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Test and measurement solutions for in‑orbit satellites

GROUND STATION TESTING 
ON SATELLITES IN ORBIT



2

Aerospace and defense programs rely on the unsurpassed 
performance and quality of Rohde & Schwarz solutions. 
Since we keep all manufacturing in-house, we can main-
tain the tight control on quality that only colocated engi-
neering and manufacturing can provide. We also provide 
a unique level of support – comprehensive service and the 
ability to serve any need with facilities in over 70 countries. 

The force behind innovation 
Rohde & Schwarz has been developing test and measure-
ment solutions for more than 80 years, starting with our 
first frequency meter in 1933. We have been instrumen-
tal in moving the technological benchmark – with devel-
opments such as state-of-the art TOI performance and 
8.3 GHz analysis bandwidth in our high performance 
spectrum analyzers. High-precision network analysis up 
to 1.1 THz, innovative signal generators with a maximum 
of eight baseband generators on two internal baseband 
modules in one instrument, oscilloscopes with one million 
waveforms per second, up to  16-bit  vertical resolution and 
power sensors with LAN capability are further examples of 
trendsetting Rohde & Schwarz products.

For decades, Rohde & Schwarz solutions have been in use 
by military services and government agencies. Aerospace 
and satellite contractors use our test and measurement 
solutions in cutting-edge R&D, production and operational 
support programs alike. We win not only on performance 
– we win on support, too.

Rohde & Schwarz collaborates with the aerospace and sat-
ellite industry to provide focused solutions that meet our 
customers’ exacting requirements. Our developments are 
an integral part of many of the most cutting-edge defense 
programs in the world today.

Rohde & Schwarz is committed to long-term customer 
 relationships and strives to be your partner of choice. 
 Confidence in Rohde & Schwarz as a partner for test and 
measurement solutions in the aerospace industry is high-
lighted by numerous direct government and commercial 
contracts won in various countries over the last decade.

Rohde & Schwarz plays an integral role in meeting the challenges tomorrow will bring. We are one of the 
world’s leading innovators in electronic test and measurement.

ROHDE & SCHWARZ – MORE THAN 
80 YEARS OF QUALITY, PRECISION 
AND  INNOVATION IN ALL FIELDS OF 
RF TEST AND MEASUREMENT.

Test and measurement technology is key to the proper 

functioning of electronic systems.
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Once a communications satellite is on its target orbit, several routines need to be performed in order to 
ensure proper performance of the transponders in the payload. On‑orbit measurements are also a vital 
part of live satellite maintenance. This application brochure focuses on a few important post‑launch 
measurement setups where Rohde & Schwarz offers unique instruments. SED Systems is an industry partner 
of Rohde & Schwarz. SED Systems uses Rohde & Schwarz instruments to provide customized turnkey test 
systems for checking satellite functionality and running maintenance routines.

Test and measurement instruments from Rohde & Schwarz
Rohde & Schwarz test and measurement instruments are 
in use around the world. Prime contractors, subcontrac-
tors and military services alike choose Rohde & Schwarz to 
meet their most demanding test needs. 

 ► page 4

Double-illumination monitoring
Intentional or unintentional interference degrades the 
assured quality of service (QoS) of a satellite link or, in the 
worst case, puts it completely out of operation. It is there-
fore desirable to monitor double illumination in real time. 
Rohde & Schwarz spectrum analyzers deliver outstanding 
real-time performance in a single box.

 ► page 5

EXPERTISE IN SOLUTIONS FOR 
 SATELLITE MONITORING

On-orbit EIRP measurements
EIRP measurements in the receive path of satellite links 
present a special challenge for T&M equipment in com-
mercial satellite communications. R&S®NRPxxS(N) three-
path diode power sensors measure EIRP at the detached 
antenna system of an earth station – with high accuracy, 
speed, excellent long-term temperature stability, and they 
are remotely controllable via LAN.

 ► page 6

Customized test system solutions for in-orbit satellites
SED  Systems uses Rohde & Schwarz instruments to pro-
vide custom solutions and systems. With a ground station 
test system from SED Systems based on Rohde & Schwarz 
test instrumentation, operators can ensure that their satel-
lite communications systems operate at the highest level 
of performance.

