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ABSTRACT 

ENHANCE THE SENSING PERFORMANCE OF COGNITIVE RADIO BY 

EMPLOYING VARIOUS ALGORITHMS 

 

SAQEE, Hasan Zainalabdeen Saqee 

         M.Sc., Electrical and Computer Engineering, Altınbaş University, 

     Supervisor: Asst. Prof. Dr. Abdullahi Abdu IBRAHİM 

                                                  Date: 12/2022 

  Page: 66 

Cognitive radio (CR) is a viable answer to the challenge of time and space spectrum utilization. 

Spectrum sensing is one of the most important aspects of cognitive radio. It's critical to have 

accurate sensing in order to avoid upsetting the main user and to make the most use of the 

spectrum. Because of its simplicity of implementation, cheap cost, and low computing complexity, 

the energy detection technique was chosen for this thesis. The secondary user is aware of the main 

user's location. The location information of the main users, as well as the frequencies on which 

each primary user operates, are stored in a central database known as Radio Environment Map 

(REM). The distances between the main and secondary users are calculated by the REM. The 

secondary user selects on which sequence it will feel the main users based on the distance 

information and the inverse proportion relationship between distance and signal to noise ratio 

(SNR) in order to optimize its signal to noise ratio. The secondary user detects the main users in 

order from nearest to furthest until an empty channel is found. When it detects a non-transmitting 

main user, it stops detecting. The average SNR will be maximized and sensing performance will 

be improved by using this sequence. This method's error capacity is also examined. Simulations 

are used to evaluate the proposed method's performance under erroneous location information. 

When the maximum interference distance of the secondary user is known, another solution is 

provided. The CU may now utilize the channels of the PUs that are beyond the interference range 

without feeling them thanks to this new knowledge. The final suggested method is a collaboration 

between two cognitive users based on main users' distance information. Each cognitive user begins 
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sensing from the PU nearest to it and continues until one of them finds an empty channel or the 

next closest PU that is closer to the other CU. 

 

Keywords: Cognitive Radio, Signal to Noise Ratio, Spectrum Sensing, Primary User, Secondary 

User. 
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1. INTRODUCTION 

The market for Wi-Fi communication devices is expanding. If you look around you, it's easy to 

see the growing number of users of wireless devices and wired, if not wireless, communication 

devices. These devices operate in specific frequency bands. Most wireless devices, especially those 

used for telework, operate in licensed frequency bands. The demand for available radio frequencies 

is increasing in tandem with the increase in the number of wireless devices and new technologies. 

According to research [1], licensed radio frequencies are not always fully utilized in terms of time 

and space. The idea of spectrum use is vital to the FCC better known as Federal Communications 

Commission, an autonomous government organization in the US. [1, 2, 3]. The Cognitive Radio 

concept was developed with the intention of harnessing this amazing herbal resource. The IEEE 

has established a committee to standardize the concept of cognitive radio for television channels 

(IEEE 802.22) in the Ultra High Frequency as well as Very High Frequency bands. 

 

Cognitive Radio indicates that unlicensed customers are using certified spectrum when it is 

available. Cognitive radio customers, on the other hand, should avoid interfering with certified 

customers and instead try to find unused certified frequencies, also known as "white space." 

Priority is given to licensed customers when using spectrum. For this reason, they are called 

primary customers. A cognitive customer is another name for a secondary customer. The presence 

of primary customers must be recognized by cognitive customers. When a qualified person starts 

broadcasting, Cognitive customers also need to close the channel. There are many ways to 

determine the presence of a primary. Channel tracking is generally recommended as the most 

effective strategy. In addition, there are various techniques for locating transmitters. Matched Clear 

Out is the best option for cognitive radio station identification, as it maximizes the signal-to-noise 

ratio. However, due to its excessive complexity and reliance on knowledge of key character forms, 

this is not always desirable. The most recommended method is current sensing. It's cheap, doesn't 

require sensitive personal credentials, and is easy to set up. 

