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quick and inexpensive way to find spectrum holes that cover from 9.30 to 13 GHz
in frequency. Frequency is scanned by using a tunable Ultra-Wideband. One of
the most essential technological requirements for the development of perceptual
radio systems is spectrum sensing. The usage of a microstrip patch antenna in

ultra-wideband applications is described. The antenna is small, with ground of 30

mm x 30 mm and 5 gaps that are used as switches and measure 2 mm x 3 mm
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Abstract

Abstract

In this thesis, a tunable Ultra Wide-Band antenna-based cognitive radio (CR) system
design is provided. Cognitive radio using ultra-wideband (UWB) and full energy
detector-based spectrum sensing. Applying spectrum sensing, cognitive radio (CR)
increases the adaptability of personal services and can improve spectrum management
and manage energy efficiently. It offers a quick and inexpensive method for effectively
finding spectrum holes from 9.30 to 13 GHz in frequency spanning. Frequency is
scanned by using a tunable Ultra-Wideband. One of the most essential technological
needs for the development of perceptual radio systems is spectrum sensing. The usage
of a microstrip patch antenna in ultra-wideband applications is described. The antenna
is small, with ground of 30 mm x 30 mm and 5 gaps that are used as switches and
measure 2 mm X 3 mm each. Switches are used to monitor the existence of the
principal user (PU) and can offer adjusting capabilities. On a Rogers RT5880 substrate
with a relative permittivity (er) of 2.2, the recommended antenna is constructed and
having a dielectric thickness of 1.575 mm. This sort of antenna has a number of
benefits, including being flexible in terms of band accessibility, compact, cheap, easily
produced, small in size, and simple in design. It is also made of copper. The presented
low VSWR antenna has the necessary radiation properties to gratify the demands of
present and upcoming wireless communications systems; towards the conclusion, both
simulated and measured results are given, in the last part of this thesis, using CST
microwave studio software, a new design for Tunable Ultra Wide Band (TUWB) is
helpful to CR for communication in the desired band, from 9.30 to 13 GHz, the UWB
frequency range is provided by the proposed antenna. (TUWB) tunable ultra-wideband
frequency tracking is used, and the antenna is made to scan the 9.30 to 13 GHz

spectrum. In addition, simple and cheap materials were utilized.
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Chapter 1 Introduction

Chapter 1
Introduction

1.1 Overview

Cognitive radio (CR) is a one-of-a-kind solution for bandwidth shortages that
keep spectrum consumption in check. Dr. Joseph Mitola first suggested the proposal
of cognitive radio (CR) in 1999 as a successful spectrum access system to increase
spectrum use. There is heavy usage of some frequency bands, while others are hardly
used. The CR system's capability to identify, learn, and adapt to the surrounding RF
environments is its most distinguishing feature. As a result, reprogrammable radio

resources and an intelligent management system are required.

The Federal Communications Commission (FCC) claimed in November 2002
that 70% of the entire spectrum is unemployed at any given moment. This is
accomplished through spectrum sensing[1], which is the constant observation of
wireless channel activity. A critical technological prerequisite for the realisation of
cognitive radio systems is spectrum sensing. Cognitive Radio (CR) needs spectrum
sensing to find unused spectrum. This thesis gives a general review of cognitive radio
and analyses its qualities and benefits. Because it doesn't ask about transmitted signal
properties, channel information, or even the type of modulation, a survey of energy
detectors above (AWGN) Additive White Gaussian Noise and the many channels
given for spectrum sensing in cognitive radio have resulted in the recommendation and
wide use of energy detection-based spectrum sensing. The time-domain and theoretical
analysis threshold setting energy detection are examined. Cooperative spectrum
sensing and energy detector receptions based on multiple antenna processing are also

described.

If the principal user signal is absent, energy detection determines the energy of
the received signal as the squared magnitude of the Fast Fourier Transform (FFT)
averaged over these. This threshold 4 is determined by the received signal levels. It is
simple to use and doesn't need for any previously PU knowledge. This approach is
simple and much simpler to explain because it doesn't require any prior knowledge of

the major user signal.
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Making effective use of transmitted energy, time, and frequency are examples
of natural resources is the aim of cognitive radio. Spectral efficiency will be more
crucial as wireless communication systems in the future support more users and higher
performance (such broadband) services. By monitoring the environment, cognitive
radio technologies can assist in reducing the importance of secondary systems that
increase spectral efficiency and then using their transmissions to fill in the gaps of the

unused available spectrum.

1.2 Thesis Motivations and Challenge

Because of the growing interest among consumers in wireless services, radio
spectrum demand has risen dramatically. The need for spectrum is projected to grow
even more as a result of the need for new applications and mobile internet connectivity.
A new communication model is needed to make the most of the already available
wireless spectrum because there is a limited amount of spectrum that is accessible and
there is poor spectrum use. Because of its adaptability and configurability, cognitive
radio provides a solution to this challenge by dynamically accessing the radio
spectrum. The research proposes improving an existing spectrum sensing technique
and implementing the proposed algorithm in a wireless communication system, as well
as developing a cognitive radio application in one of the existing wireless
communication systems to improve spectrum usage and signal quality. Spectrum
sensing is one of the most fundamental technological requirements for the creation of
perceptual radio systems. For ultra-wideband applications, we provide a microstrip
patch antenna. The use of microstrip antennas in microwave communication systems
is growing due to their lightweight, planar configuration, and low cost of
manufacture[2].

Finally, the proposed antenna to meet the specifications for present-day and
next wireless communications systems, a low VSWR level offers a desirable radiation
characteristic. The simulated and measured outcomes are present.

Natural resources include things like time, energy, and frequency that can be
used efficiently. is cognitive radio's main objective. As wireless communication
systems in the future accommodate more users and greater performance (such as
broadband) services, spectral efficiency will become increasingly important.

Cognitive radio technologies can help decrease the importance of secondary systems
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that boost spectral efficiency by monitoring the environment, and then use their
transmissions to fill in the gaps of the unutilized available spectrum.

Several UWB antenna designs with configurability features have been
developed successfully. The majority of published research has focused on
reconfiguring UWB antennas to work in multiple bands using perfect switches. One
of the fundamental difficulties in communication systems using ultra-wideband
(UWB) and cognitive radio (CR) is constructing a small antenna with wideband
properties over the full operational band. Setting up a reliable spectrum is a simple fix.
Secondary users can feel the radio spectrum area due to the cognitive radio system
characteristic of sensing or environment within their operational range in order to
identify frequency bands intervals or holes that are unoccupied by primary users.
Developing a new application for a wireless communication system and enhancing its
performance using cognitive radio technology to improve spectrum consumption
efficiency and received signal quality is the most difficult challenge. This can be
achieved by utilizing antenna arrays rather than single antenna elements in a new

spectrum sensing technique.

1.3 Thesis Organization

The following five chapters make up this thesis:

Chapter 1 — Introduction: provides a summary, objectives, potential challenges,
motivation to meet these requirements, and include the literature review.

Chapter 2 — Survey on a cognitive radio system: provides a quick overview of
cognitive radio systems and spectrum sensing methods. based on choosing an
energy detector.