 ► page 8



¸SMW200A (100 kHz to 6/7.5/12.75/20/31.8/44/56/67 GHz)

¸SMM100A (100 kHz to 6/7.5/12.75/20/31.8/44 GHz)

¸SGU100A (80 MHz to 20/40 GHz)

¸SGT100A (1 MHz to 3/6 GHz)

¸SGS100A (1 MHz to 6/12.75 GHz)

¸FSW (2 Hz to 8/13.6/26.5/43.5/50/67/85 GHz) Mixer

¸FSMR3000 (2 Hz to 8/26.5/50 GHz)

¸FSWP (1Hz to 8/26.5/50 GHz) Mixer

¸FSV3000 (10 Hz to 4/7.5/13.6/30/44) Mixer
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¸FPSV, ¸FPS (10 Hz to 4/7/13.6/30/40 GHz) Mixer

0 Hz 50 GHz10 MHz 110 GHz

Average

8 kHz 18 GHz

¸NRPxxSN-V (up to 67 GHz)

1 GHz

¸ZNA (10 MHz to 26/43/50/67)

¸ZVT8/20 (from 2 to 8/6 ports)

¸ZNB4/8/20/40 (2 and 4 ports)

¸ZNBT8 (4, 8, 12, 16, 20, 24 ports)

¸ZNBT20 (4, 12, 16 ports)

¸ZVL3/6/13 (2 ports)

¸NRPxxA(N) 

¸SMB100A (100 kHz to 12.75/20/40 GHz)

¸SMC100A (9 kHz to 1.1 GHz/3.2 GHz)

¸SMBV100B (8 kHz to 3/6 GHz)

¸FSVA3000 (2 Hz to 4/7.5/13.6/30/44)

67 GHz

67 GHz

¸SMA100B (8 kHz to 3/6/12.75/20/31.8/40/50/67 GHz)

¸NRPxxT(N) 

¸SMCV100B (4 kHz to 3/6/7.125 GHz)

¸SMB100B (8 kHz to 1/3/6 GHz)
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SELECTED ROHDE & SCHWARZ PRODUCTS 
FOR A&D APPLICATIONS



Double-illumination monitoring with the R&S®FSW
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DOUBLE-ILLUMINATION MONITORING

Satellite links are indispensable in sound and TV broad-
casting and in worldwide communications via telephone, 
the Internet or mobile radio. Smooth, round-the-clock 
operation must therefore be ensured, especially for com-
mercial systems.

Outstanding real-time performance 
Unintentional interference degrades the assured quality of 
service (QoS) of a satellite link or, in the worst case, puts 
it completely out of operation. It is desirable to perform 
the double-illumination monitoring as quickly as possible. 
The real-time measurement options turn the R&S®FSW 
 spectrum and signal analyzer into a full-featured real-time 
spectrum analyzer. 

With these options, the R&S®FSW offers the combination 
of a high-end signal and spectrum analyzer with excellent 
RF performance without the drawbacks of traditional real-
time analyzers and outstanding real-time performance in 
one box.

The R&S®FSW real-time measurement options seamlessly 
display 160 MHz, 512 MHz or 800 MHz of RF spectrum in 
real time, with nearly 2 343 750 FFTs/s and a 100 % prob-
ability of intercept (POI) for a signal duration down to 
0.46 μs.

The R&S®FSW real-time measurement options help RF 
design engineers detect short and sporadic interference 
signals and identify their causes. The R&S®FSW is located 
in the observation earth station.

Visual assessment made easy
For visual assessment, the R&S®FSW with the 
R&S®FSW-K161R/-B512R/-B800R option offers a real-
time spectrogram in addition to the instantaneous spec-
trum and, in persistence mode, a real-time spectrum with 
the signal amplitudes shown in different colors according 
to their frequency of occurrence (persistence spectrum). 
Frequency-dependent masks help the user reliably detect 
sporadic signals in the spectrum, since the R&S®FSW will 
activate a trigger whenever a spectrum violates a mask. 
The R&S®FSW-K161R/-B512R/-B800R options add real-
time analysis capability to the full-featured R&S®FSW 
 signal and spectrum analyzer. 