 

There is a response and so on, but electrical detection methods cannot figure out where the signal 

came from. This means that it is difficult to distinguish between signal and noise, especially at low 

signal-to-noise ratios, and recognition takes longer. The result can be subpar sensor performance 
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and numerous false alarms and false negatives. However, various approaches have been presented 

to improve current sensing. Characteristic detection methods are yet another method for 

identifying transmitters. Feature detection methods use expertise in spectral correlation features of 

various indicators. Furthermore, this technique requires data about central participants, for 

example, tweak type, cyclic prefix, and so on. The methods used for feature detection are not 

always frequently used [1, 4] because they are computationally intensive. It is common for 

multiple people to exist in a communication space. To improve the overall detection performance 

of cognitive radio, secondary customers can also modify the detection statistics associated with 

primary customers. There are many open issues in working with the second customer. The question 

to answer is how to complete the collaboration. In addition, cognitive clients can distribute 

collection data to critical stations or nearby cognitive clients. You need to decide how to distribute 

the statistics from your batch entries. There are many ways to combine collected statistics and the 

most effective one is chosen. 

Cognitive radio has additional layout issues. Some organizations promote ad-hoc communities of 

cognitive radios, while others provide critical base stations that can manage cognitive clients. 

Mental Radio Incoming Dispatch is similar to other format issues. It is generally believed that a 

pilot channel is used for internal communication in cognitive radios. Cognitive radio cannot 

experience and transmit frequencies simultaneously. You need to set the schedule and time for 

fetch and send. This is an ongoing process. A discerning human must constantly experience and 

explore the spectrum. Figure 1.1 shows this process. In the resulting segment, the inspiration for 

this proposal can be understood, the binding nature of this request is also presented, and finally the 

claim's affiliation is stated. 
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Figure 1.1: Cognitive cycle [5] 

 

 

1.1 THE PURPOSE OF THIS THESIS 

The concept of cognitive radio was introduced by the exclusive requirements for radio-frequency 

bands as well as the occasional use of certified-frequencies. Cognitive radio, while designed for 

simplicity, can also potentially lose the attention of cognitive users to the presence of authorized 

users if it contains mutational complexity. The goal of this work is to use additional regional data 

from experienced users to improve the perceptual performance of cognitive devices using simple 

perceptual algorithms. 

1.2 THESIS CONTRIBUTION  

This review attempts to improve the normal SNR with the guidance of utilizing additional area 

realities of confirmed customers. Three algorithms have been proposed, each containing an error 

proficiency score. The direct result of these algorithms is a shared SNR, resulting in better 

acquisition performance. Below is an index to the posts. 

I. The second customer uses distance information from the first customer to increase the 

shared SNR. 

II. Capturing the first customer in overall distance-based order from closest to furthest has 

been shown to improve capture performance. The error robustness of the proposed set of 
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rules is simulated with respect to the accuracy of the location of the most important 

customers. 

III. Most of the interference cancellation information is shown to contribute. Improved overall 

capture performance. 

IV. Finally, a consumer cooperation program is proposed to improve the common Signal-to-

Noise-Ratio. 

1.3 THE OUTLINE OF THE THESIS 

Chapter 2 contains some regular data regarding the structures of the cognitive radio, spectrum 

acquisition techniques, as well as REM which is also known as radio environment maps. In 3rd 

number chapter, we will learn more about the proposed method, problem definition, and proposed 

solution for full-spectrum location-based sensing in cognitive radio systems. Effects, 

environments, and the simulation itself are covered in Chapter 4. Chapter 5 describes final work 

and future work. 
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2. COGNITIVE RADIO 

The Wi-Fi calling market is developing quickly. This development will likewise build the interest 

for radio frequencies. Radio frequencies are one of the restricted sources accessible for Wi-Fi 

correspondence. The vast majority of these frequencies are permitted. Nonetheless, it can't be 

discussed that the authorized spectrum is being utilized successfully both concerning existence 

and time. In light of the developing interest for Wi-Fi radio frequencies and the low use of affirmed 

frequencies, the expression "Cognitive radio" was begat. Images which has been attached in 2.1 

and 2.2 simply show the effect of use evaluations. As may be obvious, not very many individuals 

utilize the frequencies we tried. 

The basic idea behind cognitive radio is that unlicensed customers must use licensed frequencies. 

This way the spectrum can be used more accurately. In contrast, unlicensed clients no longer 

confuse clients with licenses. This means that authorized users, also known as power users, have 

priority when using the spectrum. Known customers, also called secondary customers, are 

unapproved customers. 