Chapter 3 — Energy detector techniques: explains the proposed energy detector.
Multiple antenna-based spectrum sensing method for cognitive radio systems. We
derive expressions for test statistics, probability of detection, probability of false
alarm, and their thresholds, we provide 32 different scenarios of measurements
resulting from different switching configurations. CST Microwave Studio developed
the simulation, which displays a new way of improving the performance of spectrum

sensing techniques in cognitive radio systems by using antenna arrays beamforming.
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Chapter 4- Tunable ultra-wide band antenna design for cognitive radio system:
describes design a new tunable ultra-wideband antenna (TUWB) for cognitive radio
applications, including its design, construction, and measurement.

Chapter 5 — Conclusions and recommendations for future study: gives a solution
to the thesis. The chapter identifies the main challenges, viewpoints, successes, and

suggestions for potential future work.
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Chapter 2
Survey on a cognitive radio system

More requirement for additional wireless spectrum and increased data traffic
have resulted from the provided great in mobile users and wireless communications.
In a 1998 seminar at Stockholm's KTH Royal Institute of Technology, Joseph Mitola
I11 suggested the concept of cognitive radio, this was later published in a 1999 study

by Gerald Q. Maguire and Mitola, Jr. It was a label form of wireless communication

[7]1

The radio frequency spectrum has several of its allocations have already been
given to licensed users; as a result, new Radio Frequency (RF) usage systems are
developing [4]. A cognitive Radio System (CR) is one of the alternative solutions since
it suggests a more intelligent use of the spectrum [8], [9]. To increase spectrum usage,
the cognitive radio network (CRN) is presented as an effective spectrum access
network. The concept of secondary users occurs in cognitive radio when licensed users
or primary users of the RF spectrum are not always using their spectral share of the
spectrum. These users can use the channels that become available when the primary
users are not sending or receiving data. Essentially, the system must sense the wireless
environment and determine when a free space exists in which the secondary user

communicates.

To address the aforementioned challenges, existing policies must be reviewed,
and new technologies that can use the spectrum efficiently and intelligently must be
evaluated, the IEEE 80.22 standard defines cognitive radio as some wireless
communication devices have the ability to modify their transmission and/or reception
characteristics to communicate more effectively and prevent interference from
licensed or licensed-exempt users. The radio environment's internal and external
effects, including the radio frequency spectrum, position data, user activity, and
network state, are actively monitored in order to adjust the parameters[10].

Cognitive radio (CR) systems must be capable of detecting gaps in the finite
RF spectrum that is already being used by other wireless systems regularly. The CR

system's transmitter and receiver properties should then be changed to allow it to
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operate inside the discovered free channels. An antenna for monitoring wireless signals
continuously channels and discovers communication opportunities are required to
develop a CR system for the interweaving model to send and receive data using the
unused channels that have been found, the device additionally requires a

reconfigurable antenna[5]. As seen Figure 2-1, the implementation follows a CR chain.

Radio
Environment \
Sensing
Antenna

e

Figure 2-1 Cognitive Radio Chain

2.1 The cognitive radio's primary components
Urban areas frequently have certain frequencies of spectrum that are
completely empty, several others that are partially occupied, and the remainder

frequency bands that are heavily used[11].

1. Spectrum Sensing: For sensing the spectrum and evaluating whether there
are any available spectrum gaps, spectrum sensing is a crucial cognitive
radio component.

2. Spectrum Management: Based on the demands of secondary users,
spectrum management selects and seizes the most accessible spectrum.

3. Spectrum Mobility: The trading of frequencies between primary and

spectrum mobility is the movement of secondary users.
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4. Spectrum Sharing: Spectrum sharing is a procedure in which cognitive
users are provided with a fair frequency band scheduling method.

2.2 Spectrum sensing

We focus on spectrum sensing, which is important for detecting a spectrum
hole in the cognitive radio (CR) cycle. A cognitive radio (CR) device must be able to
follow a cycle of three operations, as illustrated in Figure 2-2, to achieve the requisite
functionality. The first function is to Sense the RF environment. The second function
is to act, which includes transmitting information when a communication opportunity
presents itself. The final function is to take in environmental knowledge to predict
future communication parameters based on previous experience. According to the
context of the requirement, there are numerous spectrum sensing techniques that can
be classified as shown in Figure 2-3. Narrowband and wideband approaches are two

examples of how these techniques might be categorized, along with others.

The ultimate goal of a cognitive radio network is dual and builds on spectrum

sensing and other essential activities:

1. Deliver incredibly dependable communication to all network users
whenever and wherever they need it.
2. promote reasonable, cost-effective, and effective use of the radio

spectrum.

In a limited frequency range, narrowband spectrum detection techniques
provided a single binary decision for the presence of PU traffic. Techniques for
wideband spectrum sensing look for the primary activity throughout a wide range of
frequencies. The most common spectrum sensing techniques for both categories are
based on this classification: energy detection[12], matched filter detection[13],
waveform based spectrum sensing[14], spectrum sensing radio using cyclostationary
based signals [15], spectrum sensing using identification based signals[16].
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Learn

»

Sense

\ ../

Figure 2-2 A spectrum sensing scheme evaluation.

Spectrum
sensing
techniques

Narrowband Wideband
sensing sensing
1
| |
Nyquist-based compressive
—=Energy detection wideband wideband
sensing sensing
|__ Cyclostationary wavelet-based |  Multi-based | _ cc’)\lrzn-rzlslsic\j/e
detection detection joint detection pre
sensing
matched filter Filter bank | ComB“rr::sive
detection detection pre
sensing
machine
learning-based
detection

Figure 2-3 A categorization of spectrum sensing techniques [17]

The term "spectrum holes™ refers to radio spectrum sub bands that are

underused (in part or whole) at a given point in time and in a certain geographical area.

The task of spectrum sensing is divided into the following subtasks:

1. Spectrum hole detection.

2. Each spectrum hole's spectral resolution.

3. Spatial direction estimation of incoming interference.
4. Signal classification.
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2.3 Awareness of the Multidimensional Spectrum

The common definition of the term using simply the frequency, time, and
spectrum space, a "range opportunity™ is a band of frequencies that is not currently
being used by the major client of that band in a certain location. Typically, traditional
sensing techniques focus on detecting the spectrum in these three dimensions. For

spectrum potential, there are other issues that need to be further investigated.

Five dimensions can be used to create an opportunistic spectrum[18]. The first
dimension is the frequency domain, which is viewed as an opportunity. It is the
spectrum's availability in a specific frequency range. The spectrum that is available is
split into smaller bands. In this dimension, spectrum opportunity indicates that not all
of the bands are in use at once, meaning that some bands may be open to opportunistic

use.

The second dimension, time, is viewed as an opportunity for a particular time
band. This relates the early accessibility of a certain spectrum region. The band is not
continuously used, in other words. It will occasionally be accessible for opportunistic

use as shown in

Figure 2-4

g Spectrum holes/white space

Frequency

Spectrum in use

Figure 2-4 Time and frequency dimensions [18]
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Figure 2-5 depicts the code dimension, which is the third dimension. The main
users employ spreading code, time hopping (TH), or frequency hopping (FH)
sequences. Additionally, the timing data is required in order for secondary users to
synchronized their transmissions with those of primary users. By using lengthy and
erratic code, the synchronization estimation can be avoided. In this instance, though,
partial interference is inevitable, this necessitates the opportunity in the code domain,

i.e., identifying the used codes in addition to the spectrum utilization and presumably
multipath characteristics as well.

