settings. The description also gives recommendations on working with the
R&S SMBV100B in HIL setups.

® TIPS fOr DESE rESUILS... i e 289
@ HIL SEHINGS. it e e e e e e e e e e e e e ananes 295
o  UDP position data.........ccooiiiiiii e ——————— 301
@  SCPI POSItioN data......cccvieiiiiiiiiciiiiie e a e e 302
o Remote-control COMMAaNAS........ooiiieeee e 303
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Tips for best results

18.1 Tips for best results

We recommend that you consider the following measures.

Measures for proper operation

1. Synchronize the R&S SMBV100B and the motion simulator.
(see Chapter 18.1.1, "Synchronization", on page 289).

2. Take measures for latency calibration.
(see Chapter 18.1.3, "Latency calibration", on page 290).

3. Add additional buffer time.
Chapter 18.1.4, "Adding a constant delay to compensate for command jitter",
on page 292

4. |If the first position fix and the latency calibration are successful but during the
motion simulation the receiver loses its position fix, try out the following:

a) Analyze the sent HIL data.

e Evaluate the trajectory smoothness and search in particular for unwanted
abrupt positions changes ("jumps").

e Send HIL commands with lower update rate, for example each 100 ms.
Reducing the update rate leads to interpolation and thus spreads the
severity of the "jumps" over several 10 ms update intervals.

See Chapter 18.1.5, "Interpolation”, on page 294.
b) Avoid abrupt positions changes.

The motion simulator itself can cause position changes. Consult the specifica-

tion of the used receiver for information on the high-order dynamic stress it is

able to handle.

The measures for proper operation use the SCPI interface and the R&S SMBV100B is
in remote state. Switch to manual state after you finish the measures, if the
R&S SMBV100B retrieves HIL position data via UDP packets.

18.1.1 Synchronization

To process the HIL commands, the R&S SMBV100B uses its internal 100 Hz clock sig-
nal, that corresponds to a time resolution of 10 ms.

The motion simulator uses its own clock. Depending on the capabilities of the pro-
cessor (general purpose or real time) that the motion simulator uses, the processing
time and the accuracy of the clock can vary. The R&S SMBV100B internal clock signal
is precise and stable. This clock is not only used to generate the GNSS signals but is
also the time reference for the whole HIL setup.

We recommend that you synchronize the motion simulator to the R&S SMBV100B.
Consider the following:

® Follow the rules described in "Measures for proper operation" on page 289
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® Always take the measures for latency calibration as described in Chapter 18.1.3,
"Latency calibration", on page 290.

® |f your motion simulator can receive and process the marker signal of the
R&S SMBV100B, generate a 1PPS (one pulse per second) or 10PPS (10 pulses
per second) marker signal. Feed the marker signal to the motion simulator.
If synchronized, the motion simulator sends the HIL commands right after each
1PPS marker signal.

Related settings:

"GNSS > Marker > Marker Mode"
(see "Mode" on page 318)

18.1.2 System latency

System latency is a term that describes the time it takes the R&S SMBV100B to
receive and process an incoming HIL command, calculate, output and transmit the sig-
nal to the GNSS receiver. The default system latency is 20 ms; this value corre-
sponds to the R&S SMBV100B hardware processing time.

In the context of this description, the term latency (i, jatency) describes the additional

latency (i.e. delay) caused, for example, by the transmission and processing time of
the HIL commands. If the system latency value is a constant parameter that cannot be
reduced, the additional latency t.,aency is @ variable value, that can be partly or fully

compensated. This description focuses on the measures to measure and compensate
for additional latency.

You can query the additional latency value as described in Chapter 18.1.3, "Latency
calibration”, on page 290. The system latency and the latency are related as follows:

System Latency = tc, jatency + 0.02

The minimum system latency of the HIL setup is 2 ms and is achieved if the

teallatency = 0 Ms. The situation when te,jaency = 0 ms is referred as a zero latency situa-
tion; it is also the best case scenario.

See also:

® Chapter 18.1, "Tips for best results", on page 289

® "Understanding the response of the query SOURce:BB:GNSS:RT:RECeiver1:HIL-
Position:LATency:STATistics?" on page 303

18.1.3 Latency calibration
Latency calibration is the process of compensating the latency time. Calibrate the
latency at the beginning of the simulation and repeat the process periodically, every 5

or 10 seconds.

Initial latency calibration process

1. Synchronize the R&S SMBV100B and the motion simulator.
(see Chapter 18.1.1, "Synchronization", on page 289).
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2. Set the same initial position (Pg) in both the motion simulator and the
R&S SMBV100B.
The initial position is the position in the moment t;.
In R&S SMBV100B, set the receiver postion with the parameters "Receiver Posi-
tion > Location Coordinates".

Tip: We recommend that you use the position that you are going to use as the first
simulation position in the motion simulation.

3. Wait until the GNSS receiver performs its first position fix.

4. Retrieve an initial time reference information from the R&S SMBV100B.
Send the command [ : SOURce<hw>] : BB:GNSS:RT : HWTime? to query the
elapsed time from the simulation begin (Apwo)-

The response is a value that reflects the difference between the current time in the
R&S SMBV100B (tgnss,0) and the motion simulator (tys o) at the moment t,:

Apw,o = tuso - tenss,o

Note: The retrieved value is a rough estimation. It does not consider the round-trip
time of the HIL commands.

Although not exact, the response of the command is suitable for the initial time
alignment (first approximation).

The precise calibration is performed with the next steps.

5. Send the first HIL command as a function of the moment tyg 4.
HIL commands define position P; at a given moment of time tg apseqtime, -
To compensate for the time difference between the R&S SMBV100B and the
motion simulator, correct the tg,pseqrime,i Value:

a) Calculate the first elapsed time tgjapseqtime.1
tejapsedtime1 = tus 1 = Brwo

b) Use the coordinates of the initial position P,

c) Send a remote command containing the timestamp with position and attitude
information.
If you use UDP packets, send the command &GTL first and then send the UDP
packets.
If you use SCPI commands, send the command depending on the position
coordinates:
[ : SOURce<hw>] :BB:GNSS:RT:RECeiver[:V<st>] :HILPosition:
MODE : A for position data in ECEF coordinates.
[ :SOURce<hw>] :BB:GNSS:RT:RECeiver[:V<st>]:HILPosition:
MODE : B for position data in NED coordinates.

6. Query the time difference (t., jatency,) PEtWeen the elapsed time in the
R&S SMBV100B (tyw;) and the elapsed time in the last HIL command (tgjapseqrime,i)-
Send the command [ : SOURce<hw>] :BB:GNSS:RT:RECeiver[:V<st>]:
HILPosition:LATency:STATistics?.
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The query returns several parameters and statistical information. For more informa-
tion, see the description of the remote command.

Observe the value tcal.latency,1 = tHW,(] - tEIapsedTime,1-
If UDP is used, send the «GTL command after the query.

7. If tearjatency,i 2 [System Latency - 20 ms|, perform the following:
a) Calculate Apw; = Anwja + teatiatency.i

Where:
e ireflects the HIL update rate
e jis the latency calibration iteration number
b) Calculate the elapsed time tgjapseqtime,it1 = tusiv1 = Drwj
c) Send the subsequent HIL command as a function of tys ;+q and P,

The latency is successfully calibrated, if one of the following is true:
e -10 ms <<MinLatency> < <MaxLatency> <10 ms

® <CmdReceived> =<CmdSync> + <CmdInterp>

e <MinUsed>., =1

Where <MaxLatency>, <MinLatency>, <MinUsed>, <CmdReceived>,
<CmdSync> and <CmdInterp> are the value returned by the query [ :
SOURce<hw>] :BB:GNSS:RT:RECeiver[:V<st>]:HILPosition:LATency:
STATistics?.

If UDP is used, send the &GTL command.

A latency of 0 ms corresponds to a system latency of 20 ms.

If the latency calibration is unsuccessful:

e Add a buffer time, see Chapter 18.1.4, "Adding a constant delay to compen-
sate for command jitter", on page 292.

e Query HIL statistical information and analyze the values of the parameters
<CmdExtrap> and <CmdPredict>.
They indicate the number of times the prediction algorithm has been applied,
see Chapter 18.1.6, "Trajectory prediction", on page 294.

18.1.4 Adding a constant delay to compensate for command jitter

If the motion simulator is not equipped with a real-time processor, it can happen that it
sends the HIL commands with varying update rate. This effect is often referred as a
command jitter.

The R&S SMBV100B can compensate command jitter in the range of 1 ms to 30 ms.
The mechanism is to add a buffer time tg e, SO that the R&S SMBV100B has enough

time to process and realign the HIL commands. The drawback of this mechanism is the
adding of an extra constant delay to the system.
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Adding buffer time (tgysrer)
To compensate for the command jitter:

» Send the command [ : SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :HIL:
SLATency.

The command sets the system latency, i.e. a delay tpejay. The additional buffer time
tgutier IS Calculated as follows:

teufrer = tDelay - 0.02

Where tg e, is the additional time available for processing.

The value 0.02 s is the hardware processing time of the R&S SMBV100B.

If the value tz zer > 0 ms, the system latency equation changes as follows:
SyStem Latency = tcal.latency + tDelay = tcal.latency + 1:Buffer +0.02

Finding out the best system latency value tp,,

1. Select the initial tp .y value depending on whether the motion simulator is equip-
ped with real-time processor or not:

e With real-time processor: <Delay> = 0.02 s
e Without real-time processor: <Delay> = 0.15 s

2. Collect statistical information with the query [ : SOURce<hw>] : BB:GNSS:RT:
RECeiver[:V<st>]:HILPosition:LATency:STATistics? foratleast 30
min.

3. Evaluate the absolute minimum value returned for the parameter <MinUsed>.

4. Reduce the tp,, value. Evaluate the statistics again.
Repeat this step until <MinUsed>;, 2 1.

Example:

If the R&S SMBV100B and the motion simulator are connected in a HIL setup and:
® HIL updaterate =0.1s

® tpeay=0.05s

® taufer = 0.03 s.

® Ina non-synchronized setup with, for example, t.sjatency = 0.04 s, the current sys-
tem latency is:
System Latency = 0.04 + 0.05=0.09 s

¢ After the R&S SMBV100B and the motion simulator are synchronized (tc, jatency = 0

s), the system latency becomes:

System Latency =0+ 0.05=0.05s

With the buffer time of 0.03 s, R&S SMBV100B tolerates command jitter of up to
0.03s.

Because of the buffer time, prediction is not applied.
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@ Adding of buffering time does not substitute the latency calibration. It is an add-on to it.

Always calibrate the latency as described in Chapter 18.1.3, "Latency calibration”,
on page 290.

Related settings:
® Chapter 18.1.2, "System latency", on page 290

18.1.5 Interpolation

If the update rate of the HIL commands is less than 100 Hz, the instrument interpolates
the two last received commands to achieve the required update rate. Interpolation can
be applied if the system latency is higher than the update rate and if at least one HIL
command was received and buffered. The former situation is present, if the query | :
SOURce<hw>] :BB:GNSS:RT:RECeiver[:V<st>] :HILPosition:LATency:
STATistics? returns <MinUsed> = 1.

The interpolation mechanism can achieve a continuous signal and hence results in bet-
ter result than the extrapolation and the prediction methods (see Chapter 18.1.6, "Tra-
jectory prediction”, on page 294).

18.1.6 Trajectory prediction

The R&S SMBV100B tries to compensate for the latency (t.aatency) PY @pplying a pre-
diction algorithm. If the R&S SMBV100B and the motion simulator are synchronized
and the latency is less than 10 ms, prediction is not applied. If the latency exceeds 10
ms, prediction is applied. The R&S SMBV100B uses the last received high-order
dynamics (speed, acceleration and jerk) and predicts or extrapolates the position of the
motion simulator at the subsequent update time.

Where:

® Extrapolation describes the process, where the position is calculated from a
received command with an old timestamp and is based on the received speed,
acceleration and jerk

® Prediction is applied if no command was received, for example if the update period
is larger than 10 ms. When predicted, subsequent positions are calculated based
on the last known speed, acceleration and jerk

Retrieving the number of automatically performed extrapolations and predic-
tions

You can query statistical information on the number of times the R&S SMBV100B
applied predictions or extrapolation with the command [ : SOURce<hw>] : BB: GNSS:
RT:RECeiver[:V<st>]:HILPosition:LATency:STATistics?.

Observe the values of the parameters <CmdExterp> and <CmdPredict>.
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Example: How extrapolation can impair the results
Imagine that at the moment t, a vehicle is moving with a velocity v = 7 m/s and it stops
(v=0m/s) after0.1s (t; =ty + 0.15).

If the latency exceeds 10 ms, then the R&S SMBV100B projects the movement
assuming that the vehicle keeps its velocity v = 1 m/s. This result of position offset of
0.01 m.

At the next update period, for example 100 ms later, the R&S SMBV100B receives the
subsequent command and the correct velocity v = 0 m/s. The instrument corrects the
position and removes the 0.01 m position offset.

This causes an abrupt change (a "jump") between the two consecutive positions.

As illustrated in the example, the prediction algorithm alone cannot assure that the tra-
jectory is continuous. Without further measures, the predicted positions can cause
abrupt changes between consecutive positions or lead to tracking loss of the GNSS
signal. The severity of these abrupt changes depends on both the latency value and
the current dynamics and therefore are tolerated or not by the GNSS receiver.

Prediction for instance is useful, if the application requires low latency and tolerates
"jumps". Otherwise, we recommend that you use real-time PC with synchronized
marker or add buffer to increase the system latency.

See Chapter 18.1, "Tips for best results", on page 289.

HIL settings
Option: R&S SMBVB-K109

Access:
1. Select "GNSS" > "Simulation Configuration" > "Receiver".
2. Select "Position" > "Remote Control (HIL)".

3. Select "Position Configuration".
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GNSS A: Position Configuration — ) ¢
Initial Position
User Definedv S5
Reference Frame 30
WGS-84 || "
Position Format
DEG:MIN:SEC |
Latitude J S
0° 0' 0.0000" North i i i i ] : i ]
-180° 135 -90° -45° o 45 90 135 180
Longitude -
0° 0' 0.0000" East
Altitude
0.00 m
Attitude Behaviour 9
More ...
From Remote
System Latency
0.02s
Interface Type
scPl
Settings
Location, Initial POSITION........ccuuiiiiiieice e eeaaas 296
REfErENCE FramE......ue et e e e e e eeaa s 298
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Attitude Behaviour, MOTE.........ccoi ittt e 299
SYSIEM LAtENCY ...t 300
T Gl a E= ot Y o1 TSP 300
L0110 ] o o 301

Location, Initial Position
Selects the location or initial position depending on the simulated object:
e Static GNSS receiver ("Position > Static"):
Selects the geographic location of the GNSS receiver.
e R&S SMBVB-K109: Hardware in the loop (HIL) GNSS receiver ("Position > From
Remote"):
Selects the initial position of the GNSS receiver.
® R&S SMBVB-K122: Real-time kinematics (RTK) base station:
Selects the geographic location of the RTK base station.

The representation of the coordinates depends on the selected "Reference Frame" and
"Position Format".

"User Defined" Sets the receiver position in terms of "Latitude", "Longitude" and "Alti-
tude"
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"City"

Table 18-1: Coordinates of the simulated predefined positions

Hardware in the loop (HIL)

HIL settings

Selects a predefined geographic location, see Table 5-1 for an over-

view.

The parameters "Latitude", "Longitude" and "Altitude" are set auto-

matically.

Continent City Latitude [deg] Longitude [deg] Altitude [m]
Europe London 51.500625 -0.1246219 22
Moscow 55.7522222 37.6155556 200
Munich 48.15 11.5833333 508
Paris 48.8584 2.2946278 66
America New York 40.714667 -74.0063889 1
San Francisco 37.8194389 -122.4784939 35
Anchorage 61.2166667 -149.8833333 115
Mexico City 19.4510539 -99.1255189 2310
Bogota 4711111 -74.0722222 2640
Sao Paulo -23.5337731 -46.62529 760
Santiago de Chile -33.4474869 -70.6736758 522
Asia Beijing 39.9055556 116.3913889 60
New Delhi 28.6138889 77.2088889 77
Seoul 37.5514997 126.9877939 265
Singapore 1.3113108 103.8268528 110
Taipei 25.0223439 121.5147581 10
Tokyo 35.6838611 139.7450581 45
Africa Cairo 30.0444419 31.2357117 23
Dakar 14.7166769 -17.4676858 22
Cape Town -33.9188611 18.4233 6
Australia Sydney -33.8833333 151.2166667 3
Perth -31.9535119 115.8570481 2

Remote command:

[ :SOURce<hw>] :BB:GNSS

on page 353

[ : SOURce<hw>] :BB:GNSS

on page 354

[ :SOURce<hw>] :BB:GNSS
[ : SOURce<hw>] :BB:GNSS
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Reference Frame
For GNSS receiver, selects the reference frame used to define the receiver coordi-
nates. The transformation between the reference frames is performed automatically.

R&S SMBVB-K122: For RTK base station, selects the reference frame used to define
the receiver or RTK base station coordinates. The transformation between the refer-
ence frames is performed automatically.

The following applies:

®  Xwases = (1-0.008%108)*Xpy g0 - 0.2041*107*Yp; 99 + 0.1716*107*Zp, 5 - 0.013
®  Yuwesss = (1-0.008*106)*Yp, g0 - 0.2041*107*Xpz 9o + 0.1115*107*Zp; oo + 0.106
® Zpycsss = (1-0.008*10%)*Zp, g0 - 0.1716*107*Xpz g - 0.1115*107*Yp; oo + 0.022

Both reference frames are ECEF frames with a set of associated parameters.

"WGS-84" The World Geodetic System WGS-84 is the reference frame used by
GPS.

"PZ 90.11 (GLONASS)"
Parametry Zemli PZ (Parameters of the Earth) is the reference frame
used by GLONASS.

Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:COORdinates:
RFRame on page 354

[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:RFRame
on page 367

Location Coordinates, Position Format

In the ECEF coordinate system, a geographic location is identified by three coordi-
nates, the altitude, latitude and longitude. The last two can be displayed in decimal or
DMS format. The display format is determined by the parameter "Position Format".

Parameter Description

"Position Format" Sets the format in which the Latitude and Longitude are displayed.

e "DEG:MIN:SEC"
The display format is Degree:Minute:Second and Direction, i.e.
XX°XX'XX.XX" Direction, where direction can be North/South and
East/West.

®  "Decimal Degrees"
The display format is decimal degrees, i.e. +/-XX.XXXXX°, where "+"
indicates North and East and "-" indicates South and West.

"Altitude" Sets the altitude of the reference location. The altitude value is the height
above the ellipsoid (HAE), that is the reference ellipsoid (WGS84 or PZ90).

"Latitude” Sets the latitude of the reference location.

"Longitude" Sets the longitude of the reference location.

Altitude, latitude and longitude are configurable, if "Location, Initial Position > User
Defined".
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Remote command:

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:COORdinates:
FORMat on page 354

[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:FORMat
on page 368

To enter the coordinates in "Position Format > DEG:MIN:SEC"

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:COORdinates:DMS:
Pz on page 355

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:COORdinates:
DMS [ :WGS] on page 355

[ : SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:DMS:PZ
on page 369

[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:DMS]:
WGS] on page 369

To enter the coordinates in "Position Format > Decimal Degrees"

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :LOCation:COORdinates:
DECimal:PZ on page 355

[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:LOCation:COORdinates:
DECimal[:WGS] on page 355

[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:DECimal:
P7 on page 368

[ :SOURce<hw>] :BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:
DECimal[:WGS] on page 368

Attitude Behaviour, More
Defines how the attitude information is defined.

To define the individual attitude parameters for all attitude behaviors, select "More".
This button is available with option R&S SMBVB-K108. See "Attitude Configuration”

on page 58.

"Constant" Sets the attitude of the receiver as a combination of the "Yaw/Head-
ing", "Pitch/Elevation", "Roll/Bank" values.
The resulting attitude is a constant value.

"Spinning" Enables a constant rate of change of the roll.

See "Spinning Rate" on page 59.
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"From Waypoint File/Align to Motion"
Option: R&S SMBVB-K108
For "Receiver" > "Position" > "Moving", the attitude parameters are
extracted from the selected waypoint file. Further settings are not
required.
This extraction forces the attitude parameters to motion direction
even if the waypoint has attitude information, like, for example, in a
*  xtd file with <property
waypointformat="position attitude">.
For specific applications like automotive, it is realistic to set the yaw
and pitch to the motion direction of the vehicle. The usual body axes
angles of a vehicle point to the direction of the velocity vector.
For other applications, however, like aeronautics with a landing plane,
this parameter is not useful. AS an example, the nose of the plane is
in an upward direction at the time when the plane is moving down-
wards.
To visualize the effect, select "Receiver" > "Monitor" > "Attitude View",
see "Display" on page 37.

"From Remote"
Option: R&S SMBVB-K109
For "Receiver" > "Position" > "Remote Control (HIL)", the attitude
parameters are set by the received HIL commands. The selection is
suspended.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:ATTitude|[:BEHaviour]
on page 357

System Latency
Option: R&S SMBVB-K109

System latency is the time period, which the R&S SMBV100B needs to receive and
process incoming HIL commands.

The minimum value of 20 ms corresponds to the R&S SMBV100B hardware process-
ing time. Values higher than 20 ms constitute a delay or a buffer time to process incom-
ing HIL position data.

The parameter is crucial for latency calibration between the R&S SMBV100B and the
control application program.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :HIL:SLATency on page 309

Interface Type
Option: R&S SMBVB-K109

Two interface types are provided for the HIL communication between the
R&S SMBV100B and the control application program, which remotely controls the
R&S SMBV100B:
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UDP position data

"SCPI" A SCPI connection is used for communication.
In some case, the Transfer Control Protocol (TCP) can suffer from the
overhead caused by the acknowledgments and retransmission. In
such cases, enable the socket option "TCP NODELAY" on the sender
side.

"UDP Raw Socket"
The R&S SMBV100B listens to a unidirectional UDP stream, gener-
ated by the control application program.

Remote command:
[ : SOURce<hw>] :BB:GNSS:RECeiver[:V<st>]:HIL:ITYPe on page 310

UDP Port
Option: R&S SMBVB-K109

Requires "Interface Type" > "UDP Raw Socket".
Sets the port for incoming UDP packets at the R&S SMBV100B.

Remote command:
[ :SOURce<hw>] :BB:GNSS:RECeiver[:V<st>] :HIL:PORT on page 310

UDP position data

Compared to the SCPI interface, the User Data Protocol (UDP) offers the following two

advantages:

® UDP is known to have less communication overhead, and therefore recommended
in time critical simulations.

® The user interface is not blocked (remote state) like when using the SCPI interface.
Thus, using UDP you can change the satellite states, power offset and pseudor-
ange bias on-the-fly.

Table 18-2 shows the structure of a UDP data packet containing position data. The
position data is provided in a binary format as specified in the IEEE Standard 754 for
Binary Floating-Point Arithmetic.

