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Abstract: This paper presents a programmable measuring platform that integrates a powerful processing unit combining software and 
hardware modules with a set of powerful signal generation and analysis instruments for realizing realistic evaluations and measurements on 
receiver subunits and receiver prototypes. The test-bed exploits the telecommunication instruments in order to provide fully controlled 
channel emulation while it can manipulate real signals from various antennas through respective processing implemented inside its software 
and hardware circuits. All the units of the test-bed are interconnected through the Gigabit Ethernet interface which gives the necessary 
means for systematic and efficient multi-level measurements of various receiver processing circuits. The key feature of the presented 
platform is that it can be easily adapted to any standard and specification due to its programmable nature. For better realization of the 
platform capabilities and potential, the newest European standard for broadband satellite communications DVB-S2 is used for evaluation 
purposes. 
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1. Introduction 
Modern communications systems rely on new advances in 

various technical fields, such as adaptive modulation, iterative 
signal processing and error control coding [1] for providing new 
services. As a result, the hardware and software implementation of 
such systems involves complex and demanding techniques in terms 
of processing power and speed. Due to the embedded and multi-
domain functionality, i.e. from physical to network layer and from 
complex signal representations to binary user data, system-on-chip 
(SoC) solutions are realized in the form of a multi-processing and 
multi-tasking environment, where the various processing stages are 
implemented as concatenated and parallel software circuits that 
interact with multiple hardware accelerator modules. Therefore, 
receiver prototyping appears to be a quite challenging task, since 
the data flow from different hierarchical levels, e.g. physical-layer 
signaling, multi-space constellation mappings and error correcting 
codewords, need to be monitored, associated and often visualized, 
which requires a more sophisticated testing and validation 
approach. 

Meanwhile, software defined radio (SDR) is a promising 
technology that enables, the required adaptivity and 
reconfigurability through the combination of programmable 
hardware (FPGA – Field Programmable Gate Arrays) and software 
(DSP – Digital Signal Processor) units that is able to support 
multiple operational modes, along with the integration of new 
functions in existing designs. The SDR concept is related with the 
advances in Analog to Digital (A/D) converters technology, in 
terms of higher sampling rates and resolution (bit length of 
generated words), which helps digital signal processing to expand 
towards the antenna by minimizing traditional analog components 
such as channel filters, frequency mixers etc. These technological 
advances give the designers the ability to realize flexible and 
versatile digital receiver designs that can handle IF signals with 
proper digital processing techniques [2]. 

DVB-S2 comprises the newest European standard for 
broadband satellite communications that exploits new achievements 
in the fields of modulation and coding. DVB-S2 meets the high 
performance requirements of today’s satellite broadcasting and 
interactive communications in terms of capacity and power 
efficiency, while keeping the complexity of the receiver terminal at 
acceptable levels. Both functional characteristics are based on the 
versatility of the DVB-S2 physical layer with frame-by-frame 
adaptability according to the channel conditions [3], [4]. DVB-S2 
supports three modes of operation: Constant, Variable and Adaptive 

Coding and Modulation (CCM, VCM and ACM) with differentiated 
levels of signal robustness and protection levels. It accommodates 
the widely used MPEG transport stream as well as generic streams 
of constant or variable length packets. 

As a result of the DVB-S2 standardization, a variety of products 
have come to the market and services are being launched by several 
broadcasters around the world. Verification of the DVB-S2 
technology involves accurate signal measurements based on 
laboratory tests that correspond to various signal parameters and 
conditions. In particular, when commercial equipments are under 
test, measurement results are obtained using specialized instruments 
that emulate various signal impairments [5]. 

In this paper, we will present a flexible instrumentation setup 
for telecommunications signal measurements by using the DVB-S2 
technology as a test case. The presented instrumentation setup is 
based on a software radio platform that integrates a DVB-S2 digital 
receiver along with a custom multi-domain data acquisition and 
control module that enables the communication with a host 
application via a variety of standard and custom interfaces for 
measurements visualization, diagnostic results and statistics 
collection.  

