
Superlative GNSS simulation
The GNSS simulator based on the R&S®SMW200A adds a high-end solution to the Rohde & Schwarz port-

folio of satellite navigation system simulators. Its ability to simulate complex interference environments in 

addition to GNSS signals is unique.

Fig. 1: GNSS simulation with the R&S®SMW200A vector signal generator. To simulate multi-antenna systems, the simulator can be equipped with up 

to four RF outputs. Two of these are provided by R&S®SGT100A signal generators. The screen shows one of the countless ways to simulate scenarios. 

Here a lap on the Nürburgring race track is simulated. For each track segment, the simulator generates the position- and speed-dependent signals that 

would be seen by a GNSS receiver in the vehicle.

Advanced GNSS receivers are able to receive signals from 
diverse navigation systems – such as GPS, GLONASS, Galileo 
and BeiDou – in several frequency bands and in some cases 
with several antennas simultaneously. Using observations 
from several frequency bands makes it possible to enhance 
the position accuracy. Accuracy can be further improved by 
means of differential GNSS (DGNSS) techniques. They are 
used in applications such as autonomous vehicles and are 
indispensable for precise and reliable positioning of aircraft 
during landing approaches.

Functional and performance tests under the influence of inter-
fering signals are becoming increasingly important in receiver 
testing. These range from coexistence tests for determin-
ing receiver performance under the influence of communica-
tions signals such as LTE, to receiver behavior in the presence 

of intentional interference (jamming) and attempts to mislead 
the receiver with false position and time information (spoof-
ing). In the latter case, receivers are tested to see how well 
they detect and respond to spoofing attacks.

Nontrivial lab tests
The large number of tests to be performed, lack of control over 
the simulation conditions and poor reproducibility prevent 
testing with live GNSS signals. This is because the conditions 
are constantly changing under the influence of satellite motion, 
atmospheric factors and signal reflections on the ground.

By contrast, a GNSS simulator enables comprehensive tests 
with complete control of the simulation conditions and 
full reproducibility. Lab simulation is also significantly less 
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expensive, especially when receivers must be tested under 
operating conditions that are difficult and time-consuming to 
implement – such as flight tests and outer-space conditions.

Despite these advantages, lab tests are not trivial. The GNSS 
simulator must be able to generate complex scenarios incor-
porating all aspects and properties of a satellite navigation 
system. In particular, this includes correct simulation of satel-
lite orbits, consideration of signal propagation characteristics 
and realistic modeling of the receiver environment with signal 
reflections and obscurations. Furthermore, in many cases the 
receiver’s own motion must be simulated. The system must 
allow full control over all parameters of these influences.

Additional requirements on the simulation environment arise 
when the impact of interfering signals on GNSS reception 
needs to be tested (see box). For example, the relative  levels 
of the GNSS and interfering signals must be user-configurable 
and alterable during the simulation. To investigate the sensi-
tivity of the receiver to various interferers, a wide variety of 
interfering signals must be simulated. Ideally, the GNSS sim-
ulator should be able to generate them on its own without 
additional instruments.

Complete simulation of all factors
The R&S®SMW200A vector signal generator’s GNSS simula-
tor fulfills all these requirements. It takes into account char-
acteristic effects and error factors such as orbit errors, clock 
errors, atmospheric factors, multipath propagation and signal 

obscurations. It models the influence of the receiving antenna 
and realistically models vehicle movements, including simula-
tion of vehicle orientation angles.

For testing multifrequency receivers or multi-antenna sys-
tems, up to 144 GNSS channels are available and can be dis-
tributed over several RF outputs. The R&S®SMW200A can be 
equipped with two RF outputs. If four outputs are required, 
the user can expand the setup at any time with additional 
R&S®SGT100A signal generators (Fig. 1). In addition to GPS, 
GLONASS, Galileo and BeiDou GNSS signals, the system 
generates signals of the Japanese QZSS system and the satel-
lite based augmentation system (SBAS), with support for the 
most important implementations of these systems (WAAS, 
EGNOS, MSAS and GAGAN).

