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Summary

A novel approach to space communications is
represented by the Software Radio (SR) concept, a
new technology currently deeply investigated by the
scientific community, especially for wireless
applications such as mobile communications or
wireless network access. The SR approach leads to
the definition of a new generation of radio
equipment, whose communication functions are
almost completely defined by means of software
modules. The main outcome of the deployment of
this technology is the great flexibility of the radio
interface. As a matter of fact the communication
standards can be easily reconfigured by simply
replacing the corresponding software modules.

This paper describes the SDRsat research project
that aims at designing a complete software radio
reconfigurable regenerative transponder for space
applications. Copyright  2002 John Wiley & Sons,
Ltd.
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1. Introduction

The term Software Radio (SR) refers to an emer-
gent approach in the definition of communication
transceivers. An ideal SR transceiver can be viewed
as a generic programmable computational device

wired to a minimal Radio Frequency (RF) front
end. The programmable device performs most of
the air-interface functions (covering physical and
data-link layers up to the network layer) in the digital
domain by means of software-defined components.
The advantages of such an architecture with respect
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to the traditional application specific paradigm consist
in the possibility of reprogramming or reconfiguring
the transceiver to a great extent, allowing different
communication standards and services to be run on a
common hardware platform [1].

The RF front end is the only analog and the
hardwired (non-reconfigurable) part of the communi-
cation chain. It poses the most important technical
limitation to the multi-standard capabilities of the
whole hardware platform, because it dictates the spec-
tral properties (bandwidth and central frequency) of
the communication system.

The feasibility of the SR technology relies on the
availability of suitable fast (wide-bandwidth) Analog-
to-Digital Converters (ADCs) and the availability of
microprocessors with enough computational capacity.
The state of the art in the field of microelectronics and
integrated devices has made most of the aforemen-
tioned required components available in the market.
Furthermore, the performance of integrated devices
with respect to time has a characteristic exponential
shape (Moore’s law), hence a fast development of the
SR-enabling technologies can be foreseen for the next
few years.

A lot of work on SR has been performed by the
scientific community in the area of mobile communi-
cations, where this technology is attractive for man-
aging divergent 2G standards and for softening the
transition to 3G standards. Great advantages are also
foreseen for the more generic wireless communica-
tions field, in which the SR approach can make the
development of equipment implementing forthcom-
ing standards faster and easier [2–6].

The main innovation of the SDRsat project pre-
sented here is the deployment of the innovative SR
paradigm in the field of satellite communications. The
project is aimed at designing a satellite transponder
exploiting the research outcome of this new technol-
ogy as a starting point.

The particular communication environment selec-
ted is characterized by many available standards,
hence many different application-specific conven-
tional communication transponders should be devel-
oped if the SR technology were not available. The
deployment of the SR concept to design a ‘univer-
sal’ transceiver will allow the on-board equipment
providers to move forward in their innovation path:
they could more easily develop their own specific
products, add new features and communication ser-
vices and finally achieve a broader market participa-
tion, thanks to the great improvement in the capability
of quickly developing new products.

2. The SR Transceiver

Traditional transceivers are based on the well-known
super-heterodyne scheme (Figure 1a shows the
receiving section) in which RF and Intermediate Fre-
quency (IF) stages are totally analog, so that the
digital components are present only in the baseband
stage, usually built in Application-Specific Integrated
Circuits (ASICs).

On the contrary, a pure SR receiver (Figure 1b)
has a very reduced analog stage—composed of an
antenna, a Low Noise Amplifier (LNA) and a Band
Pass Filter (BPF). The Analog-to-Digital (A/D) con-
version is performed directly at RF in order to dig-
itally process the signal on a platform that is com-
pletely reprogrammable via software.

The software approach is much simpler, cheaper
and more flexible than the development of appli-
cation-specific hardware, but a powerful pro-
grammable hardware platform is required by the
demanding processing of the communication data
stream. Such a platform represents the enabling tech-
nology for the implementation of a SR system. With
the availability of the suitable programmable hard-
ware, the design and development of the communi-
cation system is completely focused on the imple-
mentation of the corresponding software functions.