N
7

%

<N

Opportunity

Primary User 2

Primary User 1

Channel capacity (# of codes)

N
4

Frequency

Figure 2-5 Code dimension [18]

the fourth dimension is the angle locations of primary users as well as the
azimuth and elevation angles of their beams. Spectrum chances in the angle dimension
can be produced along with the understanding of the position, location, or orientation
of principal consumers. As illustrated in

Figure 2-6, if a primary user is broadcasting in one way, without interfering

with the primary user, the secondary user can communicate in other directions.
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:

Cognitive Radio

\ \—l
& g
Cognitive Radio
Primary User

Figure 2-6 Dimension of an angle for cognitive radio [18]

The last dimension is geographical space or the sensing of location (latitude,
longitude, and elevation) and separation from the main user. The spectrum may be
available in some areas of the region while being used in other areas at a particular
time. This makes use of the space-based propagation loss (path loss). The interference
level can be used to avoid these measurements. In the absence of interference, there
are no local primary user transmissions. However, one must exercise caution due to a

hidden terminal issue, Figure 2-7 provides an illustration of this dimension.

(et
W "') Primary User

4 %
/ ]
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\H"‘-h.. &’@ $: o

Fusion Center

Figure 2-7 Dimensional geographic area [18]

2.4 Radio Spectrum Shortage
The wireless spectrum has been viewed as a static resource that may be broken

down into several chunks. Radio regulatory authorities, such as the National

11
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Telecommunications Regulatory Authority (NTRA) in Egypt, place restrictions on
access to radio spectrum, making it challenging to use. The present wireless spectrum
allocation policy statically grants licensees or services long-term exclusive rights over
broad geographic areas, licensed radio services are given access to significant portions
of the radio spectrum in a process known as command-and-control. Overlay sharing,
or having unrestricted access to an open spectrum, is typically not allowed. The radio

spectrum as a whole contains very little unlicensed spectrum.

Nevertheless, this approach has excitingly led to a wide range of additional
wireless systems, technology, and capabilities over the last few decades, including Wi-
Fi, the well-known IEEE 802.11 Wireless Local Area Networks (WLANS), and
Bluetooth for IEEE 802.15 Wireless Personal Area Networks (WPANSs). A more
flexible, open spectrum access may be preferable to the current radio regulatory
authority given the demonstrated commercial viability of wireless communication
systems operating in unlicensed spectrum and the sheer quantity of radio systems
utilizing this area of the radio spectrum, radio waves are a limited resource. The
electromagnetic frequencies between 3 kHz and 300 GHz are referred to as the radio
spectrum. Figure 2-8 shows the frequency range that is typically thought of as the radio

spectrum.

Maritime Navigation AM Shortwave VHF TV UHF TV Satellite/ Radio astronomy,
navigation aids maritime radio, FM radio, cell phones, microwave radar landing
signals (e.g. loran-() radio radiotelephony navigation GPS telecommunications  systems

_ aids
\ ' I/,—\‘l
N B
é N
= ZJ

100 km 10 km 1km 100 m 10m im 10 em lm 1mm
+ Increasing wavelength Increasing frequency +
3 KHz 30 KHz 300 KHz 3 MHz 30 MHz 300 MHz 3 GHz 30 GHz 300 GH

1-40 GHz

SATELLITE FREQUENCY
S B

> il 1 4 8 r 18 26 GHz 40

Figure 2-8 The frequency range known as the radio spectrum ranges from 3
kHz to 300GHz
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The Federal Communications Commission (FCC) in the United States and the
National Telecommunication Regulatory Authority (NTRA) in Egypt conduct
auctions that determine the frequency allotment and award a specified spectrum block
to the highest bidder. The chart for allocating radio spectrum in Egypt is shown in

Figure 2-9 [19].

EGYPTIAN 'Nrra ARAB REPUBLIC OF EGYPT
[/ | ional T¢ icati y A 1

Figure 2-9 Allocation of radio spectrum in Egypt [19]

Primary Users (PU) are those who have greater priority or legacy rights over
the use of a specific area of the spectrum, in accordance with cognitive radio
terminology. On the other hand, secondary users (SU), who are given less priority, use
this spectrum in a manner that doesn't interfere with primary users. Therefore,
cognitive radio skills are needed for secondary users, such as the ability to accurately
sense the spectrum to determine if a primary user is utilizing it and the capacity to

change radio parameters to benefit from the unused area of the spectrum [18].
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Sensing Regions

— |

Figure 2-10 System for Cognitive Radio.

As depicted in Figure 2-10. where the primary users, the secondary transmitter
(ST), and the secondary receiver (SR) are all present (PU). It is expected that within
their respective sensing zones, the secondary transmitter and secondary receiver can

both flawlessly identify primary signals.

2.5 Spectrum Sensing Techniques

Continuous spectrum sensing is performed by CR systems, which dynamically
identify the primary systems' licensed spectrum bands that are not currently in use and
take advantage of any gaps in the spectrum that may exist. Therefore, the essential
capability for enabling the deployment of CR systems is spectrum sensing, to detect
the transmission of the PU signal, a variety of spectrum sensing methods have been
suggested. These methods give SUs greater opportunity to use the spectrum without

interfering with or affecting PUs[20].

2.5.1 Waveform Based Spectrum Sensing

Well-known patterns are frequently utilized in wireless networks for
synchronization and other functions. Examples of these patterns include midambles,
preambles, spreading sequences, routinely aired pilot patterns, etc. While a preamble
is a predetermined sequence provided prior to each burst, a midamble is information
transmitted in the center of a burst or slot. By comparing the received signal to a known
duplicate of itself in the presence of a recognized pattern, sensing can be carried out.

14
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Only systems with well-established signal patterns can use this technique, which is
also known as waveform-based sensing or coherent sensing referred to as coherent
sensing or waveform-based sensing. Energy detector-based sensing is outperformed
by the waveform-based sensing algorithm. On the other hand, when the known signal
pattern lengthens, the sensing algorithm's performance grows. Although the
waveform-based sensing method only needs a brief measurement period,

synchronization problems can still occur [18].

2.5.2 Cyclostationary Based Spectrum Sensing

Utilizing the cyclostationarity properties of the received signals, finding
cyclostationarity characteristics is a technique for identifying primary user
transmissions. Cyclostationary features can be purposely created to help with spectrum
sensing, or they can be brought about by periodicity in the signal or autocorrelation
and the mean are examples of its statistics. Cyclic correlation function (CCF) is used
to find signals in a spectrum rather than power spectral density (PSD). The signals
from primary users can be distinguished from background noise via cyclostationarity-
based detection techniques. Due to the redundant nature of signal periodicities,
modulated signals are cyclostationary with spectral correlation, whereas noise is wide-
sense stationary (WSS) with no correlation. Cyclostationarity can also be applied to

distinguish between various transmission kinds and principal consumers [18].