Products from Rohde & Schwarz
 ► R&S®FSW signal and spectrum analyzer
 ► R&S®FSW‑K161R/‑B512R/‑B800R real‑time spectrum 
analyzer, 160/512/800 MHz (export license required)

 ► R&S®FSW‑B160/‑B320/‑B512/‑B1200/‑B2001/‑B4001/ 
-B6001/-B8001 160/320/512/1200/2000/4400/6400 MHz 
and unique 8.3 GHz analysis bandwidth option
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ON-ORBIT EIRP MEASUREMENTS

Signal degradation due to atmospheric effects 
Satellites would need even larger solar panels if they were 
not designed to narrowly focus their downlink beams and 
transmit at the lowest possible RF level. However, satellite 

signals that arrive at an earth station with insufficient field 
strength may cause serious problems. This leads to chal-
lenges that are addressed during on-orbit EIRP measure-
ments. The bit error ratio (BER) increases rapidly, to an 
extent that a communications link may be rendered use-
less. Such detrimental effects are attributable to a variety 
of causes. In many cases, atmospheric influences affect 
wave propagation: fog, clouds and precipitation attenuate 
signals and increase noise, especially at higher frequency 
bands like the Ku band and particularly the Ka band.

Antenna system constraints
Antenna alignment error may result in only part of the 
available power being picked up. This applies in particular 
to large, high-directivity parabolic antennas. Close atten-
tion must also be paid to the ambient conditions under 
which receiving systems have to operate. Many satellite 
antennas are installed in the open, i.e. they have to with-
stand humidity, extreme temperatures and mechanical 
stress caused by wind load. This also has a negative effect 
on signal quality, which is aggravated by the effects of 
wear and tear. An impact of only a few decibels can easily 
exceed the capabilities of the background correction algo-
rithms. This is because relatively low headroom is provided 
for the carrier-to-noise (C/N) ratio. This is by no means a 
planning error, it is the result of economic considerations. 

If the level of the incoming signal – which arrives at the 
antenna at approx. –115 dBm – were increased by a mere 
3 dB in the interest of higher safety margin, either the 
satellite transmit power would have to be doubled or the 
diameter of the receiving antenna enlarged by 50 %. The 
more meaningful approach therefore is to invest in appro-
priate alternative strategies to make full use of the existing, 
scarce resources. This includes continuous monitoring of 
the receive power in order to prevent creeping degradation 
of the system.

Equivalent isotropic radiated power (EIRP) measurement with 
Rohde & Schwarz instruments
The figure on the left shows the earth station setup for 
EIRP testing when the satellite is on its target orbit. A 
 reference pilot signal has a known RF level. (The power 
level should be high enough to be measured with a power 
sensor but low enough to not drive the low noise amplifier 
(LNA) into a non-linear region). At the measurement point, 
an R&S®SMA100B  microwave signal generator feeds in a 
reference pilot signal with same carrier frequency and sig-
nal bandwidth as expected in the satellite downlink.

The earth station setup for EIRP testing when the  satellite is 
on its target orbit

Products from Rohde & Schwarz
 ► R&S®FSW signal and spectrum analyzer
 ► R&S®SMA100B microwave signal generator
 ► R&S®NRPxxS/R&S®NRPxxSN power sensors
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Like the signal from the satellite, the pilot RF signal travels 
through most of the receive transmission path up to the 
receive and control center, where a signal and spectrum 
analyzer is used to determine the level difference between 
the two signals. Along the entire transmission path, both 
signals undergo the same amplification and attenuation 
since their carrier frequencies/spectral shapes are almost 
identical. This means that the level difference measured 
at the spectrum analyzer mirrors the level difference at 
the reference point, and thus the RF receive level at the 
ground station antenna output is known. However, the 
power sensor does not measure the pilot RF signal level 
directly at the reference point, but some distance ahead 
where the pilot level is higher. This level difference is due 
to the attenuation introduced by the intermediate passive 
components. Since this attenuation can safely assumed to 
be stable even over the long term, it only needs to be mea-
sured from time to time for each expected downlink chan-
nel. The resulting channel-specific value is then subtracted 
from the value returned by the power meter reading.