Besides GNSS scenarios, the R&S®SMW200A provides inter-
nally generated and user-configurable interfering signals for 
complex scenarios with multiple interferers. This includes sim-
ple CW signals, noise with configurable bandwidth and com-
munications signals such as LTE or WLAN for coexistence 
tests. Typical GNSS jammers – for example, in the form of fre-
quency sweeps – can also be simulated, as well as pulsed 
signals e.g. to test the influence of radar signals. Implement-
ing complex jammer scenarios often requires modeling the 
motion of the GNSS receiver and the motion of the interferer 
in order to simulate changes in the angle of incidence of the 
interfering signal. These scenarios are required for testing 
anti-jamming systems such as controlled reception pattern 

Fig. 2: All settings and status indications can be 

accessed with just a few touch gestures. The 

screenshot shows the simulated receiver loca-

tion on the map and the instantaneous signal 

levels of the currently visible GPS (yellow) and 

GLONASS (blue) satellites.
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In this example, an LTE signal, a GNSS jammer (such as a frequency sweep in the L1 band) 
and a radar signal are simulated in addition to the GNSS signals. Noise is superimposed on 
the GNSS, jammer and radar signals. Along with the LTE signal, a CW interferer is simulated.

Simulation of interference  Complex interference scenarios with the ¸SMW200A  
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antenna (CRPA) and can be simulated by the R&S®SMW200A 
without additional signal sources.

An external computer is not needed for operating and con-
figuring the generator. GNSS scenarios can be configured 
quickly and easily via the intuitive touchscreen interface, 
and changes can be made even during a simulation. Con-
venient visualization functions give users an overview of the 
situation at all times (Fig. 2). Simulation parameters can be 
saved during runtime for later data analysis. Operation of the 
R&S®SMW200A can also be completely automated using the 
remote control command set.

High-end simulator and generator
The R&S®SMW200A is more than just a GNSS simulator. It 
can be configured to meet individual requirements and is 
therefore a universally deployable high-end vector signal gen-
erator. The test setup remains compact and simple because no 
additional instruments are needed to generate the interfering 
signals. The instrument can be extended with hardware com-
ponents, for example additional RF outputs, or retrofitted with 
simulation features by means of software licenses. The GNSS 
software is continuously adapted to keep pace with techno-
logical progress. Users can rely on the instrument's ability to 
simulate all innovations in this area, now and in the future.

Dr. Markus Irsigler

Communications signals as interferers
GNSS reception can be impaired by LTE 
and other communications signals. As part 
of coexistence tests, receiver performance 
is determined under the influence of such 
signals.

Simulation of interference
To ensure that the simulation of the GNSS 
reception conditions is as realistic as pos-
sible, both the existence of other commu-
nications signals and potential jamming 
or spoofing attacks must be taken into 
account.

Jamming
This refers to intentional interference with 
GNSS reception. CW signals, wideband 
noise, frequency sweeps and pulsed signals 
can be used as interferers.

GNSS and interfering signals from the 
same instrument
Along with GNSS signals, the R&S®SMW200A 
is able to simulate multiple interferers simul-
taneously. The range of possible  interfering 
signals includes simple CW interferers, a 
large number of communications signals 
such as LTE, and pulsed signals. Noise can 
be superimposed on the GNSS signals and 
the interfering signals.

Spoofing
The aim of this type of interference is to 
manipulate the position and time informa-
tion of the receiver in such a way that it is 
still formally valid but incorrect, thereby 
making reliable navigation impossible.

Simple simulation of interference 
scenarios
With the R&S®SMW200A, complex inter-
ference scenarios for coexistence tests or 
for testing the impact of jamming attacks 
can be generated easily. Generating the 
interfering signals requires no additional 
instruments.

Typology of GNSS interference

The measurement task The Rohde & Schwarz solution The advantages
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