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Executive Summary  

This deliverable reports on the work performed in COGEU task T5.1: ñCOGEU Transceiver Platform 
Specificationò. The main objective of this task is to examine the GNU Radio and IRIS SDR systems, 
identify what elements of a COGEU transceiver exist and specify how new software components and 
new functionalities can be added to these systems as they come online during the COGEU project. The 
limits of the chosen RF frontend, the USRP, will also be detailed so that there is a common 
understanding of the platform specification across the project. 
 
GNU Radio  is a flexible SDR platform. It offers an extensive range of existing components. GNU Radio 
has a proven track-record in the field or radio experimentation; it has been in development for 12 years 
and has been used in a variety of public demonstrations. As GNU Radio is an open-source project, 
there is plenty of online, community support to help new radio users to design new radios and to code 
new radio components for their novel applications. 
 
As with GNU Radio, IRIS is a flexible SDR platform. It also offers an extensive range of existing 
components. IRIS also has a proven track-record in the field or radio experimentation; it has been in 
development since 1999 and has also been used in a variety of public demonstrations. However, IRIS 
has also been developed with active runtime reconfiguration in mind. As such, its architecture actively 
supports the integration of external controlling entities; providing hooks and points of control for those 
entities. 
 
As with GNU Radio, IRIS has been primarily targeted to GPP platforms; more recently it has been 
targeted to other processing fabrics such as the FPGA and CellBE. The IRIS ecosystem provides a lot 
of online support for new developers. The use of standard source code and project management tools 
enables new and existing radio developers to design, code and integrate new radio components for 
their novel applications in an easy manner. 
 
The USRP RF front -end  will provide a feasible and proven solution for the development of the COGEU 
transceiver. As the COGEU transceiver serves as a prototyping platform, a flexible RF front-end is 
required. The USRP meets the requirements on a number of fronts: 
 

 USRP daughterboards provide access to the range of frequencies of interest are available. 

 The USRP can be interconnected with any host computer, on which the baseband processing 
(IRIS, GNU) is executed, using standard interfaces; USB 2.0 or Gigabit Ethernet. 

 The USRP is an open source system allowing developers easy access to all specifications of 
the system. 

 The USRP has already been proven as a viable demonstration RF front-end. 
 
The development of five new modules is required to extend the capabilities of the GNU Radio and IRIS 
platforms so that they fulfil the objectives of the COGEU TVWS transceiver set out in WP5. A large body 
of work already exists in both of these SDR systems which will support the rapid development of new 
modules. The new modules include: 
 

 Sensing: this module will detect weak incumbent systems, e.g. DVB-T and wireless 
microphones.   

 Power Control: this module will enable the TVWS transceiver to exercise precise control over its 
absolute transmitted power which will be necessary to conform to the limits placed on it. 

 Spectrum Shaping: this module will enable the TVWS transceiver to efficiently access the 
available spectrum by shaping the power profile of the OFDM waveforms appropriately. 

 Advanced TVWS Rendezvous: this module will allow cognitive TVWS transceivers to find each 
other and communicate with each other in a dynamic spectrum environment without the use of 
control channels. 

 Broker Access: the TVWS transceiver will use this module to communicate with the spectrum 
broker, specified in D2.3 

 
Furthermore, the consortium partners already have experience developing new modules and creating 
novel radio applications using these platforms. A development path is outlined which provides a tried 
and tested system for the development of new radio components. It will serve as a useful guide for the 
development of four of the components. The spectrum broker access module is not a typical physical 
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level component; it will require a more web service-oriented approach as it involves communication with 
a remote controlling entity.  
 
This document sets out, in broad terms, the scope of each new module and the anticipated manner in 
which they will be developed for, and integrated with, the COGEU TVWS transceiver. As the individual 
modules are developed and choices about specific algorithmic details are made, the implementation 
and integration processes outlined in this document will be refined. 
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1- Introduction  

At a technical level, the main objective of COGEU is to design, implement and demonstrate 
technologies that will enable cognitive radios to exploit the TV white spaces (TVWS) that will be created 
when the switchover to DTV is complete.  In COGEU deliverable 2.1 (D2.1), potential use cases were 
identified for the exploitation of the TVWS. The technologies identified included LTE, UMTS, WiMAX, 
DVB-H and Public Safety over TVWS.  
 
However, in order for these technologies to operate in the TVWS they must be adapted to take account 
of the special considerations that TVWS radios must have for the incumbent primary users, i.e. the DTV 
systems. COGEU WP5 will develop novel techniques to address key technical physical layer challenges 
of a cognitive TVWS radio. Specifically, COGEU will develop; the ability of a cognitive TVWS 
transceiver to sense incumbent users, i.e. the new DTV and wireless microphones users; the ability of 
the cognitive TVWS transceiver to sculpt and shape its transmitted signals such that they avoid causing 
interference to incumbents while efficiently using the available spectrum; the ability of cognitive TVWS 
transceivers to locate each other in a fragmented spectrum environment without the use of centralised 
entities or control channels; the ability of the cognitive TVWS radios to communicate with, and be 
controlled by, a spectrum broker. 
 
Furthermore, COGEU will implement these techniques on a prototype platform, enabling these 
techniques to be demonstrated in real TV white space spectrum. Such demonstrations are key to 
proving to regulators and to incumbent primary users of this spectrum that cognitive radios to not cause 
harmful interference, and they can efficiently use the TVWS. 
 
The aim of this deliverable is to set out the specification of the COGEU TVWS transceiver platform at 
the outset of the project so that there is a common understanding of the platform across the consortium. 
COGEU will be using two proven SDR platforms to develop novel cognitive radio techniques; the GNU 
Radio platform and the IRIS platform. These systems will be used in conjunction with the Universal 
Software Radio Peripheral (USRP); a RF front-end that fulfils the requirements of an experimental, 
prototyping platform. By providing a clear picture of the SDR systems as they currently exist, this 
deliverable will clarify the processes and systems that will be used to meet the goals of the associated 
deliverables, including the WP7 COGEU demonstrator. 
 
The rest of this deliverable is laid out as follows. Chapter 2 presents a discussion of reconfigurable 
component-based software radio architectures and gives a high-level overview of the COGEU 
transceiver platform. It describes the basic division of functionality in the transceiver and indicates how 
those elements relate to the various work-packages that depend on the development of the transceiver. 
The current GNU Radio system is presented in Chapter 3 and the current IRIS system is described in 
Chapter 4. Both of these chapters describe how these SDRs are currently used to demonstrate the 
feasibility of novel radio techniques. In Chapter 5, a description of the RF frontend hardware to be used 
for the COGEU transceiver is presented. The practical limitations of this hardware and the implications 
for the COGEU demonstrator are discussed. Chapter 6 then presents an overview of the main novel 
COGEU modules that are to be developed for with the COGEU transceiver; indicating any existing form-
factors and describing development and integration plans. Chapter 7 concludes the deliverable. 
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2- COGEU TVWS Transceiver P latform Architecture  

The purpose of the COGEU TVWS radio transceiver is primarily to facilitate the development, 
evaluation and demonstration of a range of novel algorithms and techniques that will enable cognitive 
radio devices to efficiently exploit geographically interleaved TV spectrum.  As such, the COGEU TVWS 
is a prototyping platform, not a production platform. Its primary aim is to provide a basis for the ready 
development of novel techniques and novel systems. 
 
It will serve to prove the viability of a number of key concepts whose feasibility is critical to the potential 
deployment of cognitive radios in the European TVWS. The COGEU TVWS transceiver will be based 
upon a software defined radio (SDR)-based architecture as this approach enables the rapid 
development and evaluation of novel techniques at low cost. The next subsection discusses the merits 
of reconfigurable component-based SDR architectures, paying particular attention to the manner in 
which they facilitate the creation of highly reconfigurable radios which can be used for cognitive radio 
experimentation. An overview of the COGEU TVWS transceiver is presented in the following 
subsection. 

2.1- Reconfigurable Component -based SDR Architectures  

One of the key motivations for the use of a software radio-based architecture is the flexibility which is 
afforded by the use of general purpose processor (GPP) platforms, and indeed other programmable 
processing fabrics such as field-programmable gate arrays (FPGAs). Elements of a radio that are 
implemented in software can be readily reconfigured, at varying levels of granularity, in a dynamic 
manner. When the software radio is enhanced with software-implemented controlling mechanisms, the 
inherent reconfigurability of the software radio can be harnessed to enable the exploration of concepts 
such as dynamic spectrum access and cognitive radio networks. 
 
The typical SDR architecture can be broken into two main conceptual components; the baseband 
processor and the RF-frontend. In simple terms, the baseband processor is responsible for the 
generation of waveforms to be transmitted and the analysis of waveforms which have been received, 
downconverted and digitized by the RF front-end, Figure 1. 
 

 

Figure 1 Basic SDR architecture 

 
SDR architectures offer a number for benefits when it comes to prototyping novel radio systems. All of 
these benefits revolve around the fact that by removing as much of the hardware of the radio as 
possible, i.e. moving the software element as close to the antenna as possible, one can easily 
manipulate radio waveforms using sophisticated mathematical techniques, many of which could not be 
easily or readily implemented in hardware. But at its core, a SDR enables three key design objectives, 
component-based design, reconfiguration and cognitive control: 
 

 Component -based  design : When a system, regardless of its application, is implemented in 
software rather than hardware it is immediately clear that it can be manipulated far easier than a 



COGEU                                                                                                      D5.1 ï COGEU transceiver 
platform specification 

 
  

Page 12 of 58 

hardware-based system could be. Software reduces a system to byte and bit-based structures 
which can be easily manipulated, created and destroyed. As long as elements of the system in 
question, i.e. a radio, can be modelled and represented in software then the power of software 
engineering can be unleashed on the systemôs design. A radio system, when described using a 
block diagram schematic can already be seen to be comprised of a series of discrete 
components, i.e. filters, modulators, mixers, etc. Each component is linked together in a 
directed graph, each component being of vertex of such a graph. Such a system readily lends 
itself to being modelled in software. Each discrete component, which processes an incoming 
signal and passes it on, can be implemented as an individual software element or, as is 
commonly said, a component.   
 
Such a component-based, modular approach to the development of a radio has a number of 
advantages. Components can be developed by separate developers, can be reused and can be 
unit-tested. The benefits of object-oriented programming can be applied to a component-based 
architecture. 
 

 Reconfig uration : While radio components are the basic building blocks of a SDR radio, the 
correct sequence of components must be connected in software for a radio to operate. In simple 
terms, a basic radio can be assembled by combining radio components to form two chains; a 
radio receiver chain and a radio transmitter chain. However, the power of the SDR approach to 
radio design is that these chains of components can be manipulated by software, i.e. 
components can be replaced, modified or new components can be inserted. A SDR that can 
reconfigure the way in which its basic radio components are linked together meets the basic 
requirements of a radio suited to a dynamic spectrum access environment in which the 
challenges faced by the radio or the radio applications required may change over time. That 
said, the exact manner in which a radio can be reconfigured depends on design choices made 
by the architects of the SDR systems. As radios are systems that generally operate on a 
continuous basis, providing uninterrupted communication links for their users, the SDR 
architecture must carefully manage the transition from one radio instantiation to another.  
 