2.5.3 Matched Filtering Based Spectrum Sensing

When the broadcast signal is identified, matched-filtering is recognized as the
best technique for identifying principal users. In comparison to other techniques, the
key benefit of matched filtering is the speed with which a certain probability of false
alarm or probability of lost detection may be reached. However, cognitive radio is
necessary for matched-filtering in order to demodulate received signals [21]. As a
result, it necessitates complete understanding of the fundamental signaling
characteristics of the users, including band width, operating frequency, pulse shaping,
modulation type and order, and frame format. Additionally, because cognitive radio
requires receivers for every sort of signal, the implementation complexity of the
sensing unit is too high. Large power consumption is extra drawback of match filtering

because numerous receiver algorithms must be run in order to detect signals [18].
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2.6 Spectrum sensing based on energy detector

Considering how simple it is, energy detection has rekindled interest in recent
research efforts among spectrum sensing techniques such as matched filter,
cyclostationary feature identification, and eigenvalue detection. The energy associated
with the received signal is measured using a conventional energy detector over a
predetermined time and bandwidth. An energy detector can draw conclusions even
with scant previous information of the broadcast signal. The choice statistic of an
energy detector, following appropriate filtering, sampling, squaring, and integration,

IS a measurement of the received signal energy.

The frequency band is sensed using an energy detection approach. At a
particular frequency slot, the energy detector picks up the spectrum. It measures the
signal's energy at the receiver's end and compares it to the threshold value to determine
if the signal is primary or not. It is able to detect energy in both the time and frequency
domains. In the mentioned energy detection paradigm, the signal is first transformed
into the frequency domain using the FFT x(t) before being measured for energy in
order to choose the band with a band pass filter. Next, evaluate the signal’s energy in
relation to the threshold value. The threshold is only calculated using features of the
received data statistical output when there is noise. [12], [22]-[24].

To classify the attendance of primary users in this architecture, we used energy
detection methods for spectrum sensing. This happens if the received signal levels are
advanced a specific threshold A ; else, the main user signal is turned off. This approach
is easy to implement and doesn't call on any previous PU expertise. The energy
detection method, which is implemented in MATLAB, calculates the probability of
false alarm, probability of detection, SNR, and number of samples. The probability of
detection was calculated using the ratio between the number of times the signal
exceeds the threshold value and the total number of traces [25], and Due to its low
processing and application measure of complication. This is the most optimum
technique to adjust when the noise is known, the unknown signals due to it having low

processing and application measure of complication.
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Chapter 3
Energy Detector Techniques

Using a specific bandwidth and duration, an energy detector detects the energy
received. The presence or absence of the sent signal is then determined by comparing
the measured energy to a threshold. Urkowitz was first introduced (ED) in his classic
paper[26]. For the purpose of finding deterministic signals in white Gaussian noise,
which Digham et al. investigated further[27]. The energy detector has a cheap
construction cost because it does not need channel gains or other parameter estimates.
However, when there is a lot of noise and a lot of background interference, its
performance decreases [28]. To classify the attendance of primary users in this model,
we used energy detection algorithms for spectrum sensing. This occurs when the
received signal levels exceed a predetermined threshold 4; If not, the main user signal
is turned off. This approach is easy to implement and doesn't need any prior PU
knowledge. The energy detection method is implemented in MATLAB and evaluates
the SNR, probability of false alarm, the number of samples, and probability of
detection. The probability of detection was calculated using the ratio between the
number of times the signal exceeds the threshold value and the total number of traces
[25]. And Due to its low processing and application, measure of complication, when
the noise is known, this is the most effective method for correcting unknown signals.
Because it is easy in both processing and application, this method is the best one for
adjusting unknown signals when the noise is known.

In time-domain implementations, two primary types of the traditional energy
detector are taken into consideration for theoretical model: An analogue energy
detector consists of a pre-filter, a square-law device, and a limited time integrator
Figure 3-1 (a) [26], The well before limits the noise bandwidth and modifies the noise
variance. The energy of the input waveform influences the integrator's output, a digital
energy detector is made up of a square-law device followed by an integrator, which
converts continuous signals into discrete digital signal samples, a low pass noise pre-
filter that limits noise and nearby signals, and an analog-to-digital converter (ADC)
Figure 3-1 (b).
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@ Y(t) Noise ( )2 .
pre-filter statistics

b Y@ Noise _ R 2 - Z Test
pre-filter > A/D g ( ) statistics

Figure 3-1 The traditional energy detectors in both (a) analog and (b) digital
forms.

Spectrum sensing is the most important phase of the cognitive radio cycle. It
primarily seeks to distinguish between the two states: principal user signal is absent
H, or primary user signal is present H;. The following provides examples of these two
states:

Hy:y(n) = w(n) where n=1, ..., N 3-1
Hi.:y(n) = x(n) + w(n) 3-2

Where N is the number of samples, y(n) is the received signal, x(n) means the
transmitted signal, and w(n) means the noise effecting the transmitted signal.

y(t) N H.
s BPF |, yinl ZIY[TL]IZ N x:li B
n=1 H,

Figure 3-2 block diagram of energy detector

As seen in Figure 3-2, first measure the signal's energy to choice the band with
a band pass filter, and next take the signal's FFT x(t) to transform the signal into the
frequency domain. Following, compare the signal's energy to the threshold value. The
threshold is only set based on the test statistics TED characteristics of the received data
when noise is present. As shown in Figure 3-1. Block diagram for Decision Statistic
TED calculation. Pz, is linked to the threshold A [12], [24], [29], [30] using the

following equation:
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TED = Y)_,(Y[n])? 3-3
This technique has the problem of being unable to identify between signal
types, simply determining their existence [26], [31], [32]. This is the most effective
method for identifying unidentified signals when the noise power is known.
The sensing choice is then complete by comparing the energy TED to a

predetermined threshold A p:
TED > Ap:PU signal is absent
TED < Ap:PU signal is present

The algorithm's detection display can be evaluated using the probabilities of
false alarm Pz, and detection P,. The probability of detection is computed by dividing
the number of true detections (PU present) by the total number of sensing experiences,
whereas the chance of false alarm is determined by dividing the number of times the
PU is wrongly identified.by the total number of sensing experiences. The following are

the probabilities:

P; = Pr(TED < Ap;H;) 3-4
PFA = Pr(TED < AD’ HO) 3-5
A p is the sensing threshold, and TED works with the energy of N samples as

defined by equation 3-3 Following[24].

The center limitation theorem can be used to calculate the test statistic if N is
large enough (N > 250). [33].

»

Figure 3-3 Block diagram for calculating the Decision Statistic TED

The formulas for false alarm probability Pr, and detection probability P, are

as follows:
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A— N(O‘W+0'X)

Py = Q5720 3-6
_ }\D—NG‘ZN _
PFA - Q( o\sz ) 3-7

Where Q-function Q(x)= —f exp ( ) du, N is the number of samples, and

o, 0 are the noise's and the PU signal's standard eccentricities.

threshold A p, that is obtained Equation 3-7 and served :

Ap = oy (Q*(Pra)V2N + N)) 3-8
Where Q~1(.) is the reverse of the Q-function.

The goal probability of a false alarm, the noise contrast, and the sample count
are the basis for this threshold. To construct an accurate threshold, previous
information of the amount of noise that affects the received signal is essential, if the
number of samples used in the procedure is not limited, energy detector-based sensing
can satisfy any required P; and P, simultaneously. The minimum number of samples

needed is dictated by the SNR and can be calculated as follows:

N =2[(Q7"(Pra) — Q" '(Pg))SNR™" — Q" *(Py)]? 3-9
A large number of samples are necessary to have a reasonable detection
performance if SNR<< 1, for spectrum sensing, the probability of a false alarm should
be weak. The detector detects the major signal H; instead of signal H, to avoid making
a mistaken choice. The secondary user wouldn't use it because the detector in this state
lost the chance of finding the free channel.