The measures for proper operation use the SCPI interface and require remote control.
After calibration and for retrieving position data via UDP, you have to switch the
R&S SMBV100B from remote state to manual state.

On the control application, use the command &GTL for this purpose.

Table 18-2: UDP packet and parameter description for HIL position data

Data Type | Size Parameter Description Default unit
integer 4 bytes reservel - -

integer 4 bytes reservel

integer 4 bytes reserve?2

integer 4 bytes reserve3
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SCPI position data

Data Type | Size Parameter Description Default unit
double 8 bytes ElapsedTime Elapsed time since the simulation start s
double 8 bytes <X> Coordinate in the Earth Fixed Earth Cen- m
double 8 bytes <v> tered (ECEF) coordinate system
double 8 bytes <X>
double 8 bytes <XDot> Velocity vector in ECEF m/s
double 8 bytes <YDot> (equivalently <vx>, <Vy>, <vz>)
double 8 bytes <ZDot>
double 8 bytes <XDotDot> Acceleration vector in ECEF m/s?
double 8 bytes <YDotDot> (equivalently <Aax>, <Ay>, <Az>)
double 8 bytes <ZDotDot>
double 8 bytes <XDotDotDot> | Jerk vector in ECEF m/s®
double 8 bytes <YDotDotDot> | (equivalently <Jx>, <Jy>, <Jz>)
double 8 bytes <ZDotDotDot>
double 8 bytes <Yaw> Attitude angles rad
double 8 bytes <Pitch> (yaw/heading, pitch/elevation, roll/bank)
double 8 bytes <Roll> Unlimited value range to simulate more than

one cycle rotation between two updates
double 8 bytes <YDot> Attitude angular rate of change rad/s
double 8 bytes <PDot>
double 8 bytes <RDot>
double 8 bytes <YDotDot> Attitude angular second order derivative rad/s?
double 8 bytes <PDotDot>
double 8 bytes <RDotDot>
double 8 bytes <YDotDotDot> | Attitude angular third order derivative rad/s®
double 8 bytes <PDotDotDot>
double 8 bytes <RDotDotDot>

18.4 SCPI position data

During remote operation, the control application program sends real-time HIL (SCPI)
commands to the R&S SMBV100B. The HIL commands are sent with low and varying
time resolution. This time resolution is also referred as a HIL update rate. It is typically
a value from 10 Hz to 100 Hz (or 10 ms and 100 ms) and depends on the motion simu-
lator, in particular on its real-time capabilities.

HIL position data is provided by two commands:
[ : SOURce<hw>] :BB:GNSS:RT:RECeiver[:V<st>] :HILPosition:MODE:A
[ : SOURce<hw>] :BB:GNSS:RT:RECeiver[:V<st>] :HILPosition:MODE:B

The command defines the HIL position, motion (velocity, acceleration, jerk) and attitude
at a specific moment of time. The position is defined by earth centered earth fixed
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(ECEF) coordinates for mode A and by north east down (NED) coordinates for mode
B. The moment of time is given as a time offset (<ElapsedTime>) from the simulation
time start.

18.5 Remote-control commands
Option: R&S SMBVB-K109
Understanding the response of the query SOURce:BB:GNSS:RT:RECeiver1:HIL-

Position:LATency:STATistics?

The following are three examples that illustrate how the HIL update rate and the buffer
time influence the way the received HIL commands are processed.

The query is sent each 5 s as indicated by the difference between two subsequently
<CmdHwTime> values.

The response of each individual query is a string. The set of strings per example have
been converted to a * . csv file and formatted for better understanding.

Example: Non-real-time (RT) processor, HIL update rate = 100 Hz, tp,y = 0.02 s

<CmdHwTime> <LastLatency> <MaTatency> <MinLatency> <NoZerdPuiues> <Cmio®iieived> <CniiTsed> <CiBSync> <CmdExterp> &1 (Ol <MaxUsed> <MinUsed>
254.07 4] 0.04 o 26 500 492 474 18 2 o
259.07 0 0.05 o 15 500 491 485 [ 2 o
284.07 o 0.04 o 23 500 491 477 14 2 o
269.07 4] 0.04 o 14 500 492 486 [ 3 o
27407 V] 0.04 o 38 500 488 462 26 2 o
279.07 o 0.04 o 18 500 493 482 n 2 o
284.07 4] 0.04 o 47 500 484 453 31 2 o

Figure 18-2: Example of latency statistics

1 = Varying latency of up to 50 ms

2 = Number of non-zero latency values varies

3 = Number of commands received during each period = 500

4 = Not all received commands are used (<CmdUsed> < <CmdReceived>)

5 = Not all commands are applied at their specified time (<CmdSync> < <CmdUsed>)
6 = Interpolation not applied; commands do not arrive in advance

7 = Number of times the prediction algorithm was applied
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Example: Non-real-time (RT) processor, HIL update rate = 100 Hz, tp,,y = 0.15 s

This example illustrates that the increased tpg5, improves the number of processed HIL
commands. The system latency however also increases.

253.94
258.94
263.94
268.94
273.94
278.94

<CmdHwTime> <lLastLatency> <MaxLatency> <MinLatency> <NoZeroValues> <CmdReceived> <Cmuused> <CmdSync> <CmdExterp> i3

cooCc oo

0.04 0 45 500 500 500 0 0 0
0.05 0 45 500 500 500 0 0 0
0.04 0 46 500 500 500 0 0 0
0.05 0 50 500 500 500 0 0 0
0.04 0 76 500 500 500 0 0 0
0.05 0 30 500 500 500 0 0 0

Figure 18-3: Impact of the increased t_Delay

1 = All commands are used synchronous

2 = Interpolation or prediction is not necessary and not applied

3 = Increased number of buffered commands; the values indicate that there is a room to decrease (optimize)
the tpeiay (S€€ Chapter 18.1.4, "Adding a constant delay to compensate for command jitter", on page 292)

Example: Non-real-time (RT) processor, HIL update rate = 10 Hz, tpe,y = 0.15 s

This example illustrates that varying the HIL update rate while keeping the same tpg,,

also improves the HIL command processing. The generated signal is continuous. The
system latency however also increases.

LRl <Predictions> <MaxUsed> <MinUsed>

98.85
103.85
108.85
113.85
118.85
123.85

0

[=J0 =T = = =

0.03 0 2 50 50 50 0 0 2 1
0.02 0 2 50 50 50 0 0 2 1
0.03 0 2 50 50 50 0 0 2 1
0.03 0 1 50 50 50 0 0 2 1
0.04 0 2 50 50 50 0 0 2 0
0.02 0 3 50 50 50 0 0 2 1

Figure 18-4: Impact of the reduced HIL update rate

1 = All commands are used synchronous
2 = Interpolation is required and applied (ideal situation where each HIL command is executed synchronous
and there are enough HIL commands to interpolate the values from)

The last two examples show approaches that are suitable if your system tolerates sys-
tem delays.

Commands:

[:SOURce<hw>]:BB:GNSS:RT:RECeiver[:V<st>]:HILPosition:MODE:A.......c.cccccererierrrnnanens 305
[:SOURce<hw>]:BB:GNSS:RT:RECeiver[:V<st>]:HILPosition:MODE:B.........cc.cccoevrerirnuiernens 306
[:SOURce<hw>]:BB:GNSS:RT:RECeiver[:V<st>]:HILPosition:LATENCY?......ceuiriiiiiiiiaennnee 307
[:SOURce<hw>]:BB:GNSS:RT:RECeiver[:V<st>]:HILPosition:LATency:STATisticS?............... 307
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:HIL:SLATENCY.......ceeererreinrnrnninnaaaaaneaeeeeeeeens 309
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>[:HIL:ITYPE.......cccceeeeerieeeeeeeeeievcce e 310
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<St>]:HIL:PORT ......coeteriiiiiieieeeeeerice e eeeeeeree e eeenes 310
[:SOURCe<hw>]:BB:GNSS:RT:HWTIME?...ccuuuiieeieeiiiieeeer et e e et e e e e e e eeen e e eeees 310
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[:SOURce<hw>]:BB:GNSS:RT:RECeiver[:V<st>]:HILPosition:MODE:A
<ElapsedTime>, <X>, <Y>, <Z>, <XDot>, <YDot>, <ZDot>, <XDotDot>,
<YDotDot>, <ZDotDot>, <XDotDotDot>, <YDotDotDot>, <ZDotDotDot>, <Yaw>,
<Pitch>, <Roll>, <YawDot>, <PitchDot>, <RollDot>, <YawDotDot>,
<PitchDotDot>, <RollDotDot>, <YawDotDotDot>, <PitchDotDotDot>,
<RollDotDotDot>

Sets hardware in loop (HIL) position, motion (velocity, acceleration, jerk) and attitude in
Earth Fixed Earth Centered ECEF coordinates.

The yaw/heading, pitch/elevation, roll/bank rotation angles and their derivatives are
obtained by rotating the body (XYZ) frame. The frame is rotated starting from an
aligned state with the local NED frame. Three consecutive Euler rotations are: around
the z axis, the y axis and the x axis.

Table 18-3: SCPI parameter description

Parameter Description Default unit

<X>,<Y>,<Z> Mandatory | Coordinate in the Earth Fixed Earth Centered (ECEF) m
coordinate system

<XDot>,<YDot>, Mandatory | Velocity vector in ECEF (equivalently vx, vy, Vvz) m/s

<ZDot>

<XDotDot>, Mandatory | Acceleration vector in ECEF (equivalently Ax, Ay, m/s?

<YDotDot>, Az)

<ZDotDot>

<XDotDotDot>, Mandatory | Jerk vector in ECEF (equivalently Jx, Jy, Jz) m/s3

<YDotDotDot>,

<ZDotDotDot>

[<Yaw>,<Pitch>, | Optional Attitude angles (yaw/heading, pitch/elevation, roll/bank) | rad

<Roll>]

Unlimited value range to simulate more that one cycle
rotation between two updates

[<YDot>, <PDot>, | Optional Attitude angular rate of change rad/s
<RDot>]

[<YDotDot>, Optional Attitude angular second order derivative rad/s?
<PDotDot>,
<RDotDot>]

[<YDotDotDot>, Optional Attitude angular third order derivative rad/s®
<PDotDotDot>,
<RDotDotDot>]

See also Chapter 18.1.3, "Latency calibration", on page 290.

For HIL mode A, position data can also be retrieved via UDP packets, see Chap-
ter 18.3, "UDP position data", on page 301.

Parameters:
<ElapsedTime> float

Elapsed time from the simulation start, as queried with the com-
mand [ : SOURce<hw>] :BB:GNSS:RT:HWTime?.
For description of the other parameters, see Table 18-3.

Range: 0 to 99999999
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Usage: Setting only

[:SOURce<hw>]:BB:GNSS:RT:RECeiver[:V<st>]:HILPosition:MODE:B
<ElapsedTime>, <Latitude>, <Longitude>, <Altitude>, <NDot>, <EDot>, <DDot>,
<NDotDot>, <EDotDot>, <DDotDot>, <NDotDotDot>, <EDotDotDot>,
<DDotDotDot>, <Yaw>, <Pitch>, <Roll>, <YawDot>, <PitchDot>, <RollDot>,
<YawDotDot>, <PitchDotDot>, <RollIDotDot>, <YawDotDotDot>,
<PitchDotDotDot>, <RollDotDotDot>

Sets hardware in loop (HIL) position, motion (velocity, acceleration, jerk) and attitude in
North East Down (NED) coordinates.

The yaw/heading, pitch/elevation, roll/bank rotation angles and their derivatives are
obtained by rotating the body (XYZ) frame. The frame is rotated starting from an
aligned state with the local NED frame. Three consecutive Euler rotations are: around
the z axis, the y axis and the x axis.

Table 18-4: Parameter description

Parameter Description Default unit
<Latitude>, Mandatory | Geodetic location °
<Longitude>,

<Altitude>

<NDot>, <EDot>, Mandatory | Velocity vector in the North East Down (NED) coordi- m/s
<DDot> nate system (equivalently vn, ve, Vvd)

<NDotDot>, Mandatory | Acceleration vector in NED (equivalently 2n, 2Ae, Ad) | m/s?2
<EDotDot>,

<DDotDot>

<NDotDotDot>, Mandatory | Jerk vector in NED (equivalently Jn, Je, Jd) m/s®
<EDotDotDot>,

<DDotDotDot>

[<Yaw>,<Pitch>, | Optional Attitude angles (yaw/heading, pitch/elevation, roll/bank) | rad
<Roll>]

Unlimited value range to simulate more that one cycle
rotation between two updates

[<YDot>, <PDot>, | Optional Attitude angular rate of change rad/s
<RDot>]

[<YDotDot>, Optional Attitude angular second order derivative rad/s?
<PDotDot>,
<RDotDot>]

[<YDotDotDot>, Optional Attitude angular third order derivative rad/s®
<PDotDotDot>,
<RDotDotDot>]

See also Chapter 18.1.3, "Latency calibration”, on page 290.

This mode is currently supported for position data retrieved via SCPI commands only.
For HIL mode A, position data can also be retrieved via UDP packets, see Chap-
ter 18.3, "UDP position data", on page 301.
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Parameters:
<ElapsedTime> float
Elapsed time from the simulation start, as queried with the com-
mand [ : SOURce<hw>] :BB:GNSS:RT:HWTime?.
For description of the other parameters, see Table 18-4.
Range: 0 to 99999999
Usage: Setting only

[:SOURce<hw>]:BB:GNSS:RT:RECeiver[:V<st>]:HILPosition:LATency?

Queries the predicted latency that is the time delay between the elapsed time of HIL
mode command and the time to execute this command in the R&S SMBV100B. HIL
command refers to HiL mode A or HiL mode B commands:

[ :SOURce<hw>] :BB:GNSS:RT:RECeiver[:V<st>] :HILPosition:MODE:A
[ :SOURce<hw>] :BB:GNSS:RT:RECeiver[:V<st>] :HILPosition:MODE:B
How to: Chapter 18.1.3, "Latency calibration", on page 290

Return values:

<Latency> float
Range: min to max
Increment: 0.001
*RST: 0

Default unit: s

Usage: Query only

[:SOURce<hw>]:BB:GNSS:RT:RECeiver[:V<st>]:HILPosition:LATency:
STATistics?

Queries the current latency t, jaency, @nd statistics on the latency values.

This command returns also the minimum deviation and the maximum deviation from
zero latency. Also, it returns the measured number of non-zero latency values since
the last query with this command.

The following terms are used:

® HIL command refers to HiL mode A or HiL mode B commands:
[ :SOURce<hw>] :BB:GNSS:RT:RECeiver[:V<st>] :HILPosition:MODE:A
[ :SOURce<hw>] :BB:GNSS:RT:RECeiver[:V<st>] :HILPosition:MODE:B

® Dropped commands are commands that are evaluated, buffered but not applied
because they become outdated as more up-to-date information is received

® Return values apply for the period since the last query with this command.

How to: Chapter 18.1.3, "Latency calibration", on page 290
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Return values:

<CmdHwTime> float
The hardware time at the moment the last HIL command is
received.
Increment: 0.001
*RST: 0
<LastLatency> float

Time delay between the time specified with the parameter
<ElapsedTime> in a HIL command and the time this command
is executed in the R&S SMBV100B.

Increment: 0.001
*RST: 0
Default unit: s
<MaxLatency> float
The largest latency value since the last time this query was sent.

Increment: 0.001
*RST: 0
Default unit: s

<MinLatency> float

The smallest latency value since the last time this query was
sent.

Increment: 0.001

*RST: 0

Default unit: s

<NoZeroValues> integer
Number of non-zero latency values since the last time this query
was sent.
*RST: 0

<CmdReceived> integer

Accumulated <LastLatency> values since the last time this
query was sent.

*RST: 0
<CmdUsed> integer

The number of used HIL commands, excluding the dropped HIL
commands, since the last time this query was sent.

*RST: 0

<CmdSync> integer
The number of HIL commands applied at their specified time
*RST: 0
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<CmdExterp> integer

The number of extrapolated HIL commands. The commands are
applied later than their specified time.

*RST: 0

<CmdInterp> integer

The number of internal position updates.
The value includes commands describing both situations,
moment of time in past and moment of time in the future.

*RST: 0
<CmdPredict> integer

The number of internal position updates performed by the pre-
diction algorithm, see Chapter 18.1.6, "Trajectory prediction”,

on page 294.
*RST: 0
<MaxUsed> integer
The maximum number buffered commands
*RST: 0
<MinUsed> integer

The minimum number buffered commands
*RST: 0
Example: See "Understanding the response of the query

SOURCce:BB:GNSS:RT:RECeiver1:HILPosition:LATency:STATis-
tics?" on page 303.

Usage: Query only

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:HIL:SLATency <SystemLatency>

Sets the time delay between the time specified with the parameter <ElapsedTime> in
the HIL mode A position data command and the time this command is executed in the
R&S SMBV100B.

See also Chapter 18.1.2, "System latency", on page 290.

You can use the retrieved value for latency calibration, see Chapter 18.1.3, "Latency
calibration”, on page 290.

Parameters:
<SystemLatency> float

Range: 0.02 to 0.15
Increment: 0.001

*RST: 0.02

Default unit: s

Example: See "Understanding the response of the query
SOURce:BB:GNSS:RT:RECeiver1:HILPosition:LATency:STATis-
tics?" on page 303.
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Manual operation: See "System Latency" on page 300

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:HIL:ITYPe <Interface Type>

Set the interface type for the remote communication between R&S SMBV100B and the
control application.

Parameters:
<InterfaceType> SCPI | UDP
*RST: SCPI
Example: SOURcel:BB:GNSS:RECeiver:V1:HIL:ITYPe UDP

Manual operation:  See "Interface Type" on page 300

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:HIL:PORT <UdpPort>
Set the UDP port number at the R&S SMBV100B for the HIL interface.

Parameters:
<UdpPort> integer
Range: 0 to 65535
*RST: 7755
Example: SOURcel:BB:GNSS:RECeiver:V1:HIL:PORT 7756

Manual operation: See "UDP Port" on page 301

[:SOURce<hw>]:BB:GNSS:RT:HWTime?

Queries the time elapsed since the simulation start.
To query the simulation start time, use the command:
[ : SOURce<hw>] :BB:GNSS:TIME: STARt : TIME.

Return values:

<ElapsedTime> float
Range: 0 to max
Increment: 0.001
*RST: 0

Default unit: s

Example: See [:SOURce<hw>] :BB:GNSS:RT:RECeiver|[:V<st>]:
HILPosition:MODE:A on page 305.

Usage: Query only

User Manual 1178.9403.02 — 10 310



Satellite Navigation

Signal generation control

Trigger settings

19 Signal generation control

This section lists settings provided for defining the signal generation start and for gen-
erating signals necessary for synchronization with other instruments.

Settings:

L I I T T 1Y Y= 1 ] o SRR 31
L I Y= T = g ST =Y 1 1] o U 316
L I O (o Yo =T =Y 1] o 1= 320
o (Global connectors SEttNGS.....ccuvviiiiiiiiiiccccece e ———— 321

19.1 Trigger settings

Access:

|

Select "GNSS" > "Trigger In".

1 General |CRMER \arker | Clock
Auto Internal

Mode
Stopped <

This tab provides settings to select and configure the trigger, like trigger source,
trigger mode and trigger delays, and to arm or trigger an internal trigger manually.
The header of the tab displays the status of the trigger signal and trigger mode. As
in the tabs "Marker" and "Clock", this tab provides also access to the settings of the
related connectors.

Auto |

To trigger on a single event

1.
2.
3.

4.
5.

Set "Mode" > "Single".
Set "Source" > "Internal”.

Set the "Signal Duration”, to specify how long the R&S SMBV100B generates the
signal after the trigger event.

Select "General" > "State" > "On".

If no trigger event occurs, press "Execute Trigger" to execute the trigger manually.

Routing and activating a trigger signal

1.

Define the effect of a trigger event and the trigger signal source.
a) Select "Trigger In" > "Mode".
b) Select "Trigger In" > "Source".

For external trigger signals, define the connector for signal input. See Chap-
ter 19.4, "Global connectors settings", on page 321.
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You can map trigger signals to one or more User x connectors.

Global connectors settings allow you to configure the signal mapping, the polarity,
the trigger threshold and the input impedance of the input connectors.

3. Activate baseband signal generation. In the block diagram, set "Baseband" > "On".

The R&S SMBV100B starts baseband signal generation after the configured trigger
event.

About baseband trigger signals

This section focuses on the available settings.

For information on how these settings affect the signal, refer to section "Basics on ..."
in the R&S SMBV100B user manual.

Settings:

11T o = USSR 312
ST To [ E=1 I D10 =1 o ] o 1 313
[0 el aTaTe TS (o] o] o =To A 313
TIME BASEA THIgOEN .. eeeeieiiiiiiiee ettt ettt ettt e e st e e s s e e e e s abee e e e s sanreeeeeeans 313
AL T LT A T 1T O PP UTPPR 313
o 314
EXECULE TrIgOON ittt e e e e e s e s e e e e e e e e e aaaan 314
RS ToT 0] o7 TR URPPPURPRR 314
Sync. Output to External Trigger/Sync. Output to Trigger........ccoovvvviriievviiiiiiiccenn, 314
External Inhibit/Trigger INNIDIt.........cccooiiiiii e 315
External Delay/Trigger DeIaY.........ueii ittt 315
Mode

Selects trigger mode, i.e. determines the effect of a trigger event on the signal genera-
tion.

e "Auto"

The signal is generated continuously.

® "Retrigger"
The signal is generated continuously. A trigger event (internal or external) causes a
restart.

® "Armed Auto"
The signal is generated only when a trigger event occurs. Then the signal is gener-
ated continuously.
An "Arm" stops the signal generation. A subsequent trigger event (internal or exter-
nal) causes a restart.

® "Armed Retrigger"
The signal is generated only when a trigger event occurs. Then the signal is gener-
ated continuously. Every subsequent trigger event causes a restart.
An "Arm" stops signal generation. A subsequent trigger event (internal or external)
causes a restart.

® "Single"
The signal is generated only when a trigger event occurs. Then the signal is gener-
ated once to the length specified at "Signal Duration".
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Every subsequent trigger event (internal or external) causes a restart.

Remote command:
[ : SOURce<hw>] :BB:GNSS[:TRIGger] : SEQuence on page 601

Signal Duration
Requires trigger "Mode" > "Single".
Enters the length of the trigger signal sequence.

Use this parameter, for example, for the following applications:
® To output the trigger signal partly.
® To output a predefined sequence of the trigger signal.

Remote command:
[ :SOURce<hw>] :BB:GNSS:TRIGger: SLENgth on page 603

Running/Stopped
With enabled modulation, displays the status of signal generation for all trigger modes.

® "Running"
The signal is generated; a trigger was (internally or externally) initiated in triggered
mode.

® "Stopped"
The signal is not generated and the instrument waits for a trigger event.

Remote command:
[ : SOURce<hw>] :BB:GNSS: TRIGger : RMODe? on page 601

Time Based Trigger
Requires trigger "Mode" > "Armed Auto"/"Single".

Activates time-based triggering with a fixed time reference.