 Cognitive control : A reconfigurable radio is one of the basic building blocks of a cognitive 
system. Cognitive radios are designed to observe their environment, decide on a course of 
action which optimises their use of spectrum (or some other objective), and act on that decision 
by changing some parameter of the radio to meet the objective. Reconfigurable radios offer a 
controlling cognitive entity, wherever it may be located, within the radio or in a centralised base-
station, a range of options and parameters which it can optimise. Cognition is not possible in the 
absence of a reconfigurable system.  

 
SDR systems can be used to verify theory-based research and have been demonstrated at a number of 
key international conferences on cognitive radio and reconfigurable radio systems. Modern radio 
communication standards and protocols feature increasing flexibility and reconfigurability as designers 
strive to use the resources available in the most efficient manner possible. From the self-organization 
and coexistence capabilities required by 3GPP LTE femtocells to the dynamic spectrum access of 
emerging cognitive radio standards such as IEEE 802.22, the ability of network nodes to examine the 
operating environment and reconfigure accordingly is becoming more and more important.  The fact the 
bulk of the waveform processing happens in software makes SDR systems ideal for experimentation 
and prototyping; once a novel theory or concept has been demonstrated on a SDR it may be more 
economically sound to commit the concept to hardware. 
 
One of the key enablers of the SDR is the processor fabric on which the baseband waveform 
processing software is executed. The range of baseband processing platforms ranges from application-
specific integrated circuits (ASICs), through field programmable gate arrays (FPGAs) to digital signal 
processors (DSPs) and general purpose processors (GPPs). However, the key criteria for choosing one 
suitable for adoption as the baseband processor of an OFDM-based SDR platform is the speed and 
flexibility with which the novel transceiver systems can be prototyped and tested. 
 
It is not a clear cut choice as to which should be chosen; rather there are a number of variables to be 
accounted for. Factors such as experience with the use of certain processors, the learning curve 
associated with each and the development tools available for those platforms should be considered. 
Furthermore, the performance of the SDR will depend on the processing power of the platform; dictating 
the bandwidth of signals that may be successfully generated and analysed in real-time. Also, in addition 
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to being able to perform experiments on live signals, in real-time, the ability to store and process signals 
of interest offline may also be of interest. Lastly, the ease or difficulty with which the baseband 
processor can be integrated with the RF front-end must be considered. 
 
The COGEU SDR transceiver is focussed on cognitive functionality, i.e. it is a platform which will enable 
the development of a radio system that can intelligently avoid the incumbent users of DTV spectrum. 
Cognitive systems, in addition to being defined in terms of their smart capabilities, i.e. being able to 
observe, decide and act, are also defined as radio systems which are feature-rich, i.e. the radio should 
have access to a suite of components so that it can make choices about what techniques to use and 
when to use them. A cognitive radio should be able to reconfigure its system components and the 
parameters of those components. SDRs are often cited as ideal platforms for cognitive radios as, if the 
right platform, i.e. baseband processor, is chosen, it is relatively easy to manipulate and reconfigure a 
complex radio system in software [1]. The flexibility afforded by GPP platforms allows for a level of 
adaptability and reconfiguration which cannot easily be achieved using the other systems; since all of 
the baseband processing is done in software it is easy to adapt the cognitive radio system on-the-fly, i.e. 
at run-time [2, 3]. 
 
So, the speed and flexibility of prototyping are identified as key requirements for the choice of a 
prototyping platform. The available processing power and the ease with which the baseband processor 
can be integrated with the RF front-end are also important considerations. From the perspective of 
speed and flexibility, GPP-based systems provide significant advantages over alternative platforms as 
they may be programmed using a variety of high-level languages for which there are a wide range of 
development tools available. Platforms based on ASICs, DSPs or FPGAs, generally require much more 
specific knowledge of the low-level operation of the fabrics and, when compared to GPPs, there are far 
fewer tools available for the development of software applications that can run on them. Economies of 
scale tend to mean that there are more choices and more competition when it comes to selecting tools 
to develop programs targeted to GPPs. Oftentimes, high-level coding tools, of good quality, are freely 
available.  This is seldom the case with fabrics such as FPGAs which do not use common high-level 
programming tools. 
 
The use of integrated development environments (IDEs) provides key capabilities such as code 
debugging and performance profiling which help a radio developer to implement, test and optimise key 
radio algorithms. Critically, for the radio developers trying to get up to speed with the necessary skills to 
implement a radio transceiver, high-level programming languages reduce the steepness of the learning 
curve. 
 
One limitation of using GPP-based baseband processor is that real-time operation is not absolutely 
guaranteed. The time taken to complete certain instructions, i.e. process a given data set, may vary 
over a number of iterations as the GPP system architecture involves the use of native thread 
schedulers, memory controllers and other functions which operate outside the control of the SDR 
running on the GPP. These processor-native function may switch the allocation of processing resources 
amongst competing algorithms operating on the processor. Such a variation in execution time would not 
typically occur on a FPGA or DSP-based platform as the resources are dedicated to specific algorithms. 
Consequently, at design time it is necessary to factor in sufficient extra resources, i.e. processing time, 
so that such variations do not compromise the real-time operation of the SDR. Another limitation of the 
GPP-based processor is that of power consumption; typically the power required on a GPP is much 
higher than that on a FPGA or DSP-based implementation of the same radio system. As such GPP-
based platforms may not be suitable for power-critical applications. However, as a rapid prototyping 
platform for novel cognitive radio system concepts power consumption should not be a consideration. 
 
That said, an advantage of the GPP-based approach is that there is an ever increasing range of such 
platforms available. Increasingly, the trend in GPP platforms is away for high processing-power single 
cores towards multi-core systems. Radio developers can leverage the power of parallelisation in their 
radio applications, thereby increasing the baseband processing power of their implementations. Also, 
the advent of advanced processor architectures designed for high speed vector processing greatly 
increases the possibility for the design of high data rate baseband processors running algorithms 
implemented using high-level programming languages. An example of such an architecture is the Cell 
Broadband Engine. 
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2.2- COGEU TVWS Transceiver Architecture  

This section presents an overview of the architecture which will be used to develop the COGEU TVWS 
radio transceiver platform. Figure 2 shows the basic form of the COGEU TVWS radio transceiver 
platform. Its consists of 3 elements: a software-based cognitive radio which will use either the IRIS or 
GNU Radio systems, a RF-frontend which will allow for access to the TV frequencies of interest and 
interfaces that will enable the radio to communicate with external controlling entities. 
 

 

Figure 2 Basic COGEU TVWS transceiver and associated workpackages 

 
 
The cognitive SDR will enable COGEU to demonstrate novel PHY-layer techniques including sensing 
algorithms, spectrum shaping algorithms and advanced rendezvous techniques. These key elements of 
the COGEU project will serve to demonstrate that TVWS radio devices can be developed which can 
safely and efficiently access the interleaved DTV spectrum. The interfaces to external entities, such as 
the spectrum broker to be specified in WP2, will enable the integration of the COGEU transceiver with 
the broader COGEU reference architectures to be specified in WP3. The entire TVWS transceiver, 
demonstrating key aspects of the deliverables of COGEU, will help to fulfil the objectives of WP7. 
 
However, the COGEU TVWS transceiver, whilst principally a development and demonstration tool, may 
also be viewed as a prototype of future reconfigurable TVWS-capable radios. As such, the COGEU 
transceiver may be viewed as a potential addition to the suite of existing radio access technologies 
(RATs) that are commercially available today. 
 
There are many forms in which the cognitive radio functionality developed by the COGEU project may 
ultimately manifest itself in future TVWS devices. Figure 3 depicts a simple TVWS-capable transceiver. 
This transceiver incorporates a SDR-based implementation of a cognitive radio can access TVWS 
spectrum coupled with a standard ASIC-based WLAN chip. The SDR-based RAT on this transceiver 
may implement an OFDM-based standard that has been shown to be compatible for use in TVWS when 
combined with COGEU-developed algorithms. 
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Figure 3 TVWS transceiver: SDR and ASIC-based WLAN 

 
Figure 4 depicts a more feature-rich TVWS-capable transceiver. As with the transceiver in Figure 3, this 
transceiver combines the TVWS-accessing capabilities together with multiple ASIC-based 
implementations of standards which access other frequencies specifically allocated for those services. 
On the other hand, the transceiver depicted in Figure 5 represents a move towards a full SDR-based 
transceiver implementation. This reconfigurable transceiver would employ a variety of processing 
fabrics or differing capabilities, e.g. Cell BE, GPP, FPGA, to facilitate the software-based execution of 
multiple radio standards, such as those provided for in Figure 4 using dedicated ASICs, or novel non-
standardised radios which could only be developed on reconfigurable cognitive SDRs. 
 

 

Figure 4 TVWS transceiver: SDR and multiple ASIC-implemented standards 
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Figure 5 TVWS transceiver: All SDR-based implementations of radios 

2.3- Summary  

The COGEU transceiver platform will be based on a SDR-based architecture. Component based SDRs 
offer the flexibility required of a rapid, prototyping platform. More significantly, they enable 
reconfiguration, thus supporting the development of cognitive radios. SDR architectures combine two 
essential elements; the SDR which is hosted on computing device, performing the baseband 
processing, and a RF front-end which carries out the radio functions which it is not feasible or possible 
to execute in software. Currently, the most flexible and readily accessible baseband processing 
platforms are GPP-based.  
 
The COGEU TVWS transceiver will consist of a software-defined radio, either GNU Radio or IRIS, 
operating on a GPP which is connected to RF front-end. The next three chapters will detail GNU Radio, 
IRIS and the RF front-end in turn. 
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3- GNU Radio  

The first SDR to be described is GNU Radio. The GNU Radio project is a community project started in 
1998 at MIT that consists of a free software toolkit that defines a radio platform for educational and 
research purposes. In 2004 it became an official GNU project (free SW foundation). It is based on the 
assumption that contemporary PC hardware is sufficiently powerful to implement the required signal 
processing functions rather than relying on the dedicated DSP or FPGA based hardware preferred for 
commercial solutions. An overview of the GNU Radio project, written by one its co-creators, is available 
here [4]. 
 
Currently, it is one of the most convenient and inexpensive ways to explore the field of software defined 
radios, especially in conjunction with the Universal Software Radio Platform (USRP), which is described 
in Chapter 5.  

3.1- Architecture  

For the purposes of developing, integrating and evaluating some of the proposed techniques and 
mechanisms for a COGEU TVWS transceiver set out in WP4 and WP5, it is necessary to understand 
the basic architecture of GNU Radio. 
 
The main objectives of the project are: 

 

 To get the software close to the antenna as much as possible; 

 To turn hardware problems into software ones; 

 The RF waveforms, modulations, demodulations, protocols, development environments, etc. 

are all defined in software; 

 To support all conventional radio systems (AM, FM TV, GPS, Wi-Fi, etc). GNU Radio is highly 

reconfigurable, providing support for cognitive radio. GNU Radio now supports real-time 

reconfigurability.     

 

GNU Radio is best supported under GNU/Linux, although it is also supported under Mac and Windows.  