3.1 Design parameters

The number of samples and the threshold are the most key design factors for
the energy detector. The performance of the energy detector is impacted by SNR and
noise variance, designers have very little control over these parameters because they

are dependent on the wireless channel's behaviour.

3.1.1 Threshold
Identifying the target signal's presence or absence, a threshold A , must be

defined. All performance metrics, P; and Pr,4, are determined by this threshold A .
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As a result of the operational threshold's ability can be selected with reference to the
target output of the efficiency signal and might range from 0 to oo, it is important to
choose the correct one. The interest operating system both P, and P; decrease (or
increase) as the threshold increases (or decreases). The standard approach to setting
the threshold for knowing N and g,, is to use a constant false alarm probability Pg,4,
such as Pg4 < 0.1 . Equation 3-8 can be used to determine the chosen threshold
depending on Pg4. However, the energy detector may still miss the target with this
threshold. Thus, it is possible to think about threshold selection as a balancing act
between two competing goals in an optimization method. (i.e., maximise P; and

minimising Pgy4).

3.1.2 Number of Samples

Another important design element for ensuring that detection and false alarm
requirements are met is the number of samples N. For a given false alarm probability
Pr4and detection probability P4, the minimum number of samples needed can be
determined as a function of SNR. By eliminating threshold from P, in equation 3-7
and P, in equation 3-6, when the noise power is fully known, increasing N allows the
signal to be identified even in areas with extremely low SNR. This is because function
Q~1(.). has a monotonically declining characteristic (.). With very low SNR, energy

detector requires more samples [34].

3.1.3 Noise Effect
The noise power affects the threshold selection. Only if the receiver's noise
power is correctly understood can a proper threshold selection be performed, as
shown in equation 3-8. When the SNR is low (y — 0), as in equation 3-6, the
number of samples rises N. This means that using a high number of samples (N —
), the given Pz, and P, can be obtained even with a low SNR. This is only

achievable if the noise power is known exactly [34]-[36].

Accurately estimating noise power is not always simple, the additive white
Gaussian noise (AWGN) properties of the resulting noise (wideband noise with a
constant spectral density) may be lost as a result of the noise's potential inclusion
of nearby interference from other data transmission, temperature variations, weak
signals, and filtration impacts, which may affect how much noise power can be
estimated.[37].
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The performance of the energy detector can be significantly decreased by

estimation errors, which are referred to as noise uncertainty. The estimated noise

power is thought to be in the range (% o3, poi), when there is noise uncertainty,

where (p >1) is the noise uncertainty parameter [32]. Equation 3-10, utilizing the
low-SNR approximation 2y +1 and the noise uncertain effects, can be used to
calculate the necessary number of samples for the conventional energy detector to
acquire given Py, and P; .

N ~ (Q 1 (Pra)-Q 1(Pq)

3-10
(v=(p—)?

This means that an endlessly large number of samples are needed to attain
the appropriate false-alarm and detection probability when y = (p —%), there

must be an endless number of samples. When a suitable energy detector cannot be

built at this SNR level, the SNR wall phenomena takes place.

A practical energy detector's test statistic using estimated noise power
(ENP) [38].

_ 1 N 2 _
ENP—Z(%\/N n=1 |[Y(n)] 3-11

where (ZEE,) is the noise variance estimated The SNR wall is derived as:

_ 1-Q 7Py )Vo

Ymin = 1-Q-1(Ppa VO -1 3-12

2
where @ = Var (U—‘;")m this case. In practise, noise can be measured with
ow

noise-only samples, which is the same as the claim made under H,. M stands for

the number of noise-only samples. Then @ it's possible to give as @ = — [38].

3.2 Detection performance evaluation
Figure 3-4 shows how MATLAB plots the probability of detection against
the probability of false alarm. The simulated curve is based on one microstrip
antenna element, M=1, a small number of samples, N=1000, and a low signal-to-
noise ratio, SNR=-20dB.
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Figure 3-4 probability of detection P, against the probability of false alarm P4
curve are at proposed energy detector at M=1, N=1000 samples, and SNR= -
20dB.

3.3 Noise effect on detection performance
The exhibited energy detector's detection performance is rated, as well as
the effect of white Gaussian noise. Figure 3-5 shows the simulated probability of
detection against SNR at M=1 element, N=1000 samples, and P, =0.1. it shows
the highest performance, especially at SNR (= —7 dB). It supplies the highest
probability of detection over the entire range (—20dB < SNR < 20 dB).

3.4 impact of number of samples on P,

The number of received signal samples N is a very leading parameter to
realize the detection requirements. Any increase in N will lead to perfection in
detection performance. So, the probability of detection against the number of
samples is plotted as shown in Figure 3-6 using M=1 element and Pp, =0.1 at
SNR = -20 dB for N=3000, the P, of the suggested energy detector reached the

maximum value. Energy detectors exhibit high performance whatever N increases.
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Figure 3-5 probability of detection against SNR for the proposed energy
detector at M=1, N=1000 samples, and Pr, =0.1
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Figure 3-6 probability of detection against number of samples using M=1 and
Pry =0.1at SNR =-20 dB

3.5 Impact of Antenna Array

In the case of an antenna array, identical antenna elements are employed in
a uniform linear array (ULA). By an alignment of (A = 2/2), where is the signal's
wavelength A that is being received. The ULA is designed to capture signals that

primary users receive in narrowband. The antenna array's antennas receive the

following signals:
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y(n) = Ax(n) + w(n) where n=1, .., N 3-13
Y(0) = [y, ()Y, (M)...yyy (T 3.14
X(M) = [ ()X, (0)...x, ()T 215
w(n) = [, (W, (n)..w, ()] 316

The assumption for the noise is that it is a complex white Gaussian noise
(CWGN) with a zero mean, where x(n) and w(n) are the signal and noise column
vectors, respectively. The operator for transposing is [.]7. A is the M x d steering

matrix, can be written as follows:

A=la(w)a(i,)..o(uy)] 3-17

Where () is the steering vector which is given by

a(ﬂl) = [e-jIUle-jZH1 ""e-j(M-l)ﬂl]Tl i = 112’---) d 3‘18

The steering matrix can be recast as follows by replacing equation 3-17

with equation 3-18:

1 1 1
e'jﬂl e-J’m . e-J'uu
A:
e-i(N;-l)/q e-i(M.-l)yz e-j(M'»lmd 2-19
It depends on spatial frequencies u; = th = Asin®; ,where the carrier frequency
is f., c is the speed of light and 6;is the direction of arrival DOA source. On the

receiving end, it is assumed that the direction of approach is specified. The additional
phase shifts caused by propagation delays from each element to the first reference

point are represented as spatial frequencies[39].
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Figure 3-7 block diagram of the proposed energy detector based on the
antenna array