The R&S SMBV100B triggers signal generation when its operating system time ("Cur-
rent Time") matches a specified time trigger ("Trigger Time"). As trigger source, you
can use an internal trigger or an external global trigger.

How to: Chapter "Time-based triggering" in the R&S SMBV100B user manual.

Remote command:
[ :SOURce<hw>] :BB:GNSS:TRIGger: TIME [ : STATe] on page 603

Trigger Time
Requires trigger "Mode" > "Armed Auto"/"Single".

Sets date and time for a time-based trigger signal.

Set a trigger time that is later than the "Current Time". The current time is the operating
system time of the R&S SMBV100B. If you set an earlier trigger time than the current
time, time-based triggering is not possible.

How to: Chapter "Time-based triggering" in the R&S SMBV100B user manual.
"Date" Sets the date of the time-based trigger in format YYYY-MM-DD.

Remote command:
[ :SOURce<hw>] :BB:GNSS:TRIGger: TIME: DATE on page 602
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"Time" Sets the time of the time-based trigger in format hh:mm:ss.

Remote command:
[ : SOURce<hw>] :BB:GNSS:TRIGger: TIME: TIME on page 602

Arm
Stops the signal generation until subsequent trigger event occurs.

Remote command:
[ :SOURce<hw>] :BB:GNSS:TRIGger:ARM: EXECute on page 603

Execute Trigger
For internal trigger source, executes trigger manually.

Remote command:
[ :SOURce<hw>] :BB:GNSS:TRIGger:EXECute on page 603

Source

The following sources of the trigger signal are available:

® "Internal"
The trigger event is executed manually by the "Execute Trigger".

® "External Global Trigger"
The trigger event is the active edge of an external trigger signal provided and con-
figured at the User x connectors.

® "Baseband Sync In"
In primary-secondary instrument mode, secondary instruments are triggered by the
active edge of the synchronization signal.

How to: "Routing and activating a trigger signal" on page 311

Remote command:
[ :SOURce<hw>] :BB:GNSS:TRIGger: SOURce on page 601

Sync. Output to External Trigger/Sync. Output to Trigger
Enables signal output synchronous to the trigger event.

e "On"
Corresponds to the default state of this parameter.
The signal calculation starts simultaneously with the trigger event. Because of the
processing time of the instrument, the first samples are cut off and no signal is out-
put. After elapsing of the internal processing time, the output signal is synchronous
to the trigger event.

| Ext

| Trigger Event

\

Calculated
signal

| \_/

Signal at

the output
»—]<&-Processing time—

Y lloﬁ.‘"
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The signal output begins after elapsing of the processing time. Signal output starts
with sample 0. The complete signal is output.
This mode is recommended for triggering of short signal sequences. Short sequen-
ces are sequences with signal duration comparable with the processing time of the
instrument.

| Ext

| Trigger Event

\

Calculated
signal

Il

| \_/

| Signal at
the output

»—]<&-Processing time—

In primary-secondary instrument mode, this setting ensures that once achieved, syn-
chronization is not lost if the baseband signal sampling rate changes.

Remote command:
[ :SOURce<hw>] :BB:GNSS:TRIGger:EXTernal : SYNChronize:OUTPut
on page 604

External Inhibit/Trigger Inhibit
Applies for external trigger signal.

Sets the duration with that any following trigger event is suppressed. In "Retrigger"
mode, for example, a new trigger event does not cause a restart of the signal genera-
tion until the specified inhibit duration does not expire.

For more information, see chapter "Basics" in the R&S SMBV100B user manual.

Remote command:
[ :SOURce<hw>] :BB:GNSS:TRIGger [ :EXTernal<ch>] : INHibit on page 605

External Delay/Trigger Delay
Delays the trigger event of the signal from:
® The external trigger source

Use this setting to:

® Synchronize the instrument with the device under test (DUT) or other external devi-
ces

® Compensate delays and align the signal generation start in multi-instrument setup

For more information, see chapter "Basics on ..." in the R&S SMBV100B user manual.

Remote command:
[ :SOURce<hw>] :BB:GNSS:TRIGger [ :EXTernal<ch>] : DELay on page 604
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19.2 Marker settings

Access:

1. Select "GNSS" > "Marker".

— X
ingle Internal

Made Pulse Width
| 1PPS 1.000 ps
Delay
Ons —
High Precision PPS Marker on 1/Q Out LF
Generate High Precision PPS [] Qshow Connectors ..
Additional Delay
Ops

This tab provides settings to select and configure the marker output signal includ-
ing marker mode and marker delay.

By default, the settings for "Marker 1" are displayed. The set "Marker Mode" is also
displayed for each marker on the "Marker x" side tabs.

2. To configure another marker, select e.g. the "Marker 2" side tab.

Maximum two markers can be mapped in the GNSS firmware. "Marker 3" is not
available. This marker operates in "Mode" > "Disabled" and is suspended.

To derive the frequency of a pulse marker signal
1. Select marker "Mode" > "Pattern" and set "Pattern" = "10".

2. Route the marker signal to one of the "User x" output connectors, e.g. for "User 1".

a) Select "Marker" > "Global Connectors" > "Routing".
b) Set "Direction” > "Output".
c) Set"Signal" > "Baseband Marker 1".

With a fixed symbol rate of 1.023 Msym/s, the frequency of the marker signal mea-
sured at the "User x" output connector is 511.5 kHz.
The same value results from the setting "Mode" > "Pulse" and "Divider" > "2".

Mode gD ivider
Pulse 2
Frequency

3
511.500 OkHz

To generate a high-precision marker PPS signal

The procedure illustrates how to generate and output a high-precision marker signal
associated with "Marker 1". The signal is useful, e.g., for time alignment in hardware in
the loop (HIL) test setups.

1. Specify the following:
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a) Select between marker modes "1PPS", "1PP2S" or "10PPS".
b) Define the pulse width.
c) Setthe marker delay.

Optionally, specify an additional delay for fine-tuning the marker alignment to the
output RF signal.

To monitor the output connectors that output the high-precision PPS marker signal,
click "Show Connector".

The dialog displays the physical location of the associated connectors on the rear
panel of the instrument.

Select "Generate High Precision PPS > On".

The high-precision PPS marker signal is output at the analog I/Q connectors
and "Q" on the rear panel of the instrument.

T E L PV
|510PPEdS Baseband AWGN A ._, 1/Q Mod RF
T ] Oon |~ 11— 7 RF

CM
C AWGN

—g 1/Q Out

PPS Marker

1/Q Stream Mapper

HS Dig. 1/Q BB Input

[ ]on

.—\_)o Dig. 1/Q

Routing and activating a marker signal

1.

To define the signal shape of an individual marker signal "x", select "Marker" >
"Marker x" > "Mode".

Optionally, define the connector for signal output. See Chapter 19.4, "Global con-
nectors settings”, on page 321.
You can map marker signals to one or more User x connectors.

Activate baseband signal generation. In the block diagram, set "Baseband" > "On".

The R&S SMBV100B adds the marker signal to the baseband signal. Also,
R&S SMBV100B outputs this signal at the configured User x connector.

About marker output signals

This section focuses on the available settings.

For information on how these settings affect the signal, refer to section "Basics on ..."
in the R&S SMBV100B user manual.
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Settings:

/o T = P 318

19 = - SRR 319

High Precision PPS Marker on I/Q OUt........ccoiiiiiiciiiiiiieeee e e e 319
L Generate High PreciSion PPS.........ccooueeeeeeeeeeeeeeeeeee e 319
L AQAIIONGAI DEIAY ...ttt ettt e e e e e s 319
L SHOW CONNECION. ...ttt et en e 319

Mode

Marker configuration for up to 3 markers. The settings are used to select the marker
mode defining the shape and periodicity of the markers. The contents of the dialog
change with the selected marker mode.

How to: "Routing and activating a marker signal" on page 317

"1PPS"/"10PPS"/"1PP2S"
A marker signal is generated at:

® The start of every second
® 10 times per second or once every 100 ms
® Once every two seconds

Set the "Pulse Width" in the corresponding field.

Remote command:
[ :SOURce<hw>] :BB:GNSS:TRIGger:0UTPut<ch>:PULSe:
WIDTh on page 608

"Pulse" Regular marker signal.
To define the pulse frequency, set the divider. The pulse frequency is
derived by dividing the chip rate by the divider; the resulting "Fre-
quency" value is displayed.

Mode Divider
Pulse | 2 |
Frequency -
511.500 OkHzZ

Remote command:

[ : SOURce<hw>] :BB:GNSS:TRIGger:0UTPut<ch>:PULSe:
DIVider on page 607

[ : SOURce<hw>] :BB:GNSS:TRIGger:0UTPut<ch>:PULSe:
FREQuency? on page 608

"Pattern” Marker signal that is defined by a bit pattern. The pattern has a maxi-
mum length of 64 bits.

Remote command:
[ :SOURce<hw>] :BB:GNSS:TRIGger:OUTPut<ch>:PATTern
on page 607
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"On/Off Ratio"
Regular marker signal that is defined as on-time and off-time; a
period lasts one on and off cycle.

‘Ontime Off time On time Off time

Remote command:

[ :SOURce<hw>] :BB:GNSS:TRIGger :0OUTPut<ch>:0ONTime
on page 606

[ :SOURce<hw>] :BB:GNSS:TRIGger:0UTPut<ch>:0FFTime
on page 606

Remote command:
[ : SOURce<hw>] :BB:GNSS: TRIGger : OUTPut<ch>:MODE on page 606

Delay
Delays the marker signal at the marker output relative to the signal generation start.

Variation of the parameter "Marker x" > "Delay" causes signal recalculation.

Remote command:
[ :SOURce<hw>] :BB:GNSS:TRIGger:OUTPut<ch>:DELay on page 606

High Precision PPS Marker on 1/Q Out
The panel comprises settings to configure high-precision marker signals output at the
analog I/Q output connectors "I"/"Q".

Generate High Precision PPS — High Precision PPS Marker on 1/Q Out
Enables generation of a high-precision PPS marker signal.

Remote command:
[ : SOURce<hw>] :BB:GNSS: TRIGger:0UTPut<ch>:HPPS:STATe on page 607

Additional Delay < High Precision PPS Marker on 1/Q Out
Sets an additional delay for the high-precision PPS marker signal.

Remote command:
[ :SOURce<hw>] :BB:GNSS: TRIGger:OUTPut<ch>:HPPS:ADELay on page 607

9 Show Connector < High Precision PPS Marker on 1/Q Out

Accesses a dialog that displays the physical location of the selected connector on the
front/rear panel of the instrument.
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19.3 Clock settings

Access:

» Select "GNSS" > "Clock".

— X
Trigger In Clock
1 General [EZX single Marker e

Clock Source

Internal

This tab provides settings to select and configure the clock signal, like the clock
source and clock mode.

Defining the clock
1. Select "Clock" > "Source" to define the source of clock signal.

2. For external clock signals, define the connector for signal input. See Chapter 19.4,
"Global connectors settings", on page 321.
You can map clock signals to one or more User x connectors.

Global connectors settings allow you to configure the signal mapping, the polarity,
the trigger threshold and the input impedance of the input connectors.
3. Activate baseband signal generation. In the block diagram, set "Baseband" > "On".

The R&S SMBV100B starts baseband signal generation with a symbol rate that
equals the clock rate.

About clock signals
This section focuses on the available settings.

For information on how these settings affect the signal, refer to section "Basics on ..."
in the R&S SMBV100B user manual.

Settings:
(0 [oTod 1S T 1U [ ot T 320

Clock Source
Selects the clock source.
® "Internal"
The instrument uses its internal clock reference.

How to: "Defining the clock" on page 320

Remote command:
[ :SOURce<hw>] :BB:GNSS:CLOCk: SOURce on page 609
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19.4 Global connectors settings

Accesses a dialog to configure global connectors.

The button is available in the following dialogs or tabs:

® "Trigger / Marker / Clock" dialog that is accessible via the "TMC" block in the block
diagram.

® "Trigger In", "Marker" and "Clock" tabs that are accessible via the "Baseband"
block in the block diagram.

Global Connectors ...

See also chapter "Global connectors settings" in the user manual.
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20 How to perform signal generation tasks with
the GNSS options

e General workflow for signal generation tasks............cooeviiiiiiiiiicicciiiieeeeeeeeee, 322
e How to generate GNSS signals for simple receiver tests..........ccccooeeinnie. 324
e How to simulate real-world effects.........ccccueiiiiii 324
e How to add noise or CW interferer........uuiiiii i 324
e How to load historical data.........cccooeiiiiiiie i 324

20.1 General workflow for signal generation tasks

The general workflow shows the main configuration steps to be performed for almost
all configuration tasks. Therefore, the examples generally refer to the workflow. Addi-
tional steps and settings are described in the examples explicitly.
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Step#
()]
o Execute ,Set to Default” 2
£
v A
e Select ,Scenario” (opt.) o
\d
o Select ,Test Mode” 8
Tracking | | . Navigation
A4 A4
o Select ,System” and RF band signal
A4
e Select receiver ,Postion” and dynamics
()]
\ g
e Select ,Number of Antennas” 'E
Select ,Antenna Pattern/Body Mask File* 0
o Select ,,Environment Model” 'g
Line of Sight v Static Multipath .
o Select ,Number of Echoes”
\ 4 v -
e Set ,SV Selection Criteria® -%
\ =
@ Select simulated satellites (SVs) =
v 8
0 Set satellite ,Power Offset®, ,Signal State”, ,Signal Power Offset” - _5
Tracking v v Navigation g g
. - Modify ,Simulated Orbit/Clock” and =
@ Frigve gl PneTe (2 .Pseudorange Errors” for each SV (opt.) 2 !
@
v v =
@ Adjust ,Navigation Message” settings/correct simulation data for each SV: %
Lorbit”, ,Clock”, ,Additional Data“ (opt.) (07
@ Adjust ,Navigation Message” settings/correct simulation data for all SVs:
»1ime Conversion“ and ,lonosphere” (opt.)
@ Set SV's ,State” to ,,On”
Tracking L Navigation
@ Specify ,Atmosphere” effects:
Select , Tropospheric/lonospheric Model*
@ Set GNSS ,State" to ,On*
@ ~Monitor” simulated signal in real-time display and compare the settings (opt.)

Figure 20-1: General workflow
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20.2

20.3

20.4

20.5

How to load historical data

How to generate GNSS signals for simple receiver
tests

See
® "To generate a GNSS signal" on page 28
® "To generate a multi-constellation GNSS signal" on page 31

How to simulate real-world effects

For simulating antenna patterns and body masks, see:

® "To load an antenna pattern/body mask file" on page 124

® "To simulate antenna pattern" on page 125

® "To change the antenna pattern" on page 128

® "To prepare for automotive applications" on page 129

® "To modify antenna attenuation and phase values" on page 130
® "To create an antenna pattern/body mask file" on page 131

How to add noise or CW interferer

See

® "To add noise to a GNSS signal" on page 192

® "To shift noise to one RF band" on page 193

® "To add a CW interferer to a GNSS signal" on page 194

How to load historical data

See

® Chapter 17.1, "Import constellation settings", on page 284

® Chapter 17.2, "Import SBAS settings", on page 286

® Chapter 14.3, "How to generate SBAS corrections", on page 239
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21 Remote-control commands

The following commands are required for signal generation with the satellite navigation
options in a remote environment. We assume that the R&S SMBV100B has already
been set up for remote operation in a network as described in the R&S SMBV100B
documentation. A knowledge about the remote control operation and the SCPI com-
mand syntax is assumed.

@ Conventions used in SCPl command descriptions

For a description of the conventions used in the remote command descriptions, see
section "Remote Control Commands" in the R&S SMBV100B user manual.

The : SOURce<hw>:BB:GPS|GALileo|GLONass |BEIDou |NAVic|QZSS subsystem
contains commands for configuring the GNSS standards.

Common suffixes

The following common suffixes are used in remote commands:

Suffix Value range Description

SOURce<hw> 1 Available baseband signals
OUTPut<ch> 1t03 Available markers

SVID<ch> 1 to 37 for GPS Distinguishes between satellite SV IDs

1 to 36 for Galileo

1 to 24 for GLONASS
1 to 35 for BeiDou

1 to 14 for NavIC

193 to 195 for QZSS

A<ch> 1to4 Simulated antenna

A<gr>

BASE<st> 1 Simulated RTK base station
ECHO<s2us0> 1t09 Echoes in the multipath configuration
MONitor<ch> 1to2 Pane in the "Simulation Monitor" dialog
RF<ch> 1 RF paths for noise configuration
STReam<st> 1t06 Simulated GNSS stream

v<st> 1 Simulated vehicle

V<us>

Required options

For an overview, see Chapter 2.1, "Required options", on page 17.
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SCPI command contains Required option
SYSTem:GPS R&S SMBVB-K44
TIME:STARt:GPS R&S SMBVB-K98

TIME:CONVersion:GPS
SVID<ch>:GPS
SVID:GPS
SV:SELection:GPS
SV:IMPOrt:GPS

ADGeneration:GPS

L2C R&S SMBVB-K98
L5S
SYSTem:GALileo R&S SMBVB-K66

TIME:STARt:GALileo
TIME:CONVersion:GALileo
SVID<ch>:GALileo
SVID:GALileo
SV:SELection:GALileo
SV:IMPort:GALileo
ADGeneration:GALileo
E10S

ESA

E5B

SYSTem:GLONnas R&S SMBVB-K94
TIME:STARt :GLONnas
TIME:CONVersion:GLONnas
SVID<ch>:GLONnas
SVID:GLONnas
SV:SELection:GLONnas
SV:IMPOrt:GLONnas

ADGeneration:GLONnas

SYSTem:BEIDou R&S SMBVB-K107
TIME:STARt :BEIDou R&S SMBVB-K132
TIME:CONVersion:BEIDou
SVID<ch>:BEIDou
SVID:BEIDou
SV:SELection:BEIDou
SV:IMPOrt:BEIDou

ADGeneration:BEIDou
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SCPI command contains Required option

SYSTem:NAVic R&S SMBVB-K197
TIME:STARt:NAVic
TIME:CONVersion:NAVic
SVID<ch>:NAVic
SVID:NAVic
SV:SELection:NAVic
SV:IMPOrt:NAVic

ADGeneration:NAVic

SBAS R&S SMBVB-K106
QZSS

RECeiver[:V<st>]:ATTitude R&S SMBVB-K108
RECeiver|[:V<st>] :ENVironment

MPATh

HIL R&S SMBVB-K109
BASE<st> R&S SMBVB-K122.

Programming examples

This section provides simple programming examples. The purpose of the examples is
to present all commands for a given task. In real applications, you typically use an
appropriate subset of these commands.

For verification and testing purposes, a software tool executed these programming
examples. To keep the example as simple as possible, the examples report clean SCPI
syntax elements. Non-executable command lines, for example comments, start with
two characters / /.

Before executing a SCPI sequence, most remote control programs reset or preset the
instrument to a definite state. The commands *RST and SYSTem: PRESet are equiva-
lent for this purpose. *CLS also resets the status registers and clears the output buffer.

The following commands specific to the GNSS options are described here:

®  General COMMEANGS. ....oiiiiiiiee et e e et e et e e e e e e e e s e e eeeeeeeeaaaaeeeaaaaans 328
e System and signal CoMMANGS.......ccoiiiiiiiiiiiiciee e 333
o Time conversion CONfIGUratioN..........ocuueiiiiiiiiii e 337
e Receiver positioning configuration commands.............cccccvviriieeiiee e 351
e Antenna pattern and body MaskK............uuueiuiiiiiiiiiiii s 360
e Real-time kinematics (RTK) commands...........oooviiiiiiiiiiiiiiiiiiiie e 364
e Environment configuration commands. ..o 373
e Static multipath configuration............ccceii e 386
e Atmospheric configuration COMMAaNAS........ccuueriiiiiiiiiie e 399
®  AWGN CONFIQUIAtioN......ccii ittt e e e e e e e e e e e e e nnnnes 405
o Satellites conStellation...........oiiiiiiiiii 409
e Signals and power configuration per satellite........ccccceeeveiiiiiiiiiiiii 419
e Navigation message COMMANGS..........ccoeiiiiiiiiieiiiiirc e e e e e e e e e e e eeeeeeeeeeeens 446
o Galileo OSNMA COMMANGAS. .. ..uutiiiiiiiaaaae i e e e e e e e ee e e e e e e e e e e e e aanenes 532
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General commands

®  SBAS COIMECHONS. ...cuiiiiitt i it e et e et e e e e e ettt e se s e e e e eaeaaaaaeaaeeeeeeeesennns 540
L IS o g = R0 1Y F= g (o U 551
e Assistance data CoOmMMaNdS.........oooiiiiiiiiiiiicerrre e 561
e Monitoring and real-time CoOMMaNdS........cooei it 574
e Data 10gging COMMEANGS.......uuuuueiiiieie e e e e e e e eeeeee e e e e e e e e aaeaeeaaeeeees 593
L I By oo 1Y oot ) g g F=1 o o < 0P 599
®  Marker COMMEANGS......cooiiiiiiiiiccce e et s e e e e e e aaaaaaaeees 605
®  ClOCK COMMEANAS.....uuuuiiieie i e e e e e e e e e e e e e e e e e e e e e eeeeeesasearanananas 609

21.1 General commands

Example: Save/Recall files with user settings
Query and load settings files, saved with the save/recall function.

MMEM:CDIR '/var/user/settings'

SOURcel:BB:GNSS:SETTing:CATalog?

// Response: gnss_settings,settings
SOURcel:BB:GNSS:SETTing:STORe '/var/user/settings/gnss'
SOURcel:BB:GNSS:SETTing:LOAD '/var/user/settings/gnss settings'
SOURcel :BB:GNSS:SETTing:DELete '/var/user/settings/settings'

// Deletes the file settings.gnss
SOURcel:BB:GNSS:SETTing:CATalog?

// Response: gnss_settings,gnss

Example: Selecting a predefined test scenario
Enable a predefined scenario.

// B )

// Select and enable the predefined test scenario 3GPP FDD Signaling Test Scenario 2.
// ER R E R R R R R I I R R R R R R R R I I I R R R R I R R I I b I R I I I E I E E b b b I i
SOURcel:BB:GNSS:PRESet

// Lists all predefined scenarios in a comma-separated list.
SOURcel:BB:GNSS:SETTing:CATalog:PREDefined?

// Response: "Assisted GNSS+EUTRA/LTE+3GPP TS 37.571-2: S7 Signaling ST1; ..."
SOURcel:BB:GNSS:SETTing:LOAD: PREDefined "3GPP TS 37.571-2: S7 Signaling ST2"
SOURcel:BB:GNSS:SCENario?

// Response: "3GPP TS 37.571-2: S7 Signaling ST2"

// Query simulation information.

SOURcel:BB:GNSS:SIMulation:INFO?