At present, there are technical limitations that make
the pure SR transceiver not realizable, mainly because
of the high bandwidth needed for the analog stage and
because of the ADC.

The most promising solution is the use, in the near
future, of an ‘IF sampling’ scheme (Figure 1c). In
this configuration, the ADC samples the overall allo-
cated spectrum after a suitable translation to a lower
frequency (IF frequency). After the ADC, the sig-
nal is digitally processed employing programmable
or reconfigurable devices. A programmable Digital
Down Converter (DDC) performs the down conver-
sion, channelization and sample rate adaptation. It is
followed by the baseband processing section that per-
forms synchronization demodulation and decoding of
the selected channels.

The block diagram shown in Figure 1(c) represents
the reference scheme for the project presented in this
paper. It is important to note that in order to obtain
the processing power needed to perform the real-time
execution of the software-implemented radio inter-
faces, the digital stage may actually be realized by
different computing elements—typically Field Pro-
grammable Gates Arrays (FPGAs) for high-rate DDC
stage and for Digital Signal Processors (DSPs) or
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Fig. 1. Block diagram of conventional and software radio receivers.

general-purpose processors for the less demanding
baseband processing. Furthermore, to increase the
global throughput and to facilitate scalability, a par-
allel architecture may be exploited (Figure 2).

3. Why a SR Regenerative Transponder?

The most widely used on-board equipment for satel-
lite communication services has been represented for
many years by the so-called transparent or bent-pipe
transponder, owing to its great simplicity and high
reliability. As a matter of fact, a transparent transpon-
der acts as a simple signal repeater, hence it is com-
posed of a small amount of analog components and
it is almost independent of the signal format (shaping
pulse, modulation and coding).

On the other hand, better communication per-
formances and greater capabilities can be achieved
by employing regenerative transponders, which per-
form on-board data processing. This solution needs a
more complex hardware with the consequent trade-
off between enhanced capabilities and reliability.
Moreover, a regenerative transponder is intrinsically
dependent on a particular communication standard.
As a consequence, it is impossible to change the
transponder application during its operating life and
to reuse the transponder design in a different commu-
nication environment [7,8].

The proper mix of flexibility, reliability and capa-
bilities may be achieved by means of an SR Regen-
erative Transponder that is able to overcome the lim-
itations of both kinds of transponders.

Flexibility is given by the possibility to reconfig-
ure the transponder via software in order to process
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Fig. 2. Architecture of a software radio receiver.

different standards. The software updates may be
directly uploaded on-board allowing the extension of
the satellites’ operational life. Alternatively, the soft-
ware modules may change from mission to mission.
In this way, the advantage lies in a decrease of the
costs associated with the design, testing and space
qualification of the hardware platform.

Reliability is increased because the SR transceiver
can be implemented with a limited number of
Commercial Off-The-Shelf (COTS) components, still
maintaining the performances and the capabilities of
a regenerative transponder.

The comparison between the different transponder
technologies is summarized in Table I.

4. Project Activities

The project presented in this paper is performed by
a consortium composed of two companies (Carlo
Gavazzi Space spa and EuroConcepts srl) and one

Table I. Comparison of different technologies.

Transponder Advantages

Transparent ž Simple ) reliable
ž Transparent to the signal ) flexible

Regenerative ž Improved communication quality
ž On-board data processing ) additional

functionalities

Software defined ž Reliable (few programmable devices)
ž Flexible (reconfigurable)
ž Improved quality (full digital processing)
ž Additional functionalities (on-board

processing)

University (Politecnico di Torino). The purpose of the
project is not only the design of the complete system
but also the development of a software demonstrator,
to be employed as a test bed for the communication
modules. All the issues concerning the development
of a complete SR system for space applications are
taken into consideration: the RF front end, the pro-
grammable platform, the radiation hardening of on-
board systems, the software architecture, the software
modules implementation and so on. The main out-
comes of the project will result in a technological
demonstrator, while a satellite validation mission is
foreseen after the project conclusion.