We take into consideration a system in which individual data stream is data
stream is transmitted from a single antenna. Block diagram of the proposed energy
detector using a large number M of antennas is depicted in Figure 3-7. The system
uses time-division duplexing to operate, with n; being a variance-containing zero-
mean circularly symmetric Gaussian variable g2 with d = A/2. Every device,
whether an access control list or user terminals, is thought to have a sizable antenna
array. With each device using one antenna when transmitting and the entire array when
receiving. It is assumed that the first component is at the starting point. The issue with

binary hypothesis testing is now presented as
Ho: y(n)=w(n) 2.20

H, : y(n) = Ax(n) + w(n) 3-21

When the noise variance is known, one of the most common detectors is the
traditional energy detector using several antenna elements. It includes a test statistic
provided by [38]

ED(O'W)(y) a2, Zm 1211 1 Iym(n)lz 3-22

> A ED(03) »Hy
ED(0%) { 3-23

< 1 ED(0%) »Ho

Where y,,,(n) is the sampled signal received at mt" element and A gp(sz) the

decision threshold, when the variance of the noise is unknown, the estimated noise
variance 62 is used instead of &2 . This estimate may not be correct and is subject to
mistake [40]. This inaccuracy is additionally known as noise uncertainty «, the

anticipated range for the estimated noise power is [ia&,,aav%,] where a > 1.
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Additionally, to achieve the appropriate false alarm probability under low SNR
scenarios, a high number of samples are required. This issue is also known as SNR
wall [41]. A summary of test statistics and theoretical thresholds for the energy
detector method are shown in Table 3-1

Table 3-1 Formula for test statistics and theoretical thresholds of the energy

detector
Method Test statistic Theoretical threshold
M N
2 1 11 _
ED(o) T Z lym@? | 2line (1= Pra, MN)
W m=1n=1
ED(Gy, ) 1 &
2 QEl(l—PFA,MN,L)
gz D, 2, ml
m=1n=1

Where 2131 is the inverse of the gamma function that is incomplete, Q71 is the

inc

inverse of F-distribution function, and L is used as a smoothing factor

3.5.1 Detection performance evaluation
One of the most popular Receiver Operating Characteristic (ROC) curves
is provided in this case to evaluate the effectiveness of the energy detector The
difference between the probability of detection P; and probability of false Pgy4
proposed energy detector compared with 15 elements. Figure 3-8 and Figure 3-9
showing the small size ULA with M = 15 elements, N = 50 samples, and a low

signal to noise ratio of SNR = -10dB.
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Figure 3-8 Probability of detection P, versus probability of false Pg4 for
energy detector using single antenna element M=1 and ULASs up to M=9
elements, N = 50 samples, and a low signal to noise ratio of SNR = -10 dB
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Figure 3-9 Probability of detection P4 versus probability of false Pg, for energy
detector using ULAs consisting of M=10 elements up to M=15 elements, N = 50
samples, and a low signal to noise ratio of SNR =-10 dB

3.5.2 Noise effect detection performance employing different number of antenna
elements
In this test case, the proposed energy detector's detection capabilities are
evaluated in relation to the impact of CWGN. The simulated probability of
detection P; versus SNR at M = 10 elements, N = 100 samples, and Pz, =0.11is
shown in Figure 3-10 The proposed energy detector's great noise immunity is
immediately obvious. It offers the probability of detection across the entire SNR
range —25 dB < SNR <5 dB. It is clear that as the number of antenna elements

increases, the probability of detection increases under the same noise effect.
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Figure 3-10 Probability of detection P4 versus SNR at using single antenna
element and ULAs consisting of M=2 elements up to M = 10 elements, N =
100 samples, and Pg, =0.1.

3.5.3 Impact of Number of Samples onP,

N samples of the received signal must be present in order to meet the detection
requirements. Better detection performance should obviously follow from any increase
in N. As aresult, for N > 250, the probability of detection is plotted against the number
of samples using M = 10 elements and P, = 0.1 at SNR = -20dB ,as shown in Figure

3-11.
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Figure 3-11 Probability of detection versus number of samples for N > 250, M =
10 elements and Pg4 = 0.1 at SNR =- 20dB
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Chapter 4

Tunable UWB Antenna Design for Cognitive
Radio Systems

4.1 Introduction

Major fundamental difficulties in cognitive radio (CR) and Ultra Wideband
(UWB) communication technologies is constructing a small antenna with wideband
properties over the full operational band. Because of their wideband matching qualities
and omnidirectional emission patterns, printed wide antennas have gotten a lot of
interest in these systems. Furthermore, they have physically appealing characteristics
such as a simple structure, compact size, and inexpensive cost. This work proposes a
compact antenna for UWB applications with radiating patch and a defective ground
construction. The main goal of the switch is to get a lot of frequencies that will help

us transfer the secondary user when the Primary user wants to get its own frequency.

Increasing Personal Area Networks, medical imaging, cognitive radio systems,
and radar imaging are just a few of the uses for UWB antennas. As a result, achieving
high gain-bandwidth characteristics while decreasing size and cost is one of the most
typical issues faced while designing UWB antennas. A number of new broadband
antenna designs have lately been created [42]-[45].

Recently, a number of methods, like creating gaps in the antenna's metal components
or employing different radiating sections, have been proposed to build multiband
antennas[6], [46]. You can interact in a number of set frequency bands by adjusting
the ultra-wideband (UWB) sensor antenna. With the creation of various UWB antenna
designs for portable, short-range applications, the ability to reconfigure has been
effectively achieved. Published research has looked into the use of perfect switches to
convert ultra-wideband antennas to operate in ultra-wideband antenna [47], [48]. UWB
systems can be viewed as a gradient that runs from short-range communications,

ground and object penetrating radar, security systems, vehicular radar, and
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‘measurement applications [49]. Due to their low power requirements, wide package
for multipath interference, and high data rate. The suggested antenna for UWB systems
presents significant challenges due to its wide coverage of frequency bands and high
data rates. In addition to having a large bandwidth, high efficiency, and a small size,
the antenna should respond very well to the developed UWB antenna applications
listed in[50].

The other resonant frequency changes concurrently with the tuning of one
resonant frequency. In other words, altering the gap or changing the size of one of the

antenna's elements will also change the other resonance's features at once[51].

The purpose of this thesis is to examine the effects of switching on antenna
parameters such as gain, return loss, VSWR, and directivity. In this thesis, a basic
ultra-wideband, UWB square microstrip patch antenna with an operational frequency
range of 9.30 to 13 GHz is shown. Due to the many switching configurations presented
in this thesis, we have 32 different scenarios of measurements. CST Microwave Studio
was used to perform out the simulation. Finally, we can state that the primary
characteristics of this antenna, such as its high gain, high directivity, main beam angle,
and various pattern shapes, vary based on the specific UWB applications. In this thesis,

we provide a new UWB antenna design that may be applied to all the applications.

4.2 Proposed tunable antenna design

In this section, a small UWB antenna with a circular radiating patch and a
defective ground construction is suggested for use in applications using cognitive radio
spectrum sensing. In this subsection, a microstrip patch antenna design for ultra-
wideband applications is explained. Using Ultra-wideband frequency scanning, Figure
4-2 illustrates the simulated |S,,| parameter of the antenna element without switch.
Dimensions of the antenna in millimeters are shown in Table 4-1. The structure of the
proposed UWB antenna element is depicted in Figure 4-1 and consists of a microstrip
patch antenna with a partial ground measuring 30 mm x30 mm and a Switch measuring

2 mm x 3 mm. The principal user's (PU) presence is monitored via the switch.