// Response: "L1 / GLONASS only"

SOURcel :BB:GNSS: TMODe?
// Response: "NAV"

SOURcel:BB:GNSS:STATe ON
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General commands

Commands:

[[SOURCE<hW>]:BB:GNSS:PRESEL . ...ccetuuuutuuaaaaaeaeeeeeeeeeeeeeeeeeeeeeeeeeeeeanennnneaaaaaaeaeeeeeens 329
[[SOURCESNW>]:BB:GNS S STATE. ..uvuturuuniieieieieeeeeeeeeeeeeetereeeeerersrararr e eeaaaaasaeseees 329
[:SOURCe<hW>]:BB:GNSS:SCENGIO?..ccuuueeieeieeruiieeeeerittiieeeeeeetnnaeeeeeerstnieeeserssnaseeseessnns 329
[:SOURCE<hW>]:BB:GNSS:TMODE. ... .iiiiiiitiiieieeeieetieeeeeeeettee e e e e eettaeeeeeeestaeeeeeeeesanaaaaees 330
[:SOURce<hw>]:BB:GNSS:SIMulation:INFO?......cciiieeiei e e e 331
[:SOURce<hw>]:BB:GNSS:SETTING:CATAIOG?. ... ettt e e e 331
[:SOURCce<hw>]:BB:GNSS:SETTING:STORE.....ccettitieiiieieeiiie e e e eereies e e e e e et e e e e e eea e e e eeenes 331
[:SOURce<hw>]:BB:GNSS:SETTING:ILOAD.......cctitieieeeeeeeeeeeeeee e eeee e e e e e e e eeaeas 331
[:SOURCe<hw>]:BB:GNSS:SETTING:DELEI .. .uuuieieieieeeeieeeeeeeeeeeeeeeeeeeeeverre e 332
[:SOURce<hw>]:BB:GNSS:SETTing:CATalog:PREDEfINEA?......cceevrerirrininriiciiiieieeeeeeeeaaeans 332
[:SOURce<hw>]:BB:GNSS:SETTing:LOAD:PREDEfINEd.....ccciiuiiiiiiiiiiiii e 332

[:SOURce<hw>]:BB:GNSS:PRESet

Sets the parameters of the digital standard to their default values (*RST values speci-
fied for the commands).

Not affected is the state set with the command SOURce<hw>:BB:GNSS:STATe.

Example: See Example"Selecting a predefined test scenario”
on page 328.
Usage: Event

Manual operation: See "Set to Default" on page 33

[:SOURce<hw>]:BB:GNSS:STATe <State>

Enables/disables the GNSS signal simulation.

Parameters:

<State> 1]ON| 0| OFF
*RST: 0

Example: See Example"Selecting a predefined test scenario”
on page 328.

Manual operation: See "State" on page 33

[:SOURce<hw>]:BB:GNSS:SCENario?
Queries the current scenario.

Return values:
<Scenario> string

NONE
Indicates the preset configuration or a user-defined configura-
tion.
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Example:

Usage:

Manual operation:

General commands

Scenario name

Returns the scenario name of a predefined scenario, e.g.
"3GPP TS 37.571-2: S7 Signaling ST1". See Chap-
ter E, "Predefined GNSS scenarios”, on page 630.

Filename

Returns the filename of a saved, user-defined scenario. The
scenario file has the extension * . gnss.

See Example"Selecting a predefined test scenario”
on page 328.

Query only

See "Scenario” on page 34

[:SOURce<hw>]:BB:GNSS:TMODe <SMode>

Sets the test mode.

Parameters:
<SMode>

User Manual 1178.9403.02 — 10

TRACKing | NAVigation | SINGle

TRACKking

Tracking mode

The generated signal contains no positioning data. You do not
need to configure the GNSS receiver. Navigation and acquiring
of position fix is not possible.

The signal is sufficient to test the ability of the DUT to find the
channel and to decode the signal. It is also sufficient for receiver
sensitivity testing. Use this mode to simulate high signal dynam-
ics. For example, simulate spinning vehicles and precision code
(P code) signals.

NAVigation

Navigation mode

The generated signal contains satellite signals to simulate a par-
ticular location of a GNSS receiver.

This signal implies a realistic navigation scenario. The DUT can
achieve position fix, since the satellite constellation comprises of
at least three satellites. The signal is suitable for signal acquisi-
tion and TTFF tests.

SINGle

Single-satellite mode

The generated GNSS signal contains one satellite signal for
each GNSS system GPS, Galileo, GLONASS, COMPASS/
BeiDou and NavIC. Use this mode for production tests.
Navigation and acquiring of position fix is not possible. The sig-
nal is sufficient to test the ability of the DUT to find the channel
and to decode the signal. It is also sufficient for receiver sensitiv-
ity testing.

*RST: NAVigation

330



Satellite Navigation Remote-control commands

General commands

Example: See Example"Selecting a predefined test scenario”
on page 328.
Options: SINGIe requires option R&S SMBVB-K133.

Manual operation: See "Test Mode" on page 34

[:SOURce<hw>]:BB:GNSS:SIMulation:INFO?
Queries information on the current enabled RF bands, signals and GNSS standards.

Return values:

<SimConfigInfo> string

Example: See Example"Selecting a predefined test scenario”
on page 328.

Usage: Query only

[:SOURce<hw>]:BB:GNSS:SETTing:CATalog?

Queries the files with settings in the default directory. Listed are files with the file exten-
sion * .gnss.

Example: See Example"Save/Recall files with user settings" on page 328.
Usage: Query only

Manual operation: See "Recall Scenario/Save Scenario" on page 33

[:SOURce<hw>]:BB:GNSS:SETTing:STORe <Filename>

Saves the current settings into the selected file; the file extension (* .gnss) is
assigned automatically.

Setting parameters:
<Filename> "<filename>"

Filename or complete file path
Example: See Example"Save/Recall files with user settings" on page 328.
Usage: Setting only

Manual operation: See "Recall Scenario/Save Scenario" on page 33

[:SOURce<hw>]:BB:GNSS:SETTing:LOAD <Filename>

Loads the selected file from the default or the specified directory. Loaded are files with
extension *.gnss.
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General commands

Setting parameters:
<Filename> "<filename>"

Filename or complete file path; file extension can be omitted
Query the existing files with the command [ : SOURce<hw>] :
BB:GNSS:SETTing:CATalog?.

Example: See Example"Save/Recall files with user settings" on page 328.
Usage: Setting only

Manual operation: See "Recall Scenario/Save Scenario” on page 33

[:SOURce<hw>]:BB:GNSS:SETTing:DELete <Filename>
Deletes the selected file from the default or the specified directory.

Setting parameters:
<Filename> "<filename>"

Filename or complete file path; file extension can be omitted
Example: See Example"Save/Recall files with user settings" on page 328.
Usage: Setting only

Manual operation: See "Recall Scenario/Save Scenario" on page 33

[:SOURce<hw>]:BB:GNSS:SETTing:CATalog:PREDefined?

Queries the files with predefined settings.

Example: See Example"Selecting a predefined test scenario”
on page 328.
Usage: Query only

Manual operation: See "Predefined Scenario" on page 34

[:SOURce<hw>]:BB:GNSS:SETTing:LOAD:PREDefined <Scenario>
Loads the selected scenario file.

Setting parameters:
<Scenario> "<ScenarioName>"

Name of a predefined scenario, as queried with the command
[ :SOURce<hw>] :BB:GNSS:SETTing:CATalog:

PREDefined?.

Example: See Example"Selecting a predefined test scenario”
on page 328.

Usage: Setting only

Manual operation: See "Predefined Scenario" on page 34
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21.2

System and signal commands

System and signal commands

Example: Enabling GNSS systems and signals
The example illustrates how to enable RF bands, GNSS systems and signals.

SOURcel :BB:GNSS:TMODe NAV

R IRk kb kb b b b b b b b kb b bk b b kb kb b b b bk b b b b bk b b b b b b b b b b b b b b b b b b b b b b b b b b b bk b b b b b i

// Enable and query RF band states.

Kok K K K kK KK kK K K Kk Kk kR Rk Rk kK Rk kK ok K ok K ok K ok K ok K ok K ok K ok R kR R ok R Kk ok kR Rk kK kK R K
SOURcel:BB:GNSS:L1Band:STATe 1

SOURcel:BB:GNSS:L2Band:STATe? O

SOURcel:BB:GNSS:L5Band:STATe 1

ER R Rk kb kb b b b b b b b kb b b b b b kb kb b b b b b b b b b b b b b b bk b b b b b b b b b b b b b b b b b b bk b kb b b b b i

// Enable and query GNSS system states.

Kok K K K kK kK K K K Kk Kk kR Rk Rk Rk Rk kK ok K ok K ok K ok K ok K ok K ok K kR kR R R ok Kk kR Rk Rk Rk kK kK
SOURcel:BB:GNSS:SYSTem:GPS:STATe 1

SOURcel:BB:GNSS:SYSTem:GALileo:STATe 1

SOURcel:BB:GNSS:SYSTem:GLONass:STATe? 0

SOURcel:BB:GNSS:SYSTem:BEIDou:STATe? 0

SOURcel:BB:GNSS:SYSTem:NAVic:STATe? 0

SOURcel:BB:GNSS:SYSTem:QZSS:STATe? 0

R Rk kb gk b b b b b b b b b b b b b b bk kb bk b b bk b b b b b b b b b b b kb b b b bk b b b b b b b b b b b b b b b bk b b b b b i

// Enable signals within GNSS systems and RF band.

Kok K K K kK KK K K K Kk Kk Kk Kk Rk Rk Rk Rk kK ok K ok K ok K ok K ok K ok K kK kK kR R R ok Kk kR kR kR K kK ok K
SOURcel:BB:GNSS:SYSTem:GPS:SIGNal:L1lBand:P:STATe 1
SOURcel:BB:GNSS:SYSTem:GPS:SIGNal:L1Band:CA:STATe 1
SOURcel:BB:GNSS:SYSTem:GPS:SIGNal:L1Band:L1C:STATe 1
SOURcel:BB:GNSS:SYSTem:GPS:SIGNal:L2Band:CA:STATe 1
SOURcel:BB:GNSS:S5YSTem:GPS:SIGNal:L2Band:L2C:STATe 1
SOURcel:BB:GNSS:SYSTem:GPS:SIGNal:L5Band:L5S:STATe 1
SOURcel:BB:GNSS:SYSTem:GALileo:SIGNal:L1Band:E10S:STATe 1

R IRk kb gk kb b b b b b b b b b gk kb b kb kb bk b b b b b b b b b b b b b bk kb b b b bk b b b b b b b b b b b b b b bk kb b b b b i

// Query information on active RF bands, central RF frequency and GNSS systems.
Kok K K K kK kK kK K K Kk Kk kR Rk Rk kK Rk ok K ok K ok K ok K ok K ok K ok K ok K kR kR R ok R Kk Kk Rk ok kR ok kK kK kK
SOURcel:BB:GNSS:SIMulation:INFO?

// Response: "L1,L2,L5 / GPS,Galileo"

SOURcel:BB:GNSS:CFRequency?

// Response in Hz: 1389225000

Commands:

[:SOURCe<hw>]:BB:GNSS:CFREQUENCY?....cceiiiiitiriernnnunaaaaaaaaeaaaaaaaaaaiaeeeeeeeeeesessnsnnnnnnns 334
[:SOURce<hw>]:BB:GNSS:L5BaNd[:STATE]. ... iiuieiieteie et e e e e eas 335
[:SOURce<hw>]:BB:GNSS:L2BaNd[:STATE]...eeuuururuuunnaaaaaaeeeeeeeeaaaeeeeeeeeeeeenaensnnnnnnnnaeanens 335
[:SOURce<hw>]:BB:GNSS:L1BaNA[:STATE]..eeuurrrrununnnaaaaiaeeeeeeeeaeeeieeeeeeeeeennensnsnnnnnnananens 335
[:SOURce<hw>]:BB:GNSS:SYSTem:SBAS:EGNOS[:STATE]....uuueereieeeeeeeeeeeeeeeeeeeeeeeeenennnnns 335
[:SOURce<hw>]:BB:GNSS:SYSTem:SBAS:GAGAN[:STATE]..cvuueieeeeerrriiereeeeerriieeeeeeennanns 335
[:SOURce<hw>]:BB:GNSS:SYSTem:SBAS:MSAS[:STATE].. ...ttt eeeeee e 335
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System and signal commands

[:SOURce<hw>]:BB:GNSS:SYSTem:SBAS:WAAS[:STATE]. ..ttt eeeteeee e e e 335
[:SOURce<hw>]:BB:GNSS:SYSTeM:NAVIC[:STATE]. .. ceuieeeee et 335
[:SOURCe<hw>]:BB:GNSS:SYSTEM:QZSSESTATE . . veereereeeereseereseeseseesessesessesenesesseseeees 335
[:SOURce<hw>]:BB:GNSS:SYSTEM:BEIDOU[:STATE].....ceereererrrrrrnrnrnnnnnaaaineeeeeeesaaaaaeaneeenes 335
[:SOURce<hw>]:BB:GNSS:SYSTem:GLONASS[:STATE].....ccetreruiieeeeeeenreieeeeerinnieeeeeeeerannns 335
[:SOURCce<hw>]:BB:GNSS:SYSTem:GALIECO[:STATE . uueeeeeirrreeeeeeeetiieeeeereerieeeeseesnnaeeanes 335
[:SOURCe<hw>]:BB:GNSS:SYSTeM:GPS[:STATE].....cevtueeeeeeerrreeeeereerieeeeeeeerreeeeeeeerannnns 335
[:SOURce<hw>]:BB:GNSS:SY STem:SBAS :STATE] 2. e 335
[:SOURce<hw>]:BB:GNSS:SYSTem:SBAS:SIGNal:L5Band:EL5S[:STATE]....ccueeevureenaaannnenn. 336
[:SOURce<hw>]:BB:GNSS:SYSTem:SBAS:SIGNal:L1Band:CA[:STATE].......uuuuuuaaaaaeaeeeennn 336
[:SOURce<hw>]:BB:GNSS:SYSTem:NAVic:SIGNal:L5Band:SPS[:STATE]......ccccvvrrrrereereennn. 336
[}SOURce<hw>]:BB:GNSS:SYSTem:QZSS:SIGNal:L5Band:L5S[:STATE].....cccvvvrrerereernnnnnn. 336
[:SOURce<hw>]:BB:GNSS:SYSTem:QZSS:SIGNal:L2Band:L2C[:STATE]......ceeueerreeneennnen. 336
[:SOURce<hw>]:BB:GNSS:SYSTem:QZSS:SIGNal:L1Band:L1C[:STATE]..ccuveuveeireiieeeieanne, 336
[:SOURce<hw>]:BB:GNSS:SYSTem:QZSS:SIGNal:L1Band:CA[:STATE]..c.veviviireieeeieeeeennen 336
[:SOURce<hw>]:BB:GNSS:SYSTem:BEIDou:SIGNal:L5Band:B2I[:STATE]....c.cveuiriereeniennnnn 336
[:SOURce<hw>]:BB:GNSS:SYSTem:BEIDou:SIGNal:L5Band:B2A[:STATE]..........cvvverrreerennes 336
[:SOURce<hw>]:BB:GNSS:SYSTem:BEIDou:SIGNal:L5Band:B2B[:STATE]..........ceeverrrrrernnns 336
[:SOURce<hw>]:BB:GNSS:SYSTem:BEIDou:SIGNal:L2Band:B3I[:STATE]......ceeeeerrerunareenenes 336
[:SOURce<hw>]:BB:GNSS:SYSTem:BEIDou:SIGNal:L1Band:B1I[:STATE]...ccccveeiveireiirnennnen 336
[:SOURce<hw>]:BB:GNSS:SYSTem:BEIDou:SIGNal:L1Band:B1C[:STATE]....cccvveuveenrinrennen. 336
[:SOURce<hw>]:BB:GNSS:SYSTem:GLONass:SIGNal:L1Band:CA[:STATE]....cceevevreenrenennnn 336
[:SOURce<hw>]:BB:GNSS:SYSTem:GLONass:SIGNal:L1Band:L1CDma[:STATe]......c......... 336
[:SOURce<hw>]:BB:GNSS:SYSTem:GLONass:SIGNal:L2Band:CA[:STATE]......cevvrerrrrnrnnnns 336
[:SOURce<hw>]:BB:GNSS:SYSTem:GLONass:SIGNal:L2Band:L2CDma[:STATe]................ 336
[:SOURce<hw>]:BB:GNSS:SYSTem:GLONass:SIGNal:L5Band:L3CDma[:STATe]................ 336
[:SOURce<hw>]:BB:GNSS:SYSTem:GALileo:SIGNal:L2Band:EGS[:STATE]......cccvvvervieneenenns 336
[:SOURce<hw>]:BB:GNSS:SYSTem:GALileo:SIGNal:L5Band:E5B[:STATE].....cccvveueeeeennenns 336
[:SOURce<hw>]:BB:GNSS:SYSTem:GALileo:SIGNal:L5Band:E5A[:STATE].....cceuieeieenraennns 337
[}SOURce<hw>]:BB:GNSS:SYSTem:GALileo:SIGNal:L1Band:E1OS[:STATE]....cccceeeeeeeernnnn. 337
[:SOURce<hw>]:BB:GNSS:SYSTem:GPS:SIGNal:L5Band:L5S[:STATE].......ceeeeeurrrrrrneenennn. 337
[:SOURce<hw>]:BB:GNSS:SYSTem:GPS:SIGNal:L2Band:L2C[:STATE]...ueeeereeereeeeeeeeennnnn. 337
[:SOURce<hw>]:BB:GNSS:SYSTem:GPS:SIGNal:L2Band:P[:STATE].......ccvvvuueereerrrrrieeeeeeens 337
[:SOURce<hw>]:BB:GNSS:SYSTem:GPS:SIGNal:L2Band:CA[:STATE]....cccccveeireireieieeeaennen 337
[:SOURce<hw>]:BB:GNSS:SYSTem:GPS:SIGNal:L1Band:L1C[:STATE]...ccvveirireiieeeeeennee, 337
[:SOURce<hw>]:BB:GNSS:SYSTem:GPS:SIGNal:L1Band:P[:STATE].....cceuiiieiieiirieiieeeeeenns 337
[:SOURce<hw>]:BB:GNSS:SYSTem:GPS:SIGNal:L1Band:CA[:STATE].......ceverrrereerrnrnnnnnnnnns 337

[:SOURce<hw>]:BB:GNSS:CFRequency?

Queries the central RF frequency. The response is a mean value depending on
enabled RF bands and GNSS systems.

Return values:

<CentralRfFreq> integer
Range: 1E9 to 2E9
*RST: 1E9
Default unit: Hz

Example: See Chapter 21.2, "System and signal commands",
on page 333.
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System and signal commands
Usage: Query only

[:SOURce<hw>]:BB:GNSS:L5Band[:STATe] <L5BandState>
[:SOURce<hw>]:BB:GNSS:L2Band[:STATe] <L2BandState>
[:SOURce<hw>]:BB:GNSS:L1Band[:STATe] <L1BandState>

Activates the RF band.

Parameters:
<L1BandState> 1]ON| 0| OFF

*RST: 0

Manual operation: See "L# Band" on page 69

[:SOURce<hw>]:BB:GNSS:SYSTem:SBAS:EGNOS[:STATe] <State>
[:SOURce<hw>]:BB:GNSS:SYSTem:SBAS:GAGAN[:STATe] <State>
[:SOURce<hw>]:BB:GNSS:SYSTem:SBAS:MSAS[:STATe] <State>
[:SOURce<hw>]:BB:GNSS:SYSTem:SBAS:WAAS[:STATe] <State>
[:SOURce<hw>]:BB:GNSS:SYSTem:NAVic[:STATe] <State>
[:SOURce<hw>]:BB:GNSS:SYSTem:QZSS[:STATe] <State>
[:SOURce<hw>]:BB:GNSS:SYSTem:BEIDou[:STATe] <State>
[:SOURce<hw>]:BB:GNSS:SYSTem:GLONass[:STATe] <State>
[:SOURce<hw>]:BB:GNSS:SYSTem:GALileo[:STATe] <State>
[:SOURce<hw>]:BB:GNSS:SYSTem:GPS[:STATe] <State>

Defines if satellites from the selected GNSS system are included in the simulated sat-
ellites constellation.

Parameters:
<State> 1]ON| 0| OFF
Disabling a GNSS system deactivates all SVID and signals from
this system.
*RST: 0
Example: See Example"Enabling GNSS systems and signals"
on page 333.

Manual operation: See "System" on page 69

[:SOURce<hw>]:BB:GNSS:SYSTem:SBAS[:STATe]?
Queries if at least one of the SBAS system is enabled.

Return values:

<State> 1] ON |0 | OFF
1
At least one SBAS system is enabled.
To enable each of the SBAS systems, use the corresponding
command, e.g. [ : SOURce<hw>] :BB:GNSS:SYSTem: SBAS :
EGNOS [ :STATe].
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0
All SBAS systems are disabled.

*RST: 0

Example: See Example"Enabling GNSS systems and signals”
on page 333.

Usage: Query only

[:SOURce<hw>]:BB:GNSS:SYSTem:SBAS:SIGNal:L5Band:EL5S[:STATe]

<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:SBAS:SIGNal:L1Band:CA[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:NAVic:SIGNal:L5Band:SPS[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:QZSS:SIGNal:L5Band:L5S[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:QZSS:SIGNal:L2Band:L2C[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:QZSS:SIGNal:L1Band:L1C[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:QZSS:SIGNal:L1Band:CA[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:BEIDou:SIGNal:L5Band:B2I[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:BEIDou:SIGNal:L5Band:B2A[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:BEIDou:SIGNal:L5Band:B2B[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:BEIDou:SIGNal:L2Band:B3I[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:BEIDou:SIGNal:L1Band:B1I[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:BEIDou:SIGNal:L1Band:B1C[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:GLONass:SIGNal:L1Band:CA[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:GLONass:SIGNal:L1Band:L1CDma[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:GLONass:SIGNal:L2Band:CA[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:GLONass:SIGNal:L2Band:L2CDmal:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:GLONass:SIGNal:L5Band:L3CDma[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:GALileo:SIGNal:L2Band:E6S[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:GALileo:SIGNal:L5Band:E5B[:STATe]
<SignalState>
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[:SOURce<hw>]:BB:GNSS:SYSTem:GALileo:SIGNal:L5Band:E5A[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:GALileo:SIGNal:L1Band:E10S[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:GPS:SIGNal:L5Band:L5S[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:GPS:SIGNal:L2Band:L2C[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:GPS:SIGNal:L2Band:P[:STATe] <SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:GPS:SIGNal:L2Band:CA[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:GPS:SIGNal:L1Band:L1C[:STATe]
<SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:GPS:SIGNal:L1Band:P[:STATe] <SignalState>
[:SOURce<hw>]:BB:GNSS:SYSTem:GPS:SIGNal:L1Band:CA[:STATe]
<SignalState>

Enables the corresponding signal from the GNSS system in the corresponding RF
band.

Parameters:
<SignalState> 1|ON |0 | OFF

*RST: 0

Example: See Example"Enabling GNSS systems and signals"
on page 333.

Manual operation: See "Signals" on page 71

21.3 Time conversion configuration

Example: Configuring the time conversion and leap seconds settings

The example illustrate how to define simulation start and how to configure time set-
tings.