Always perfectly calibrated power sensors
The R&S®NRPxxS(N) three-path diode power sensors are 
factory- calibrated to provide highly accurate measurement 
across their entire level, frequency and temperature range. 
The power handling capability of the sensors is  specified 
from –70 dBm to +23 dBm operating up to 33 GHz. There-
fore, the low power levels in this application case can be 
easily and accurately measured with Rohde & Schwarz 
power sensors.

How receive power is measured
The figure on the right shows the optimal measurement 
point of an antenna system, which is located between 
the antenna output and the input of the first extremely 
low noise amplifier (LNA) that is typically flange mounted 
on the antenna. While the RF signal level is lowest at this 
point, achievable measurement accuracy is highest here. 
Measuring power later in the chain at the receive and 
 control center would cause uncertainties. This is due to 
the inadequate stability of the gain provided by the LNA 
and the attenuation introduced by the possibly very long 
receive feed from the antenna. The RF level at the antenna 
output is very low, in some cases 50 dB below a diode 
power sensor’s measurement limit. Therefore, it must 
be measured bandlimited, i.e. with a selective analyzer. 
Wideband power meters have the best-possible accuracy, 
but an indirect measurement that transfers this accuracy 
to a selective instrument such as a spectrum analyzer is 
optimum. Hence, a two-step approach is needed. 

To obtain comparable receive power results irrespective of 
the receive antenna characteristics, the EIRP of the satel-
lite is calculated from the receive power. The EIRP is the 
power that the satellite must radiate to obtain the mea-
sured receive power. For this calculation, it is assumed 
that an isotropic transmit antenna is used, i.e. an antenna 
that radiates uniformly in all directions. 

RX r 30
dBW dBm dB dB

= + + −
EIRP P G a

 
PRX is the receive power, Gr the gain of the receive 
antenna, and a the nominal path attenuation on the order 
of 200 dB. Comparing the EIRP values thus obtained with 
the satellite’s specified EIRP yields a measure of the cur-
rent quality of the radio link. 

Three-path diode power sensors are suitable for numerous 
applications, including this one, since they support contin-
uous averaging, burst averaging, timeslot averaging, gate 
averaging and trace measurements in addition to a very 
low measurement limit. These power sensors feature out-
standing performance and unprecedented measurement 
speed and accuracy. For detailed analysis, the sensors 
offer additional measurement functions such as timeslot 
mode and trace mode with a video bandwidth of 100 kHz. 

Convenient remote control interface
Offering a frequency range of up to 67 GHz, the 
R&S®NRPxxS(N) power sensors are a perfect choice 
for installation, maintenance and remote monitoring of 
ground stations for satellite systems. The R&S®NRPxxSN 
LAN power sensors are ideal for remote monitoring appli-
cations such as for satellite systems where sensors need 
to be placed at different points in the system. After con-
necting the sensors to a LAN using power-over-Ethernet 
(PoE) switches, the system can be remotely monitored 
from a control center. 

The optimal measurement point for the antenna system



Close cooperation between Rohde & Schwarz and SED Systems

Antenna hub

Control room

Equipment room

IOT rack
TX/RX switchbank

Pulse generator

LAN

LAN

LAN

10 MHz

Signal analyzer

Mini MCU

LAN

TX/RX switchbank

10 MHz

Vector signal 
generator

IOT server

LAN

LAN switch

LAN switch Workstation

LNA and  
downconverter
network

HPA and 
upconverter
network

Hub switch 
enclosure

L-Ka TX
upconverter
(optional)

L-Ka RX
upconverter
(optional)

Ka TX L block
downconverter
(optional)

Ka-band
antenna

USB

LAN

Power sensor

Mini MCU

 Rohde & Schwarz Ground station testing on satellites in orbit  8

CUSTOMIZED TEST SYSTEM SOLUTIONS 
FOR IN-ORBIT SATELLITES

Block diagram of the SED test system using Rohde & Schwarz instruments

Products from Rohde & Schwarz 1)

 ► R&S®FSW, R&S®FSV3000, R&S®FSVA3000 signal and 
spectrum analyzers

 ► R&S®FSWP signal source analyzer
 ► R&S®SMW200A, R&S®SMBV100A vector signal generators
 ► R&S®NRPxxS(N) three-path diode power sensors
 ► R&S®ZNA, R&S®ZVT vector network analyzers

Products from SED
 ► Customized test system and control software

1) All products available up to at least 40 GHz.



