
FIG 1 The modular R&S®GX435 multichannel signal analysis solution is built from appropriate quantities of the two basic components. The 

R&S®GX435PU-S component for processing and storage (bottom) controls the R&S®GX435, computes the DDCs as well as the signal detectors in the 

configuration without hardware acceleration, and serves as a recording/replay unit. The R&S®GX435PU component for processing (top) processes up to 

eight signals simultaneously by performing classification, demodulation and decoding.
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Individually expandable radiomonitoring 
solution with PC-based signal analysis
The new R&S®GX435 multichannel signal analysis solution is used in multichannel radiomonitoring systems 

to process signals from the HF to the SHF range. It is connected via LAN to radiomonitoring receivers and 

direction finders from Rohde&Schwarz. The R&S®GX435 allows fully automated interception and processing 

of all signals in a signal scenario with a realtime bandwidth of up to 80 MHz per receiver.

Automated, multichannel radiomonitoring
The new R&S®GX435 multichannel signal analysis solution 
(FIG 1) is used together with monitoring receivers and direc-
tion finders from Rohde&Schwarz in R&S®RAMON radiomon-
itoring systems (FIG 2). It has the following key features: 
 ❙ Modular design for optimum adaptation to customer 
requirements, e.g. quantity and models of monitoring 
receivers that are used, number of signals that can be pro-
cessed simultaneously and desired processing depth 
(searching, monitoring, content recovery)

 ❙ Support of manual to fully automatic multichannel signal 
processing

 ❙ Open interfaces for extensive integration of customer-spe-
cific signal processing

Monitoring receivers such as the R&S®ESMD and R&S®EB500 
can be used as the signal sources. Their signals are detected, 
classified, demodulated and decoded on a PC server clus-
ter. For subsequent evaluation, the results are passed to the 
R&S®RAMON system software. 

10 MHz or 80 MHz bandwidth per receiver
The R&S®GX435 provides the user with the optimum selection 
when configuring a multichannel signal analysis solution con-
sisting of Rohde&Schwarz radiomonitoring receivers, direc-
tion finders and R&S®GX435 basic components and options. 
For example, this concerns the number of parallel intercep-
tion processing channels, processing with / without classifica-
tion and demodulation, various decoder packages, automatic 
detectors for continuous and short-time signals, automatic 
rule-based signal processing procedures and recording / 
replay. 
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R&S®RAMON radiomonitoring system with three workstations 

R&S®DDF550

DF antenna

R&S®GX435 
with R&S®ESMD

R&S®GX435 
with R&S®EB500

Ethernet

System server

R&S®GX425 IF recoder 

Antenna

RF multiplexer

R&S®GX435 
R&S®GX435 and receiver with board for 
 hardware-accelerated signal analysis

Maximum processable realtime bandwidth per 
 wideband receiver

10 MHz 80 MHz

Number of extractable signals per wideband receiver 
(using DDC computation)  at 10 MHz bandwidth

HF: 32 (up to 30 kHz bandwidth)  
VHF/UHF/SHF: 8 (up to 300 kHz bandwidth)

HF: 126 (up to 30 kHz bandwidth)  
VHF/UHF/SHF: 16 (up to 300 kHz bandwidth)

 at 20 MHz bandwidth – HF: 126 (up to 30 kHz bandwidth)  
VHF/UHF/SHF: 16 (up to 300 kHz bandwidth)

 at 80 MHz bandwidth – VHF/UHF/SHF: 16 (up to 300 kHz bandwidth)
Maximum realtime bandwidth for signal detection 
( continuous and short-time signals)

HF: 10 MHz  
VHF/UHF/SHF: 10 MHz

HF: 20 MHz 
VHF/UHF/SHF: 80 MHz

Maximum demodulated baud rate for a signal HF: 4800 baud  
VHF/UHF/SHF: 25 kbaud

HF: 4800 baud 
VHF/UHF/SHF: 10 Mbaud

FIG 3 Key performance data of the R&S®GX 435 multichannel signal analysis solution.

The monitoring receivers are connected to the system via 
 Ethernet LAN. In the basic version, each receiver provides 
a maximum transmission bandwidth of 10 MHz for the 
I/Q data. The R&S®GX435 processes these signals online and 
can save them simultaneously in the form of digital I/Q raw 
data. Recorded files with I/Q raw data or imported signal files 
in WAV format that were saved using other receiving equip-
ment can be used as offline signal sources. These files can be 
played and processed using the replay function provided by 
the R&S®GX435. 