A GNU Radio application usually consists of a combination of an extension of the Phython language, 

which implements non performance-critical functions, and C++ modules, which implement the 

performance-critical functions, i.e. the actual signal processing blocks. The typical application, an 

example of which is shown in the flowchart in Figure 6, consists of a Phython main object that creates 

several source, sink or filter objects and chains them into a signal flow oriented ñflow graphò 

representing the algorithm or system to be realized.  

 

 

Figure 6 Typical GNU radio flowchart application 

 
When a flow graph is run, it fetches blocks of signal data from an input stream, e.g. I/Q samples as 

complex floating point numbers, schedules this data through various signal processing blocks as 
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defined by the flow graph and sends results towards one or more output streams. This flexible approach 

enables the implementation of rather complex systems by simply chaining together predefined signal 

processing blocks. Graphical utilities have been implemented by the developer community in Python to 

provide a convenient tool for creating flow graphs. 

3.2- Installing GNU Radio  

As referred to previously, GNU radio is best supported under the Linux OS; the best way to work with it 
under a Windows OS is to install a Linux emulator. The most commonly used free Linux emulator is 
Cygwin (http://www.cygwin.com/). After installation of the Cygwin emulator it is necessary to install GNU 
radio. However, since the latest version of GNU Radio needs a boost library version 1.3.5 or higher, it is 
necessary to install this library, before installing GNU Radio.  This boost library is available at 
http://sourceforge.net/projects/boost/files/boost/1.40.0/. The installation instructions are described at 
http://gnuradio.org/redmine/wiki/gnuradio/WindowsTips. Finally, to install GNU Radio, it is necessary to 
follow the steps described on http://gnuradio.org/redmine/wiki/gnuradio/CygwinInstallMain. 
 
The latest version of GNU Radio is available at ftp://ftp.gnu.org/gnu/gnuradio/gnuradio-3.2.2.tar.gz. After 
installing GNU Radio new applications can be developed; several examples that can be used to start up 
building applications are already included. There is also a list of available blocks online at 
http://gnuradio.org/doc/doxygen/modules.html. It is also possible to build blocks from scratch, following 
the instructions available at http://www.gnu.org/software/gnuradio/doc/howto-write-a-block.html The 
following link explains in detail the code composition of a GNU Radio application: 
http://www.gnu.org/software/gnuradio/doc/exploring-gnuradio.html 

3.3- Existing Library of Components  

GNU Radio is designed to be flexible. It has a number of modules, capabilities, and options that can be 

enabled or disabled to suit the needs of the user, and the user can add custom blocks or modules to the 

system. To support this flexibility, it comes with a set of files and scripts to be used with GNU software 

build tools (sh, make, autoconf, automake, etc.). These tools use Linux-like commands and filenames 

that are not normally available on Windows systems. 

 

Figure 7 shows a typical block diagram for a GNU Radio application. To understand the software part of 

the radio, it is first necessary to consider the associated hardware. The receive path, illustrated in Figure 

7, has an antenna, a RF front end, an analog-to-digital converter (ADC) and the software/code element. 

The ADC is the bridge between the physical world of continuous analog signals and the world of 

discrete digital samples manipulated by software. 

 

Figure 7 GNU Radio: typical block diagram 

http://www.cygwin.com/
http://sourceforge.net/projects/boost/files/boost/1.40.0/
http://gnuradio.org/redmine/wiki/gnuradio/WindowsTips
http://gnuradio.org/redmine/wiki/gnuradio/CygwinInstallMain
ftp://ftp.gnu.org/gnu/gnuradio/gnuradio-3.2.2.tar.gz
http://gnuradio.org/doc/doxygen/modules.html
http://www.gnu.org/software/gnuradio/doc/howto-write-a-block.html
http://www.gnu.org/software/gnuradio/doc/exploring-gnuradio.html
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ADCs have two primary characteristics, sampling rate and dynamic range. Sampling rate is the number 

of times per second that the ADC measures the analog signal. Dynamic range refers to the difference 

between the smallest and largest signal that can be distinguished; it's a function of the number of bits in 

the ADC's digital output and the design of the converter. Generally speaking, device physics and cost 

impose trade-offs between the sample rate and dynamic range. 

 

The GNU Radio software provides a library of signal processing blocks and the glue to tie it all together. 

The programmer builds a radio by creating a graph (as in graph theory) where the vertices are signal 

processing blocks and the edges represent the data flow between them. The signal processing blocks 

are implemented in C++. Conceptually, blocks process infinite streams of data flowing from their input 

ports to their output ports. Blocks' attributes include the number of input and output ports and the type of 

data (short, float and complex). 

 

Some blocks have only output or input ports, acting as data sources and sinks in the graph. There are 

sources that read from a file or ADC, and sinks that write to a file, digital-to-analog converter (DAC) or 

graphical display. About 100 blocks come with GNU Radio and new blocks may be added easily. 

Graphs are constructed and run in Python. Example 1 is the "Hello World" of GNU Radio, it generates 

two sine waves and outputs them to the sound card, left and right channels. 

 

Example  1.  Dial Tone Output  

#!/usr/bin/env python  

 

from gnuradio import gr  

from gnuradi o import audio  

 

def build_graph ():  

    sampling_freq = 48000  

    ampl = 0.1  

 

    fg = gr.flow_graph ()  

    src0 = gr.sig_source_f (sampling_freq, gr.GR_SIN_WAVE, 350, ampl)  

    src1 = gr.sig_source_f (sampling_freq, gr.GR_SIN_WAVE, 440, ampl)  

    dst = au dio.sink (sampling_freq)  

    fg.connect ((src0, 0), (dst, 0))  

    fg.connect ((src1, 0), (dst, 1))  

 

    return fg  

 

if __name__ == '__main__':  

    fg = build_graph ()  

    fg.start ()  

    raw_input ('Press Enter to quit: ')  

    fg.stop ()  

 

This example starts by creating a flow graph with blocks and connections between them. The two sine 

waves are generated by gr.sig_source_f calls. The f  suffix means that the source produces floats. 

One sine wave is at 350 Hz, and the other is at 440 Hz. audio.sink  is a sink that writes its input to the 

sound card. The three blocks are connected trough fg.connect  which has two parameters, the source 

endpoint and the destination endpoint. The endpoint has two components: a signal processing block 

and the port number where the block is connected. A port number of ñzeroò means that the block is used 

alone. An endpoint is represented as a python tuple: (block, port_number).  

3.4- Existing GNU Applications  

GNU Radio comes with a complete implementation of a HDTV transmitter and receiver, a spectrum 
analyzer, an oscilloscope, concurrent multichannel receiver and an ever-growing collection of 
modulators and demodulators. 
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Projects under investigation or in progress include: 

 A TiVo equivalent for radio, capable of recording multiple stations simultaneously. 

 Time Division Multiple Access (TDMA) waveforms. 

 A passive radar system that takes advantage of broadcast TV for its signal source. 

 Radio astronomy. 

 TETRA transceiver. 

 Digital Radio Mundial (DRM). 

 Software GPS. 

 Distributed sensor networks. 

 Distributed measurement of spectrum utilization. 

 Amateur radio transceivers. 

 Ad hoc mesh networks. 

 RFID detector/reader. 

 Multiple input multiple output (MIMO) processing. 

The GNU Radio system has been used successfully to demonstrate several radio applications. Some of 
these demonstrations have occurred at international conferences; in particular the demonstration 
sessions of the IEEE International Dynamic Spectrum Access Networks (DySPAN) symposium. This 
symposium is the leading venue for DSA and cognitive radio research at present.  
 
In 2008, a team from Virginia Tech demonstrated a heterogeneous cognitive radio network that enabled 
dissimilar cooperative sensing, dynamic spectrum access and interoperability. The demonstration 
comprised of five devices, each of varying processing fabrics and RF front-ends [5]. GNU Radio was 
used in conjunction with a USRP to form one of the sensors used in the network. The URSP was also 
used in conjunction with other baseband processing platforms to form other distinct sensors in the 
heterogeneous network. 
 
Also, in 2008, a team from The Netherlands demonstrated a number of DSA platforms developed as 
part of the AAF Freeband project, a national Dutch DSA project. These platforms demonstrated 
cooperative sensing techniques and OFDM-based adaptive carrier selection methods among other DSA 
techniques. One of the platforms comprised USRPs, as the RF front-ends, in conjunction with GNU 
Radio running on Linux; hosted on laptops. A detailed description of the system used in the 
demonstration is provided in [6].  
 
These successful demonstrations of both the GNU Radio platform and the USRP hardware at a top 
international symposium support the choice of these systems for the COGEU TVWS transceiver. 
 

3.5.1. High Level Software Tools  

Recently new high level tools are available allowing work with USRP in a more user friendly 
environment. Some good examples are available on the collaborative website on Software Defined 
Radio ñTools4SDRò (http://www.tools4sdr.com/wiki/Tools4SDR). 

An interesting toolbox is SDR4All. It controls the USRP from Windows using Matlab to provide an 
interface with the USRP through a socket. As the driver is written with managed code, Matlab cannot 
directly communicate with it. With this tool, Matlab talks with the USRP card through the server. The 

http://www.tools4sdr.com/wiki/Tools4SDR
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server is able to perform a large set of operations with the USRP card. A list of commands is available 
on the ñTools4SDRò webpage. 

The SDR4All toolbox also provides some MEX functions that communicate with the server. These 
functions allow the Matlabôs user to perform the following operations: 

 Connect to the card 

 Set the working gain and central frequency 

 In reception the decimation gain (signal bandwidth) 

 In transmission the interpolation rate (signal bandwidth) 

 And receive and send signals. 

3.5- Summary  

GNU Radio is a flexible SDR platform. It offers an extensive range of existing components. GNU Radio 
has a proven track-record in the field or radio experimentation; it has been in development for 12 years 
and has been used in a variety of public demonstrations, such as those cited earlier in this chapter. As 
GNU Radio is an open-source project, there is plenty of online, community support to help new radio 
users to design new radios and to code new radio components for their novel applications. 
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4- IRIS 

The second candidate platform for the SDR element of the COGEU TVWS transceiver is IRIS, a system 
in development by researchers at Trinity College Dublin since 1999. The IRIS architecture has been 
designed and used for building highly reconfigurable radio networks. It has formed the basis for a wide 
range of dynamic spectrum access and cognitive radio demonstration systems presented at 
international conferences including IEEE DySPAN 2007, IEEE DySPAN 2008,  ACM SIGCOMM 2009, 
IEEE FCCM 2009 and IEEE DySPAN 2010. 
 
The IRIS software radio architecture was originally designed to explore the concept of reconfigurability 
in software radio systems by Philip Mackenzie in 2004 [1]. Focusing on the physical (PHY) layer, IRIS 
initially provided a component-based architecture with the goal of enabling run-time reconfigurability on 
the parametric, structural and application levels. The architecture has been completely redesigned in 
order to provide increased flexibility, to support higher layers and to leverage the parallel processing 
capabilities of emerging processor platforms.  The original innate support of cognitive control and 
runtime reconfiguration in the design of IRIS differentiates it from GNU Radio which was designed as a 
more basic SDR which was then later adapted to support runtime reconfiguration. 

