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INTRODUCTION

Wireless communication systems use the radio frequency (RF) spectrum as their propagation medium.
RF spectrum is divided into several bands occupying electromagnetic frequencies from 30 kHz to 300
GHz. The necessity of RF spectrum uses increases constantly due to the rapid growth of modern wire-
less communication systems. Several technologies, especially the deployment of the 5G network and the
Internet of Things (IoT), cause high demand for resources from the wireless spectrum for many devices
(Xu et al., 2020).

Most of the available RF spectrum has already been assigned to existing wireless systems resulting
in only an insignificant part of this spectrum can be given to new applications.

Cognitive radio (CR) aims to reinforce the utilization of the underutilized RF spectrum. These fre-
quency bands are assigned to licensed or primary users (PU) but are not utilized in some locations or
time instants. Therefore, unlicensed, or secondary users (SU) can use this spectrum.

One of the principal operations of CR is spectrum sensing (SS), consisting of dynamic monitoring
and employing underutilized spectrum without interfering with PUs.

This chapter proposes a survey of current spectrum sensing (SS) research involving the application
of machine learning techniques. The extensive review included in this document mainly focuses on deep
learning architectures and image processing techniques that can help improve CR systems’ detection
probability to maximize the underutilized RF spectrum in 5G. This article aims to check the newest
research about spectrum sensing techniques reported in the literature, which apply images or time series
as input for different deep learning architectures whose main task is to classify the spectrum as occupied
or non-occupied.

A current trend, automatic classification modulation (AMC), is also included in this review. It is
closely related to SS by recognizing the spectrum availability and classifying the signal type currently
using the licensed band of interest. This chapter is helpful for comparison of the current tendencies in
spectrum sensing in terms of signal simulation, including different analog and digital modulation types,
image-based approaches such as covariance matrix or spectrogram, and wireless channel simulations.
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BACKGROUND

Cognitive radio is a new design paradigm of wireless communications systems that aims to maximize
the use of the underutilized RF spectrum. Simon Haykin defines cognitive radio as a wireless com-
munications system that is intelligent and aware of its environment. It uses a methodology by which it
learns from the environment and adapts to statistical variations in the input stimulus (Captain & Joshi,
2021; Haykin, 2005). This definition has two main objectives:

e  Highly reliable communication when and where needed, and
e  Efficient use of the radio spectrum.

Cognitive radio intends to manage and execute real-time operations to adjust its behavior and deal with
the increasing demands of RF spectrum and spectrum shortage caused by fixed frequency assignments
(Prasad et al., 2008). SU or CR users are allowed access to bands of licensed spectrum assigned to PUs
if they do not cause destructive interference. In a cognitive radio network (CRN), the SU or unlicensed
user can temporarily access the spectrum not occupied by the PU; therefore, it is critical to determine
whether the PU is present or not, and spectrum sensing is a crucial prerequisite for CR (Xu et al., 2020).
Three possible cognitive radio implementation models exist: interweave, underlay, and overlay. Due to
the popularity of the interweave model and standardization efforts by IEEE on IEEE 802.11 and IEEE
802.11af standards, this type is detailed below (Captain & Joshi, 2021).

Interweave model: In this model, secondary users can access the licensed spectrum only when
primary users do not use it. A licensed spectrum that is not in use is called a spectrum hole. Second-
ary users must dynamically identify spectrum holes. Once the primary user begins transmitting on the
licensed band again, the secondary user must immediately abandon the licensed spectrum without any
interference with PU.

Spectrum Sensing

One of the purposeful requirements of the SU is to exploit the underutilized spectrum without destructive
interference to PU. In addition, a PU is not required to share the spectrum with SUs. Therefore, SUs must
be able to detect holes in the spectrum independently of PU before using the licensed spectrum. During
the use of that band, the SU needs to monitor constantly if any PU is active in that band, and if that is the
case, it needs to abandon that band immediately. As a result, efficient spectrum sensing techniques are
required to minimize interference with the PU while maximizing spectrum utilization (Captain & Joshi,
2021). There are three types of spectrum sensing, narrowband spectrum sensing, wideband spectrum
sensing, and cooperative spectrum sensing.

Narrowband Spectrum Sensing

Narrowband spectrum sensing finds whether a single PU-licensed band is available for SU. The simpli-
fied signal detection problem can be explained in terms of two hypotheses H and H,. Hypothesis H;
means that only noise is received while the PU signal is missing. Similarly, the hypothesis H, states that
not only noise but also PU signals are observed. Denoting the received signal at the signal detector as
y(n) and the PU signals observed by SU as x(), we have:
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