Some monitoring receivers such as the R&S®ESMD and 
direction finders such as the R&S®DDF255 can be option-
ally equipped with a board for hardware-accelerated signal 
processing. As a result, signal scenarios with bandwidths of 
up to 80 MHz per receiver can be made available in realtime 
to the R&S®GX435 multichannel signal analysis solution for 
online processing (FIG 3). The board contains four field-pro-
grammable gate arrays (FPGA) and supports the following 
high-performance signal processing functions:

FIG 2 The R&S®RAMON system with the R&S®ESMD and R&S®EB500 wideband monitoring receivers, one R&S®DDF550 digital direction finder, 

one R&S®GX425 recording / replay component and three workstations. The two R&S®GX435 multichannel signal analysis solution units support the 

R&S®ESMD and the R&S®EB500 with simultaneous processing of up to 32 signals from the receiver´s wideband signal scenarios.
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 ❙ Extraction of a large quantity of signals using a digital 
downconverter (DDC)

 ❙ Detection of all continuous and all short-time signals in the 
receiver’s realtime bandwidth

 ❙ Demodulation of a broadband signal with baud rates of up 
to 10 Mbaud

Automatic multichannel signal search, 
classification and processing
The R&S®GX435 supports manual processing of signals, but it 
is designed especially for fully automatic signal search mon-
itoring and processing. For automatic searching, the user 
enters the number of classifiers to be used along with the 
desired classification depth and the rules for automatic pro-
cessing of the detected signals. For the classification depth, 
the user can select energy detection as well as modulation 
type and transmission system classification. The R&S®GX435 
detects spectral energy in the receiver’s realtime bandwidth 

and inserts detected signals into the queue of signals to be 
classified. The classifiers automatically process the signals 
in this list that are extracted by the DDCs and determine the 
technical parameters in accordance with the desired classifi-
cation depth. 

The automatic classifier in the R&S®GX435 analyzes any 
selected signal. It can classify the following modulation types, 
for example: A3E, J3E, ASK2, FSK2, FSK4, multitone and 
multichannel systems, MSK, OQPSK, PSK2 / 4 / 8 (A and B 
variants in each case), QAM16, OFDM and burst methods. 
It outputs the following technical parameters as measure-
ment results: center frequency, bandwidth, modulation type, 
plus additional parameters such as shift, symbol rate, num-
ber of channels, channel spacing and burst length. It adds 
time information and a quality value to each result. The clas-
sification of the bit stream or transmission system checks the 
demodulated signal for characteristics in order to determine a 
code or the method.

FIG 4 The fully automatic search and classification application detects all signals in a specified frequency range based on their spectral energy (Q), 

automatically assigns classifiers in succession to these signals and collects the results in a list (W). For each signal that is detected, a user-definable rule 

is applied. The automatic actions that are triggered are logged in the result list (E).
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If there are more signals in the queue of signals awaiting clas-
sification than there are free classifiers, a selection strategy 
is used to determine which signals are to be classified first 
and which should remain in the queue. The standard strategy 
gives the highest priority to signals that are currently active 
and to those that are currently ending. For this purpose, the 
R&S®GX435 offers two I/Q data paths. The live path is used 
for detection. For classification and processing of the sig-
nals, the second I/Q data path, which is delayed by several 
seconds, is used. This gives the system a few more seconds 
to also analyze and process signals that have already been 
terminated.

For each signal that is classified, the R&S®GX435 applies a 
user-configurable set of rules that specifies how to perform 
automatic signal processing (FIG 4). The condition for a rule 
can be a combination of all measured signal parameters (e.g. 
center frequency, bandwidth, signal start time, detected mod-
ulation type and parameters, detected transmission system). 
For the action to be performed, commands are available, for 
example, to alert the user, perform I/Q recording of the signal 
and record the demodulated bit stream and the decoded sig-
nal content. A fixed time interval or the criterion “until end of 
signal” can be specified for recording.

Production and analysis
After successful classification or if the transmission  system 
parameters are known in advance, the R&S®GX435 sets the 
appropriate digital/analog demodulator and the appropriate 
decoder in order to recover the contents of the signal. The 
system saves all technical details and data content in a data-
base for subsequent access during postprocessing. The 
R&S®GX435’s transmission system library is growing contin-
uously and currently covers more than 100 HF and VHF/UHF 
transmission systems. 

Recorded I/Q files can be played back in the R&S®GX435 
or extracted and passed on to a special workstation for 
offline signal analysis (e.g. using the R&S®GX410 [1] or 
the R&S®GX430 / GX430IS [2]). The data obtained through 
demodulation (symbol or bit streams) can be passed in file 
format to the powerful R&S®CA 250 bit stream analysis soft-
ware [3]. This software is useful for investigating unknown 
bit streams (bit structures, block codes, convolutional codes, 
scramblers, alphabets, etc.).
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User-specific expansions
The open interface concept of the R&S®GX435 allows the 
user to integrate and operate user-programmed transmis-
sion system modules (demodulator, decoder). Moreover, it 
is possible to integrate user-developed classifiers into the 
R&S®GX435 which function in parallel to the classifier pro-
vided by Rohde&Schwarz. Receivers with a digital interface 
that are not from Rohde&Schwarz can be integrated via user-
programmed drivers. Clearly, the multichannel signal analysis 
solution is ideally equipped to meet any of the user’s expan-
sion requirements.

Summary and future developments
The R&S®GX435 is a modular, automatic system for radio-
monitoring allowing multichannel analysis and  processing 
of analog and digital signals. Owing to the user-configu-
rable, rule-based automaton, the user can adapt the search 
and monitoring capabilities to meet individual requirements. 
The demodulator and transmission system libraries in the 
R&S®GX435 are undergoing continuous expansion, as are the 
capabilities in the areas of classification and automatic sig-
nal detection. Moreover, the open interfaces allow the user to 
make customized expansions to the signal processing capa-
bilities of the multichannel signal analysis solution.

 Jürgen Modlich
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