The above setup can be easily adapted to any transmission 
technology used in either commercial and industrial environments 
or satellite and aeronautical communications systems. Also the 
above platform can be either used for the development of full 
receiver designs and realizations or for specific signal processing 
subunits of a receiver such as mixers, down-converters, 
synchronization and decoding modules, etc.  

In the first Section, the architecture of the measurement 
platform is analyzed, which is based on the SDR prototyping device 
where the receiver subunits are implemented. Additional 
information are given for the external devices and units utilized for 
enhancing the platform capabilities and applicability. These devices 
are feeding the SDR subunit providing the requisite flexibility to the 
platform. In the second Section, the structure of the prototype 
receiver under test is highlighted and the receiver procedures are 
depicted in terms of their criticality and implementation approach. 
The functionality of a typical telecom receiver is briefly explained. 
Finally, the test case of the DVB-S2 is further analyzed with several 
figures and visualizations that can be acquired during the operation 
of the designed prototype receiver through the utilization of the 
platform and its different subunits. 
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2. The Signal Measurement Platform 
The structure of the proposed signal measurement system is 

given in Figure 1. The instrumentation environment consists of a 
programmable frequency conversion unit; a software radio based 
processing unit with signal demodulation and data acquisition 
capabilities and a host computing unit for visualization of 
measurements, diagnostics and signal statistics.  

The programmable frequency conversion unit (FCU) converts 
the RF input signal (of over 2GHz center frequency) to the suitable 
IF band in order to be processed by the reconfigurable-software 
radio receiver. The FCU supports multiple signal paths based on 
independent `L-band to IF' and `IF to L-band' conversion modules, 
thus enabling the injection of various signal impairments in 
different signal processing stages. The software radio unit (SRU) 
constitutes of a digital design of a prototype receiver with a data 
acquisition functionality, both implemented on its reconfigurable 
hardware and software modules. The receiver unit performs signal 
demodulation and decoding according to the complying standard or 
specification, while the data acquisition module collects data from 
various stages of the signal processing chain for post signal analysis 
and measurements.  

The host computing unit (HCU), which coincides with a 
commercial desktop computer, performs data visualization and 
generates measurement reports and statistics based on a high-level 
custom application. The application is designed into a sophisticated 
modeling environment such as MATLAB/Simulink. The 
interconnection between the various measurement subsystems and 
units is realized via a Gigabit Ethernet (GbE) link.  

The laboratory setup presented in Figure 1 is completed with 
the use of high-precision commercial instrumentation devices, such 
as a Vector Signal Generator for noise injection to the IF input 
signal and a Vector Signal Analyzer for general purpose signal 
measurements at the input of the SRU. All instrumentation 
components of Figure 1 can be controlled and programmed by the 
HCU, through the GbE interface with specific program scripts 
running on the computing device. As a result, the presented 
platform constitutes a versatile and extremely flexible 
instrumentation environment for various signal measurements on 
various standards and technologies.  

Based on the signal path flexibility of the FCU and the 
architectural design of the SRU, the system presented in Figure. 1 
can be used for direct measurements and analysis of signals from an 
outdoor unit (ODU) as well as for signal validation and 

performance tests of commercial or prototype transmitters of 
specific standards. The SRU is implemented based on 
reconfigurable hardware, such as digital signal processors (DSP) 
and field programmable gate arrays (FPGA), and combines 
software radio techniques for supporting wideband receiver 
demodulation stages along with multi-domain signal processing and 
acquisition functions.  

According to the criticality of the various receiver operations 
and functions, their implementation is either placed on hardware 
logic or software logic. The most critical functions are placed into 
hardware circuit, while the others are realized as software programs 
running on the DSP of the SRU, since hardware is significantly 
faster than software modules.  