4.1- Architecture  

For the purposes of developing, integrating and evaluating some of the proposed techniques and 
mechanisms for a COGEU TVWS transceiver set out in WP4 and WP5, it is necessary to understand 
the basic architecture of IRIS. 
 
IRIS has been developed to support the following design objectives: 
  

 Designed from the outset for run-time reconfiguration  

 Support for all layers of the network stack, not just the PHY layer 

 In-built parallelism support  

 Cognitive radio networking 

 Modular core architecture  

 Component based development 

 Support for advanced processing platforms including FPGAs and the CellBE 

 Portable C++ codebase  
 

As with the software radio architecture for GNU Radio, described in Chapter 3, and the Software 
Communication Architecture (SCA) [7], IRIS is designed to be component-based; the merits of 
component-based architectures were discussed in Chapter 2. In IRIS, discrete signal processing 
functions such as a digital filter or modulator are implemented as components with generic interfaces for 
data passing (I/O), reconfiguration and lifecycle control. Data passing interfaces define the manner in  
which the radio signal data moves from one component to another. The reconfiguration interfaces 
enable decision-making to modify the behaviour of the component. The lifecycle control interfaces 
enable the IRIS system to safely control the creation, modification and removal of software structures in 
an operating system-safe manner.  
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Figure 8 Iris Architecture: Engines, Managers and Components 

 



COGEU                                                                                                      D5.1 ï COGEU transceiver 
platform specification 

 
  

Page 24 of 58 

 
These components are then linked together to build the transmit and receive chains of a radio and in 
turn these radio chains are connected to higher layers of the network stack to form an operational 
network node. A simple transmit chain is depicted in Figure 9.  
 

 

Figure 9 Simple Radio Transmit Chain in IRIS featuring 5 components 

 
Within IRIS, eXtensible Markup Language (XML) is used to describe the structure of the components 
and the manner in which they are connected to each other to form meaningful radio chains. XML has 
the advantage of being human-readable and also unambiguously capturing the complex detail of flow-
graph structures which are supported by IRIS.  Both the IRIS runtime system and the IRIS components 
are implemented in portable C++ which supports cross-platform development. Figure 10 shows an IRIS 
XML radio configuration file. Four radio components are defined; a raw file reader which reads data 
from a file in chunks of 16384 bytes, a simple OFDM (BPSK) modulator, a scaler which adjusts the 
amplitude of the signal relative to the maximum power facilitated by the USRP and a USRP transmitter 
component. The manner in which these components are linked together is dictated at the bottom of the 
file where three source-sink pairs are defined. 
 
As noted earlier, the key objective of the IRIS system is that it enables run-time reconfiguration of the 
node, which contrasts with the design objectives of both GNU Radio and SCA; although GNU Radio 
now too supports run-time reconfiguration, this was not a core design feature in its initial architecting. 
Runtime reconfigurability permits an IRIS node to seamlessly reconfigure itself in response to changes 
in its environment. 
 
IRIS provides two distinct types of reconfiguration which are based around the IRIS component; 
parametric and structural reconfiguration. When an IRIS component is being developed the radio 
designer can choose to expose any number of parameters. While the radio is running these parameters 
can be dynamically configured to adjust the operation of the component. An example of such a 
component is an OFDM modulator component which may expose a parameter which controls the cyclic 
prefix used on the modulated symbols.  
 
However, reconfiguration, whilst enabled by the component-based architecture of IRIS, must happen in 
a controlled fashion. As such, IRIS provides for two types of reconfiguration; internally triggered and 
externally triggered reconfiguration.  These mechanisms form the basis of the IRIS support for cognitive 
radio networks.  
 
The first type of trigger which can occur within a radio is internal and typically takes place in response to 
a change detected by one of the radio components. Such a trigger could be used, for example, by a 
Digital Television (DTV) or wireless microphone signal detection component within a COGEU TVWS 
system to prompt reconfiguration of the network and avoid the creation of harmful interference. In order 
to support such a trigger, IRIS provides support for component events illustrated by a red arrow in 
Figure 8. These events are specified by the component designer and may be triggered by the 
component at any time.  
 
The elements of the Iris architecture with responsibility for listening out for and responding to these 
events are the controllers. Controllers have a global view of the running radio and are capable of 
reconfiguring all aspects of it in response to component events. The Controller Manager is illustrated in 
Figure 8 and is responsible for loading and managing the lifecycle of controllers within IRIS. In addition 
to reconfiguring component parameters, controllers can adjust the structure of a running radio by 
inserting and removing components. Like components, controllers are implemented in portable C++ and 
are loaded into a radio according to the XML configuration file. A key advantage of using controllers in 
this way is the avoidance of inter-component dependencies. By ensuring that components remain 
independent of one another, maximum reusability can be achieved. Controllers may consist of simple 
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reconfiguration responses to pre-defined events or they may be much more complex entities, listening 
for multiple events, monitoring the state of the overall radio, reconfiguring many different aspects of it 
when necessary and learning over time. The green arrows in Figure 8 indicate the components over 
which the controllers can enact parametric component reconfiguration. In this way, a controller can be 
used to implement a cognitive functionality which drives the operation of the entire radio. 
External reconfiguration triggers can come from a number of sources; through the simple C-based IRIS 
API users may use a simple interface to construct and submit a new XML configuration file to the radio 
or an external cognitive entity can generate a new XML radio configuration. The new XML configuration 
files are parsed by the XML Parser to produce a new radio representation, i.e. a data model of the radio. 
This data model is then examined by the Reconfiguration Manager and used to generate a 
reconfiguration set; a series of instructions that the IRIS runtime system follows to remove, modify and 
insert components in a safe manner that ensures the seamless operation of the radio application. 
 

 

Figure 10 IRIS XML configuration for a simple OFDM BPSK radio 

 
Given that the software radio components can be executed on a common processing fabric, it is 
important the architecture organises the execution of the components and their use of the underlying 
processing systemsô attributes; multi-threading capabilities, memory management etc, in such a way the 
radio avoids system bottlenecks that could compromise its performance. To this end, the IRIS runtime 
system distinguishes between the different requirements for reconfiguration, data-passing and 
execution that may exist in different parts of the radio or network node. Within the IRIS architecture, the 
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concept of a modular domain engine is used to address the operational needs of domains with different 
needs.  
 

 

Figure 11 Iris Application: TDMA MAC over OFDM PHY with Signature Detection 

 
An IRIS engine is an encapsulation of one or more components of the overall dataflow graph of the 
node that defines the data-passing, execution and reconfiguration semantics for those components. A 
radio implemented in IRIS may consist of one or more of these engines.  IRIS defines three domains 
within a cognitive network node and provides an engine for each. These domains are the scheduled 
PHY, the flexible PHY and the network stack. The implementation of an architecture which caters for 
just one of those domains would lead to reduced efficiency and greater development challenges. The 
first two domains are of interest to the COGEU TVWS transceiver development. 
 
Scheduled PHY Engine  
 
Briefly put, the components within the scheduled PHY domain would typically lie close to the 
digital/analogue interface, are operated at high sampling rates and are not subject to regular 
reconfiguration. For these components, a fixed relationship between the rates of data consumed and 
produced can often be established. Data flow is generally unidirectional and components typically 
operate on all data samples. 
 
The scheduled PHY (sPHY) engine implements a Synchronous Dataflow (SDF) [8] Model of 
Computation (MoC). SDF models of computation are characterised by the static sample rates which 
exist on each port of components within the flow graph. This knowledge allows a thorough analysis of 
the graph at design-time. The model can determine the required buffer sizes for each link and the static 
and efficient execution schedules. It can also guarantee deadlock-free operation. 
 
The SDF MoC provides the most efficient execution for components implementing static signal 
processing functions which have fixed input and output data rates. Reconfiguration of an SDF graph at 
run-time is possible, however it may require recalculation of the execution schedule and buffer sizes 
which may incur significant overhead. 
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As components in the sPHY domain typically operate on all input data samples, data passing is 
implemented using memory buffers at each component port. Components read data from the buffer at 
an input port, operate on it and write it to the buffer at one or more output ports. 
 
Figure 11 depicts an IRIS radio application which comprises of 4 engines. One of these engines is a 
scheduled PHY engine which contains components that provide analysis on the received signal for the 
radios decision-making controllers. The Spectrum Analysis and Signature Detector components are 
used to detect a cyclostationary signature which has been intentionally embedded in the waveform. 
Based on the outputs that they trigger to the controllers, the transmit and receive chains of this IRIS 
application can be reconfigured to account for changes in the operating environment. 
 
 
Flexible PHY Engine  
 
In contrast to the scheduled PHY engine, the flexible PHY (fPHY) engine encapsulates highly 
reconfigurable components which provide the key flexibility of the PHY layer of the node. These 
components typically exhibit no fixed relationship between input and output data rates. A reconfigurable 
OFDM demodulation component might operate within the domain of the fPHY. 
 
The fPHY engine implements a model of computation based upon Dataflow Process Networks (PNs) 
[9]. The PN model of computation supports the greatest degree of dataflow flexibility. In a PN MoC all 
components are processes that execute asynchronously. They read their inputs by blocking reads on 
the input ports and write to the output ports using non-blocking write operations. The only permitted way 
for processes to communicate is through input and output links. This ensures deterministic behaviour. 
There are no restrictions on when processes output data and how much data they output.  
 
Implementation of the flexible PHY engine using a straightforward PN MoC would involve assigning a 
single thread of execution to each component. One disadvantage of this approach however, would be  
the overhead incurred as a result of thread context switches in the case where many components 
execute in parallel on a general-purpose processor (GPP) platform with a low number of processor 
cores. In order to avoid this overhead and achieve tighter control over the number of executing threads 
in a given radio, IRIS adopts a different approach. Components which execute in an fPHY engine 
operate according to a PN MoC. However, each fPHY engine contains a single thread of execution and 
within that engine a PN MoC is emulated by that single thread. Parallel execution of components is 
achieved through use of multiple fPHY engines. Thus, given a chain of 3 components, 1, 2 or 3 parallel 
threads of execution can be employed through use of 1, 2 or 3 fPHY engines. In this way, the fPHY 
engine design leverages the flexibility of the PN MoC while providing the radio designer with tight 
control over the number of executing threads in the radio. While the flexible PHY engine supports 
significant component flexibility, the associated dynamic allocation of computing and memory resources 
can incur overhead at runtime.  
 
As in the sPHY engine, data passing in the flexible PHY engine is implemented using data buffers for 
each input and output port. The IRIS application depicted in Figure 11 has 2 flexible PHY engines. 
These engines include the components for the transmit and receive chains of the application and may 
be reconfigured at runtime if the appropriate controller dictates such. 
 

4.2- Installing IRIS 

Whilst IRIS was originally designed for operation on the Windows OS, it now supports operation on  
Linux which enables it to be targeted to a wide variety of platforms. 
 
Unlike the GNU Radio system, the IRIS platform is not an open-source platform at this time. However, 
developers using the IRIS system access a system similar to that documented for the GNU Radio 
platform in Section 3.2. TRAC (http://trac.edgewall.org/), an integrated source code and project 
management tool, is used to manage the IRIS system online. 
 