Figure 3 illustrates the basic platform architecture
that has been chosen so far as the reference structure
for the reconfigurable transponder (only the receiving
section of the transceiver is shown). For the purpose
of this project, the IFsampling approach has been
selected (A/D conversion is performed at IF). This
technique allows the achievement of a reasonable
trade-off among the reduction of the number of ana-
log components, computational power requirements
and the technical feasibility. After an analog front
end (antenna, RF and IF sections), the received sig-
nal is converted by an ADC and digitally processed
by the reconfigurable platform. The platform has been
further partitioned into two: a high data-rate process-
ing section DDC, and a lower data-rate processing
section (baseband and data processing).

The project activities are segmented into three
stages: analysis, design and prototyping.

The analysis stage concerns the selection of a num-
ber of communication standards to be implemented
on the reconfigurable platform, the study of the satel-
lite mission (environmental constraints, link budget,
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etc.) and the evaluation of all the issues related to
the integration of the transponder inside the MITA
(Minisatellite Italiano a Tecnologia Avanzata) satel-
lite (electrical, mechanical and thermal interfaces,
transponder control, electromagnetic compatibility,
etc.). MITA is a small satellite developed and vali-
dated by Carlo Gavazzi Space for the Italian Space
Agency (ASI) and is particularly suited for tech-
nological missions, such as the validation of a SR
transponder.

The design stage covers all the hardware-related
topics: the definition of the RF front end (antenna,
LNA, filters, mixers, ADC, etc.), the partitioning of
the communication functions with the consequent
definition of the hardware architecture (i.e. FPGA,
DSP, embedded systems) and its radiation hardening.
It also covers the design of the software architecture,
that is, the set of programming rules and API (Appli-
cation Programming Interface) framework required
to develop a homogeneous and interoperable library
of software modules implementing the communica-
tion functions.

The prototyping stage will include the software
design and the implementation according to the
SR paradigm. The software modules implementing
the communication functions are application-specific,
while a common (and constant) hardware platform
should be used. The prototype stage is aimed at the
development of the software functions required by
the selected applications. High data-rate functions,
such as digital down conversion, are implemented in
FPGA, while all the remaining baseband processing
can be implemented by means of a proper high-level
language. For the implementation of the baseband
functions of the transponder, the CCC programming
language has been selected, chiefly because it is an
object-oriented language (well suited to the modular
architecture of a communication system) and at the
same time it makes it possible to obtain a fast and
highly optimized executable code.

As far as the SR blocks are concerned, the library
STAR, developed by EuroConcepts srl will be

employed, which contains many of the most employed
functional blocks of a SR communication system,
such as modulation/demodulation, coding/decoding,
synchronization, filtering and so on. STAR also pro-
vides a programming framework, whose purpose is
to enable the development of new communication
blocks, built up on a common basis and providing
a standard interface.

The prototype stage is not only aimed at the soft-
ware development but also at providing a software
technological demonstrator at the end of the project.
The demonstrator is intended to behave as a real-
time test bed for the communication chain and future
new software modules. The software demonstrator
will be developed on commercial embedded systems
linked together or, more likely, on high-performance
workstations.

It is important to notice that the project activi-
ties follow some of the main guidelines provided by
the major international space agencies in the field
of next-generation technologies for space applica-
tions [9–13]. These guidelines aim at leading the
research to remove the great disparity between space
and commercial technologies, with particular atten-
tion to the exploitation of the commercial Informa-
tion Technology (IT) outcome for space applications.
The deployment of reconfigurable payloads, COTS
components, commercial software tools and operating
systems and high-performance commercial hardware
are some of the issues that can be considered attrac-
tive for the purpose of increasing the technological
level of the space missions.

5. Conclusion

The main objective of the SDRsat project described in
this paper is the validation of the SR technology for
reconfigurable space applications, with the purpose
of exploiting this innovative paradigm to increase the
technological level of space communication payloads,
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according to the major trends in the research for space
applications.

Exploiting a ‘generic’ computational platform for a
specific application such as implementing a commu-
nication system has many advantages. As a matter of
fact, a reconfigurable platform employing commer-
cially available components allows the quick design
and development of new equipment, the reuse of
the same hardware for different products and greater
on-board flexibility by means of remote reconfigura-
tion. All these features lead to cost reduction and a
great improvement in time-to-market.
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