Test system  control software  developed 

by SED Systems
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Customization at all levels
One size does not fit all, especially in the aerospace and 
satellite industry. Each user has a unique set of parame-
ters and requirements. To address these, Rohde & Schwarz 
 provides customization at all levels in cooperation with 
 solutions partner SED Systems. Contractors use  custom 
test systems for fast, robust quality assurance on the 
 production line. User-centric solutions assure that  valued 
users receive the optimum answer to their specific 
challenge.

Modular and future-ready system configuration
Ground station test systems from SED Systems measure 
the performance of satellite payloads with a minimum of 
operator intervention. Operating in the UHF, L, C, Ku or 
Ka band, SED ground station test systems automatically 
measure and monitor a wide range of satellite  parameters. 
 Proprietary algorithms designed by a SED yield fast and 
accurate measurements. The graphical user interface 
makes configuring and operating the in-orbit test system 
intuitive and user friendly.

A key component of the test system is the software 
 running on the system server. The server code is  written 
in C++ and runs on a Linux operating system, commu-
nicating with the test instruments and performing the 
 measurements. A Rohde & Schwarz signal generator pro-
vides a clean test carrier for the measurements or can be 
used as a calibration source. A second Rohde & Schwarz 
signal generator can be added for optional measurements 
that require multiple test carriers. For measurements 
 requiring many test carriers, a Rohde & Schwarz vector 
 signal generator is added.

The main measurement instrument is a Rohde & Schwarz 
signal and spectrum analyzer that performs frequency 
domain or time domain measurements. A pulse genera-
tor triggers the synthesizer(s) and signal analyzer for fast 
stepped frequency and power measurements. In the 
antenna hub, an SED manufactured hub switch enclo-
sure  monitors the transmitted test carriers for power and 
 frequency. Switching and signal routing for both transmit 
and receive functions are supported. Multiple other fea-
tures such as double-illumination monitoring can be inte-
grated into the test system based on user requirements.

Optimized GUI and extensive automation possibilities
Using the graphical user interface, an operator enters 
 sequences of required measurements, parameter tables 
for the measurements, the satellite data and nominal 
 calibration data in preparation for an in-orbit test cam-
paign. During the campaign, the system performs the 
specified measurement sequences in a fully automatic 
mode. The results and the current system status are 
 displayed as the measurements are performed. 

Routine calibrations are fully automated. Manual calibra-
tions can be undertaken to support one-time events (for 
example when a transmit monitor coupler is replaced) that  
involve only passive components. The results of these 
 one-time calibrations are input into the system database.



Service that adds value
► Worldwide
► Local and personalized
► Customized and flexible
► Uncompromising quality
► Long-term dependability
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Rohde & Schwarz training
www.training.rohde-schwarz.com

Certified Environmental Management

ISO 14001
Certified Quality Management

ISO 9001

Sustainable product design
 ► Environmental compatibility and eco-footprint
 ► Energy efficiency and low emissions
 ► Longevity and optimized total cost of ownership

Rohde & Schwarz
The Rohde & Schwarz technology group is among the 
trailblazers when it comes to paving the way for a 
safer and connected world with its leading  solutions 
in test & measurement, technology systems, and 
 networks & cybersecurity. Founded more than 85 years 
ago, the group is a reliable partner for industry and gov-
ernment customers around the globe. The independent 
company is headquartered in Munich, Germany and has 
an extensive sales and service network with locations in 
more than 70 countries.

www.rohde-schwarz.com

Rohde & Schwarz customer support
www.rohde-schwarz.com/support 
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