TRAC provides a wiki for the project; installation instructions, tutorials on starting to develop a new radio 
and links to dependent libraries, e.g. the boost library (http://www.boost.org/), are provided. A ticket 
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management system for bug fixing/tracing is also incorporated. This element is also integrated with 
Subversion, the tool used to manage the IRIS code base. 
 
A user familiar with the GNU Radio system would transition to the IRIS project set-up quite easily. 

4.3- Existing Library of Components  

As IRIS has been in use and ongoing development since 1999 a library of components has been built in 
the intervening time. These components range from providing basic utility functionality such as data 
conversion to more advanced components such as CDMA multiplexing components. It is open to a 
radio designer to re-use the existing IRIS Component Library when designing a radio or to develop new 
components which address novel questions and challenges. 
 
Some existing components are classified in the following subsections under these headings: 
Modulation, Filter, I/O, Coding/Interleaving, Synchronisation, Analysis, Advanced and Utility. For each 
component a brief description of its functionality is provided and an indication of some of its 
reconfigurable parameters is presented. The following lists are representative but non-exhaustive. 

4.3.1- Modulation  Components  

The following modulation components, and corresponding demodulation, components exist in the IRIS 
Component Library.  
 

Component Name Description  

BPSK_Modulator  Binary Phase Shift Keying Modulation 

DBPSK_Modulator  Differential Binary Phase Shift Keying 
Modulation 

QPSK_Modulator  Quadrature Phase Shift Keying Modulation 

DQPSK_Modulator  Differential Quadrature  Phase Shift Keying 
Modulation 

OFDM_Modulator  Orthogonal Frequency Division Multiplexing 
Modulation 

QAM_Modulator  Quadrature Amplitude Modulation 

FM_Modulator  Frequency Modulation 
FM_StereoModulator  Stereo Frequency Modulation 
FSK_Modulator  Frequency Shift Keying Modulation 

PulseShapedOFDM_Modulator  A shaped OFDM Modulation using techniques 
described [11]. 

 

4.3.2- Filter  Components  

The following filter components exist in the IRIS Component Library.  
 

Component Name Description  
LowPassFIRFilter  A low pass finite impulse response filter 
RootRaisedCosineFilter  A matched filter  
BandPassFIRFilter  A band pass finite impulse filter 

 

 

 

 

 



COGEU                                                                                                      D5.1 ï COGEU transceiver 
platform specification 

 
  

Page 29 of 58 

4.3.3- I/O Components  

These components enable an Iris radio to interface with a variety of external sources and sinks. 
 

Name  Description  
USRP_Rx Receives data from the USRP; normally the 

first component in a radio receive chain 
USRP_Tx Sends data to the USRP; normally the last 

component in a radio transmit chain 
UDP_Socket_Rx  Receives/reads data from a UDP socket 
UDP_Socket_T x Sends/writes data to a UDP socket 
TCP_Socket_Rx  Receives/reads data from a TCP socket 
TCP_Socket_Tx  Sends/writes data to a TCP socket 
Spectrum_DB_Source  Reads pre-captured spectrum data from a 

SQL  database. 

Matlab  Allows for interaction with Matlab at runtime; 
e.g. data may be output from an IRIS radio 
receive chain to a Matlab display function for 
signal visualisation. 

 

4.3.4- Coding/Interleaving  Components  

 

Name Description  

Conv_Encoder  Convolutional encoder 

Conv_Decoder  Convolutional decoder 

Interlea ver  Performs byte interleaving 

Deinterleaver  Receiver byte de-interleaver  

RS_Encoder  Reed-Solomon encoder 

RS_Decoder  Reed-Solomon decoder 

Viterbi_Decoder  Viterbi decoder 

Bit_Interleaver  Performs bit interleaving 

 

4.3.5- Synchronisation  Components  

 

Name Description  
Digital_Phase_Lock_Loop  Implements a DPLL 
Clock_Recovery  Employs the Mueller & Mueller algorithm 

Costas_Loop  Implements a phase lock loop for carrier recovery 
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4.3.6- Analysis  Components  

Analysis components can be used to help with the evaluation and development of radio applications. 
They allow the radio designer to look at signals different ways which can reveal how the radio is 
performing within its environment. 

 

Name Description  
Oscilliscope  Displays signal in the time domain 
WaterFal lDisplay  Displays a colour-scaled spectrum waterfall 

SpectrumAnalyzer  Displays PSD of signal 
Scatterplot  Displays the constellation of signal 

Bit_Error_Rate  Calculates the BER given the original signal and 
the received signal 

 

4.3.7- Advanced Components  

Advanced components have been developed to address novel and difficult challenges that have arisen 
over the course of the development of IRIS. These components have been particularly targeted at 
dynamic spectrum access scenarios and as such may be useful in the development of the COGEU 
TVWS transceiver radio application. 

 

Name Description  
CycloBWOFDMModulator  

 

An OFDM modulator that incorporates an embedded 
cyclostationary signature. 

CycloBWOFDMDemodulator  

 

Component demodulates an OFDM signal that has 
an embedded cyclostationary signature. 

Carrier_Sensing  Power spectrum-based sensor 

CycloSignatureDetector  Detects embedded signatures 

CycloStationaryAnalysis  Performs cyclostationary analysis on a signal 

CDMA_Multiplexer  Uses Wavelet or Hadamard codes to multiplex 

CDMA_Demultiplexer  Demultiplexes Wavelet or Hadamard coded signals 

 

4.3.8- Utility  Components  

Utility components provide basic functional building blocks for a radio application. These components 
range from data formatting and typing functionality to decimation and interpolation components. 

 

Name Description  
Automatic_Gain_Control  Performs automatic gain control on received 

signal 
Bits_To_Bytes  Packs bits into bytes 
Bytes_To_Bits  Expands bytes into individual bits 

Framer  Packs data frames 
Deframer  Unpacks data frames 
Time_Average  Averages signal using window 
Type_Convertor  Converts signal data between different types 

Whitener  Whitens a signal 

Signal_Scaler  Scales a signal 
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4.4- Existing IRIS Applications  

The IRIS system has been used successfully over the last number of years to demonstrate several 
radio applications; these demonstrations have involved IRIS running on GPPs, which is the original 
target platform for IRIS, and running on FPGAs, to which it has been targeted in more recent years. 
Some of these demonstrations have occurred at international conferences, including the DySPAN 
symposium. The Trinity team have demonstrated IRIS radio applications at the last 3 meetings of 
DySPAN. 
 
In 2008, an energy-detection based rendezvous system was demonstrated [10]. This demonstration 
was illustrated by operating a video link over changing channels. From time to time, the transmitter 
changed the channel over which it was transmitting without negotiation with the receiver. When the 
transmitter changed frequency, the receiver had to detect the new frequency in use by scanning the 
channels and sensing the carrier frequency.  
 
This system comprised of IRIS, running on Linux on a Xilinx University Program Development Board, 
which hosts a Xilinx Virtex II Pro FPGA, and a USRP front-end. The transmit chain received UDP 
packets over the Ethernet, containing video data, from a PC stream using VideoLAN VLC Player. This 
was processed on the transmission chain of the FPGA and then transmitted by the USRP.  At the 
receiver the signal is passed from the USRP to the receive chain on the FPGA. It is then passed over 
UDP to a VLC Player window on a PC which plays the video.  

 
 

Conference  Demonstration System  

DySPAN 2007 Cyclostationary signatures for detection, identification and carrier frequency 
estimation of OFDM-based waveforms. 

DySPAN 2007 Coexistence of non-contiguous OFDM-based waveforms with co-channel 
single-carrier waveforms. 

DySPAN 2008 A reconfigurable FPGA-based system using a single carrier waveform, 
employing sensing for carrier-frequency estimation. [10] 

DySPAN 2008 A DSA network using a bandwidth-adaptive OFDM waveform with 
embedded cyclostationary signatures for blind bandwidth estimation and 
network coordination. 

DySPAN 2008 A real-time cyclostationary analyzer using the Cell Broadband Engine. 

FCCM 2009 A reconfigurable FPGA-based system using a single-carrier waveform with 
adaptive coding. 

SIGCOMM 2009 A reconfigurable FPGA-based system employing sensing for carrier-
frequency estimation and adaptive coding. 

DySPAN 2010 A DSA network using reconfigurable pulse-shaped waveforms to control 
out-of-band (OOB) emissions. [11]. 

 
 
In 2010, spectrum shaping system was demonstrated at a DySPAN meeting [11]. This demonstration 
showed the successful use of a reconfigurable OFDM-based waveform which was dynamically tailored 
to avoid the creation of harmful adjacent-channel interference by respecting the radioôs spectrum 
neighbours. In this demonstration raised cosine shaping was applied to the OFDM waveform. The 
demonstration consisted of a primary transceiver, the radio to be protected, and a secondary 
transmitter, the radio which had to avoid causing interference. Both radios were based on IRIS running 
on host GPP PCs connected to USRPs. The primary radio consisted of two USRPs, one acting as the 
transmitter, one as the receiver. The secondary (non-interfering) radio, on which the OFDM shaping 
was performed, consisted of one USRP which transmitted the signal. A photograph of the 
demonstration is given in Figure 14 in Section 5.3. 

4.5- Summary  

As with GNU Radio, IRIS is a flexible SDR platform. It also offers an extensive range of existing 
components. IRIS also has a proven track-record in the field or radio experimentation; it has been in 
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development since 1999 and has been used in a variety of public demonstrations, such as those cited 
earlier in this Chapter.  
 
However, IRIS has also been developed with active runtime reconfiguration in mind. As such, its 
architecture actively supports the integration of external controlling entities; providing hooks and points 
of control for those entities. 
 
As with GNU Radio, IRIS has been primarily targeted to GPP platforms; more recently it has been 
targeted to other processing fabrics such as the FPGA and CellBE. The IRIS ecosystem provides a lot 
of online support for new developers. The use of standard source code and project management tools 
enables new and existing radio developers to design, code and integrate new radio components for 
their novel applications in an easy manner. 
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5- RF Front -End Hardware  

5.1- RF Front -End Requirements  

The COGEU project aims to explore the efficient exploitation of the geographical interleaved spectrum. 
Consequently, the frequencies over which the TVWS transceiver may be expected to operate lie in 
those channels which will be retained for DTV use after the digital switchover. As described previously 
in D2.1, the interleaved channels will range from Channel 21 (470 MHz ï 478MHz) to Channel 60 
(782MHz -790MHz). Indicatively, Figure 5 illustrates the range of frequencies that will form the TVWS in 
the UK after the switchover. 
 

 

Figure 12 Planned spectrum allocation after the digital switchover in the UK 

 
For the COGEU demonstration, the details of which are described in WP7, the use of representative 
DTV interleaved spectrum will be organised in conjunction with either the German or Irish spectrum 
regulators. It should be noted that the target frequencies of COGEU are the upper band of the 
interleaved spectrum, in particular from channel 45 to channel 60, since COGEU addresses mobile and 
nomadic applications where compact antennas are required. However, we are unlikely to have access 
to spectrum in this frequency range for the duration of the project, or indeed for the early stage 
development and evaluation of the transceiver. As such, some early testing will take place in the ISM 
band at 2.4GHz. Given these constraints the COGEU transceiver will require use of RF frontends that 
can access both Interleaved spectrum and the ISM band. 

