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ABSTRACT 

Cognitive radio is a reasonably new branch of research aimed at more fully utilizing the RF 
spectrum.  This is accomplished by allowing wireless communication systems to dynamically 
choose a frequency band, and a modulation technique, based on the current state of the RF 
spectrum as perceived by the cognitive radio network.  This paper will give a brief introduction 
of cognitive radio networks, and describe a hardware platform designed at the IFT/UMR 
Telemetry Learning Center.  The test-bed will accommodate future research into cognitive 
networks, by allowing the user to dynamically change both its carrier frequency and modulation 
technique through software.  A general description of the design of the platform is provided. 
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INTRODUCTION 

Current wireless communication systems are restricted in the bands they can transmit over and 
the modulation schemes they can use.  These restrictions mean that, as demands increase on 
wireless system performance, there is not enough bandwidth in a system’s portion of the 
spectrum to meet those demands.  For example, cell phones now come with the ability to access 
the internet, but the connection speeds are slow due to the limited spectrum that cell phones are 
allowed to operate over.  However, a large portion of the spectrum is not being used in any given 
geographic location, including portions of the spectrum that are licensed, but not being utilized.  
The most notable example of this underutilization is the UHF television bands (Channels 14 to 
83), many of which are never used in a given location [1].  If new wireless communication 
systems could determine which of these licensed bands are not being used and establish 
communication over them, it would solve the bandwidth problems of many wireless systems and 
better utilize the RF spectrum.  This type of system is called a cognitive radio system. 

A cognitive radio system would be able to scan the RF spectrum to determine the portions of the 
spectrum that are not being utilized (called white spaces) and then establish communication with 
one or more other radios over those bands.  They would also be able to change their modulation 
technique and power level to optimally use the RF spectrum.  However, current wireless systems 
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use application specific hardware to communicate over specific frequencies with a specific 
modulation technique.  Therefore, cognitive radios would need a new system that would perform 
most of the signal processing in software, thus allowing the system to dynamically change its 
carrier frequency and modulation scheme based on the current utilization of the spectrum.  Such 
systems are called Software Defined Radios (SDR).  Software Defined Radios first convert a 
received signal to an intermediate frequency and then use a wideband analog to digital converter 
to capture a large portion of the spectrum.  This data is then passed through a digital down 
converter to extract the desired band and convert it down to base-band and sent to a DSP or 
general purpose processor for processing [2,3,4,5]. 

EXISTING SOFTWARE DEFINED RADIO PLATFORMS 

There are already SDRs in existence and in development.  Two such systems are the military’s 
Joint Tactical Radio System (JTRS) and a system called the Universal Software Radio Peripheral 
(USRP) designed by Ettus Research.  The JTRS is a system still under development to replace 
the military’s existing radio systems, many of which are unique to a certain branch of the 
military and incompatible with other branches.  The JTRS is a software defined radio meant to 
replace all legacy radio systems and bring compatibility between the branches’ communication 
systems.  The JTRS consists of several platforms designed to meet a particular operating 
environment, such as platforms for ground troops, planes and ships.  These platforms are all 
SDRs and are loaded with software to determine which bands they can operate over.  However, 
these systems are not used for cognitive radio.  They simply change software to communicate 
over established protocols [6,7]. 

The USRP, however, is designed for research into different types of wireless communication.  
The system consists of a main board which communicates over USB to a computer and has slots 
for up to 4 daughterboards, which act as the RF front end for the system.  The main board 
handles the analog to digital and digital to analog conversion of the signals (with an operation 
bandwidth of up to 16 MHz) and communication with a computer.  The portion of the spectrum 
the device can transmit and receive over is determined by which daughterboards are used with 
the system, but can range from DC to 2.9 GHz [8]. 

COGNITIVE RADIO PLATFORM 

SDR Overview 

The general design of SDR developed at the IFT/UMR Telemetry Learning Center is shown in 
Figure 1.  This SDR is capable of scanning the RF spectrum from 1 GHz to 2 GHz with center 
frequencies in steps of 33.333 kHz with a bandwidth of 50 MHz.  On the transmitting side, the 
SDR can transmit over the same range of frequencies, but with a bandwidth limited to 32 MHz.  
On both the transmitting and receiving side of the SDR, the signal processing is done by digital 
signal processors (one DSP for transmitting, one for receiving).  This allows the system to 
dynamically change its center frequency and modulation schemes by simply changing the 
software in the DSPs.  Finally, a microcontroller is used to tie the two DSPs together and allow 
for USB communication with either a computer or a USB peripheral. 
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Figure 1: System Overview 

 
Receiver RF Front End 

On the receiver end, signals are collected through a broadband antenna capable of receiving 
signals from 100 MHz to 2 GHz.  The received signal then goes through a low noise amplifier 
(LNA) with a fixed 20 dB gain and a variable gain amplifier (VGA) capable of amplifying up to 
a gain of 60 dB.  From there, the signal goes into an I/Q demodulator which will down-convert 
the signal to base-band and output the I and Q component of the down-converted signal.  These 
output signals then go through low pass anti-aliasing filters with a 25 MHz cutoff frequency 
before going to the analog to digital converters. 

The carrier frequency input for the I/Q demodulator is provided by a voltage controlled oscillator 
capable of outputting frequencies from 1 to 2 GHz.  This VCO is controlled by a fractional-N 
frequency synthesizer capable of controlling VCOs up to 4 GHz.  A PLL loop between the 
frequency synthesizer and VCO ensures an accurate input to the I/Q demodulator. 