 In the next two sections, we describe the architecture of the 
SRU and we present a test case of a DVB-S2 signal validation 
based on the presented instrumentation platform and a commercial 
DVB-S2 compliant transmitter and related devices. 

3. Processing Unit Architecture 
The SRU consists of a complete digital receiver and a multi-

domain data acquisition module for signal measurements and 
diagnostic reports. In Figure 3, the architecture and functional 
structure of the SRU is presented. The architecture is based on a 
reprogrammable hardware platform with multiple FPGA and DSP 
devices interconnected on a carrier board via custom and vendor 
dependent interfaces [6]. A Virtex-II Pro (XC2VP7) device with an 
embedded PowerPC processor is responsible for the setup 
management and control. An SMT395[6] device by Sundance 
Multiprocessor Technology Ltd. that integrates FGPA and DSP 
circuits and utilized in the presented SRU unit, is given in Figure 2. 
This device constitutes the heart of the implemented logic as it is a 
typical commercial software radio processing unit providing the 
requisite reconfigurability. 

 
Fig. 2 Instrumentation and Measurements setup. 

 

 
Fig. 1 Instrumentation and Measurements setup 
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The software radio receiver involves all signal processing stages 
for the demodulation of signals. Figure 3 shows the signal data 
flow. The analog IF input from the FCU is digitized by a high-speed 
12-bits 210 MSps analog to digital converter (ADC). The FCU 
output level is controlled by a custom power control unit, which 
properly adjusts the SRU input signal amplitude to the dynamic 
range of the ADC and also isolates the desired signal bandwidth.  

The input samples are then driven to the IF to baseband digital 
down-converter (DDC) that removes the carrier frequency of 
reception signal with controllable error. The above down-converter 
is realized into the hardware circuits of a dedicated FPGA. 
Sequentially, the signal symbol rate is estimated and recovered, 
while the limits of the physical layer frames are detected by the 
frame synchronizer. As soon as frame synchronization is achieved, 
carrier frequency and phase offset estimation and compensation are 
performed. Finally, after proper gain scaling, the retrieved symbol 
stream is forwarded to the signal constellation demapper and the 
respective bit frames are further processed by the forward error 
correction (FEC) unit.  

The data acquisition module is responsible for capturing and 
storing samples and performance parameters from the various 
stages of the signal processing chain and associates them using a 
common time-scale. The samples are the I/Q quadrature signal 
components or the recovered bitstreams. As described, the module 
also collects various signal parameters from the different processing 
stages of the receiver. Such parameters include estimated symbol 
rate, carrier frequency error and phase offset. The captured samples 
and parameters are stored in real-time at the system memory 
modules based on efficient DMA (Direct Memory Access) 
mechanisms and then are uploaded to the HCU. All the procedures 
from the recovery of the signal parameters to the forward error 
correction are implemented as a software code running on a DSP 
processor. 

The operation of the receiver, the data acquisition process and 
the uploading of measurements data are controlled by a system 
controller. In particular, the system controller is responsible for the 
configuration of the various receiver units according to current 
signal parameters, e.g. coding rate, signal constellation, size of 
frame, nominal symbol rate, etc., as well as for programming the 
data acquisition unit to capture specific signals for measurements 
and visualization purposes. The upload of the measurements results 

is realized via a number of standard interfaces such as GbE and 
USB (Universal Serial Bus). At the HCU application environment, 
post-processing and visualization is performed using commercially 
available tools such as MATLAB/Simulink. Based on the presented 
measurement system architecture, it is able to fully analyze a signal 
as well as to observe the evolution of several signal parameters at 
the various processing stages of the receiver. Table 1 shows the 
input sampling rates (MSps) of various processing units of the 
presented software radio instrumentation system for different values 
of symbol rate, RS (MBaud), when the IF center frequency is 70 
MHz and the roll-off factor is 0.35. The sampling rate values have 
been selected in order to satisfy the Nyquist criterion as well as the 
implementation requirement for an input sampling rate, which is an 
even integer multiple of the nominal symbol rate. 