The ground, switches, and patch antenna are all composed of copper and are

attached to a Rogers RT5800 substrate with a thickness of 1.575 mm and a dielectric
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constant of er=2.2. The proposed UWB antenna element structure. This shape is
utilized as it provides wide operating frequency band, and the proposed slots can be
covered by a small copper disc to form a manual switch that changes the operating
frequency of the antenna. Table 4-1 list the antenna's dimensions in millimeters (mm).
Computer simulation technology (CST) microwave studio software was used to build
the design. Figure 4-3 shows the total antenna gain is Q9 (without switch), the
Simulated |[S11| parameter of the antenna element 10GHz, bandwidth (BW) 0.43 GHz
and gain 8.40dbi.

A
v

A
Y

L1

!

W4,

v

C

+—r
W3
W3 >

Wé
«—>

Iy
"

L3

¥

Figure 4-1 Structure of the proposed UWB antenna element

Table 4-1 Dimensions of the antenna in millimeters (mm)

Symbol Value In Symbol Value In
(mm) (mm)
w 30 W6 4
W1 16 L 30
WZ2 24 L1 5.5
W3 4 LZ 13
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Figure 4-2 Simulated |S,4| parameter of the antenna element without switch

95 Gain Q12
8.5
7.5
6.5
5.5
8 9 10 11 12 13 14 15

S-Parameters [dB]
=
S}

4.5

Gain Q12 Frequancy / GHz

Figure 4-3 The total antenna gain is Q12 (without switch)

A wireless system's antenna is its most crucial component because it is in
charge of transmitting and receiving data on the physical layer. Various advantages
can be derived from an antenna that has been properly tuned. It can increase a wireless
device's operational range while using less power. This design has five copper switches
that are 2 mm x 3 mm of copper that we can physically move, giving us the potential
for 32 switches to be present. We designated this probability (Q) we have from Q1 to
Q32 and 32 resonance frequencies. Existence switch means (1), non-existence means
(0). (12 frequencies out of the range, 20 frequencies in the range), Error! Reference
source not found. shows Simulated |S;,| parameter < —10dB from Q1 to Q32.

Several switch types including pin diodes[52],varactor diodes[53], RF
MEMS[3], [54] , and FET switches [55], can be used to provide frequency agility. A

lot of pin diodes are needed to switch between different bands, which raises
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complicates the biasing circuitry and increases the insertion loss. [56]. Varactor diodes
are employed in reconfiguration, however they lack linearity and have a limited

continuous tuning range. Although RF MEMS have a low planar loss, their

deployment is costly[57].

-10

S-Parameters [dB]

-15

-20

0 11
Frequancy [GHz]

12 13

14

15

Figure 4-4 Simulated |S,4| parameter < —10dB from Q1 to Q32

Table 4-2 32 frequency Q1 to Q32 frequency, [S11|, and BW (White option in the
range < -10 dB, grey selection outside the range, layout depending on frequency

ascending)

A B| C D E Q Frequency S11 B.W

-18.27 0.13
0 1 0 1 1 Q1 9.30

-22.16 0.12
0 1 0 1 0 Q2 9.30

-19.29 0.59
0 0 1 0 0 Q3 9.39

-20.49 0.60
1 0 1 0 0 Q4 9.4

-18.75 0.62
1 1 1 0 0 Q5 9.42

-15.28 0.38
1 1 0 0 0 Q6 9.87

-13.50 0.33
1 1] 1 1 0| Q7 9.90
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-13.67 0.33
1 1] o| 1| o| o8 9.91

17.22 0.43
0 0|l o]l o] o] Q9 10

-16.18 0.41
1 0] o]l o| o] 010 10.01

-14.73 0.37
0 o] 1] 1] o oun 10.02

-13.81 0.34
1 o] 1| 1| o] Q12 10.03

-15.42 0.39
0 o] o] 1| o] 013 10.04

-14.54 0.37
1 0] o| 1] o/ oQu4 10.05

5.78 -
0 0] o]l o| 1| Q15 10.54

-5.60 -
1 0]l o| o| 1| 016 10.55

-5.45 -
0 o] 1| 1| 1| Q17 10.91

-5.17 -
1 o] 1| 1| 1| Q18 10.94

3.91 -
0 0] o| 1| 1| o019 11.06

-3.65 -
1 o] o| 1| 1| Q2 11.08

-5.36 -
0 0] 1| o] 1| on 11.5

-20.33 0.65
0 1] 1] 1| 1] Q2 11.69

-6.30 -
1 0] 1| o] 1| Q2 11.72

-6.83 -
0 1] o] o| 1| Qu 11.91

1151 0.36
1 1] 1] 1| 1] Q25 11.99

-5.38 -
1 1] o] 1| 1] Q2% 12.24

-7.72 -
0 1| o| o] o] Q22 12.37

-13.90 0.18
0 1] 1] 1| o] Q28 12.73

-10.44 0.08
1 1] 1] o] 1] Q2 12.87

-10.74 0.1
0 1] 1] o] 1] Q30 13.00

11.26 0.12
0 1| 1] o] o] 031 13.00

-5.78 -
1 1] o] o] 1] 032 13.39
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Table 4-2 shown 32 frequency Q1 to Q32 frequency, |S11|, and BW (White option in
the range <-10 dB, grey selection outside the range, layout depending on frequency

ascending) 9.30 to 13 GHz UWB microstrip antennas.

Table 4-3 The antenna's simulated VSWR, Gain, and Directivity (White option
in the range < -10 dB, grey selection outside the range, layout depending on
frequency ascending)

Q VSWR Gain Directivity
o1 1.27 5.84 4.05
Q2 1.16 5.46 5.711
3 1.24 8.3 719
Q4 1.20 8.46 8.76
Q5 1.26 8.27 7.58
Q6 1.41 7.76 5.88
Q7 153 7.73 4.65
08 152 7.67 5.75
Q9 1.31 8.40 551

010 1.36 8.53 5.3

Q11 1.44 8.49 5.87

Q12 1.51 8.65 8.34

013 1.40 8.46 7.59

Q14 1.46 8.61 7.09

Q15 3.21 5.45 7.34

Q16 3.20 5.46 6.55

Q17 3.28 5.65 7.75

Q18 3.45 5.75 8.38
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Q19 4.51 5.81 8.58
Q20 4.81 5.92 4.66
Q21 3.34 8.12 6.18
Q22 1.21 8.15 6.81
Q23 2.87 8.02 6

Q24 2.66 7.08 6.836
Q25 1.72 7.25 6.16
Q26 3.23 6.59 7.35
Q27 2.39 5.28 8.211
Q28 1.5 5.59 7.73
Q29 1.85 4.9 6.66
Q30 1.81 5.65 8.536
Q31 1.75 5.04 9

Q32 3.11 6.97 7.44

The gain comparison method is used to determine the antenna gain. The antenna
ceases radiating in the rejection band while maintaining a large gain at other
frequencies, as shown by the measured VSWR, directivity, and gain values in Table
4-3. shows the simulated |S;, | parameter < —10dB from Q1 to Q32.

