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Abstract
Cognitive Radio (CR) has emerged as a very promising solution to mitigate the scarcity in
electromagnetic spectrum for wireless communication. CR promises to maximize the efficiency of
spectrum utilization by seeking out spectral vacancies (holes) in the licensed band and using it for
communication purposes. Thus sensing of the spectrum to detect the vacant holes forms an
integral part of a CR system.
The performance of a cognitive radio system depends on how well it can maximize the usage of a
vacant frequency band without causing any interference to the licensed user, also called the
primary user. Thus the ability to detect a primary user as well as to avoid any false alarm is of
paramount importance for such a system. There are various techniques to examine the presence of
a communication signal in a given frequency band. The easiest and most widespread of these is the
energy based detection. In this technique, the energy of the received samples is computed and
compared with a predetermined threshold. If the total energy of the received samples is more than
the computed threshold, the frequency band is assumed to be occupied by the licensed user.
The selection of the threshold to discriminate between the binary hypothesis of presence and
absence of primary user signal plays a very vital role in determining the accuracy of the spectrum
sensing algorithms. Conventionally, for an energy detector (ED) based CR, the threshold is set
based on estimated noise power and this is not changed even though the CR may have more
information available about the channel. It has been observed that for a conventional energy
detector based CR at low signal-to-noise ratio (SNR), when the time to sense the spectrum is short,
the ability to detect the presence of the primary user deteriorates significantly. However, if the
threshold is chosen based on the target probability of detection, then there is a significant
improvement in the ability of the CR to detect the presence of the primary user. Also the energy
detector based CR suffers from the fundamental limitation in that the threshold is a function of the
estimate of the noise variance. Any error in the estimation of the noise variance can lead the ED to
hit a lower bound for the signal to noise ratio below which the ED cannot detect the signal.
The first contribution of this thesis is an investigation into an adaptive setting of the threshold
which takes into account the ever changing channel condition. A study on the effect of low SNR
and short sensing time on the probability of detection and probability of false alarm is presented in
this thesis. The required number of samples and the desired SNR for meeting the target
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performance has been simulated and validated. Also the effect of uncertainties in the estimation of
noise power on the performance of an ED and the minimum SNR required guaranteeing the
intended performance metrics has been studied in this thesis.
Though the ED has known limitation in the presence of uncertain noise power, it is the simplest
detector to design and implement. Also the probability of false alarm of the ED remains low even
at low SNRs. To mitigate the disadvantage in the detection probability of the ED, this thesis
investigates a two-stage detector for spectrum sensing. Not only can this approach be used to
mitigate the disadvantages of a single stage detection technique, but it can also be used to
synergize the advantages offered by the individual methods. However, a two-stage analysis
increases the time taken to sense the spectrum and arrive at a conclusive result.

As a second contribution of this thesis, an algorithm which can be used to minimize the time taken
by a two-stage detector has been proposed. The second stage uses a pilot assisted cyclostationary
feature detection technique because of its robustness to noise and better performance at low SNRs.
The usage of known pilot in the PU signal has been done to aid in faster detection of the cyclic
frequencies. Simulation results have been used to show that the proposed algorithm leads to a
larger savings in time as compared to an existing two-stage detection algorithm. The time saved
increases as spectrum utilization of the band under consideration becomes sparser. A hardware
implementation of the two-stage algorithm has also been presented to quantify the area and power
consumption values.

Further the thesis presents a study on the real world signals captured using an universal software
radio peripheral 2 (USRP2) board. A GNU radio framework was used to interface with the USRP2
board. This setup was used to sense GSM Mobile signals and signals generated from a signal
generator. The spectrum of the captured signals showed the difficulties in estimation of the noise
floor and how an error in estimation of the noise variance can make an ED based CR non
functional in a practical scenario when the signal power is low.
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