B R )

// Set test mode and activate GNSS systems.

ER R R R R Rk R R S R I R I R R I R I I I b I R E E I E I I b E I b b h R I I I E E I E Ik kb i
SOURcel :BB:GNSS:TMODe NAV

SOURcel:BB:GNSS:SYSTem:GPS:STATe 1

SOURcel:BB:GNSS:SYSTem:GALileo:STATe 1

SOURcel:BB:GNSS:SYSTem:GLONass:STATe 1

KA K KA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR AR A AR AR AR KKK

// Set simulation start date and time in UTC format.

Kok K KK KK K K K K KK KR Kk Kk Rk kK Rk kK ok K ok K ok K ok K ok K ok K ok K ok R kR ok ok ok ko kR Rk Rk Rk kK kK
SOURcel:BB:GNSS:TIME:STARt:TBASis UTC

SOURcel:BB:GNSS:TIME:STARt:DATE 2016,2,19

SOURcel:BB:GNSS:TIME:STARt:TIME 7,0,0

// Query the simulation start in GPS format.
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SOURcel:BB:GNSS:TIME: STARt:TBASis GPS
SOURcel:BB:GNSS:TIME:STARt :WNUMber?
// Response: 1884
SOURcel:BB:GNSS:TIME:STARt: TOWeek?

// Response: 457216.3154372

R

// Query week number and time of week for active GNSS systems.

R R R R I E I b b h b b b b dE E b dh b b b b E h b b b h b b b I b b h E b b b b b E b b b dE h b b b E E I b b b b b b h b b b b b b b b b i
SOURcel :BB:GNSS:TIME: STARt : GPS:WNUMber?

// Response: 1884

SOURcel:BB:GNSS:TIME:STARt:GPS:TOWeek?

// 457216.3154372

SOURcel:BB:GNSS:TIME: STARt:GALileo:WNUMber?

// Response: 1884

SOURcel:BB:GNSS:TIME:STARt:GALileo:TOWeek?

// Response: 457210.078614114

SOURcel:BB:GNSS:TIME:STARt :GLONass:DATE?

// Response: 2016,2,19

SOURcel:BB:GNSS:TIME:STARt :GLONass:TIME?

// Response: 9,59,46.158

/ Set the simulation start to the current operating system time.
SOURcel:BB:GNSS:TIME: STARt:SCTime

SOURcel:BB:GNSS:TIME: STARt:DATE?

// Response: 2020,7,28

SOURcel:BB:GNSS:TIME:STARt:TIME?

// Response: 11,35,0

R L o

// Activate automatic leap second calculation.

R R R IRk I I kS I S h dh b b b dE E b dh h b b b h E h b b b b h b b b I b b h E E h dE b b b b b b dE b b b b E E b b b b b b b E b b b b b b b b b
SOURcel:BB:GNSS:TIME:CONVersion:LEAP:AUTO 1
SOURcel:BB:GNSS:TIME:CONVersion:LEAP:DATE?

// Response: 2015,6,30

SOURcel:BB:GNSS:TIME:CONVersion:LEAP:BEFore?

// Response in seconds: 16

SOURcel:BB:GNSS:TIME:CONVersion:LEAP:AFTer?

// Response in seconds: 17

KKK A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR AR AR AR A KA KA K

// Set time conversion parameters for automatic time conversion.
Kok K KK K K K K K Kk Kk Kk kR ko ok kK kK ok K ok K ok K ok K ok K ok K ok K ok K ok ko ok ok ko kR kR kR ok Rk kK kK
SOURcel:BB:GNSS:TIME:CONVersion:GPS:UTC:WNOT 244
SOURcel:BB:GNSS:TIME:CONVersion:GPS:UTC:TOT:UNSCaled 475200
SOURcel:BB:GNSS:TIME:CONVersion:GPS:UTC:AONE:UNSCaled O
SOURcel:BB:GNSS:TIME:CONVersion:GPS:UTC:AZERo:UNSCaled 0
SOURcel:BB:GNSS:TIME:CONVersion:GPS:UTC:IOFFset?

// Response: 16

SOURcel:BB:GNSS:TIME:CONVersion:UTCSu:UTC:DATE?

// Response: 2014,2,19

SOURcel :BB:GNSS:TIME:CONVersion:GLONass:UTC:AZERo:UNSCaled 0
SOURcel:BB:GNSS:TIME:CONVersion:UTCSu:UTC:AZERo:UNSCaled O
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SOURcel:BB:GNSS:TIME:CONVersion:UTCSu:UTC:AONE:UNSCaled 0
// etc. for each GNSS system

Commands:

[:SOURce<hw>]:BB:GNSS:TIME:STAREDATE. .. ..ottt e 341
[:SOURce<hw>]:BB:GNSS:TIME:STARESCTIME. . ittt e e 342
[:SOURce<hw>]:BB:GNSS:TIME:STARETBASIS. ....cceeeeeeereieeieinrnneaaaaaeaeeeseeeaaaaaaaeeeereeenenns 342
[:SOURCce<hw>]:BB:GNSS:TIME:STARETIME.....cciiiiiiiiiieeeeeetiee et e e eeeeebe s 342
[:SOURCce<hw>]:BB:GNSS:TIME:STARETOWEEK....c.cceevtruiieeeeeeiiiieieeeeeetieeeeeeesnrneeeeeseesnnns 343
[:SOURCce<hw>]:BB:GNSS:TIME:STAREWNUMDET.......ciiieiietieeeeeeeeeieeeeeeeeeree e e e e eeevae s 343
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:LEAP:AUTO......ccciieiiiiiii i ceeeeeeeeeeeeeeees 343
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:LEAP:SECONAS:AFTEr.........cevecrrirrereeereeennn 344
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:LEAP:SEConds:BEFoOre...........cccceereeeeeennnn. 344
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:LEAP:DATE...........ceeeeeeeeeeeeeeeeeeeeeeeeeieeeneeees 344
[:SOURce<hw>]:BB:GNSS:TIME:STAREUTC:DATE?.cctuiieiieeetieeeeeeeetce e ee e et e eear e 345
[:SOURce<hw>]:BB:GNSS:TIME:STARt:GLONASS:DATE?......cevvvreieeeeeetiieeeeeeeeeieeeeeeeevannn 345
[:SOURce<hw>]:BB:GNSS:TIME:STARLUTC:TIME?....cu e ee 345
[:SOURce<hw>]:BB:GNSS:TIME:STARt:GLONaSS: TIME?......ccviiiieeieeeeeee e 345
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:EGNOS:WNUMbeEr?.....ccoveviiieiiiiiieieieien 345
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:GAGAN:WNUMDEr?......cooiiiiiieieeeeeeaeeeene 345
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:MSAS:WNUMBDEI?....cccceieieeeeeeeeeeeeeeeeeeeeeees 345
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:WAAS:WNUMbEI?......ccvveeeeeeeeiirieeeeeeeernnnnn. 345
[:SOURce<hw>]:BB:GNSS:TIME:STARENAVIC:WNUMDBEI?...cvueieeiieiiieeeeeeeeree e eee e 345
[:SOURce<hw>]:BB:GNSS:TIME:STARt:QZSS:WNUMbEI?.....ccviiiiiiiiiieeceiecceeeeeeee 345
[:SOURce<hw>]:BB:GNSS:TIME:STARt:BEIDOU:WNUMDEr?......oeeiiiiieeieeieeeieeeeeeeeee 345
[:SOURce<hw>]:BB:GNSS:TIME:STARt:GALileo:WNUMDEI?.....oeviiiiieiiieeieeece e 345
[:SOURce<hw>]:BB:GNSS:TIME:STAREGPS:WNUMDEI?......coeieiieeeiieieieeeeeeeeeeees 345
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:EGNOS: TOWEEK?.....cceeeevereeeeereevieeeeeeeee, 346
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:GAGAN:TOWEEK?.....cceeeeveveeeeeeieeriieeeeeeee, 346
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:MSAS: TOWeEEK?.....cieiiiieieiieieieeeeeeeeeaas 346
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:WAAS: TOWEEK?....c.cveeieieieeieeceiieeeeeeana, 346
[:SOURce<hw>]:BB:GNSS:TIME:STARENAVIC: TOWEEK?....c.ueiiieieeieeeieee e 346
[:SOURce<hw>]:BB:GNSS:TIME:STARt:QZSS: TOWEEK?......eiiiiieiireeee e 346
[:SOURce<hw>]:BB:GNSS:TIME:STARt:BEIDOU: TOWEEK?.......uuvurriireerereeeeeesseennreneneeeeeas 346
[:SOURce<hw>]:BB:GNSS:TIME:STARL:GALIIE0: TOWEEK?....uuieeeeiirie et eeeeeete e 346
[:SOURce<hw>]:BB:GNSS:TIME:STARLGPS:TOWEEK?.....covvueeeeeieeiiiieeeeeeeieeeeeeeeeriae s 346
[:SOURce<hw>]:BB:GNSS:TIME:STARtUTC:OFFSet?. .. 346
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:EGNOS:OFFSet?....cccoviiiiiiiieieeieeieeeeene 346
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:GAGAN:OFFSet?....cccviiieiiiiiiiecieiieeee e, 346
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:MSAS:OFFSEt?....cccceiiiiiiiiiiiieeeieeee e 346
[:SOURce<hw>]:BB:GNSS:TIME:STARENAVIC:OFFSEt?...ccciiieeeieeeeveieire e e 346
[:SOURce<hw>]:BB:GNSS:TIME:STAREQZSS:OFFSEt?....ccvvuiieiieiiiiiieiee et eeniiae e 346
[:SOURce<hw>]:BB:GNSS:TIME:STARL:BEIDOU:OFFSEt?...ccvvuieieeiieiieieeeeeevieee e eeerae s 346
[:SOURce<hw>]:BB:GNSS:TIME:STARt:GALile0:OFFSet?....ccviiiiieiei e 346
[:SOURce<hw>]:BB:GNSS:TIME:STARt:GLONass:OFFSet?.....c.ooeuiiiiiiiiiiiieiieei e 346
[:SOURce<hw>]:BB:GNSS:TIME:STAREGPS:OFFSet?... oot e 346
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSu:UTC:WNOT.......coevrmmrmrmmmmrmrnnnnnn 347
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:EGNOS:UTC:WNOT........cccvvvueeereennnns 347
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:GAGAN:UTC:WNOT.......cecevvvvueereerenns 347
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[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:MSAS:UTC:WNOT.....ccccevieiiiiiiiennnns 347
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:WAAS:UTC:WNOT.......ccceviiiieriaannnen. 347
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:NAVIC:UTC:WNOT.......cciveiiiiiiieiieeieeeeeeen, 347
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:QZSS:UTC:WNOT........ceeevererrrrerrreenennnnnnnnas 347
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:BEIDOU:UTC:WNOT......ccoeeeerrrieeieereeiriiieeens 347
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GALileo:UTC:WNOT.......cccevvvieereereriieieeeeens 347
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTC:WNOT........ccccceeeeeermerrnereeenns 347
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTCSu:WNOT........ccoeveieiieennennes 347
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GPS:UTC:WNOT.......coouiiiiiiiiiieiieeieeeeeeas 347
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSU:UTC:DATE?.......cccuvmeeerereeeeeeeieienens 347
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSu:UTC:TOT:UNSCaled........ccceeeeerennnn. 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSU:UTC:TOT....ccvueeeeeieiriiieeeeereerieeeeeeens 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:EGNOS:UTC:TOT:UNSCaled............. 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:EGNOS:UTC:TOT.....ccovvviiviiieieenenns 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:GAGAN:UTC:TOT:UNSCaled............. 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:GAGAN:UTC:TOT.....coevuviirireeeeennennn 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:MSAS:UTC:TOT:UNSCaled................ 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:MSAS:UTC:TOT......cueeereeeeereeiiiinnnnnns 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:WAAS:UTC:TOT:UNSCaled............... 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:WAAS:UTC:TOT......covvvueeeeereerrieeens 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:NAVic:UTC:TOT:UNSCaled.........ccccvverennanns 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:NAVIC:UTC:TOT....ccoeueiieiiieeieeeeeeeceeeeeeaee 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:QZSS:UTC:TOT:UNSCaled...........cceeuureenn.e. 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:QZSS:UTC:TOT.....cceviiiinririreereeeee e e e 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:BEIDou:UTC:TOT:UNSCaled..........cccccevrreu.e. 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:BEIDOU:UTC:TOT......ccvvuieeeeeerinreeeeeeeevannnnn. 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GALileo:UTC:TOT:UNSCaled...........c..cuveue.e. 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GALileo:UTC:TOT....cceiiiiiiiieeeeeeeeieeeeeeeas 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTC:TOT:UNSCaled.................... 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTC:TOT.........cccecmmrrrreeereeeenennnn 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTCSu:TOT:UNSCaled................ 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTCSU:TOT....cceeeervrvreereereenrnnnnnn. 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GPS:UTC:TOT:UNSCaled............ccevvruernnnnnns 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GPS:UTC:TOT....cciiuieiiiiiieieeeeeeeeeecee e, 348
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSu:UTC:IOFFset?.....ccccoveveiiviiiiieieanne. 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:EGNOS:UTC:IOFFset?.......cccevevureennns 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:GAGAN:UTC:IOFFset?...........cuvuunnn.. 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:MSAS:UTC:IOFFset?.........ccceeevennnnns 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:WAAS:UTC:IOFFset?........ccccceeeeenene. 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:QZSS:UTC:IOFFset?.....cccvvviieirriineiereernnnnnn. 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:NAVic:UTC:IOFFset?....ccccccvieviiiiiiiiiiiieenne, 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:BEIDou:UTC:IOFFset?......ccccceviieiiiiiniiennenns 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GALileo:UTC:IOFFset?......ccccvvieiiriiiiiiniiennnns 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTCSu:lIOFFset?...........cccevvveeeeene 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GPS:UTC:IOFFSet?........ccceeeeeeeeieeeeeeeeeeeenns 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:EGNOS:UTC:AZERo:UNSCaled......... 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:EGNOS:UTC:AZERO........cccevveviiennnns 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:GAGAN:UTC:AZERo:UNSCaled......... 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:GAGAN:UTC:AZERO.......cceveuueeennnenn. 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:MSAS:UTC:AZERo:UNSCaled........... 349
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[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:MSAS:UTC:AZERO......ccccccvviiniennnnne. 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:WAAS:UTC:AZERo:UNSCaled........... 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:WAAS:UTC:AZERO......cccccevviuiiennriannns 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:NAVic:UTC:AZERo:UNSCaled............cceu..... 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:NAVIC:UTC:AZERO.........cevvvreeeeereeiieeeeeeeenn, 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:QZSS:UTC:AZERo:UNSCaled..................... 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:QZSS:UTC:AZERO.......cccvceieerreiinrieeeaeeennnnn, 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:BEIDou:UTC:AZERo0:UNSCaled................... 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:BEIDOU:UTC:AZERO.....c.ccceiiiiiiiiiiieeen. 349
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GALileo:UTC:AZERo:UNSCaled.................. 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GALileo:UTC:AZERO.........ccccurrrrrrereeeeeeesnnns 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTC:AZERo:UNSCaled................ 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTC:AZERO..........ccevvueeeeererrnnnnnn. 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTCSu:AZERo:UNSCaled............ 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTCSU:AZERO........cccevveevveiiennnnns 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSu:UTC:AZERo:UNSCaled................... 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSU:UTC:AZERO.....ccccceeerreriianiriineeennnn. 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GPS:UTC:AZERo0:UNSCaled..............cuuu..ne 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GPS:UTC:AZERO........ccveeeeeereerrieieeeeeernnnnn. 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:EGNOS:UTC:AONE:UNSCaled.......... 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:EGNOS:UTC:AONE.........ccccevvuvenneenns 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:GAGAN:UTC:AONE:UNSCaled.......... 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:GAGAN:UTC:AONE.......ccccciveuirrnnnns 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:MSAS:UTC:AONE:UNSCaled............. 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:MSAS:UTC:AONE.......ccccceeeeeeeeererernnn. 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:WAAS:UTC:AONE:UNSCaled............ 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:WAAS:UTC:AONE...........coevvvueereernn. 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:NAVic:UTC:AONE:UNSCaled...........cccceunenne. 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:NAVIC:UTC:AONE.........cccoiiiiiiiiiiiiieieeeieee 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:QZSS:UTC:AONE:UNSCaled............cc....... 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:QZSS:UTC:AONE........ccceveierccrrririieeeeeaeennnn 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:BEIDou:UTC:AONE:UNSCaled.................... 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:BEIDOU:UTC:AONE..........cccevvvueeereeerenrnnnnn.. 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GALileo:UTC:AONE:UNSCaled.................... 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GALileo:UTC:AONE......ccccoviiiiiiiiiiiiiieeeeanes 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTC:AONE:UNSCaled................. 350
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTC:AONE.........c.c.ceeeviumrvrrenenen. 351
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTCSu:AONE:UNSCaled............. 351
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTCSU:AONE..........cc.cecevvvuunnnnns 351
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSu:UTC:AONE:UNSCaled...........ccccuv... 351
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSU:UTC:AONE......c.ccceiiiiiiiiiiieiieeeenne, 351
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GPS:UTC:AONE:UNSCaled........c.cceueennen..n. 351
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GPS:UTC:AONE.........ccooiiiiiiiieiieiieeeeeans 351

[:SOURce<hw>]:BB:GNSS:TIME:STARt:DATE <Year>, <Month>, <Day>

If the time base is UTC, defines the date for the simulation in DD.MM. YYYY format of
the Gregorian calendar.

User Manual 1178.9403.02 — 10




Satellite Navigation Remote-control commands

Time conversion configuration

Parameters:
<Year> integer
Range: 1980 to 9999
<Month> integer
Range: 1 to 12
<Day> integer
Range: 1 to 31
Example: See Example"Configuring the time conversion and leap seconds

settings" on page 337.

Manual operation: See "Simulation Start" on page 48

[:SOURce<hw>]:BB:GNSS:TIME:STARt:SCTime
Applies date and time settings of the operating system to the simulation start time.

Example: See Example"Configuring the time conversion and leap seconds
settings" on page 337.

Usage: Event

Manual operation: See "Set Current Time" on page 48

[:SOURce<hw>]:BB:GNSS:TIME:STARt:TBASis <SystemTime>

Determines the time basis used to enter the simulation start time.

Parameters:
<SystemTime> UTC | GPS | GST | GLO | BDT | NAV
*RST: UTC
Example: See Example"Configuring the time conversion and leap seconds

settings" on page 337.

Manual operation: See "Simulation Start" on page 48

[:SOURce<hw>]:BB:GNSS:TIME:STARt:TIME <Hour>, <Minute>, <Second>

If the time base is UTC, sets the simulation start time in UTC time format.

Parameters:
<Hour> integer

Range: 0 to 23
<Minute> integer

Range: 0 to 59
<Second> float

Range: 0 to 59.999
Increment: 0.001
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Example:

Manual operation:

Time conversion configuration

See Example"Configuring the time conversion and leap seconds
settings" on page 337.

See "Simulation Start" on page 48

[:SOURce<hw>]:BB:GNSS:TIME:STARt: TOWeek <TOW>

If time base is GPS or GST, sets the simulation start time within week set with the com-
mand [ : SOURce<hw>] :BB:GNSS:TIME : STARt : WNUMber.

Parameters:
<TOW>

Example:

Manual operation:

float
Number of seconds since the beginning of the week

Range: 0 to 604799.999
Increment: 0.001
*RST: 0

See Example"Configuring the time conversion and leap seconds
settings" on page 337.

See "Simulation Start" on page 48

[:SOURce<hw>]:BB:GNSS:TIME:STARt:WNUMber <Week>
If time base is GPS or GST, sets the week number (WN).

Parameters:
<Week>

Example:

Manual operation:

integer
The weeks are numbered starting from a reference time point
(WN_REF=0), that depends on the navigation standard.

Range: 0 to 9999*53
*RST: 0

See Example"Configuring the time conversion and leap seconds
settings" on page 337.

See "Simulation Start" on page 48

[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:LEAP:AUTO <AutoConfigure>

Enables the simulation of the leap second transition.

Parameters:
<AutoConfigure>

Example:

Manual operation:
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1|ON| 0| OFF
*RST: 1

See Example"Configuring the time conversion and leap seconds
settings" on page 337.

See "Auto Configure Leap Second (Ref. 1980)" on page 49
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[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:LEAP:SEConds:AFTer
<LeapSeconds>

Specifies the leap second value after the leap second transition.

Parameters:
<LeapSeconds> integer
Range: 0 to 50
*RST: 17
Example: See Example"Configuring the time conversion and leap seconds

settings" on page 337.

Manual operation: See "Leap Second after Transition - At 5" on page 49

[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:LEAP:SEConds:BEFore
<LeapSecends>

Specifies the leap second value before the leap second transition.

Parameters:
<LeapSecends> integer
Range: 0 to 50
*RST: 16
Example: See Example"Configuring the time conversion and leap seconds

settings" on page 337.

Manual operation: See "Leap Second before Transition - At 5" on page 49

[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:LEAP:DATE <Year>, <Month>,
<Day>

Defines the date of the next UTC time correction.

Parameters:
<Year> integer
Range: 1980 to 9999
<Month> integer
Range: 1 to 12
<Day> integer
Range: 1 to 31
Example: See Example"Configuring the time conversion and leap seconds

settings" on page 337.

Manual operation: See "Leap Second Transition Date" on page 49
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[:SOURce<hw>]:BB:GNSS:TIME:STARt:UTC:DATE?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:GLONass:DATE?

Queries the date at the simulation start time of the selected navigation standard.
Return values:
<Year> integer

Range: 1980 to 9999

<Month> integer
Range: 1 to 12

<Day> integer
Range: 1 to 31

Example: See Example"Configuring the time conversion and leap seconds
settings" on page 337.

Usage: Query only

[:SOURce<hw>]:BB:GNSS:TIME:STARt:UTC:TIME?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:GLONass: TIME?

Queries the simulation start time of the selected navigation standard.

Return values:
<Hour> integer

Range: 0 to 23

<Minute> integer
Range: 0 to 59

<Second> float

Range: 0 to 59.999
Increment: 0.001

Example: See Example"Configuring the time conversion and leap seconds
settings" on page 337.

Usage: Query only

[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:EGNOS:WNUMber?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:GAGAN:WNUMber?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:MSAS:WNUMber?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:WAAS:WNUMber?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:NAVic:WNUMber?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:QZSS:WNUMber?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:BEIDou:WNUMber?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:GALileo:WNUMber?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:GPS:WNUMber?

Queries the week number at the simulation start of the selected navigation standard.
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Return values:
<SystemWeekNumb> integer

Range: 0 to 10000
*RST: 0

Example: See Example"Configuring the time conversion and leap seconds
settings" on page 337.

Usage: Query only

Manual operation: See "Date / Week, Time / Time of Week /s, UTC Offset /s"
on page 50

[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:EGNOS:TOWeek?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:GAGAN:TOWeek?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:MSAS:TOWeek?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:WAAS:TOWeek?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:NAVic:TOWeek?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:QZSS:TOWeek?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:BEIDou:TOWeek?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:GALileo:TOWeek?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:GPS:TOWeek?

