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The limited radio frequency spectrum is a very valuable resource in wireless communication systems. The excessive
use of this spectrum has created a serious problem named spectrum scarcity. During the last several decades, it has been
a focal point for research to solve the spectrum scarcity problem. The cognitive radio (CR) is a noble solution to reduce
the scarcity of the frequency spectrum for current and next generation wireless communication systems. Spectrum
sensing is one of the most important issues in CR systems. However, spectrum sensing is a difficult problem in CR
systems especially in highly noisy environments. In modern wireless communication systems, orthogonal frequency
division multiplexing (OFDM) is widely used for many applications such as Wi-Fi, WiMAX, long term evolution (LTE),
digital video broadcasting (DVB), and so on. For this reason, spectrum sensing approaches for OFDM systems are
very important for CR systems. In this dissertation, we reviewed some of the problems of spectrum sensing for OFDM
based primary user and provided methods for the solutions to those problems associated with the CR systems. Spectrum
sensing is an important issue in almost all areas of CR research but spectrum sensing for OFDM signals is a difficult
problem especially in noisy environments. The proposed techniques have improved detection performance significantly

even in highly noisy conditions.

In the first proposed method, taking into consideration the poor spectrum sensing performance in noisy environments,
we have proposed a low-complexity and effective semiblind spectrum-sensing method. In this proposed method, a comb
filter and autocorrelator are combined and utilized for sensing the OFDM-transmitted signal. The comb filter is used
prior to the autocorrelation calculation to reduce the effect of the significant amount of random data for the multipath
fading channel. For an OFDM-transmitted signal, we have considered a first Fourier transform (FFT) with a large size,
which is essential for some OFDM based applications. The proposed method is applicable for OFDM signal detection
for low signal-to-noise ratio (SNR) cases over additive white Gaussian Noise (AWGN) and multipath Rayleigh fading



channels under different digital modulation schemes. The detection performance is evaluated for different cyclic prefix
(CP) lengths of OFDM signals using the proposed sensing method. The OFDM detection capability for different
CP lengths of our proposed method increases significantly for low SNR cases. The proposed method is compared
with semiblind energy detection, blind entropy detection, and blind unsigned autocorrelation based sensing method
for detecting OFDM-transmitted signals over AWGN channel. The proposed approach provides a 22 dB SNR gain
compared with the energy detection, an 18 dB SNR gain compared with the entropy detection, and an 8 dB SNR gain
compared with the unsigned autocorrelation based blind scheme. In addition, the proposed method improves the SNR of
the OFDM signal by 4 dB compared with that for the conventional CP autocorrelation based spectrum-sensing method
over multipath Rayleigh fading channel. As a result, the proposed method shows a marked performance improvement

relative to these methods.

The second method proposes a new approach of spectrum sensing for OFDM systems for further detection
performance improvement in CR systems. This method enhances the detection capability of autocorrelation based
spectrum sensing for very low SNR cases. The combination of a comb filter with autocorrelation function is exploited in
a parallel form to obtain more accurate detection of the CP OFDM primary user. The proposed method is applicable for
various CP lengths of OFDM signals under higher order digital modulations over the multipath fading channel, which
is essential for modern broadband wireless communication systems. The proposed spectrum sensing method improves
the SNR of the received signals and also improves the sensing performance. This method is compared with the CP
autocorrelation based spectrum-sensing method over multipath Rayleigh fading channel. The proposed sensing scheme
offers a 6 dB SNR improvement than the CP known autocorrelation based and a 10 dB SNR gain than the CP unknown

autocorrelation based spectrum-sensing method in highly noisy environments.

The third method proposes a spectrum-sensing method to obtain the excellent detection performance for OFDM
transmitted signal over multipath fading channel. The proposed method utilizes higher order statistics for spectrum
sensing. Many OFDM signals cannot be detected by second order statistics for the multipath fading channel case.
For this reason, higher order statistics including skewness function and kurtosis function are used for sensing OFDM
signals instead of second order statistics. This method improves the detection capability by increasing its computational
complexity due to higher order statistics calculation. The use of skewness increments the detection capability than the
conventional autocorrelation based spectrum-sensing methods significantly in highly noisy environments. In addition,
when the kurtosis function is used in the proposed method, the sensing performance increases markedly in highly noisy
environments. This method is compared with the conventional second order autocorrelation based spectrum-sensing
method for OFDM signals detection over multipath Rayleigh fading channel. The proposed spectrum-sensing scheme
using skewness function offers an 8 dB SNR improvement compared with that of the CP known case, a 12 dB SNR
gain compared with that of the CP unknown case, and a 9 dB SNR gain compared with that of the with filter case of the
autocorrelation based spectrum-sensing scheme. Furthermore, in the proposed method, when kurtosis function is used
for spectrum sensing, it provides a 16 dB SNR improvement relative to that of the CP known case, a 20 dB SNR gain
relative to that of the CP unknown case, and a 17 dB SNR gain relative to that of the with filter case of the conventional

autocorrelation based spectrum-sensing method.

In modern wireless communication systems, OFDM is extensively used. The proposed methods provide excellent



OFDM detection performance in highly noisy environments. OFDM Detection is possible using three proposed
approaches for very low probability of false alarm under higher order digital modulation schemes over multipath fading
channel. For this reason, the proposed spectrum-sensing methods in this dissertation can be a suitable candidate of

OFDM signals detection in CR for modern and future wireless communication systems.
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