5.2- USRP 

The Universal Software Radio Peripheral (USRP) was initially developed to address the hardware 
requirements of the GNU radio project which was initiated by Eric Blossom. Matt Ettus secured funding 
from the United States National Science Foundation (NSF), through the University of Utah, to design 
what would become the USRP. One of the core objectives for the design of the resulting radio 
hardware, the USRP, was that it would be cheap enough to be affordable for radio community 
developers and academics. Matt Ettus then founded Ettus Research LLC in 2004 to further the 
development of the USRP family and to make the hardware available on a commercial basis. In 2010 
Ettus Research LLC was acquired by National Instruments Corporation and is now a wholly owned 
subsidiary of that company. 
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The aim of the USRP product family is to allow the creation of a software radio using any computer with 
a USB2 or Gigagbit Ethernet port. The various plug-on daughterboards allow the USRP and USRP2 to 
be used on different radio frequency bands. Daughterboards are available from DC to 5.9 GHz, as listed 
in Section 5.2.2. The entire design of the USRP family is open source. The USRP and USRP 2 work 
with both GNU Radio and with IRIS.  

 

 

Figure 13 USRP 2.0 

Ettus Research LLC are also developing a new Universal Hardware Driver (UHD), which will completely 
encapsulate everything needed to control all of the USRP hardware in a single driver. This will enable 
software developers to use USRP hardware without having to worry about the low level details of 
daughterboard control, kernel drivers, or other factors. The UHD will be cross-platform; allowing use on 
Linux, Windows, and Mac OS X. Currently, developers wishing to use the USRP must write their own 
drivers to control the USRP hardware. A selection of drivers exists for both IRIS and GNU-based 
platforms for a subset of the operating systems mentioned above. 

 
The USRP RF front-end serves to up-convert and transmits signals generated by the baseband 
processor and to down-convert and digitizes received signals prior to baseband processing. The USRP 
RF front-end is designed specifically for use with GPP-based software radio systems. The motherboard 
itself features four 64 MS/s 12-bit analogue to digital convertors (ADCs) and four 128 MS/s 14-bit digital 
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to analogue convertors (DACs), allowing the use of 4 input and output channels (or 2 input and output 
in-phase ï quadrature (I-Q) pairs). The board also includes an FPGA implementing four digital 
downconvertors (DDCs) with programmable decimation rates and two digital upconvertors (DUCs) with 
programmable interpolation rates. The use of the FPGA allows for high sample-rate processing to be 
performed on the board, allowing lower sample-rate processing to be performed on the host PC. This 
enables baseband signal data to be transferred over the USB 2.0 link, at a greatly reduced data rate.  
However, the USB 2.0 interface is still the main bottleneck for the system, restricting effective usable 
bandwidth to less than 8MHz using 16-bit I-Q samples. 
 
Nonetheless, a key advantage of the USRP lies in the flexibility provided in carrier frequencies, samples 
bandwidths and signal powers. Currently, each operating parameter of the system is controlled using 
register values which are read and written over the USB 2.0 interface. The development of the UHD 
should provide a cleaner mechanism for control of the USRP. The usable range of parameter values is 
dependent on the transceiver daughterboard in use; the available daughterboards are specified in 
Section 5.2.2. The open source nature of the platform also makes the USRP an ideal RF front-end 
candidate as all drivers and firmware, as well as the FPGA and daughterboard designs, are available 
without the need for any purchased licences (http://gnuradio.org/redmine/wiki/gnuradio/USRP) 
(http://code.ettus.com/redmine/ettus/projects/public/documents ).Given this access to the specifications, 
a complete understanding of the system is possible and adaptations which are required by specific 
applications are facilitated. 
 
A number of papers describe previous successful efforts to prototype radios and experiment with novel 
radio techniques using the USRP [12,13,14]. 

5.2.1- USRP 1.0 and USRP 2.0. specifications:  

 
The USRP is available in two versions: USRP 1.0 and USRP 2.0. The URSP 2.0 was released in 2009 
and offers increased performance over the USRP 1.0. Specifications for the two versions of the USRP 
are presented in Table 1. 
 

Table 1 USRP Technical Specifications 

Feature /Specification  USRP 1.0 USRP 2.0 

Spurious Free Dynamic Range 85dN 88 dB 

DAC 4 x 128 MS/s 14-bit 2 x 400MS/s 16-bit 

ADC 4 x 64MS/s 12-bit 2 x 100MS/s 14-bit 

Digital Downconvertor 4 x with programmable 
decimation rates 

with programmable 
decimation rates 

Digital Upconvertor 2 x with programmable 
interpolation rates 

with programmable 
interpolation rates 

USRP ï Host Interface USB 2.0 (max. 480 Mb/s) Gigabit Ethernet 

Signal processing capability Signals <= 16MHz wide Signals <= 100MHz wide 

MIMO capable MIMO MIMO 

 

5.2.2- RF daughterboards of interest:  

There are four USRP RF daughterboards that are of interest to the COGEU TVWS project; their 
specifications are listed in Table 2, below. 
 

Table 2 USRP daughterboard specifications 

Daughterboard  Frequency Range  Tx Power  Notes  

WBX 50MHz to 2.2GHz 100mW (20dBm)  

RFX400 400 to 500MHz 100mW (20dBm)  

RFX900 750 to 1050MHz 200mW (23dBm)  

RFX2400 2.3 to 2.9 GHz 50mW (17dBm)  

TVRX 50 to 860 MHz  receive only ï no tx 

 

http://gnuradio.org/redmine/wiki/gnuradio/USRP
http://code.ettus.com/redmine/ettus/projects/public/documents
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The WBX and RFX900 daughterboards fulfil the requirements for a TVWS transceiver accessing the 
Interleaved spectrum (470 MHz - 790 MHz). The TVRX daughterboard also provides receive-only 
functionality specifically designed for the entire DTV frequency range. The RFX2400 daughterboard will 
provide access to the ISM band for early-stage COGEU transceiver development and evaluation. 

 

Figure 14 USRP + daughterboard block diagram 

5.3- Limits of the RF fronten ds and impact on function as COG EU TVWS 
transceiver  

There are a number of limits which must be considered when using the USRP in conjunction with an 
SDR-based radio. Limits occur on the USRP in a number of places: 

 

 USRP to PC interface is a limiter as it places an upper bound on the rate at which samples can 
be transferred from the motherboard to the IRIS/GNU host platform, as noted in Section 5.2. 

 USRP hardware, e.g. decimators, DACs, etc, also constrain the operation of a transceiver 
application. 

 USRP bandpass filter limits. The USRP 1.0 has a nominal bandwidth of 8MHz but an effective 
bandwidth of 6MHz when the roll-off from the bandpass filter is accounted for. The USRP 2.0 
has a nominal bandwidth of 25MHz. 

 
Furthermore, processing bottlenecks can occur on the software radio baseband processing platform if 
the rate of data coming from the USRP motherboard exceeds that which can be processed on the 
IRIS/GNU host platform; data buffer overruns can occur which may result in loss of communication. 

 
However, as noted in Section 3.4 and Section 4.4, the USRP has been used in numerous 
demonstrations of both the GNU and IRIS platforms. Experiments are generally bandwidth-scaled and 
transmit-power-scaled to account for both the limits of the USRP RF frontend, the limits of the current 
processor capabilities and the regulations governing the allowable transmit power.  An example of this 
kind of demonstration was given in IEEE DySPAN 2010 in Singapore [11]. The demonstration system 
involved a dynamic spectrum access network using reconfigurable OFDM-based waveforms to control 
out-of-band emissions in the presence of a primary user. 
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Figure 15 IEEE DySPAN 2010 - Scaled (6MHz) demonstration [11]  

 
For this demonstration, each signal was bandwidth-scaled appropriately to fit within the 6MHz receive 
bandwidth of the USRP.  The feasibility and efficiency of an OFDM shaping technique to reduce effects 
of OOB emissions on a primary signal was successfully demonstrated at the conference. Similar 
approaches will be taken when it comes to demonstrating certain outputs of COGEU, as per WP7. 

5.4- Using the USRP with IRIS or GNU Radio  

The following subsections briefly describe the manner in which both GNU Radio and IRIS interact with 
the USRP. Extensive details for both processes are to be found on the respective online support forums 
for both SDR platforms. 

5.4.1- USRP + GNU Radio  

When designing a receiver using GNU Radio, i.e. working on the RX path, it is necessary to define the 
USRP as the data source. The following code defines the USRP as a source of GNU radio. 
 

usrp.source_c (s) (int which_board,  

unsigned int decim_rate,  

int nchan = 1,  

int mux = - 1,  

int mode = 0 )  

 

The suffix c  (complex), or s  (short) species the data type of the stream coming from the USRP. Usually 

is a complex source I/Q from the Digital Down Converter (DDC). which_board species the USRP to be 

open, in case that there is only one USRP board it takes the value 0. decim_rate sets the decimation 

factor D. nchan specifies the number of channels: 1, 2 or 4. mux sets input MUX configuration, i.e., 

which ADC (or constant zero) is connected to each DDC input. `-1' keeps the default settings. mode 

sets the FPGA mode, by default value is 0.  

 

The standard configuration allows for the selection of part of the digitized spectrum by changing the 

center frequency and translating it to baseband and decimating as required; this is performed by the 

digital down converter, illustrated in Figure 16.  
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Figure 16 GNU radio: Digital down converter 

 
The code to perform the selection of the USRP as a source of GNU radio with a decimation factor of 

200 is shown below. 

 

    self.u = usrp.so urce_c()                    # usrp is data source  

 

    adc_rate = self.u.adc_rate()                # 64 MS/s  

    usrp_decim = 200  

    self.u.set_decim_rate(usrp_decim)  

    usrp_rate = adc_rate / usrp_decim           # 320 kS/s  

 

When designing a transmitter using GNU Radio, i.e. working on the TX path, it is necessary to define 

the USRP as the data sink. The following code defines the USRP as a sink of GNU radio. 

 
usrp.sink_c (s) ( int which_board,  

unsigned int interp_rate,  

int nchan = 1,  

int mux = - 1 )  

 

The suffix c  (complex), or s  (short) specifies the data type of the stream that goes to the USRP. 

which_board specifies the USRP to be open, it takes the value 0 if there is only one USRP board. 

interp_rate tells the interpolator on the FPGA the interpolation factor. Note that the interpolation rate 

must be in the range interval [4, 512] and a multiple of 4. nchan specifies the number of channels, 1 or 

2. Finally, mux sets the output MUX configuration, i.e., which DAC is connected to each interpolator 

output (or disabled).  