Queries the time of week at the simulation start of the selected navigation standard.

Return values:
<TOW> float

Range: 0 to 604799.999
Increment: 0.001
*RST: 0

Example: See Example"Configuring the time conversion and leap seconds
settings" on page 337.

Usage: Query only

Manual operation: See "Date / Week, Time / Time of Week /s, UTC Offset /s"
on page 50

[:SOURce<hw>]:BB:GNSS:TIME:STARt:UTC:OFFSet?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:EGNOS:OFFSet?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:GAGAN:OFFSet?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:SBAS:MSAS:OFFSet?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:NAVic:OFFSet?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:QZSS:OFFSet?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:BEIDou:OFFSet?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:GALileo:OFFSet?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:GLONass:OFFSet?
[:SOURce<hw>]:BB:GNSS:TIME:STARt:GPS:OFFSet?

Queries the time offset between the time in the navigation standard and UTC.
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Return values:

<UtcOffset> float
Range: -1E6 to 1E6
Increment: 0.001
*RST: 0
Example: See Example"Configuring the time conversion and leap seconds

settings" on page 337.
Usage: Query only

Manual operation: See "Date / Week, Time / Time of Week /s, UTC Offset /s"
on page 50

[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSu:UTC:WNOT <Wnot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:EGNOS:UTC:WNOT <Wnot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:GAGAN:UTC:WNOT <Wnot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:MSAS:UTC:WNOT <Wnot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:WAAS:UTC:WNOT <Wnot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:NAVic:UTC:WNOT <Wnot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:QZSS:UTC:WNOT <Wnot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:BEIDou:UTC:WNOT <Wnot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GALileo:UTC:WNOT <Wnot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTC:WNOT <Wnot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTCSu:WNOT <Wnot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GPS:UTC:WNOT <Wnot>

Sets the UTC data reference week number, WN..

Parameters:
<Whnot> integer
Range: 0 to 255
*RST: 0
Example: See Example"Configuring the time conversion and leap seconds

settings" on page 337.

Manual operation: See "Reference Week/Date, Reference Time of Week"
on page 50

[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSu:UTC:DATE?
Enters the date for the UTC-UTC(SU) data in DMS format.

Return values:
<Year> integer

Range: 1996 to 9999

<Month> integer
Range: 1 to 12
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<Day> integer
Range: 1 to 31

Example: See Example"Configuring the time conversion and leap seconds
settings" on page 337.

Usage: Query only
Manual operation: See "UTC-UTC(SU)" on page 50

[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSu:UTC:TOT:UNSCaled <Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSu:UTC:TOT <Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:EGNOS:UTC:TOT:UNSCaled
<Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:EGNOS:UTC:TOT <Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:GAGAN:UTC:TOT:UNSCaled
<Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:GAGAN:UTC:TOT <Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:MSAS:UTC:TOT:UNSCaled
<Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:MSAS:UTC:TOT <Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:WAAS:UTC:TOT:UNSCaled
<Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:WAAS:UTC:TOT <Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:NAVic:UTC:TOT:UNSCaled <Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:NAVic:UTC:TOT <Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:QZSS:UTC:TOT:UNSCaled <Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:QZSS:UTC:TOT <Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:BEIDou:UTC:TOT:UNSCaled <Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:BEIDou:UTC:TOT <Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GALileo:UTC:TOT:UNSCaled <Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GALileo:UTC:TOT <Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTC:TOT:UNSCaled
<Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTC:TOT <Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTCSu:TOT:UNSCaled
<Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTCSu:TOT <Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GPS:UTC:TOT:UNSCaled <Tot>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GPS:UTC:TOT <Tot>

Sets the UTC data reference time of week, t,;.

Parameters:
<Tot> integer
Range: 0 to 255
*RST: 0
Example: See Example"Configuring the time conversion and leap seconds

settings" on page 337.
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Manual operation: See "Reference Week/Date, Reference Time of Week"
on page 50

[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSu:UTC:IOFFset?
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:EGNOS:UTC:IOFFset?
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:GAGAN:UTC:IOFFset?
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:MSAS:UTC:IOFFset?
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:WAAS:UTC:IOFFset?
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:QZSS:UTC:I0FFset?
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:NAVic:UTC:IOFFset?
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:BEIDou:UTC:IOFFset?
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GALileo:UTC:IOFFset?
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTCSu:lOFFset?
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GPS:UTC:IOFFset?

Queries the integer offset.

Return values:

<IntegerOffset> integer
Range: 0 to 604800
*RST: 0
Example: See Example"Configuring the time conversion and leap seconds

settings" on page 337.
Usage: Query only

Manual operation:  See "Integer Offset” on page 50

[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:EGNOS:UTC:AZERo:
UNSCaled <A0>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:EGNOS:UTC:AZERo
<AZero>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:GAGAN:UTC:AZERo:
UNSCaled <A0>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:GAGAN:UTC:AZERo
<AZero>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:MSAS:UTC:AZERo:
UNSCaled <A0>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:MSAS:UTC:AZERo <AZero>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:WAAS:UTC:AZERo:
UNSCaled <A0>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:WAAS:UTC:AZERo <AZero>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:NAVic:UTC:AZERo:UNSCaled <A0>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:NAVic:UTC:AZERo <AZero>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:QZSS:UTC:AZERo:UNSCaled <A0>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:QZSS:UTC:AZERo <AZero>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:BEIDou:UTC:AZERo:UNSCaled
<AO0>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:BEIDou:UTC:AZERo <AZero>
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[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GALileo:UTC:AZERo:UNSCaled
<AO>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GALileo:UTC:AZERo <AZero>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTC:AZERo:UNSCaled
<AO0>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTC:AZERo <AZero>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTCSu:AZERo:
UNSCaled <A0>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTCSu:AZERo <AZero>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSu:UTC:AZERo:UNSCaled
<AO>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSu:UTC:AZERo <AZero>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GPS:UTC:AZERo:UNSCaled <A0>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GPS:UTC:AZERo <AZero>

Sets the constant term of polynomial, A,.

Parameters:
<AZero> integer
Range: -2147483648 to 2147483647
*RST: 0
Example: See Example"Configuring the time conversion and leap seconds

settings" on page 337.
Manual operation: See "Fractional Offset A0, Drift A1" on page 51

[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:EGNOS:UTC:AONE:
UNSCaled <A1>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:EGNOS:UTC:AONE <AOne>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:GAGAN:UTC:AONE:
UNSCaled <A1>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:GAGAN:UTC:AONE <AOne>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:MSAS:UTC:AONE:UNSCaled
<A1>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:MSAS:UTC:AONE <AOne>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:WAAS:UTC:AONE:
UNSCaled <A1>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:SBAS:WAAS:UTC:AONE <AOne>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:NAVic:UTC:AONE:UNSCaled <A1>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:NAVic:UTC:AONE <AOne>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:QZSS:UTC:AONE:UNSCaled <A1>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:QZSS:UTC:AONE <AOne>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:BEIDou:UTC:AONE:UNSCaled
<A1>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:BEIDou:UTC:AONE <AOne>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GALileo:UTC:AONE:UNSCaled
<A1>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GALileo:UTC:AONE <AOne>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTC:AONE:UNSCaled
<A1>
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[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTC:AONE <AOne>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTCSu:AONE:UNSCaled
<A1>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GLONass:UTCSu:AONE <AOne>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSu:UTC:AONE:UNSCaled <A1>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:UTCSu:UTC:AONE <AOne>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GPS:UTC:AONE:UNSCaled <A1>
[:SOURce<hw>]:BB:GNSS:TIME:CONVersion:GPS:UTC:AONE <AOne>

Sets the first order term of polynomial, A;.

Parameters:
<AOne> integer
Range: -8388608 to 8388607
*RST: 0
Example: See Example"Configuring the time conversion and leap seconds

settings" on page 337.
Manual operation: See "Fractional Offset A0, Drift A1" on page 51

21.4 Receiver positioning configuration commands

This section describes the commands for configuring the position of GNSS receivers.

Example: Setting the initial position of a receiver

// Select a user-defined position.
SOURcel:BB:GNSS:RECeiver:V1:LOCation:CATalog?

// Respone: "User Defined, Waypoints, New York, .."

SOURcel:BB:GNSS:RECeiver:V1:LOCation:SELect "User Defined"

SOURcel:BB:GNSS:RECeiver:V1:LOCation:COORdinates:RFRame WGS84
SOURcel:BB:GNSS:RECeiver:V1:LOCation:COORdinates:FORMat DMS
SOURcel:BB:GNSS:RECeiver:V1:LOCation:COORdinates:DMS:WGS?

// 11,35,0,EAST,48,9,0,NORT, 508
SOURcel:BB:GNSS:RECeiver:V1:LOCation:COORdinates:FORMat DEC
SOURcel:BB:GNSS:RECeiver:V1:LOCation:COORdinates:DEC:WGS?

// 11.583333,48.150000,508

Example: Simulating attitude behavior of a static receiver
SOURcel:BB:GNSS:RECeiver:V1:POSition STAT

// query predefined positions and select one of them
SOURcel:BB:GNSS:RECeiver:V1:LOCation:CATalog?

// User Defined,Waypoints,New York,San Francisco,Beijing, Seoul, ...

SOURcel:BB:GNSS:RECeiver:V1:LOCation:SELect "Munich"

SOURcel:BB:GNSS:RECeiver:V1:ATTitude:BEHaviour CONS
SOURcel:BB:GNSS:RECeiver:V1:ATTitude:YAW 0O
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SOURcel:BB:GNSS:RECeiver:V1:ATTitude:PITCh 0O
SOURcel:BB:GNSS:RECeiver:V1:ATTitude:ROLL O

Example: Simulating a moving receiver

// Simulate a moving receiver, e.g. a car.

SOURcel:BB:GNSS:RECeiver:V1:POSition MOV

// Query predefined waypoint files and select one of them
SOURcel:BB:GNSS:RECeiver:V1:LOCation:WAYPoints:FILE "Munich Car Motion.xtd"
SOURcel:BB:GNSS:RECeiver:V1:LOCation:WAYPoints:ROMode?

// SYCL
SOURcel:BB:GNSS:RECeiverl:LOCation:WAYPoints:DURation?

// 109.8
SOURcel:BB:GNSS:RECeiver:V1:LOCation:COORdinates:RFRame WGS84
SOURcel:BB:GNSS:RECeiver:V1:LOCation:SMOVement?

// 0

SOURcel:BB:GNSS:RECeiver:V1:ATTitude:BEHaviour?

// FILE

// Activate trajectory smoothening.

// query predefined vehicle description files

// select one of them
SOURcel:BB:GNSS:RECeiver:V1:LOCation:SMOVement 1
SOURcel:BB:GNSS:RECeiver:V1:ATTitude:BEHaviour?

// MOT

SOURcel:BB:GNSS:VEHicle:CATalog:PREDefined?

// Aircraftl,Hil Big Aircraft,HilL Helicopter,HiL_Jet Aircraft,...
SOURcel:BB:GNSS:RECeiver:V1:LOCation:VEHicle:FILE "LandVehiclel.xvd"

// Simulate an airplane.

// Enable trajectory smoothening by using *.xvd file. Enable spinning.
SOURcel:BB:GNSS:RECeiver:V1:LOCation:WAYPoints:FILE "Munich Flight.xtd"
SOURcel:BB:GNSS:RECeiver:V1:LOCation:SMOVement 1
SOURcel:BB:GNSS:RECeiver:V1:ATTitude:BEHaviour MOT
SOURcel:BB:GNSS:RECeiver:V1:LOCation:VEHicle:FILE "Small Jet.xvd"
SOURcel:BB:GNSS:RECeiver:V1:ATTitude:BEHaviour SPIN
SOURcel:BB:GNSS:RECeiver:V1:ATTitude:SPIN:RATE 10
SOURcel:BB:GNSS:RECeiver:V1:ATTitude:PITCh 10
SOURcel:BB:GNSS:RECeiver:V1:ATTitude:YAW 15
SOURcel:BB:GNSS:RECeiver:V1:ATTitude:ROLL 10

SOURcel:BB:GNSS:STATe 1

Example: Using user-defined vehicle description files

// Query the available vehicle description files and load one of them

:MMEM:CDIR "/var/user/myXVDFiles"

SOURcel:BB:GNSS:VEHicle:CATalog:USER?

// my Pedestrian

SOURcel:BB:GNSS:RECeiver:V1:LOCation:VEHicle:FILE "/var/user/myXVDFiles/my Pedestrian.xvd"
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Commands:

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:POSIHION.......cceiiiairieieeieeeeeeeeeeeeeeeeeeeeeieeeee 353
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:CATalOg...........ccecrrrrrrrerreeeresssnnnns 353
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation[:SELECt].......ccceerrrrrrriiereeriiricieeeees 354
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:COORdinates:RFRame.................. 354
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:COORdinates:FORMat................... 354
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:COORdinates:DECimal:PZ............. 355
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:COORdinates:DECimal[: WGS]........ 355
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:COORdinates:DMS:PZ................... 355
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:COORdinates:DMS[:WGS]............. 355
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ATTitude[:BEHaviour].............ccevvrreerererrrrnnnnn. 357
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ATTitUde: YAW.......eeieeiieiiieeeeeeeeeeee e eeevanenn 357
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ATTitude:PITCh.....cccociiiiiiiiii e 357
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ATTitude:ROLL.......ccceeriiiieieiri e 358
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ATTitude:SPIN:RATE.......cccciriiiiiriiiieieeennnen 358
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:WAYPoInts:FILE.............cceevreereenn. 358
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:WAYPoints:DURation..................... 358
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:WAYPoints:LENGth?...................... 359
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:WAYPoints:ROMode..........c........... 359
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:SMOVement.............cceeeruiiieieennnnnn. 359
[:SOURce<hw>]:BB:GNSS:VEHicle:CATalog:PREDefined?........ccueiiiiiiiiiiiiiiiieii e 360
[:SOURce<hw>]:BB:GNSS:VEHicle:CATalog:USER?.......ciiaaeieieee e ee e e 360
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:VEHICIe:FILE.............cceevreecurrrrnnnen. 360

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:POSition <Positioning>

Sets what kind of receiver is simulated.

Parameters:

<Positioning> STATic | MOVing | HIL

Example: See Example"Simulating attitude behavior of a static receiver"
on page 351.

Options: HIL requires R&S SMBVB-K109

Manual operation: See "Position" on page 53

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:CATalog

Queries the names of predefined geographic locations of the GNSS receiver. The
query returns a comma-separated list of available locations.

For predefined geographic locations, see Table 5-1.

Example: See Example"Setting the initial position of a receiver"
on page 351.

Manual operation: See "Location, Initial Position" on page 55
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[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation[:SELect] <Location>

Selects the geographic location of the GNSS receiver.

Parameters:

<Location> string
User Defined
Enables the definition of the "Latitude", "Longitude" and "Alti-
tude" of the GNSS receiver with fixed position in the ECEF
WGS84 coordinate system.
ll<city>ll
Selects one of the predefined geographic locations, see
Table 5-1. The parameters latitude, longitude and altitude are set
according to the selected position.

Example: See Example"Setting the initial position of a receiver"

on page 351.

Manual operation: See "Location, Initial Position" on page 55

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:COORdinates:RFRame
<ReferenceFrame>

Selects the reference frame used to define the receiver coordinates.

Parameters:

<ReferenceFrame> PZ90 | WGS84
*RST: WGS84

Example: See Example"Simulating attitude behavior of a static receiver"
on page 351.

Manual operation: See "Reference Frame" on page 56

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:COORdinates:FORMat
<PositionFormat>

Sets the format in which the latitude and longitude are set.

Parameters:

<PositionFormat> DMS | DECimal
*RST: DMS

Example: See Example"Setting the initial position of a receiver"
on page 351.

Manual operation: See "Location Coordinates, Position Format" on page 57
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[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:COORdinates:DECimal:
PZ <Longitude>, <Latitude>, <Altitude>

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:COORdinates:DECimal[:
WGS] <Longitude>, <Latitude>, <Altitude>

Defines the coordinates of the geographic location of the GNSS receiver in decimal for-

mat.

Parameters:
<Longitude>

<Latitude>

<Altitude>

Example:

Manual operation:

float

Defines the longitude.
Range: -180 to 180
Increment: 1E-7

*RST: 0

float

Defines the latitude.

Range: -90 to 90
Increment: 1E-7
*RST: 0

float

Defines the altitude. The altitude value is in meters and is the
height above the reference ellipsoid.

Range: -10E3 to 50E6
Increment: 0.01
*RST: 0

See Example"Simulating attitude behavior of a static receiver"
on page 351.

See "Location Coordinates, Position Format" on page 57

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:COORdinates:DMS:PZ
<LongitudeDeg>, <LongitudeMin>, <LongitudeSec>, <LongitudeDir>,
<LatitudeDeg>, <LatitudeMin>, <LatitudeSec>, <LatitudeDir>, <Altitude>

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:COORdinates:DMSI[:
WGS] <LongitudeDeg>, <LongitudeMin>, <LongitudeSec>, <LongitudeDir>,
<LatitudeDeg>, <LatitudeMin>, <LatitudeSec>, <LatitudeDir>, <Altitude>

Defines the coordinates of the geographic location of the GNSS receiver in degrees,

minutes and seconds.

Parameters:
<LongitudeDeg>

User Manual 1178.9403.02 — 10

integer
Defines the longitude degrees.

Range: 0 to 180
*RST: 0

355



Satellite Navigation Remote-control commands

Receiver positioning configuration commands

<LongitudeMin> integer
Defines the longitude minutes.
Range: 0 to 59
*RST: 0
<LongitudeSec> float
Defines the longitude seconds.

Range: 0 to 59.999
Increment: 1E-4

*RST: 0
<LongitudeDir> EAST | WEST
Defines the longitude direction.
*RST: EAST
<LatitudeDeg> integer

Defines the latitude degrees.

Range: 0 to 90

*RST: 0
<LatitudeMin> integer

Defines the latitude minutes.

Range: 0 to 59

*RST: 0
<LatitudeSec> float

Defines the latitude seconds.

Range: 0 to 59.999
Increment: 1E-4

*RST: 0
<LatitudeDir> NORTh | SOUTh
Defines the latitude direction.
*RST: NORT
<Altitude> float

Defines the altitude. The altitude value is in meters and is the
height above the reference ellipsoid.

Range: -10E3 to 50E6
Increment: 0.01
*RST: 0

Example: See Example"Simulating attitude behavior of a static receiver"
on page 351.

Manual operation: See "Location Coordinates, Position Format" on page 57
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[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ATTitude[:BEHaviour]
<AtitudeBehaviou>

Defines how the attitude information is defined.

Parameters:
<AtitudeBehaviou> CONStant | FILE | MOTion | SPINning | REMote

FILE enabled if smoothing is not used.

Example: See Example"Simulating a moving receiver" on page 352.
Options: CONStant | FILE | MOTion | SPINning require R&S SMBVB-
K108

REMote requires R&S SMBVB-K109

Manual operation: See "Attitude Behaviour, More" on page 57

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ATTitude:YAW <Yaw>

Sets the attitude parameter relative to the local horizon.

Parameters:

<Yaw> float
Only for backward compatibility, the range of this command and
waypoint file import is from -180 degrees to +360 degrees. The
values are internally mapped to a range of 0 degrees to 360
degrees.
Range: 0 to 360
Increment: 0.001
*RST: 0

Example: See Example"Simulating a moving receiver" on page 352.

Manual operation: See "Yaw/Heading, Pitch/Elevation, (Start) Roll/Bank"
on page 58

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ATTitude:PITCh <Pitch>
Sets the attitude parameter relative to the local horizon.

Parameters:
<Pitch> float

Values outside the value range are not supported.

If you import trajectory files with out-of-range pitch value defini-
tions, the set values are not considered. Convert the trajectory
files respectively.

Range: -90 to 90

Increment: 0.001

*RST: 0

Example: See Example"Simulating a moving receiver" on page 352.
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Manual operation: See "Yaw/Heading, Pitch/Elevation, (Start) Roll/Bank"
on page 58

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ATTitude:ROLL <Roll>

Sets the attitude parameter relative to the local horizon.

Parameters:
<Roll> float
Range: -180 to 180
Increment: 0.001
*RST: 0
Example: See Example"Simulating a moving receiver" on page 352.

Manual operation: See "Yaw/Heading, Pitch/Elevation, (Start) Roll/Bank"
on page 58

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ATTitude:SPIN:RATE <Rate>

Sets the constant rate of change of the roll.

Parameters:
<Rate> float
Range: -400 to 400
Increment: 0.01
*RST: 0
Example: See Example"Simulating a moving receiver" on page 352.
Options: R&S SMBVB-K108

Manual operation: See "Spinning Rate" on page 59

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:WAYPoints:FILE
<WayPoints>

Selects a predefined or user-defined waypoint files to simulate a moving scenario.

Parameters:

<WayPoints> Filename or complete file path incl. extension
Waypoint files have the extension * . txt, * .nmea, *.kml or
*.xtd.

Example: See Example"Simulating a moving receiver" on page 352.

Manual operation: See "Waypoint File" on page 62

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:WAYPoints:DURation
<Duration>

Queries the trajectory duration.
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Parameters:
<Duration> float
Range: 0 to INT_MAX
Increment: 0.001
*RST: 0
Example: See Example"Simulating a moving receiver" on page 352.

Manual operation: See "Trajectory Length/Duration" on page 63

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:WAYPoints:LENGth?
Queries the trajectory length.

Return values:

<Length> integer

Range: 0 to (double(INT_MAX))

*RST: 0
Example: See Example"Simulating a moving receiver" on page 352.
Usage: Query only

Manual operation: See "Trajectory Length/Duration” on page 63

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:WAYPoints:ROMode
<RoMode>

Defines the way the waypoint/attitude file is processed.

Parameters:
<RoMode> CYCLic | RTRip | OWAY
*RST: OWAY
Example: See Example"Simulating a moving receiver" on page 352.

Manual operation: See "Readout Mode" on page 63

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:SMOVement
<SmoothMovement>

Applies an internal algorithm to smooth the trajectory.

Parameters:
<SmoothMovement> 1| ON |0 | OFF
*RST: OFF
Example: See Example"Simulating a moving receiver" on page 352.

Manual operation: See "Motion Behaviour, Smoothing, More" on page 64
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21.5

Antenna pattern and body mask

[:SOURce<hw>]:BB:GNSS:VEHicle:CATalog:PREDefined?

Queries the names of the predefined vehicle description files in the system directory.
Listed are files with the file extension * . xvd.

Example: See Example"Simulating a moving receiver" on page 352.
Usage: Query only

Manual operation: See "Motion Configuration > Vehicle Description" on page 65

[:SOURce<hw>]:BB:GNSS:VEHicle:CATalog:USER?

Queries the names of the user-defined vehicle description files in the default or in a
specific directory. Listed are files with the file extension * . xvd.

Example: See Example"Using user-defined vehicle description files"
on page 352.
Usage: Query only

Manual operation: See "Motion Configuration > Vehicle Description" on page 65

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:LOCation:VEHicle:FILE <Filename>

Selects a predefined or user-defined vehicle description (* . xvd) file.