Transmitter RF Front End 

The RF front end on the transmitter side receives differential current outputs from two digital to 
analog converters used for the I and Q components of the signal to be transmitted.  These 
differential current outputs are converted to single ended voltage signals through an op-amp 
circuit and passed through a 25 MHz cutoff reconstruction filter to remove any harmonics from 
the DACs.  These signals are then converted back to differential and passed into an I/Q 
modulator to up-convert the signal to the desired carrier frequency.  The same PLL loop as used 
in the receiver front end is used to generate the input to the I/Q modulator.  The output of the I/Q 
modulator goes through a variable gain amplifier to adjust the output power for the transmitter. 

  3 of 10



Analog to Digital Conversion 

After the received signal has been down-converted and separated into I and Q components, each 
component goes into its own differential analog to digital converter.  The two ADCs operate off 
the same 50 MHz clock to provide 50 MSPS taken in phase with each other.  This provides a 
maximum bandwidth of 50 MHz.  After conversion, each ADC output goes into a digital down 
converter to down-sample the signal, if desired, to get the necessary portion of the spectrum with 
a slower sampling rate to reduce the level of processing needed at the digital signal processor.  
Each of the DDCs have both I and Q parallel outputs, so it is required to combine the outputs of 
the two DDC into just one I/Q pair to input into the DSP.  For this, a FPGA is used to perform 
the parallel addition and subtraction needed to remove this portion of the processing from the 
DSP. 

Digital to Analog Conversion 

The digital to analog conversion on the board is done using two 32 MSPS digital to analog 
converters with differential current outputs and 4x interpolation filters.  Each DAC is used for 
the I and Q components of the desired output signal.  These DACs are clocked through a timer 
output from the transmitter DSP, which allows for a variable sample rate so the transmitter DSP 
can generate fewer samples per second for a lower bandwidth signal.  The 4x interpolation filters 
on the DACs help to smooth the signal and reduce the harmonics present from the digital to 
analog conversion.  The current outputs of the DACs are then converted to voltage signals in the 
transmitter RF front end. 

Signal Processing 

To perform the large amount of signal processing potentially necessary for a cognitive radio 
application, a Texas Instruments C5502 digital signal processor was selected.  There are two 
DSPs in the system, one for the transmitting side of the radio and one for the receiving side.  The 
C5502 was selected because it is a fixed point DSP, which means faster calculations than a 
floating point DSP, and it is available in a quad flat pack package, which means it can easily be 
soldered onto the PCB by hand.  It was also chosen because it is the fasted of the C5000 series of 
DSPs, capable of operating at 300 MHz. 

The DSPs control the RF front ends for both the transmitter and receiver.  On the receiver side of 
the radio, the DSP controls the carrier frequency by communicating with the frequency 
synthesizer through SPI communication.  It also controls the gain of the VGA through a serial 
DAC via SPI communication and the digital down converters through parallel communication.  
On the transmitter side, the DSP controls the carrier frequency as it does on the receiver side.  It 
also controls the sampling rate of the DACs through a timer output of the DSP that acts as the 
clock input of the DACs, which get their data via parallel communication from the DSP.  Finally, 
the output power of the transmitter is controlled by the transmitter DSP by adjusting the gain on 
the VGA on the transmitter side. 

Microcontroller and USB 

The microcontroller on the SDR acts as a go-between for the DSPs and a computer connected via 
USB.  A USB controller handles the low level USB communication protocols and is connected 
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to the microcontroller via a SPI connection.  Data sent from the computer is directed at either of 
the DSPs or at the microcontroller and the microcontroller will either transmit the data on to the 
correct DSP, or it will handle the data as needed.  A LabVIEW GUI was created for the 
computer side of the USB connection to transmit data between the computer and SDR.  This 
GUI is shown in Figure 2.  The SDR can both transmit and receive both control and bulk 
transfers and it can transmit data to the computer via an interrupt transfer. 

 
Figure 2: LabVIEW GUI for USB Communication 

 
The microcontroller is also connected to an LCD display in order to display pertinent 
information to the user. 

Testing 

At the time this paper was written, testing had just begun on the hardware and no performance 
data was available.  In order to test the system, several SMA connectors were placed on the 
board to examine signals as they passed through the various stages of the RF front ends.  The 
systems will be verified by examining signals as they pass through the front ends and confirming 
that the hardware is working as expected. 

CONCLUSION 

Cognitive radios are an answer to the increasing demands of wireless communication systems 
and the problems that they have with limited spectrum due to government regulations.  By being 
able to dynamically change their carrier frequency, modulation scheme and power levels based 
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on information gathered from the RF spectrum, cognitive radios will be able to better utilize the 
spectrum and thus will be able to give better throughput than current wireless technologies.  
However, there are several problems that must be overcome before cognitive radios will be able 
to communicate over licensed bands without interfering with the licensed user.  In order to test 
solutions to these problems, a hardware platform is required.  The software defined radio 
presented in this paper is just such a platform.  By having digital signal processors perform the 
majority of the signal processing and having RF front ends that can change their carrier 
frequency, the SDR can dynamically change the carrier frequency, modulation technique and 
power level of transmission.  It can also scan the RF spectrum over its 1 to 2 GHz range to 
determine the current utilization of the spectrum and, with the correct software, make decisions 
based on that information as to how to best establish communication with one or more other 
cognitive radios. 
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APPENDIX A: SDR PICTURE 

 
Figure 3: Picture of SDR 
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APPENDIX B: SELECTED SCHEMATICS 

 
Figure 4: Receiver RF Amplification 

 

 
Figure 5: Digital to Analog Converter 
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Figure 6: Analog to Digital Converter 
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