Mitola J. and G. Q. Margulies [6] introduced the concept of cognitive radio to the public. To 

describe the radio, cognitive radio requires the use of software. A software defined radio is defined 

in the Software Defined Radio (SDR) [7] discussion forum as "a radio in which some or all of the 

frame layer functionality is written in a software program". The IEEE style format Structure 

P1900.1 as well as the Product Characterized Radio (SDR) conversation discussion are utilized to 

portray cognitive radio [7]. A product characterized radio is expected to empower cognitive clients 

to utilize many frequencies and waveform norms. Multi-band, multi-mode, all-in-one wireless 

devices require physical modifications to commonly used hardware-based wireless devices, which 

can be costly. Using software-defined radio in these devices is a cheap and adaptable option. 

Program updates are the greenest way to highlight new features in your product program. A useful 

layout for programming tagged radios is attached and labeled as figure 2.3. 
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Figure 2.1: Measurements of spectrum utilization were taken at six different sites and averaged. [1] 
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Figure 2.2: The use of the 0-6 GHz band was evaluated at BWRC [2] 
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Figure 2.3: Generalized functional architecture of software defined radio [7] 

 

Cognitive clients should identify the lifestyle of the primary sender when the primary is 

broadcasting. White areas are provided as a way to identify the presence of number 1 customers, 

or frequencies they are not broadcasting on [1, 4]. 

I. Database registration: Used to store significant data about key clients, for example the 

respective areas and desired transmission times in addition to an advanced data set. 

II. Beacon message: This results in top customer broadcast statistics, including top 

customer location, estimated airtime, and other details.  

III. Spectrum Acquisition: Finding the spectrum used by the majority of your customers at 

nearby beacons is very important. Secondary customers can check the strength of the 

rented frequency diversity. Or, if you know the letter shape, use a matched filter or go 

through the desk-bound homes of your key customers to find and avoid its presence. 
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Figure 2.4: Classification of white space identification methods [1] 

The above snip that has been attached simply shows the white space classification specification 

procedures. Cognitive radio is prone to layout errors. Cognitive wireless networks can be 

centralized, ad-hoc, or standalone. Spectra must be collected continuously to determine the 

presence of the primary user. There are numerous detection methods. Customers can also work 

together to increase detection sensitivity in a variety of ways. Similarly, there are various range-

sharing strategies. Additionally, Cognitive Radio can use some known statistics about your most 

popular customers to improve recognition performance. A Radio Environment Map Database 

(REM) can contain these details. Data such as environmental key customer locations, geographic 

statistics, services, legal and coverage statistics, radio equipment, entertainment statistics, etc. are 

stored in his REM. The REM concept is specified in the next chapter. Cognitive Radio is proposed 

by the IEEE 802.22 standard for use in the UHF/VHF TV bands. However, the idea of cognitive 

radio still has many unexplored research areas [9, 10, 11, 12]. 

2.1 BACKGROUND OF SPECTRUM SENSING  

Spectrum acquisition is a consider to be one of the significant problematic area in cognitive radio. 

However, secondary users simply utilizing the license spectrum of the number one user should 

cause minimal disruption to the top users.  

2.1.1 Techniques for Spectrum Sensing 

There are several key approaches that are commonly recommended for use in cognitive radio. 

Figure 2.5 shows different types of spectral acquisition. The following sections describe most of 

the commonly recommended strategies. They are described along with their shortcomings. There 

may also be mixed strategies that combine one or more strategies. In this way, different situations 

can be easily operated with much more perfection and quicker [1]. 
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2.1.2 Compressed Sensing Theory 

 

Figure 2.5: Classification of spectrum sensing methods [13] 

The number of free additives 0 in the product is definitely counted from the 10 basis. Dictionaries 

with sparse illustrations can be constructed by tailoring the content to match a particular set of 

character instances or by choosing a predetermined set of functions. The acquisition process uses 

random and deterministic matrices according to the available literature. Choosing an ideal sensor 

matrix is critical for the success of compressed sensing. A random matrix selects some or all of 

the factors at random. Gaussians, Bernoulli matrices, and uniform matrices are examples. 

Restricted isometric properties (RIPs) of these matrices are easy to create and observe. A 

deterministic matrix that can be accessed quickly and requires little memory. 