Parameters:
<Filename> Filename or complete file path; file extension is optional
Query the existing files with:
[ :SOURce<hw>] :BB:GNSS:VEHicle:CATalog:
PREDefined?
[ :SOURce<hw>] :BB:GNSS:VEHicle:CATalog:USER?
Example: See Example"Simulating a moving receiver" on page 352.

Manual operation: See "Motion Configuration > Vehicle Description” on page 65

Antenna pattern and body mask

Option: R&S SMBVB-K108
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Example: Selecting an antenna pattern and body mask file

SOURcel :BB:GNSS:TMODe NAV

// Enable 2 antennas.
SOURcel:BB:GNSS:RECeiver:V1:ANTenna:COUNt 2
SOURcel:BB:GNSS:RECeiver:V1:ANTenna:DISPlay BODY
SOURcel:BB:GNSS:RECeiver:V1:ANTenna:V3D 1

// Query the available body mask files and load a file.
SOURcel:BB:GNSS:BODY:CATalog:PREDefined?

// Response: "Bus,Car Medium,Car Medium OpenRoof,Car Small, ..."

SOURcel:BB:GNSS:RECeiver:V1:A1:BODY:FILE "Car Medium OpenRoof"
SOURcel:BB:GNSS:RECeiver:V1:ANTenna:DISPlay POS
SOURcel:BB:GNSS:RECeiver:V1:A1:DX 0.9
SOURcel:BB:GNSS:RECeiver:V1:A1:DY 0
SOURcel:BB:GNSS:RECeiver:V1:A1:DZ -0.6
SOURcel:BB:GNSS:RECeiver:V1:Al:DHEading O
SOURcel:BB:GNSS:RECeiver:V1:Al:DELevation 5
SOURcel:BB:GNSS:RECeiver:V1:A1:DBANk 0O

// Query user-defined antenna pattern files.
SOURcel:BB:GNSS:APATtern:CATalog:PREDefined?
SOURcel:BB:GNSS:RECeiver:V1:Al:APATtern:FILE "/var/user/test antenna"
SOURcel:BB:GNSS:RECeiver:V1:A1:STATe 1

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ANTenna:COUNL........cccoiuiiiiiiiiiiiiiieeeeeen, 361
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ANTenna:DISPIay........c.cccceriiiiiniiiiiieiiaennnen. 362
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ANTenNna:V3D..........cceeveeeeerereeeeeeeeeeeienenennnnes 362
[:SOURce<hw>]:BB:GNSS:BODY:CATalog:PREDEfINEd. ....ccuuuirrmrurnaaaaieieeeeeeeeeeeeeeeeeeeeeeens 362
[:SOURce<hw>]:BB:GNSS:APATtern:CATalog:PREDEfiN€d?.......uuuuieieieieiee e e eeeeeeeeeeeeeeeeees 362
[:SOURce<hw>]:BB:GNSS:BODY:CATaAIOG:USER.......cciiettiiieeeeieetieieeeeeeree e e e e eear e eeeeeenes 363
[:SOURce<hw>]:BB:GNSS:APATtern:CATalog:USER?... ...t 363
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:A<ch>:BODY:FILE.........cccooiiiiiiiiiiiiiieaeeen. 363
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:A<ch>:APATtern:FILE...........c.ccevrvrruerrrrrennnn. 363
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:A<Ch>:STATE....ccccctieieieeeeeeeeeeeeeeeeeeeeeeeeeeaeenes 363
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:A<Ch>DBANK...........ceeeeerrmrrrrrrrreeeeeesissinnnnns 363
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:A<ch>:DHEadiNg........cccceeereererrriieeeeerrnaeenns 363
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:A<ch>:DELevation...............cccevvvreereerrrrrennnn.. 363
[:SOURce<hw>]:BB:GNSS:RECEIVEr[: V<S> ASCN DX ... eeeeeereeeeeeeeeeeeereseseeeeseseeeenesereeeen. 364
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:A<Ch>:DY ..ot 364
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:A<Ch>:DZ........cccevrurieiieeiiiiiei e e, 364

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ANTenna:COUNt
<NumberOfAntenna>

Sets the number of simulated antennas.

For more information, refer to the specifications document.
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Parameters:

<NumberOfAntenna> integer
Range: 1 to depends on the instrument
*RST: 1

Example: See Example"Selecting an antenna pattern and body mask file"
on page 361.

Options: R&S SMBVB: maximum four simulated antennas

Manual operation: See "Number of Antennas" on page 54

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ANTenna:DISPlay <AntennaView>

Select the antenna characteristics that are currently visualized.

Parameters:

<AntennaView> AATTenuation | APHase | BODY | POSition
*RST: POSition

Example: See Example"Selecting an antenna pattern and body mask file"
on page 361.

Manual operation: See "Display” on page 137

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ANTenna:V3D <Visualize3D>

Activates the interactive 3D representation of the body mask or the power/phase distri-
bution the antenna.

Parameters:

<Visualize3D> 1|ON |0 | OFF
*RST: 0

Example: See Example"Selecting an antenna pattern and body mask file"
on page 361.

Manual operation: See "3D View" on page 138

[:SOURce<hw>]:BB:GNSS:BODY:CATalog:PREDefined
[:SOURce<hw>]:BB:GNSS:APATtern:CATalog:PREDefined?

Queries the names of the predefined antenna pattern/body mask files in the system
directory.

Listed are files with the file extension *.ant pat/*.body mask.

Example: See Example"Selecting an antenna pattern and body mask file"
on page 361.
Usage: Query only

Manual operation: See "Body Mask, Antenna Pattern" on page 138
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[:SOURce<hw>]:BB:GNSS:BODY:CATalog:USER
[:SOURce<hw>]:BB:GNSS:APATtern:CATalog:USER?

Queries the names of the user-defined antenna pattern/body mask files in the default
or in a specific directory. Listed are files with the file extension * .ant pat/

*.body mask.

Example: See Example"Selecting an antenna pattern and body mask file"
on page 361.
Usage: Query only

Manual operation: See "Body Mask, Antenna Pattern" on page 138

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:A<ch>:BODY:FILE <BodyMaskFile>
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:A<ch>:APATtern:FILE <Filename>

Loads the selected file from the default or the specified directory. Loaded are files with
extension * .ant pat/*.body mask.

Parameters:

<Filename> "<filename>"
Filename or complete file path; file extension can be omitted.
Query the existing files with the following commands:
[ :SOURce<hw>] :BB:GNSS:APATtern:CATalog:
PREDefined? on page 362
[ :SOURce<hw>] :BB:GNSS:APATtern:CATalog:USER?
on page 363

Example: See Example"Selecting an antenna pattern and body mask file"
on page 361.

Manual operation: See "Body Mask, Antenna Pattern" on page 138

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:A<ch>:STATe <State>

Activates the antenna.

Parameters:
<State> 1]ON| 0| OFF
Example: See Example"Selecting an antenna pattern and body mask file"

on page 361.

Manual operation: See "Active" on page 138

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:A<ch>:DBANk <DeltaBank>
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:A<ch>:DHEading <DeltaHeading>
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:A<ch>:DELevation <DeltaElevation>

Sets the orientation and tilt of the antenna of the GNSS receiver.

The values are relative to the center of gravity (COG).
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Parameters:
<DeltaElevation> float
Range: -180 to 180
Increment: 0.001
*RST: 0
Example: See Example"Selecting an antenna pattern and body mask file"
on page 361.

Manual operation: See "Delta Heading, Delta Elevation, Delta Bank" on page 139

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:A<ch>:DX <DeltaxX>
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:A<ch>:DY <DeltaY>
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:A<ch>:DZ <DeltaZ>

Sets the antenna position of the GNSS receiver as an offset on the x, y and z axis.

The offset is relative to center of gravity (COG).

Parameters:
<Deltaz> float
Range: -200 to 200
Increment: 0.001
*RST: 0
Example: See Example"Selecting an antenna pattern and body mask file"
on page 361.

Manual operation: See "Delta X, Delta Y, Delta Z" on page 139

21.6 Real-time kinematics (RTK) commands

Option: R&S SMBVB-K122

The following examples provide a configuration of an RTK setup with one base station.

Example: Activating RTK simulation

// Query RTK simulation properties.
SOURcel:BB:GNSS:RTK:BSTation:COUNt?
// Response: "1"

// One RTK base station is simulated.
// Query base station 1 properties.
SOURcel :BB:GNSS:RTK:BASE1 :MOUNtpoint?
// Response: "RS01"
SOURcel:BB:GNSS:RTK:STATe 1
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Example: Configuring RTK base station location

// Specify location parameters of RTK base station 1.

// Select a user-defined position.
SOURcel:BB:GNSS:RTK:BASE1l:LOCation:CATalog?

// Respone: "User Defined, New York, .."
SOURcel:BB:GNSS:RTK:BASEl:LOCation:SELect "User Defined"

// Select the reference frame for the base station coordinates.
SOURcel:BB:GNSS:RTK:BASE1:LOCation:COORdinates:RFRame WGS84
SOURcel:BB:GNSS:RTK:BASE1:LOCation:COORdinates:FORMat DMS
SOURcel:BB:GNSS:RTK:BASEl:LOCation:COORdinates:DMS:WGS?

// Response: "11,35,0,EAST, 48,9,0,NORT, 508"
SOURcel:BB:GNSS:RTK:BASE1:LOCation:COORdinates:FORMat DEC
SOURcel:BB:GNSS:RTK:BASELl:LOCation:COORdinates:DEC:WGS?

// Response: "11.583333,48.150000,508"

// Optionally synchronize, that means update, the base station location with the
// current location of the GNSS receiver. Synchronization is successful for
// distances below 150 km between RTK base station and GNSS receiver.

SOURcel :BB:GNSS:RTK:BASE1:LOCation:SYNC

Example: Configuring RTK base station antenna

SOURcel:BB:GNSS:RTK:BASE1:A1:BODY:FILE "Car Medium OpenRoof"
SOURcel:BB:GNSS:RTK:BASE1:A1:DX 0.9
SOURcel:BB:GNSS:RTK:BASE1:Al1:DY 0
SOURcel:BB:GNSS:RTK:BASE1:Al1:DZ -0.6
SOURcel:BB:GNSS:RTK:BASEl:Al:DHEading 0
SOURcel:BB:GNSS:RTK:BASEl:Al:DELevation 5
SOURcel:BB:GNSS:RTK:BASE1:Al1:DBANk 0

// Query user-defined antenna pattern files.
SOURcel:BB:GNSS:APATtern:CATalog:PREDefined?
SOURcel:BB:GNSS:RTK:BASEL:Al:APATtern:FILE "/var/user/test antenna"
SOURcel:BB:GNSS:RTK:BASE1:Al:STATe 1

Example: Configuring real-time kinematics (RTK) protocol
// Query RTK simulation properties.
SOURcel:BB:GNSS:RTK:BSTation:COUNt?

// Response: "1"

// One RTK base station is simulated.

Commands:

o RTK general COMMAaNAS.......coouuiiiiiiiiiiiiiieie e e e e e e e e e e e e e e e e e e e e as 366
o RTK 0CAtiON COMMEANAS.....ccuiiiiiiiie et e e e e ea e e e e aeaaa s 366
o RTK antenna COMMEANGAS.........iiieiiiiie ettt et e et e e e e e ee e e e e anaaas 370
o RTK protoCol COMMANGS.......ccoiiiieiie e e e e e e e e e e e e e e e eeeeeeeees 372
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21.6.2

Real-time kinematics (RTK) commands

RTK general commands

[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:MOUNLPOINt?....cccceeereerieeeeeeeeeereeeeeeeeeeeieeenennenes 366
[:SOURce<hw>]:BB:GNSS:RTK:BSTation:COUNT........ccouiiiiiiiiiieiee e e 366
[:SOURCe<hw>]:BB:GNSS:RTK:STATE. . ettt ettt e e e eaas 366

[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:MOUNtpoint?
Sets the mountpoint for RTK simulation.

Return values:

<Mountpoint> string
Example: See Example"Activating RTK simulation" on page 364.
Usage: Query only

Manual operation: See "Mountpoint" on page 165

[:SOURce<hw>]:BB:GNSS:RTK:BSTation:COUNt <NumberOfBases>

Queries the number of RTK base stations.

Parameters:
<NumberOfBases> 1
*RST: 1
Example: See Example"Activating RTK simulation" on page 364.

Manual operation: See "Number of Base Stations" on page 164

[:SOURce<hw>]:BB:GNSS:RTK:STATe <RtkState>

Activates real-time kinematics simulation.

Parameters:
<RtkState> 1]ON| 0| OFF
*RST: 0
Example: See Example"Activating RTK simulation" on page 364.

Manual operation: See "State" on page 164

RTK location commands

[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation:CATalog..........ccerrrerrerrereeenrnrnnnnnnnnnnns 367
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation[:SELECH].......ceereieieiieieeeieeeeeeereeeeeenens 367
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:RFRame..................... 367
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:FORMat...................... 368
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:DECimal:PZ................ 368
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:DECimal[:WGS]........... 368
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[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:DMS:PZ............c......... 369
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:DMS[:WGS]................ 369
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation:SYNC.........cceeeeeieieeeiieeieeeeiniiennn 370

[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation:CATalog

Queries the names of predefined geographic locations of the RTK base station. The
query returns a comma-separated list of available locations.

For predefined geographic locations, see Table 5-1.

Example: See Example"Configuring RTK base station location"
on page 365.

Manual operation: See "Location, Initial Position" on page 55

[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation[:SELect] <Location>

Selects the geographic location of the RTK base station.

Parameters:

<Location> string
"User Defined"
Enables the definition of the "Latitude", "Longitude" and "Alti-
tude" of the GNSS receiver with fixed position in the ECEF
WGS84 coordinate system.
ll<city>ll
Selects one of the predefined geographic locations, see
Table 5-1. The parameters latitude, longitude and altitude are set
according to the selected position.

Example: See Example"Activating RTK simulation" on page 364.

Manual operation: See "Location, Initial Position" on page 55

[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:RFRame
<ReferenceFrame>

Selects the reference frame used to define the RTK base station coordinates.

Parameters:

<ReferenceFrame> PZ90 | WGS84
*RST: WGS84

Example: See Example"Configuring RTK base station location”
on page 365.

Manual operation: See "Reference Frame" on page 56
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[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:FORMat
<PositionFormat>

Sets the format in which the latitude and longitude are set.

Parameters:

<PositionFormat> DMS | DECimal
*RST: DMS

Example: See Example"Configuring RTK base station location"
on page 365.

Manual operation: See "Location Coordinates, Position Format" on page 57

[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:DECimal:PZ
<Longitude>, <Latitude>, <Altitude>

[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:DECimal[:
WGS] <Longitude>, <Latitude>, <Altitude>

Defines the coordinates of the geographic location of the RTK base station in decimal

format.
Parameters:
<Longitude> float
Defines the longitude in degrees.
Range: -180 to 180
Increment: 1E-7
*RST: 0
<Latitude> float
Defines the latitude in degrees.
Range: -90 to 90
Increment: 1E-7
*RST: 0
<Altitude> float
Defines the altitude. The altitude value is in meters and is the
height above the reference ellipsoid.
Range: -10E3 to 50E6
Increment: 0.01
*RST: 0
Example: See Example"Activating RTK simulation" on page 364.

Manual operation: See "Location Coordinates, Position Format" on page 57

User Manual 1178.9403.02 — 10 368



Satellite Navigation Remote-control commands

Real-time kinematics (RTK) commands

[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:DMS:PZ
<LongitudeDeg>, <LongitudeMin>, <LongitudeSec>, <LongitudeDir>,
<LatitudeDeg>, <LatitudeMin>, <LatitudeSec>, <LatitudeDir>, <Altitude>

[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation:COORdinates:DMS[:WGS]
<LongitudeDeg>, <LongitudeMin>, <LongitudeSec>, <LongitudeDir>,
<LatitudeDeg>, <LatitudeMin>, <LatitudeSec>, <LatitudeDir>, <Altitude>

Defines the coordinates of the geographic location of the RTK base station in degrees,
minutes and seconds.

Parameters:
<LongitudeDeg> integer
Defines the longitude degrees.
Range: 0 to 180
*RST: 0
<LongitudeMin> integer
Defines the longitude minutes.
Range: 0 to 59
*RST: 0
<LongitudeSec> float
Defines the longitude seconds.
Range: 0 to 59.999
Increment: 1E-4
*RST: 0
<LongitudeDir> EAST | WEST
Defines the longitude direction.
*RST: EAST
<LatitudeDeg> integer
Defines the latitude degrees.
Range: 0 to 90
*RST: 0
<LatitudeMin> integer
Defines the latitude minutes.
Range: 0 to 59
*RST: 0
<LatitudeSec> float
Defines the latitude seconds.
Range: 0 to 59.999
Increment: 1E-4
*RST: 0
<LatitudeDir> NORTh | SOUTh
Defines the latitude direction.
*RST: NORT
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<Altitude> float

Defines the altitude. The altitude value is in meters and is the
height above the reference ellipsoid.

Range: -10E3 to 50E6
Increment: 0.01
*RST: 0

Example: See Example"Configuring RTK base station location"
on page 365.

Manual operation: See "Location Coordinates, Position Format" on page 57

[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:LOCation:SYNC

Triggers synchronization of the RTK base station location and receiver location.
Example: See Example"Activating RTK simulation" on page 364.
Usage: Event

Manual operation: See "Sync to Receiver Position" on page 167

RTK antenna commands

[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:A<ch>:BODY:FILE......cc.cceiiiiiiiiiriiiiiieeeeeie 370
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:A<ch>:APATtern:FILE..........ccciiiiiiiiiiiies 370
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:A<Ch>:STATE...c.cituiiieiiei e 371
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:A<Ch>:DBANK.....ccceitteerreieereeeeieieeeeeeeeeeenennnennas 371
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:A<ch>:DHEadING........ccevrrrrrmrmrrrnnnnaiaaaaeeeeeenns 371
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:A<ch>:DELevation..........ccccceevvrrvrrrrmrnnnnnainsnnns 371
[:SOURce<hw>]:BB:GNSS:RTK:BASE<St>:A<CN>:DX...uuiiiiiiiiiiieieeeeriiieieeeeeeriee e e eeera s 371
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:A<Ch>:DY ......iiiuiiiiiiiiei e 371
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:A<Ch>:DZ......ceiiiiiiiiii e 371

[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:A<ch>:BODY:FILE <BodyMaskFile>
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:A<ch>:APATtern:FILE <Filename>

Loads the selected file from the default or the specified directory. Loaded are files with
extension * .ant pat/*.body mask.

Parameters:

<Filename> "<filename>"
Filename or complete file path; file extension can be omitted.
Query the existing files with the following commands:
[ :SOURce<hw>] :BB:GNSS:APATtern:CATalog:
PREDefined? on page 362
[ :SOURce<hw>] :BB:GNSS:APATtern:CATalog:USER?
on page 363

Example: See Example"Configuring RTK base station location”
on page 365.
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Manual operation: See "Body Mask, Antenna Pattern" on page 138

[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:A<ch>:STATe <State>

Activates the antenna.

Parameters:
<State> 1|ON |0 | OFF
Example: See Example"Configuring RTK base station antenna"

on page 365.

Manual operation: See "Active" on page 138

[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:A<ch>:DBANk <DeltaBank>
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:A<ch>:DHEading <DeltaHeading>
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:A<ch>:DELevation <DeltaElevation>

Sets orientation and tilt of the antenna of the RTK base station.

The values are relative to the center of gravity (COG).

Parameters:
<DeltaElevation> float
Range: -180 to 180
Increment: 0.001
*RST: 0
Example: See Example"Configuring RTK base station antenna"
on page 365.

[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:A<ch>:DX <DeltaX>
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:A<ch>:DY <DeltaY>
[:SOURce<hw>]:BB:GNSS:RTK:BASE<st>:A<ch>:DZ <DeltaZ>

Sets the antenna position of an RTK base station as an offset on the x, y and z axis.

The offset is relative to center of gravity (COG).

Parameters:
<Deltaz> float
Range: -200 to 200
Increment: 0.001
*RST: 0
Example: See Example"Configuring RTK base station antenna”
on page 365.

Manual operation: See "Delta X, Delta Y, Delta Z" on page 139
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21.6.4 RTK protocol commands

[:SOURCe<hw>]:BB:GNSS:RTKIPASSWOIA?....cuuuiiieeiiiiiieieeeeeeiieeeeeeeetiieeeeeeeeraeeeeeeeenananns 372
[:SOURCe<hw>]:BB:GNSS:RTK:PORT ... ccuiiiiiiiii e e e eaes 372
[:SOURce<hw>]:BB:GNSS:RTK:PROTOCO. ...ucuuiiiiieeieiieiieiieee et ee et e e e e e e ee e 372
[:SOURCce<hw>]:BB:GNSS:RTKIUSER?... ..t e e e e e 372

[:SOURce<hw>]:BB:GNSS:RTK:PASSword?
Queries the password, that belongs to the RTCM user name.

Return values:

<Password> string

Example: See Example"Configuring real-time kinematics (RTK) protocol"
on page 365.

Usage: Query only

Manual operation: See "Password" on page 166

[:SOURce<hw>]:BB:GNSS:RTK:PORT <PortNumber>

Sets the port number of the LAN connection.

Parameters:

<PortNumber> 2101|4022 | 50000
*RST: 2101

Example: See Example"Configuring real-time kinematics (RTK) protocol"
on page 365.

Manual operation: See "Port" on page 166

[:SOURce<hw>]:BB:GNSS:RTK:PROTocol <Protocol>

Queries the protocol for transmitting RTK data.

Parameters:

<Protocol> RTCM
NTRIP/RTCM 3.3 protocol
*RST: RTCM

Example: See Example"Configuring real-time kinematics (RTK) protocol"
on page 365.

Manual operation: See "Protocol" on page 166
See "User ID" on page 166

[:SOURce<hw>]:BB:GNSS:RTK:USER?

Queries the user ID, that is the RTCM user name.
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Return values:

<Userld> string

Example: See Example"Configuring real-time kinematics (RTK) protocol"
on page 365.

Usage: Query only

Environment configuration commands

Option: R&S SMBVB-K108

Example: Defining a full obscuration environment

// Select and enable a full obscuration user defined environment.
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :ENVironment FULL
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:TYPE USER
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:0OBSCuration

// Define a full obscuration area as a sequence of obscured zones.
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:FULL:SCALe DISTance
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:FULL:AREA:COUNt 2
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:FULL:AREAL:REFerence 0.5
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :FULL:AREAL:LENGth 0.1
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:FULL:AREA2:REFerence 2.5
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :FULL:AREA2 :LENGth 1
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :FULL:AREA:APPend
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :FULL:AREA:COUNt?

// Response: 3
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:FULL:AREA3:DELete
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :FULL:AREA:COUNt?

// Response: 2
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:FULL:AREAL:INSert
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:FULL:AREA2:REFerence 1.5
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :FULL:AREA2 :LENGth 0.5
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :FULL:AREA:COUNt?