 

5.4.2- USRP + IRIS 

The use of IRIS and the USRP follows, almost exactly, the same process set out for GNU Radio. IRIS 
has two components; USRP_Tx and USRP_Rx which are placed at the end and start, respectively, of 
transmit and receive chains in an IRIS radio configuration. As such, the USRP is treated as just another 
source of, or sink for, data. 
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Figure 17 IRIS XML configuration of USRP_Tx component 

 
Figure 17 shows a snippet from an IRIS XML radio configuration file. In the USRP transmitter 
component in this example the gain, interpolation and centre frequency parameters are configured. The 
firmware and fpga parameters point to files which are used to update, if required, the USRPôs firmware 
and the on-board FPGA. 
 
It can be seen from both the USRP and GNU Radio approaches to integration with the USRP that 
manipulation of the USRPôs hardware parameters is straightforward. 

5.5- Summary  

The USRP RF front-end will provide a feasible and proven solution for the development of the COGEU 
transceiver. As the COGEU transceiver serves as a prototyping platform, a flexible RF front-end is 
required. The USRP meets the requirements on a number of fronts: 
 

 USRP daughterboards providing access to the range of frequencies of interest are available. 

 The USRP can be interconnected with any host computer, on which the baseband processing 
(IRIS, GNU) is executed, using standard interfaces; USB 2.0 or Gigabit Ethernet. 

 The USRP is an open source system allowing developers easy access to all specifications of 
the system. 

 The USRP has already been proven as a viable demonstration RF front-end. 
 
As such, the USRP RF front-end should meet the needs of the COGEU transceiver as it provides 
enough flexibility to cope with the many system choices and decisions that will be made in later 
deliverables. 
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6- Design and Integration of new radio modules  

The design and integration of new modules on the COGEU TVWS transceiver platform needs inputs 
from the following COGEU tasks:  
 

 T4.3 addresses the design of sensing algorithms of incumbent protection (DVB-T and PMSE).  

 T5.3 addresses the design of algorithms for cognitive spectrum shaping. 

 T5.4 addresses the design of algorithms for advanced rendezvous. 

 T5.3 involves the integration of the output of T4.3, D5.3 and D5.4 with the COGEU TVWS 
transceiver. 

 T6.4 addresses the communication protocols between the centralized broker and the TVWS 
transceiver. 

 
This chapter will briefly describe the manner in which it is foreseen that each of the new TVWS modules 
will be integrated with the COGEU TVWS transceiver. Detailed descriptions of the new modules will be 
presented in the relevant subsequent deliverables. Each of these modules will be developed and 
evaluated using the proven development path of theoretical design, evaluation and refinement through 
simulation, and then representative implementation on the COGEU TVWS transceiver platform. The 
COGEU TVWS transceiver will then play a strong role in WP7 as a building block of the COGEU 
demonstrator. 

 

Figure 18 Potential configuration new modules in COGEU TVWS transceviver 

 
The new modules will be developed for the COGEU TVWS transceiver according processes set out in 
the following sections. Figure 18 depicts the manner in which the new modules may be situated within 
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an IRIS implementation of the SDR element of the COGEU TVWS transceiver. New modules are 
marked in yellow. 

6.1- Typical Development Path  

The development of new modules, specifically the modules described in Sections 6.3, 6.4, 6.5 and 6.6, 
for the COGEU TVWS transceiver will typically follow a development path outlined below.  
 

 

Figure 19 Typical Development Path Phases 

In the first phase of development, new algorithms will be developed and tested using the MATLAB 
simulation environment. Appropriate channel models which approximate scenarios envisaged for the 
transceiver will be used. The second phase should involve the use of signal generators; test signals 
generated using MATLAB are stored in I-Q format, and then transferred to the signal generator to be 
transferred over the air at suitable data rates and frequencies. The signals are received by the USRP 
and stored to a file. Subsequently, these stored, received signals are analysed by appropriate MATLAB 
modules. When the algorithms on both the transmitter and receiver sides of the system have been 
proven and optimised in phase 2, development can move on to phases 3 and 4, depending on the 
nature of the algorithms in question. In these phases, the new algorithms should be converted or coded 
using the appropriate IDE for either IRIS or GNU Radio. When combined with the existing and 
appropriate IRIS or GNU Radio components, a fully tested transmitter and receiver implementation 
should result in a working USRP-based system suitable for live signal transmission and reception. 

6.2- Sensing  

6.2.1- Proposed  functionality of module  

The component will fulfil the objectives of D5.3. In order to allow cognitive radio network devices to 
exploit TVWS, the current conditions of spectrum usage and channel quality should be gathered. An 
important technical challenge for cognitive devices over TVWS is to detect weak incumbent systems 
(DVB-T, wireless microphones). Cognitive devices will typically need to detect DVB-T signals at a height 
of 1.5m using low gain omni-directional antennas. DVB-T reception is normally planned on the basis of 
directional high-gain antennas at 10m. The difference is signal strength between the two antennas is 
referred to as the hidden node margin. This margin determines the cognitive radios detection sensitivity 
and imposes an additional burden on the cognitive devices. 

COGEU investigates signal processing algorithm capable of detecting incumbent systems. After 
evaluation trough simulation, the most promising sensing algorithms will be further integrated into the 
COGEU transceiver as an external module, as illustrated in Figure 18. 

6.2.2- Existing implementations and components  

This section gives a brief description how a simple energy detector can be implemented based on GNU 
software radio modules.  
 
The main advantage of energy detectors comes from their low complexity leading to convenient 
implementation. Another advantage is the fact that they do not need any prior knowledge of the signal to 
detect, which make them convenient when several systems share the same band. Thus, energy 
detectors fall into the category of blind detectors. An energy detector can be implemented in the 
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frequency domain by averaging frequency bins of a Fast Fourier Transform (FFT), as outlined in Figure 
20. The processing gain is proportional to FFT size N and observation/averaging time T=KN, where K is 
the number of averages. Increasing N improves the frequency resolution which helps narrowband signal 
detection (e.g. wireless microphone signals). Also, a longer averaging time reduces the uncorrelated 
noise influence, thereby improving SNR. After square the average signal, the maximum value (d) is 
compared with the threshold level (TH). If d is lower than TH the incumbent signal is absent. If d is 
higher than TH the incumbent signal is present.  
 

or
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H1

THDown converter ADC FFT

(N samples)
LPF

Average over 

T=KN
(.)

2

d<TH => H0 ï Incumbent signal is absent 

d>TH => H1 ï Incumbent signal is present

d

GNU RADIO

 

Figure 20 Block diagram of an energy detector. 

The implementation process of an energy detector can be summarized as: 
 

(1) Downshifting the signal to baseband; 
(2) Filtering the baseband signal (TV channel) with a low pass filter; 
(3) Down sampling the filtered signal; 
(4) Taking the FFT of the down-sampled signal. Depending on the detection, the length of the 
FFT will vary; 
(5) Averaging K consecutive FFT windows; 
(6) Taking the square value of the output vector (N samples); 
(7) Computing the maximum value, and location, of the FFT output squared; 
(8) Comparing the maximum value against a threshold level and decide. 

 
Required GNU modules and operations: 
 

- Digital Filters 
- FFT or other well-known spectrum estimation methods, such as the Welch Periodogram 
- Square a complex signal operation (FFT samples) 
- Compute the maximum value of a vector 

 
Sensing can be implemented using some of these modules and operations, some of which are installed 
with GNU Radio. There are several examples:  

 FIR digital filters: http://gnuradio.org/doc/doxygen/group__filter__blk.html;   

 FFT operations: http://gnuradio.org/doc/doxygen/group__dft__blk.html; 

 Several mathematical complex functions: 
http://gnuradio.org/doc/doxygen/group__math__blk.html;  

 

6.2.3- Brief literature review  

In [15], the authors used GNU Radio and USRP to detect the presence of emitters using spectrum 
sensing techniques. They capture the signals samples using GNU Radio + USRP, store the data into 
files and finally use Matlab to analyze the data and examine the spectrum. The sensing algorithm used 
is an energy detector; they perform a sweep of the entire band and try to detect the energy of potential 
emitter. The main difficulties encountered consisted in differentiating the valid signals from noise caused 
by hardware imperfections, noises, wireless environment that leads to false alarm events. 
 
In [16], the authors describe their experience in developing, implementing, and field testing a GNU radio 
based cognitive radio platform presented to the FCC for testing the viability of reliably detecting and 
identifying low level North American 8VSB DTV and wireless microphone signals. The GNU 
implementation is based on the pilot tone detection of the DTV signal. The prototype algorithm was 
evaluated against numerous on-air target signals and a wide variety of equipment generated 

http://gnuradio.org/doc/doxygen/group__filter__blk.html
http://gnuradio.org/doc/doxygen/group__dft__blk.html
http://gnuradio.org/doc/doxygen/group__math__blk.html
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pathological signals representing typical and extreme signal waveforms. A graphical interface for the 
GNU Radio application was built in Python. The method proposed, although efficient, is time 
consuming, since it needs a series of scans to detect the presence of unknown emitters. 
 
In [17] the authors have taken a variety of signal detection and classification algorithms and 
implemented them within the GNU Radio architecture. They looked at real-world implementation issues 
that arise from operating with a real RF receiver/digitizer system, such as the USRP dealing with the 
peculiarities of automatic gain controllers, coarse signal decimation, and centre-frequency tuning. 
 
In [18], the authors developed a spectrum sensing prototype for sensing the ATSC DTV standard and 
wireless microphone signals. They concluded that the detection of ATSC transmissions is easier since 
they occupy a 6 MHz band with high transmit power, in comparing with the detection of wireless 
microphones, which transmit at a very low power (typically 50 mW for coverage of 100 m) and occupy a 
bandwidth of 200 KHz. The algorithms, control logic and the user interface were developed in Matlab. 
They implemented an energy detection algorithm, which detected the pilotôs energy for television 
signals. For wireless microphones, since they donôt have a unique identifying feature and also because 
multiple wireless microphone signals could be present in a single TV channel the sensing algorithm 
used was energy detection. They obtained significant good results in the detection of wireless 
microphones signals, but with ideal signals generated in controlled conditions. 
 
In conclusion there are several prototypes that implement sensing mechanisms using GNU Radio and 
USRP. The main difficulties faced are the nonlinearities of the USRP and the noise introduced by the 
LNB that can easily affect the signalsô reception. 
 

6.2.4- Implementation and in tegration plan  

The implementation of this module will follow the general path outlined in Section 6.1.  
 

1. Sample data will be recorded from target DVB-T and PMSE over the air signals using the 
USRP. The Matlab communication toolbox can be used to analyse the data and examine the 
spectrum; 

2. The sensing algorithms will be implemented in Matlab for DVB-T and wireless microphones 
systems; 

3. The performance of the different sensing approaches will be evaluated based on simulation and 
performance metrics such as probability of detection and probability of false alarm; 

4. The most reliable and fastest algorithm will be picked and implemented in GNU Radio\IRIS 
either using Python or C++ to allow for real time detection of DVB and PMSE; 

5. If that is still too slow, the possibility of offloading some of the work to the FPGA on the USRP 
will be looked at. 

6. The performance of the prototype sensing device will be evaluated in both lab and field tests. 
 
Regarding the integration of the sensing mechanism with the TVWS transceiver, it can be achieved in 
two different ways. Either the sensing algorithms can be implemented in software on the platforms or 
the TVWS transceiver can find a common means of interfacing with external sensing using a simple 
XML approach. 