These matrices include, for example, Toeplitz and circulate matrices. In terms of performance, 

deterministic matrices outperform random matrices [20,21]. The compressed sensing framework 

is used to select the unknown vector 'X' from the following relations: 

y R X1 is called the statistical vector, Matrix XNA with K 
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2.1.1.1 Sensing of Energy 

The most commonly proposed method of mind radio is the discovery of power. Calculations are 

easy and no additional customer information is required. Easier to use and cheaper to operate. 

Force Identification estimates the power level of a band over time.  

A longer estimation time improves the overall performance of the power finder. Therefore, it is 

unreasonable to make the estimated length too long. Ghost Buyers cannot submit and view 

assortments at the same time. Convey the C programming language and save time. Mental Radio 

is designed to take advantage of unused repeat groups. However, radically increasing the grouping 

time reduces utilization. Also, the power finder's performance degrades at low SNR values due to 

its inability to discriminate power and its valuable benefits. Due to its simplicity, force location is 

still the most frequently proposed method on mental radio [1]. 

2.1.1.2 Matched filter 

A useful detector for cognitive radio is a matched filter with a threshold check. This maximizes 

SNR. Nonetheless, since the matched channel motivation reaction is basically given by condition 

(1), the (2.6) sign should be determined precisely. Additionally, matched filters require time and 

provider synchronization. Moreover, all these facts must be available. h(t) = s(t) (2.6) where s(t) 

is the trailing sign and h(t) is the impulse response of the filter. 

Such a filter makes sense if you know the most important characteristics of your customers. 

However, you can monitor a limited number of key customers using match filters. As the number 

of primary customers’ increases, the computational complexity increases. Costs can be high and 

comprehensive information about top customer characteristics may not be available. The 

advantages of match filters are: 

Expand the subsequent Signal-to-Noise-Ratio. It requires almost no investment to get high 

procedural additions. Just few different examples are needed. Matched filters have the following 

drawbacks: 
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Demodulation of the first character is required, as is synchronization of the time with the provider. 

Each initial customer requires a different recipient, which can add length and complexity. 

2.1.1.3 Feature Detection 

 

Figure 2.6: Shadowing uncertainty [5]. 

2.1.3 5G Key Enabling Techniques Compressed Sensing 

2.1.3.1 NOMA 

The two most common types of designs in NOMA are the code domain and the energy domain. 

NOMA's energy sector has a large number of customers assigned to different levels of 

management. In multi-user sites [22-26], management level is applied as a marker and specific to 

each customer. This is made possible by successive interference suppression (SIC). There are 

many variations of the NOMA code space. A new method for rare mMTC in 5G is Compression 

Sensing Based Total Multi Person Detection (CSMUD), which exploits low node activity [23]. 

The purpose of this study is to show that NOMA can effectively facilitate massive connectivity 

and 5G IoT capabilities in device-to-device (M2M) communication, ultra-high density network 

(UDN) and large device type communication (mMTC). Learn how NOMA applies to content 

caching software. Another key generation that has been mentioned as a spectrally efficient way of 

delivering content to users is content caching [27]. 
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2.1.3.2 Massive MIMO 

Enormous MIMO is much of the time utilized in mix with mmWave transmission in light of the 

fact that mmWave correspondence permits numerous radio wire components to fit in a little space. 

Provided that the Monstrous MIMO base station (BS) has ideal Channel Country Data (CSI) could 

we at any point judge the exhibition advantages of the generator. Practically speaking, checking 

this assumption is troublesome. Base stations have many receiving wires in huge MIMO plans. It 

is more energy effective and frightfully productive, permitting you to serve more clients. In spite 

of its many benefits, the primary disadvantage of Gigantic MIMO is the huge pilot above expected 

to anticipate the Channel Country Data (CSI). Packed recognition methodologies can diminish the 

above pilots [28-30]. 