Table 1: Instrument processing rates for 70 MHz IF input signal and 0.35 
roll-off factor. 

RS 
(MBaud) 

ADC 
(MSps) 

IF-DDC 
(MSps) 

Baseband 
Sampling 
Frequency 

(MSps) 

Frame 
Carrier/Phase 

Recovery 
(MSps) 

10.0 200 40 20 10.0 
12.5 200 50 25 12.5 
15.0 180 60 30 15.0 
17.5 210 70 35 17.5 
20.0 200 80 40 20.0 
22.5 180 90 45 22.5 
25.0 200 100 50 25.0 

4. The Test Case of DVB-S2 Signal Validation  
Figure 4 depicts the experimental setup used for DVB-S2 signal 

validation based on the presented instrumentation system and a 
commercial DVB-S2 transmitter. The input signal is generated by a 
DVB-S2 compliant IF modulator with programmable signal 
parameters. The input data stream to the modulator is selected 
between standard asynchronous stream or GbE packets. The IF 
signal is first up-converted to the L-band and then is down-
converted back to IF, 70 MHz, through an agile up/down converter 
module, before it is driven to the ADC of the software radio 
platform.  

 
Fig. 3 Processing unit architecture. 
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An RF Vector Signal Analyzer is also attached to the IF analog 
output of the FCU providing reference signal measurements. When 
the first level of signal identification and validation is completed 

based on the measurements results [7] provided by the presented 
instrumentation system, distortion is added to the IF modulator 
output using an RF Vector Signal Generator. Several types of 

 
Fig. 4 The experimental setup used for validation of the DVB-S2 signal 
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Fig. 5 SRU input signal power level adjustment through a closed-loop with two different values of loop gain for a given Signal to Noise ratio of 15dB (a: 
Input Signal, b: Gain/Attenuation Parameter, c: Output Signal with 1st Step, c: Output Signal with 2nd Step). 
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impairments can be induced into the transmitted signal either at the 
IF or the L-Band: 

 Additive white Gaussian noise (AWGN). 
 Fading conditions (Standard/Fine Delay, Pure Doppler, 

Rayleigh, Rice, Lognormal and Suzuki). 
 IQ Impairments (offset, gain imbalance, quadrature 

offset). 
 Carrier frequency offset errors. 
 Symbol rate offset errors. 
 Any combination of the above.  

 

Thus, measurement results are obtained for various signal 
conditions and performance results regarding the quality of service 
(QoS), providing an important insight into the characteristics of the 
modulation, channel coding, framing and synchronization 
techniques of the DVB-S2 system. 

An example of a measurement acquired by using the above DVB-
S2 measurement platform is given in the Figure 5. These 
measurements correspond to the input signal power adjustments that 
are performed inside the SRU through a first order closed loop and 
lead to the generation of a normalization factor that is applied to the 
external FCU output. This operation is performed in order to 
minimize the clipping of the input signal during the quantization of 
the analog to digital conversion. In this Figure two different loop 
gain configurations are depicted with the same power at the FCU 
input (see Figure 5(a)) and additive white Gaussian noise 
conditions. 

5. Conclusions 
In this paper, the structure and concept of a fully controllable 

and programmable platform that can be used for measuring the 
performance of various receiver designs complying with a wide 
range of specifications and technologies, has been presented. The 
different units of the platform have been analyzed in terms of their 
functionality and contribution for the effective multi-level 
measurement of DVB-S2 receiver performance. The presented test-
bed comprises a fully controlled environment for prototyping, 
testing and measurement procedures that provide an improved 
design of the overall receiver performance under realistic channel 
conditions. The key feature of the presented test-bed is that it can be 
easily adapted to any communications standard and technology 
since it integrates a set of powerful and flexible external devices 
and reprogrammable hardware/software logic into a unified 
environment. 
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