// Response: 3

// Define a full obscuration area as a zone pattern.
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :FULL: SCALe TIME
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :FULL:RWINdow 1000
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :FULL:RWINdow:STATe ON

// The defined objects are repeated every 1000 seconds.

Example: Selecting a vertical obscuration environment
// Select and enable a vertical obscuration environment.
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :MODel VOBS
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:TYPE URB1
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :OMPath
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// Query available obstacles files and load a file.

SOURcel :BB:GNSS:RECeiver:V1:ENVironment:VOBS:CATalog:PREDefined?
// Response: Urban_ Canyon 1

:MMEM:CDIRectory "/var/user/my vobs"
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :VOBS:CATalog:USER?

// Response: canyon_ 2

SOURcel:BB:GNSS:RECeiver:V1:ENVironment:VOBS:FILE "/var/user/my vobs/canyon 2"

// Define the receiver position.
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:VOBS:ROFFset:X 15
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:VOBS:ROFFset:Y 2
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :VOBS:ROFFset :HEIGht O
// Define map orienation.
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :VOBS:MORientation 90

// x—-axis points to north direction, y-axis points to west direction

Example: Defining roadside planes

// Select and enable a roadside planes environment.

SOURcel:BB:GNSS:RECeiver:V1:ENVironment :MODel RPL

Example: Defining a user-defined ground and sea reflection

SOURcel:BB:GNSS:SMODe AUTO

SOURcel:BB:GNSS:VEHicle:TYPE AIRCraft

// Select and enable a ground and sea reflection environment.
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :ENVironment GSR
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:TYPE USER
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :0OMPath

// Define material property parameters.
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:GSP:STYPe USER
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :GSP:MPRoperty PERM
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :GSP:PERMittivity 10
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:GSP:CONDuctivity 1
// Define obstacles and the distance between ground and obstacle.
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:GSP:GALTitude O
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :GSP:01lHeight 500
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:GSP:02Height 1000
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:GSP:01lDistance 1000
SOURcel:BB:GNSS:RECeiver:V1:ENVironment:GSP:02Distance 1000

Commands:

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPL:PMODel............ccevrrrernnn... 375
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:VOBS:PMODEl............uuuuuunnnnn. 375
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:PMODelL.............ccevvvveeereerrnnnn. 375
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:VOBS:ROFFset:X......c...ccen....e. 376
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:VOBS:ROFFset:Y.........cccceennnen. 376
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:VOBS:ROFFset:HEIGht............ 376
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:VOBS:MORientation................. 377
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:PREDefined...............vuvuaeannn. 377

User Manual 1178.9403.02 — 10 374



Satellite Navigation Remote-control commands

Environment configuration commands

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:PREDefined.................... 377
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPL:PREDefined.............c........ 377
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:VOBS:PREDefined................... 377
[:SOURce<hw>]:BB:GNSS:0OBSCuration:LMM:CATalog:PREDefined?...........ceeeeeveeeeeeeeennns 378
[:SOURce<hw>]:BB:GNSS:0BSCuration:RPL:CATalog:PREDefined?.........ccvvveereeierirncnenens 378
[:SOURce<hw>]:BB:GNSS:0OBSCuration:VOBS:CATalog:PREDefined?.............ccevvvvvevrennnns 378
[:SOURce<hw>]:BB:GNSS:0OBSCuration:LMM:CATalog:USER?............ccceeverrrrreeeeerennnennnn, 378
[:SOURce<hw>]:BB:GNSS:0OBSCuration:RPL:CATalog:USER?.......ccuiiiiiiiiiiiiiieeeeie e, 378
[:SOURce<hw>]:BB:GNSS:0OBSCuration:VOBS:CATalog:USER?.......coieiiiiiiiiiieeeen, 378
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:LMM:FILE..............coceiiiirnne. 378
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPL:FILE............ccoeeecnvivvnennnnn. 378
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:VOBS:FILE..............cccvvvureerens 378
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPL:ROFFset:HEIGht............... 379
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPL:RWINAOW............cevueeeen..ns 379
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPL:RWINdow:STATe............... 379
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPL:RWINdow:STRajectory...... 380
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPL:DISPLay.............c.ceerrrrrrues 380
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPLILENGth.......c.c.cceeeerererennn. 380
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:SCALE...........ccrvvrrurererns 380
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:RWINdOW...........ccvuuun..... 381
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:RWINdow:STATe............. 381
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:RWINdow:STRajectory.....381
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:AREA:COUNt?................ 381
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:AREA:APPend................ 382
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:AREA<ch>:INSert............ 382
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:AREA<ch>:DELete.......... 382
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:AREA<ch>:REFerence.... 382
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:AREA<ch>:LENGth......... 382
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment: GSR:MPRoperty...................... 383
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:STYPe.......ccccceeeieerererennn. 383
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment: GSR:PERMIittivity..............cce.... 383
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:CONDuctivity................... 384
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:PLOSS..........ccevvueeererennnn. 384
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:O1Distance...................... 384
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:02Distance...................... 384
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:O1Height..........cccceeverennnns 385
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment: GSR:O2Height..............ccceveeee. 385
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:GALTitude.............cvveeee... 385
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:OORientation................... 385

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPL:PMODel <Model>

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:VOBS:PMODel
<Model>

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:PMODel
<PhysicalModel>

Selects the physical effects to be simulated on the GNSS signal.

Parameters:
<PhysicalModel> OBSCuration | OMPath
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OBSCuration
Simulates obscuration effects.

OMPath
Simulates obscuration and multipath propagation effects.

*RST: OBSCuration

Example: See Example"Selecting a vertical obscuration environment"
on page 373.

Manual operation: See "Physical Model" on page 145

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:VOBS:ROFFset:X

<XOffset>
Sets the initial X position of a receiver relative to the reference point that is the (0, 0, 0)
coordinate.
Parameters:
<XOffset> float
Range: -1500 to 1500
Increment: 0.1
*RST: 0
Example: See Example"Selecting a vertical obscuration environment"
on page 373.

Manual operation: See "Receiver Offset" on page 147

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:VOBS:ROFFset:Y

<YOffset>
Sets the initial Y position of a receiver relative to the reference point that is the (0, 0, 0)
coordinate.
Parameters:
<YOffset> float
Range: -1500 to 1500
Increment: 0.1
*RST: 0
Example: See Example"Selecting a vertical obscuration environment"
on page 373.

Manual operation: See "Receiver Offset" on page 147

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:VOBS:ROFFset:
HEIGht <HeightOffset>

Sets the initial height position (Z) of a receiver relative to the reference point that is the
(0, 0, 0) coordinate.
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Parameters:
<HeightOffset> float
Range: 0 to 500
Increment: 0.1
*RST: 0
Example: See Example"Selecting a vertical obscuration environment”
on page 373.

Manual operation: See "Receiver Offset" on page 147

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:VOBS:MORientation
<MapOrientation>

Defines the map orientation of obstacles relative to the west-east axis.

Parameters:
<MapOrientation> float

Range: 0 to 359.99
Increment: 0.01
*RST: 0

Example: See Example"Selecting a vertical obscuration environment”
on page 373.

Manual operation: See "Map Orientation" on page 147

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:PREDefined <Type>

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:PREDefined
<PredefinedEnv>

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPL:PREDefined
<PredefinedEnv>

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:VOBS:PREDefined
<PredefinedEnv>

Loads a predefined environment configuration.

You can load a user-defined setting or a predefined settings that simulate two urban
canyon environments.

Parameters:
<PredefinedEnv> USER | URB1 | URB2

USER
User-defined environment configuration

URB1|URB2
Urban canyon environment configuration

*RST: URB2

Example: See Example"Selecting a vertical obscuration environment"
on page 373.
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Manual operation: See "Predefined Environment" on page 145
See "Predefined Environment" on page 149

[:SOURce<hw>]:BB:GNSS:0BSCuration:LMM:CATalog:PREDefined?
[:SOURce<hw>]:BB:GNSS:0BSCuration:RPL:CATalog:PREDefined?
[:SOURce<hw>]:BB:GNSS:0BSCuration:VOBS:CATalog:PREDefined?

Queries the names of predefined files in the system directory.
Listed are only the following file types:

® Obstacles description files (* . rs_obst)

® Roadside buildings description files (* . rs buil)

® [ and mobile multipath (LMM) files (* . 1mm)

Example: See Example"Selecting a vertical obscuration environment"
on page 373.
Usage: Query only

Manual operation: See "Obstacles File" on page 145

[:SOURce<hw>]:BB:GNSS:0BSCuration:LMM:CATalog:USER?
[:SOURce<hw>]:BB:GNSS:0BSCuration:RPL:CATalog:USER?
[:SOURce<hw>]:BB:GNSS:0BSCuration:VOBS:CATalog:USER?

Queries the names of the user-defined files in the default directory. The default direc-
tory is set using command :MMEM:CDIRectory.

Listed are the following file types:

® Obstacles description files (* . rs_obst)

® Roadside buildings description files (* . rs buil)

® | and mobile multipath (LMM) files (* . 1mm)

Example: See Example"Selecting a vertical obscuration environment"
on page 373.
Usage: Query only

Manual operation: See "Obstacles File" on page 145

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:LMM:FILE <Filename>

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPL:FILE <Filename>

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:VOBS:FILE
<Filename>

Loads the selected file.

Loaded are only obstacles description files (* . rs obst) or roadside buildings descrip-
tion files (*.rs_buil).

Loaded are only the following files types:
® Obstacles description files (* . rs_obst)
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® Roadside buildings description files (* . rs buil)
® [ and mobile multipath (LMM) files (* . 1mm)

Parameters:
<Filename> string
Example: See Example"Selecting a vertical obscuration environment”

on page 373.

Manual operation: See "Obstacles File" on page 145

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPL:ROFFset:HEIGht
<Heigth>

Sets the receiver height offset, i.e. the antenna altitude relative to the ground.

Parameters:
<Heigth> float
Range: 0 to 500
Increment: 0.1
*RST: 0
Example: See Example"Defining roadside planes" on page 374.

Manual operation: See "Receiver Height Offset" on page 152

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPL:RWINdow
<RepWindow>

Sets the repetition window. This window defines the distance of repeated obstacles
that means contiguous objects.

Parameters:
<RepWindow> integer
Range: 1 to 1E6
*RST: 10E3
Default unit: m
Example: See Example"Defining roadside planes" on page 374.

Manual operation: See "Repetition" on page 152

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPL:RWINdow:STATe
<State>

Enables the repetition of the defined objects.

Parameters:
<State> 1]ON| 0| OFF
*RST: OFF
Example: See Example"Defining roadside planes" on page 374.
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Manual operation: See "State" on page 152

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPL:RWINdow:
STRajectory

Sets the length of the repetition intervall equal to trajectory length of the waypoint file.

Aligning both lengths is useful to ensure that the obscuration pattern repeats itself at
each repetition of the waypoint file.

Example: See Example"Defining roadside planes" on page 374.
Usage: Event

Manual operation: See "Set To Trajectory Length" on page 152

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPL:DISPLay
<Display>

Switches between available views.

Parameters:
<Display> DISTance | HEIGht

DISTance
Distance versus position view

HEIGht
Height versus position view

*RST: HEIGht

Example: See Example"Defining roadside planes” on page 374.

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:RPL:ILENgth <State>

If enabled, assumes roadside planes with infinite width.

Parameters:
<State> 1]ON| 0| OFF
*RST: ON
Example: See Example"Defining roadside planes" on page 374.

Manual operation: See "Set Length to Infinite" on page 152

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:SCALe
<ReferenceScale>

Defines whether the obstacles' positions are defined as distance (in km) or as time (in
s).

Parameters:
<ReferenceScale> TIME | DISTance

*RST: DIST
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Example: See Example"Defining a full obscuration environment"
on page 373.

Manual operation: See "Reference Scale" on page 154

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:RWINdow
<RepWindow>

Sets the repeating period (in km or s) of repeating objects.

Parameters:

<RepWindow> integer
Range: 0 to 1000
*RST: 10

Example: See Example"Defining a full obscuration environment”
on page 373.

Manual operation: See "Repetition” on page 155

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:RWINdow:
STATe <State>

Enables the repetition of the defined objects.

Parameters:

<State> 1]ON| 0| OFF
*RST: OFF

Example: See Example"Defining a full obscuration environment”
on page 373.

Manual operation: See "State" on page 155

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:RWINdow:
STRajectory

Sets the length of the repetition intervall equal to trajectory length of the waypoint file.

Aligning both lengths is useful to ensure that the obscuration pattern repeats itself at
each repetition of the waypoint file.

Example: See Example"Defining a full obscuration environment”
on page 373.
Usage: Event

Manual operation: See "Set To Trajectory Length" on page 155

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:AREA:COUN{t?

Sets the number of the obscured area/zones.

User Manual 1178.9403.02 — 10 381



Satellite Navigation Remote-control commands

Environment configuration commands

Return values:

<AreasCount> integer
Range: 0 to 50
*RST: 0

Example: See Example"Defining a full obscuration environment”
on page 373.

Usage: Query only

Manual operation: See "Obscured Areas" on page 155

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:AREA:APPend

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:AREA<ch>:
INSert

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:AREA<ch>:
DELete

Appends, insertes or deletes an obscured zone.

Example: See Example"Defining a full obscuration environment”
on page 373.

Usage: Event

Manual operation: See "Insert, Delete" on page 156

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:AREA<ch>:
REFerence <Reference>

Defines the reference starting position (in km) or time stamp (in s) of a specific
obscured zone.

Parameters:
<Reference> float
Range: 0 to 1E4
Increment: 1E-3
*RST: 0
Example: See Example"Defining a full obscuration environment”
on page 373.

Manual operation: See "Obscured Areas" on page 155

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:FULL:AREA<ch>:
LENGth <Length>

Sets the length of the obscuring zone, defined in km or sec.
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Parameters:
<Length> float
Range: 1E-3 to 50
Increment: 1E-3
*RST: 0.1
Example: See Example"Defining a full obscuration environment”
on page 373.

Manual operation: See "Obscured Areas" on page 155

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:MPRoperty
<MaterialPropert>

Specifies, if the material is defined by its permittivity/conductivity or by its power loss

characteristic.

Parameters:

<MaterialPropert> PLOSS | PERM
*RST: PERM

Example: See Example"Defining a user-defined ground and sea reflection”
on page 374.

Manual operation: See "Material Property" on page 157

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:STYPe
<SurfaceType>

Defines the type of surface.

Parameters:

<SurfaceType> SEA | WATER | WET | MDRY | DRY | USER
*RST: USER

Example: See Example"Defining a user-defined ground and sea reflection”
on page 374.

Manual operation: See "Surface Type" on page 157

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment: GSR:PERMittivity
<Permittyvity>

Sets the surface permittivity.

Parameters:
<Permittyvity> float

Range: 1 to 100
Increment: 0.1
*RST: 10
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Example: See Example"Defining a user-defined ground and sea reflection”
on page 374.

Manual operation: See "Ground Permittivity/ Conductivity, Power Loss" on page 157

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:CONDuctivity
<Conductivity>

Sets the surface conductivity.

Parameters:
<Conductivity> float
Range: 1E-6 to 20
Increment: 1E-6
*RST: 1
Example: See Example"Defining a user-defined ground and sea reflection”
on page 374.

Manual operation: See "Ground Permittivity/Conductivity, Power Loss" on page 157

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:PLOSs
<PowerlLoss>

Sets the surface power loss.

Parameters:

<PowerLoss> integer
Range: 0 to 20
*RST: 5

Example: See Example"Defining a user-defined ground and sea reflection”
on page 374.

Manual operation: See "Ground Permittivity/Conductivity, Power Loss" on page 157

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:01Distance
<Distance>

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:02Distance
<Distance>

Sets the distance between the receiver and the left/right obstacles.

Parameters:
<Distance> float
Range: 0 to 1E4
Increment: 0.1
*RST: 1000
Example: See Example"Defining a user-defined ground and sea reflection”
on page 374.

Manual operation: See "h1/h2, d1/d2" on page 157
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[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:01Height

<Height>
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:02Height
<Height>
Determines the height of the left/right obstacle.
Parameters:
<Height> float
Range: 0 to 10000
Increment: 0.1
*RST: 100
Example: See Example"Defining a user-defined ground and sea reflection”
on page 374.

Manual operation: See "h1/h2, d1/d2" on page 157

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:GALTitude
<GroundAltitude>

Sets the altitude of the receiver according to the WGS84 geodetic system.

Parameters:
<GroundAltitude> float

Range: 0 to 10000
Increment: 0.1
*RST: 0

Example: See Example"Defining a user-defined ground and sea reflection”
on page 374.

Manual operation: See "Ground Altitude" on page 158

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:GSR:OORientation
<Orientation>

Sets the obstacle orientation.

Parameters:
<Orientation> float
Range: 0 to 359.99
Increment: 0.01
*RST: 0
Example: See Example"Defining a user-defined ground and sea reflection”
on page 374.
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Static multipath configuration

Static multipath configuration
Option: R&S SMBVB-K108

Example: Enabling static multipath effects

// Enable a satellite constellation with GPS and Galileo satellites.
SOURcel:BB:GNSS:SYSTem:GPS:STATe 1
SOURcel:BB:GNSS:SYSTem:GALileo:STATe 1

// Enable static multipath.
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :MODel MPAT

// Select SVIDs and GNSS system.
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :MPATh:SYSTem GPS
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :MPATh:SVID 1

// Enable line-of-sight (LOS) and one echo.
SOURcel:BB:GNSS:SVID1:GPS:MPATh:V1:Al:LOS:ENABle 1
SOURcel:BB:GNSS:SVID1:GPS:MPATh:V1:Al:ECHos:COUNt 1
SOURcel:BB:GNSS:SVID1:GPS:MPATh:V1:Al:ECHOl:ICPHase 100
SOURcel:BB:GNSS:SVID1:GPS:MPATh:V1:Al:ECHOl:CPDRift 5.3
SOURcel:BB:GNSS:SVID1:GPS:MPATh:V1:Al:ECHOl:POWer -5
SOURcel:BB:GNSS:SVID1:GPS:MPATh:V1:Al:ECHOl:CPHase 3.14
SOURcel:BB:GNSS:SVID1:GPS:MPATh:V1:Al:ECHOl:DSHift 1

// Set automatically based on the Doppler shift
SOURcel:BB:GNSS:SVID1:GPS:MPATh:V1:A1:ECHO1:CPDRift 5.25503546857073
SOURcel:BB:GNSS:SVID1:GPS:MPATh:V1:Al:ECHOl:AELEVation 1.5
SOURcel:BB:GNSS:SVID1:GPS:MPATh:V1:Al:ECHOLl:AAZimuth 1

// Query LOS parameters.
SOURcel:BB:GNSS:SVID1:GPS:MPATh:V1:Al:LOS:ICPHase?
SOURcel:BB:GNSS:SVID1:GPS:MPATh:V1:Al:LOS:CPDRift?
SOURcel:BB:GNSS:SVID1:GPS:MPATh:V1:A1:LOS:POWer?
SOURcel:BB:GNSS:SVID1:GPS:MPATh:V1:Al:LOS:CPHase?
SOURcel:BB:GNSS:SVID1:GPS:MPATh:V1:Al:LOS:DSHift?
SOURcel:BB:GNSS:SVID1:GPS:MPATh:V1:A1:LOS:AELEVation?
SOURcel:BB:GNSS:SVID1:GPS:MPATh:V1:Al:LOS:AAZimuth?

// Apply the same configuration to GPS SVID 5.
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :MPATh:COPY:SYSTem GPS
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :MPATh:COPY:SVID 5
SOURcel:BB:GNSS:RECeiver:V1:ENVironment :MPATh:COPY:EXECute

Commands:

[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment[:MODEel]........c..ccevrrrreerrrrrrrnnnnnn. 389
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:MPATh:SYSTem...........ccceeennn. 390
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:MPATh:SVID......cccceveeeeiiiiccnnnnne 390
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:MPATh:COPY:SYSTem............. 391
[:SOURce<hw>]:BB:GNSS:RECeiver[:V<st>]:ENVironment:MPATh:COPY:SVID.................. 391
[:SOURce<hw>]:.BB:GNSS:RECeiver[:V<st>]:ENVironment:MPATh:COPY:EXECute............ 392
[:SOURce<hw>]:BB:GNSS:SVID<ch>:BEIDou:MPATh[:V<us>:A<gr>]:.LOS:ENABIe............. 392
[:SOURce<hw>]:BB:GNSS:SVID<ch>:GALileo:MPATh[:V<us>:A<gr>]:LOS:ENABIe............. 392
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[:SOURce<hw>]:BB:GNSS:SVID<ch>:GLONass:MPATh[:V<us>:A<gr>]:LOS:ENABIe.......... 392
[:SOURce<hw>]:BB:GNSS:SVID<ch>:QZSS:MPATh[:V<us>:A<gr>]:LOS:ENABIe................ 392
[:SOURce<hw>]:BB:GNSS:SVID<ch>:NAVic:MPATh[:V<us>:A<gr>]:.LOS:ENABIe................ 392
[:SOURce<hw>]:BB:GNSS:SVID<ch>:SBAS:MPATh[:V<us>:A<gr>]:.LOS:ENABIe................ 392
[:SOURce<hw>]:BB:GNSS:SVID<ch>:GPS:MPATh[:V<us>:A<gr>]:.LOS:ENABIe.................. 392
[:SOURce<hw>]:BB:GNSS:SVID<ch>:BEIDou:MPATh[:V<us>:A<gr>]:ECHos:COUNH.......... 393
[:SOURce<hw>]:BB:GNSS:SVID<ch>:GALileo:MPATh[:V<us>:A<gr>]:ECHos:COUNH.......... 393
[:SOURce<hw>]:BB:GNSS:SVID<ch>:GLONass:MPATh[:V<us>:A<gr>]:ECHos:COUN:H....... 393
[:SOURce<hw>]:BB:GNSS:SVID<ch>:QZSS:MPATh[:V<us>:A<gr>]:ECHos:COUNL............. 393
[:SOURce<hw>]:BB:GNSS:SVID<ch>:NAVic:MPATh[:V<us>:A<gr>]:ECHos:COUNH............. 393
[:SOURce<hw>]:BB:GNSS:SVID<ch>:SBAS:MPATh[:V<us>:A<gr>]:ECHos:COUNH............. 393
[:SOURce<hw>]:BB:GNSS:SVID<ch>:GPS:MPATh[:V<us>:A<gr>]:ECHos:COUNt............... 393
[:SOURce<hw>]:BB:GNSS:SVID<ch>:GPS:MPATh[:V<us>:A<gr>]:.LOS:ICPHase”.............. 393
[:SOURce<hw>]:BB:GNSS:SVID<ch>:BEIDou:MPATh[:V<us>:A<gr>]:LOS:ICPHase".......... 393
[:SOURce<hw>]:BB:GNSS:SVID<ch>:BEIDou:MPATh[:V<us>:A<gr>]:ECHO<s2us0>:

[0 o F= Y- Y 393
[:SOURce<hw>]:BB:GNSS:SVID<ch