6.3- Power Control  

6.3.1- Proposed functionality of module  

The purpose of the Power Control module is to enable precise control over the absolute transmitted 
power of the COGEU TVWS transceiver. The USRP daughterboards have different maximum transmit 
power settings, ranging from 50mW to 100mW. In practice, the transceiver will be subject to constraints 
imposed on it by the external broker connected to the geolocation database that stores the TVWS 
opportunity maps or by the topology-control requirements of the TVWS network of which it is part.  
 
Commons-like rules governing the operation of devices in TVWS will be subject to maximum power 
limits; these limits may differ depending on whether the device is fixed or mobile and may be further 
reduced if found to be affecting the operation of a primary user.  
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If the TVWS is subject to the control of a broker, which decides on the allocation of the available TVWS 
spectrum, then each TVWS radio may be subject to individual power limits depending on the results of a 
market allocation. 
 
Whilst the maximum transmit power levels of the USRP boards are not high in absolute terms or relative 
to comparative consumer devices, control over the transmit power is necessary to demonstrate that the 
safe operation of a TVWS transceiver is possible. 
 
This module will allow for the control of the USRPôs transmit power within a dynamically defined range 
of absolute powers which correspond to limits placed on the COGEU transceiver by the broker or by 
another controlling entity.   

6.3.2- Existing implementations and components  

The existing IRIS Component Library and GNU library have no modules which allow for control of the 
USRP transmit power levels in an absolute manner. A scaler component does exist in the IRIS library, 
but this component scales the amplitude of the signal to be transmitted, relative to the maximum power, 
prior to passing the signal to the USRP transmitter component. As such, this component gives a rough 
estimation of the power of the signal that will be transmitted, e.g. 25%, 50%, 100% of the maximum 
power available on the USRP daughterboard. 

6.3.3- Implement ation  and integration plan  

This module does not present a great challenge from a conceptual or communications-theory point-of-
view. However, it should be noted that this module involves the manipulation of a core attribute of the 
TVWS transceiver hardware. As such, practical evaluation and experience of the operation of a Power 
Control module will be key to the successful development and integration of this transceiver feature in 
WP7.  
 
The transmission power capabilities of the USRPs will have to be measured and calibrated; experience 
of using the USRP daughterboards indicates some variation in the actual output power as compared to 
the stated specifications. 

6.4- Spectrum Shaping  

6.4.1- Proposed functionality of module  

This component will fulfil the objective of Task 5.3 and reported in D5.2 which is to design an OFDM-
based spectrum shaping algorithms. The purpose of this block is to use the available spectral resources 
efficiently by employing the appropriate spectrum shaping for each OFDM symbol. The basic approach 
is to use the inherent feature of OFDM that allows for the mapping of non-zero data symbols to only 
those subcarriers whose frequencies are within assigned bands. An example is shown in Figure 21 
where the power spectral density of a transmission made by secondary user (SU) in two assigned, and 
non-contiguous, bands is depicted while adjacent bands are used by primary users (PUs). 
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Figure 21 Normalized power spectral density (PSD) of 5000 OFDM symbols that have subcarriers 
{51,é, 60} and {71,é, 80} modulated with random QPSK symbols. The size of IFFT modulator is 
N=256, and the cyclic prefix length is 1/8N. 

 
However, in the generic case of OFDM transmission with rectangular pulse shaping, a significant 
amount of transmit power is located outside of the assumed, nominal frequency band, devoted for 
OFDM transmission. This phenomenon, known as the out-of-band (OOB) radiation, is usually caused 
by:  
 

 Clipping of the high-amplitude samples in the time domain OFDM signal of nonlinear 
transmission devices, e.g. high power amplifiers. Usually, in order to describe the behaviour of 
the occurrence of high-power samples the Peak to Average Power Ratio (PAPR) is used.  

 High-power sidelobes which are caused by the shape of the transmit pulse, i.e. a rectangular 
window. When N-length IFFT is used as a modulator, only N samples out of periodical signal 
defined for infinitive time are chosen. It can be described as multiplication of time signal with 
rectangular window, or in frequency domain as a convolution with sinc-shaped function. The 
sidelobes of sinc functions contain a significant part of the overall power and decrease slowly, 
proportionally to the square of subcarrier index (or normalized frequency).  

 

Therefore, to allow for efficient spectrum utilization an algorithm should be designed to counteract these 
problems. Such algorithms will be dependent on the following system parameters: 
 

 The required sidelobe suppression: as regulators usually define spectral masks for existing 
systems, their equivalent dynamic form for CR should be also available. The most suitable will 
be the ratio of the maximum power spectral density of transmitted signal to the maximum power 
spectral density allowed in adjacent channels. 

 Available spectrum: based on user requirements, sensing and information from the COGEU 
broker. 

 Parameters of the OFDM modulation component, i.e.: cyclic prefix length, FFT size. 

 The OFDM symbol to be transmitted: different combinations of input symbols cause different 
values of OOB radiation to be suppressed, as such the actual symbol to be shaped also 
determines the shaping. 
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The output of this module will consist of the shaped OFDM symbol, parameters of used sidelobes 
suppression methods and information which subcarriers are modulated and in what a way.  
 
 

 

Figure 22 Inputs/Outputs for Spectrum Shaping Module 

 

6.4.2- Existing implementations and components  

All of the basic building blocks for an OFDM-based transmitter chain already exist in the IRIS 
Component Library. They are also available in the GNU library of components. Additionally, the IRIS 
Component Library has a shaping component, which uses an alternative technique to that envisaged for 
the COGEU transceiver.  
 
Also, the Trinity team demonstrated this OFDM pulse-shaping technique [11]. This demonstration 
shows that the IRIS/USRP system is a feasible platform on which to prototype spectrum shaping 
techniques.  
 
As such, the only element that needs to be developed in either GNU Radio or IRIS will be the actual 
shaping component. 
 

6.4.3- Brief literature review   

Many algorithms have been investigated in the literature. Some work in the time domain involves 
changing the subcarrier shape, e.g. windowing [43] or adaptive symbol transition [19]. Others make use 
of the correlation between data on adjacent subcarriers, e.g. the constellation expansion method [20], 
multi choice sequence method [21] or spectral precoding [22].  There is also a set of methods where 
dedicated signals in the frequency domain are prepared to suppress the sidelobes of data subcarriers, 
e.g. the cancellation carriers method [23] or the extended active interference cancellation method [24]. 
 

6.4.4- Implement ation  and integration plan  

As there are a number of different shaping methods it will be important to choose the one that fits the 
demands of the COGEU transceiver. The first step will be to compare, based on parameters derived by 
other work packages, the main features of these methods and to determine the most suitable candidate.  
 
Modifications and improvements which are dictated by the specific requirements of the COGEU 
transceiver will be incorporated. The general development path will follow that described in Section 6.1.  
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The shaping module will be developed as an IRIS or GNU Radio component; as such its integration into 
component-based system should be seamless.  The Trinity College team have experience in 
successfully integrating such transmitter chain components. 

6.5- Advanced TVWS Rendezvous  

6.5.1- Proposed functionality of m odule  

This component will fulfil the objective of Task 5.4 which will enable cognitive radios operating in the 
dynamic spectrum environments envisaged by COGEU to communicate with each other and join 
networks of cognitive radios without having prior knowledge of which frequencies will be available for 
use. 
 
The Advanced TVWS Rendezvous algorithm will build on existing rendezvous techniques that allow the 
TVWS radios to find each other in a robust and speedy fashion using special watermarks in the signal 
or using novel scanning and searching techniques. The techniques will be based on local, power-
efficient and limited-overhead communication between the TVWS radios to provide basic information 
concerning the occupied spectrum, and anticipated interference level. Once the cognitive radios have 
rendezvoused, further information concerning interference parameters can be exchanged for more 
efficient interference-cancellation algorithms at a receiver. 
 
However, given the nature of the environment in which the COGEU TVWS transceiver will be operating 
the initial building blocks that exist in the IRIS Component Library will need to be further developed to 
account for the more demanding attributes of the COGEU system; namely; 
 

 Rendezvous over signals which have been subject to shaping on transmission. Anything 
which nulls, or otherwise manipulated the power of, subcarriers will require a re-evaluation 
of the existing components. 

 The allocation of multiple signatures for each available interleaved channel. 

 Rendezvous over non-contiguous channels 

 Rendezvous over aggregated channels 
 

 
In summary, the existing components have been designed for a specific set of operating conditions and 
any conditions presented in COGEU scenarios which are outside these parameters will require the 
design, implementation and evaluation of new or modified components. 
 

6.5.2- Existing  implementations and components  

There already exist a number of components in the IRIS Component Library that may be used as the 
basis for development and integration of an Advanced TVWS Rendezvous into the COGEU TVWS 
transceiver: 

 CycloBWOFDMModulator/Demodulator  

 CycloSignatureDetector  

 CycloStationaryAnalysi s 
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Figure 23 Signature Detector Receiver Structure: A dual path structure is adopted with a switch for 
directing received signal samples to the signature detector or OFDM demodulator as required. 

 
These components are based around the use of cyclostationary signatures to intentionally embed 
information into a subset of the subcarriers of an OFDM-based signal. The significant advantages of 
cyclostationary signal analysis when compared with alternative approaches lie in the wealth of 
information which may be represented by the spectral correlation density of a signal. Although the 
presence or absence of a given signal may be indicated by the specific cyclostationary features 
detected, these features may also be used to determine key signal properties such as carrier frequency, 
keying frequency and phase properties. These may then in turn be used for timing and frequency 
synchronization [25] or for signal classification and discrimination [26]. The unique ability of 
cyclostationary signal analysis to derive detailed information about signals of interest without requiring 
phase-related information about those signals make it a very useful tool in solving the issue of 
frequency rendezvous in DSA networks.  
 

6.5.3- Brief literature review  

Much of the initial work examining the use of cyclostationary models in the analysis of 
telecommunication signals was carried out by Gardner et al. [27, 28, 29]. In [30] a number of significant 
advantages of using cyclostationary models in the detection and classification of signals in difficult 
environments were identified. Recently, similar approaches have been suggested as solutions to the 
challenge of low power signal detection and classification for opportunistic DSA networks [31, 32]. As 
well as signal detection and classification, cyclostationary signal analysis has been applied to the areas 
of synchronization [33], blind channel characterization and equalization [34] and frequency shift filtering 
[35]. 
 
Further to these works, the Trinity College team have progressed the exploration of cyclostationary 
signatures for rendezvous in DSA networks [3, 36, 37]. 

6.5.4- Implementation and  integration plan  

The implementation and integration of the algorithms for this module will closely follow the path set out 
in Section 6.1. Many parameters affect the efficiency of the operation of a cyclostationary signatures; 
the number of OFDM subcarriers used for the signature, the power of the received signals. The signal 
generator will be used to study the range of signature permutations that are possible. The use of signal 
generators allows us to undertake repeatable, verifiable experiments to gauge the effectiveness of the 
different permutations so that optimal choices can be made before field-trials, involving the USRPs, are 
conducted. 