4.3 Measurement and fabrication of the Proposed Antenna

Figure 4-5 shows the fabricated proposed a PCB machine's antenna fabrication
process. The |[S11| parameter was measured using the ROHDE & SCHWARZ ZVB
vector network analyzer, as shown in Figure 4-6 and Figure 4-10illustrates a small
antenna test that simulated in CST the radiation pattern (a) Q12, (b) Q29 radiation
pattern , With 20 frequencies in the range and 5 switches, we may increase the use and
significance of the antenna by touching the patch of the antenna by placing the switch

on a 0.4mm gap at the junction point, as shown in Table 4-3 displays VSWR, gain,
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and directivity. Antenna without switches, five switches putting on the gap of 0.4mm,
by a switch between them, allows us to obtain. From a single design, several
frequencies can be achieved. Results from the |[S11| simulation and measurement are

compared in Table 4-4.

00000 (Q9) 00100 (Q3) 10010 (Q14) 01111 Q(22)

Figure 4-5 the fabricated proposed antenna at different switching conditions.

TS w——————
I -

Figure 4-6 The |S11| parameter was easured using the ROHDE &
SCHWARZ ZVB vector network analyzer
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Figure 4-7 the results of return loss simulation and measurement using the |S11|
model

Table 4-4 Comparison of measured and CST simulated |S11| results

S11 simulated Measured
S11Q(3) -19.29 -17.41
$11Q(9) -17.22 -10.6
S11.Q(22) -20.33 -15.38

S11 .Q(28) -13.90 -11.99

Figure 4-7 shows the results of return loss simulation and measurement using
the |S11| model. A Furthermore, |S;;| measurements are close to |S; ;| simulated ,with
|S11| being less than -10dB, Table 4-4 displays a comparison of measured and CST

simulated |S11] results
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VSWR (voltage standing wave ratio)
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Figure 4-8 the results of VSWR (Voltage Standing Wave Ratio) simulation
and measurement

Table 4-5 Comparison of measured and CST simulated VSWR results

VSWR Simulated measurements
VSWR Q(4) 1.02 1.31
VSWR Q(12) 1.06 1.83
VSWR Q(17) 1.18 1.19
VSWR Q(28) 1.2 1.39
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Changing the switches and multiplicity frequency improves the overall VSWR
because the feedline to microstrip transfer is more smooth, shown in Figure 4-8 the
results of VSWR (Voltage Standing Wave Ratio) simulation and measurement.
Additionally, VSWR data are close to the simulated value of VSWR which VSWR <

2, showing Comparison of VSWR results simulated in CST and measured.

Farfield Drectivty Abs (Phi=90)

0

phi=90 30 \30 Phi=270

60 60
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150 \—/{so
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Figure 4-9 simulated in CST the radiation pattern (a) Q12, (b) Q29

Radiation Pattern at ¢ =90 Radiation Pattern at ¢ = 90
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330
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Figure 4-10 measured the radiation pattern (a) Q12, (b) Q29

explains the radiation patterns of the antenna each pattern is normal to the top
value of the corresponding plane, which is normalized to the value at 10 GHz and has

a high gain of 8.65dbi, for the purpose of comparison,

Figure 4-10 depicts radiation patterns of the presented antenna indicating the
comparison between simulated and measured radiation patterns (normalized (a) Q9,

(b) Q28).

4.4 summery

To solve the gain issue with the traditional wide slot. This chapter introduces
a small antenna using a square microstrip antenna for Ultra-Wide Band (UWB)
communication applications. The suggested antenna operates over a wide frequency
range of 9.30 to 13 GHz. Using CST Microwave Studio programmer, the antenna is
created. The suggested antenna is made of a copper ground and patch antenna with a
relative permittivity (r) of 2.2 and a dielectric thickness of 1.575 mm on a Rogers
RT5880 substrate. The redesigned antenna offers positive gain over the whole
operating frequency range as compared to the traditional antenna, and the recently
presented low voltage standing wave ratio (VSWR) antenna has the proper radiation
properties to meet the needs of both present and future wireless communication
systems. A good gain-bandwidth characteristic was achieved by the suggested UWB

antenna, according to measurements and simulation results.
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Chapter 5

Conclusions and recommendations for future
work

5.1 Conclusions

The wireless communication industry faces significant challenges as a result
of the rising demand for RF spectrum. A cutting-edge method of allocating spectrum
is called cognitive radio. Unlicensed users are permitted to access the primary users'
licenced spectrum for a set amount of time without interference or distortion. As a
result, the primary responsibility of the CR receiver, which should constantly keep an
eye on PU activity, is spectrum sensing.

This thesis introduces a thorough investigation of cognitive radio systems.
Cognitive radio as a principle is defined, along with the need for such a standard.

In the first part of this research, design a microstrip patch antenna and look into
how switching impacts antenna characteristics including return loss, gain, VSWR, and
directivity. There are a total of 32 resonance frequencies. In this thesis, the numerous
switching arrangements are discussed. The simulation was performed by CST
(computer simulation technology), and the switches operate perfectly.

In the second part of this research, explains the proposed energy detector
spectrum sensing method based on multiple antenna elements for cognitive radio
systems. We derive expressions for test statistics, probability of detection, probability
of false alarm, and their thresholds. In this study, we provide 32 different scenarios of
measurements resulting from different switching configurations. CST Microwave
Studio developed the simulation, which displays a new way for improving the
effectiveness of spectrum sensing of spectrum sensing techniques in cognitive radio

systems by using digital antenna arrays beamforming.

In the third part of this research, small antenna with a square microstrip antenna
is introduced in this chapter for applications of UWB communication. The suggested
antenna has a broad frequency range between 9.30 to 13. Using the CST Microwave
Studio programmer, the antenna is created. The proposed antenna is made of a copper

ground and patch antenna with a relative permittivity (er) of 2.2 and a dielectric
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thickness of 1.575 mm on a Rogers RT5880 substrate, using tunable ultra-wideband
(TUWB) frequency monitoring, the results without a switch Q9 in frequency 10 GHz,
gain 8.40dbi, and BW 0.43 GHz, in addition, easy and cheap materials were employed.
According to tests and observations, the proposed CR method is more effective and

reliable.

5.2 Future work
The research described in this thesis raises a number of issues that will
require discussion and resolution in further work. We offer the following areas for
potential further research:

For theoretical study

1. Providing various array configurations, such as a circular array, rectangular
array, or non-uniform linear array, to the cognitive radio receiver to help it
function even better.

2. Researching how attackers' actions affect the effectiveness of spectrum
sensing techniques and the overall CR systems.

3. When the cognitive radio is shadowed, an issue known as the concealed
terminal problem occurs, is one of the most important problems with spectrum
sensing. Cooperative cognitive radio can currently be used to resolve receiver
uncertainty, shadowing, and multi-path fading issues.

4. Creating a cognitive radio system with multiple input, multiple output
(MIMO).

For practical work
1. Introducing a new design for an ultra-wide band antenna based on a band pass
filter with exceptional selectivity and tenability to cover the designated
frequency ranges.
2. Using various microstrip antenna structures and researching how they affect
the functionality of the cognitive radio system.
3. Increasing performance through the use of antenna arrays
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4. Use different materials instead of Rogers RT5880 like Fr4 and study the
difference between them and the best in terms of efficiency and cost

5. Use a variety of switch types, such as pin diodes, FET switches, and varactor
diodes, RF MEMS.
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