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Summary

This thesis discusses one of the modern digital communication systems in the field of
wireless communications which is a cognitive radio system. The main objective of this work is
analyzing the ability of a cognitive radio system to sense a wide bandwidth spectrum, detect the
available empty spectrum bands and use these empty slots for establishing wireless
communications networks in order to utilize the spectrum in a better way and increase the
spectrum efficiency. There are many studies done to scan the spectrum and estimate the
spectrum utilization in the sensed bands. These studies all have similar characteristics: they are
all wideband, conducted for short periods of time, and require expensive equipment. The sites
where these studies were conducted include Chicago, Illinois, Singapore, USA, Los Angeles,
CA, USA, Paris, France and many other countries. The conclusions of these studies are also
similar. These all studies showed that the spectrum utilization is very low at their respective
locations.

In order to scan the spectrum and measure the spectrum utilization in the sensed bands, a
proposed wideband RF front end spectrum sensor for cognitive radio applications in the upper
UHF frequencies has been conducted. The proposed RF front end sensor is a part of cognitive
radio receiver block diagram which consist of four main units, which are RF front end, wideband
Analog to Digital Converter (ADC), software reconfigurable digital baseband radio and a
cognitive engine. As a result of the difficulty and cost of implementing the cognitive radio
receiver as a whole, we designed and implemented the antenna and the RF front end part. The
proposed sensor consists of an antenna, an RF front end and a spectrum analyzer. The proposed
antenna is designed to operate in the intended frequency range from 1.7 to 2.7 GHz. The
proposed wideband antenna designed from a microstrip rectangular patch with a partial ground
plane. The bandwidth of the proposed patch was enhanced by using partial ground technique.
The proposed antenna was designed using a ready-made software package (CST microwave
studio and measurement). Then the designed antenna has been fabricated by using thin film
and photolithography technique and has been measured by using the vector network analyzer.
Performance evaluation has been conducted for the simulated and measured results which
determined that the designed antenna achieved the required goals which are the return loss is
less than -10 dB at the required bandwidth from (1.7 to 2.7) GHz, the voltage standing wave
ratio is less than 2 over the planned bandwidth and the designed antenna radiation pattern is an
omnidirectional pattern. The total area of the fabricated proposed antenna is (60mm*58mm). The
other RF front end components are built from of the shelf commercial parts. Then we used a
commercial spectrum analyzer for frequency analysis of the detected signals and to measure the
spectrum utilization in the higher UHF frequencies. It is planned to build our own spectrum
analyzer based on virtual national instrument. So, this is the RF part of the sensor which proves
to have sensitivity comparable to the spectrum analyzer.



We introduced in details our wideband spectrum sensor design, implementation and
carried out many spectrum detections measurements with different sensing times to estimate the
spectrum utilization in the upper part of the Ultra-High Frequencies (UHF). The spectrum data
the proposed sensor collected is the power present at a given frequency. Two major spectrum
sensing results were conducted.

Firstly, The proposed spectrum sensor was applied to measure the spectrum utilization in
the frequency band from 1.7 to 2.7 GHz and the results showed that the spectrum utilization is
estimated to be from 0.4 percent to 2 percent with average spectrum utilization equal to 1.175%
and the detected RF signals are originated from the mobile communication systems, specifically,
the uplink band (1710-1785) MHz, and Downlink band (1805-1880) MHz in addition to fewer
signals from the surveillance radar band (2686-2900) MHz and very fewer signals from the
Bluetooth band from (2400-2485) MHz.

Secondly, the proposed sensor was applied to measure the spectrum utilization in the
frequency bands from 1700 to 1950 MHz and from 1837 to 2087 MHz also the results showed
that the spectrum utilization is estimated to be from 5.5 percent to 22.7 percent with average
spectrum utilization equal to 12.35% and the detected RF signals are originated from the GSM
band uplink (1710-1785) MHZ, and Downlink (1805-1880) MHz. The higher the estimated
utilization of the second bands results is due to higher ability to detect smaller signals as the
noise floor of the spectrum analyzer is made lower.

Finally, our implemented sensor advantages are its wide bandwidth from 1.7 to 2.7 GHz,
low cost, simple implementation, very small size, and relatively high sensitivity to detect weak
signals.

Keywords: Cognitive radio, RF front end, Spectrum Hole, Spectrum Sensing, Wideband
Spectrum Sensor.
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