2.1.3.3 Ultra wideband transmission (UWB)  

The original Bayesian of Quick Laplace is used to recreate the characters. Poor Bayesian 

recognition characters can be reproduced using this Bayesian packed recognition technique. To 

distinguish the underlying clients, a perfect discrimination method that takes autocorrelation into 

account is utilized. The publication of this strategy, which speeds up the backup system, is 

comparable to that of all Nyquist-based research methods [18] 

2.1.4 Discussions on Various Compressive Sensing Techniques 

Compressed Sensing is a computationally accurate sub-Nyquist checkout method for fitting 

insufficient indicators of poorly determined direct frameworks [14,15]. The economics of 

compressed sensing will be leveraged by the 5G process to reduce signal detection complexity, 

power consumption, and hardware costs. The condensed sensor idea has three important additions: 

Character recovery, character conversion, and printing are all poor. In Wi-Fi communications, 

there are typically three types of regeneration calculations. Calculations fall into three categories: 

Bayesian induction calculations, curve unrolling calculations, and endless iterative calculations 

Utilizing the substantial sparsity that is present in all 5G organizations is a reasonable and 

beneficial option [15, 20, 36, 37]. 
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CSMUD is a current project that enables non-orthogonal code division to allow multiple access to 

communication with unusually large machine types. Additional errors in spreading sequences, 

correlations, and detection rates combine runs with CSMUD [19]. 

In compressed sensing, each node is set to a collection block such that each node has its own 

collection block that serves as the node's signature. The maximally correlated sequence of blocks 

completely determines interest-based detection. SB-CSMUD reduces the maximum correlation of 

the majority of node signatures. As a result, the correlation is averaged over one block. Therefore, 

the probability of a given submission is reduced, reducing the cost of spot bots and allowing 

additional clients to be committed [24]. 

Compressed sensing techniques are only useful for extended-band homogeneous sensing, which 

means that her PU traffic attributes for each band are the same. On the other hand, the broadband 

spectrum is heterogeneous in the sense that he may have different PU occupation patterns in 

different frequency bands. Issues to consider when editing pressure sampling: 

Remaking Techniques and Perceptual Framework Weighted pressure strategies are utilized to take 

advantage of block-like involved designs in the broadband range. There are various blocks that 

make up the heterogeneous broadband range. Each block has a ton of sparsity, and blocks with a 

similar sparsity level are joined into one block. Rather than blocks with a low normal, blocks with 

an enormous normal sparsity level have various involved groups. Excessively continuous blocks 

have more involved data transfer capacity and thusly impedes with a lower normal offer have more 

weight [38-40]. Truth be told, the PU pointers are arbitrarily chosen during appearance and flight 

methods, in this manner changing channel status. Nonetheless, each example is similarly weighted 

across all location techniques. Weighted sensor structures have been created in certain 

examinations, yet are inadequate in low SNR circumstances [40]. The objective of profound 

detecting procedures is to gather extra connection basic data about individual clients, for example, 

B. Blurring impacts and basic client portability after some time. Afterward, this strategy was 

utilized for organizing groupings [41, 42]. 

All compression detection techniques assume that the channel is static or quasi-static. This is not 

always the case for rapidly dispatching different channels in 5th technology transmission 
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structures, including congested metropolitan areas. Going forward, we do not assume that each 

broadcasting country and most popular customer will remain constant over recording time. A key 

criterion for slice sensing is to shrink the entire detection window such that the slice window has 

the same channel states, including inactive or quasi-static channels. We then obtained these feature 

fragments from smaller windows using a parallel feature estimation procedure. At this point, 

segmental comparisons between these included elements were ignored and their amplitudes 

summed up to provide the final detection highlights. Many of the techniques described above 

[43,44] can significantly reduce the energy loss that occurs during acquisition as a result of fast 

time-varying channels. 

All other 5G strategies, known as the Internet of Things (IOT), aim to be smaller, multi-functional, 

multi-sensory and multi-movement as their main goal. IoT devices can use spectral sampling using 

either coarse or fine sampling. There are different types of speed-dependent detection mechanisms 

to learn the signal. First, we use a fast and coarse scan to examine the channel inventory from small 

samples across the available shared bandwidth. Second, incrementally finer detection is performed 

on several channels to detect PD costs and increase the likelihood of detecting PU character types 

[45-47]. For comparative study, some compressed sensing algorithms suitable for 5G networks are 

listed, taking into account their channel conditions and major consuming countries. 

Real sign sparse levels below the Nyquist type are used to determine the sample charge in the 

overall broadband spectral compression spectral sensing process. In dynamic cognitive radio 

networks, on the other hand, the sparse phase is not known in advance and changes over time. This 

comes in the form of a statistical upper bound. However, this charge is insufficient for accurate 

spectral acquisition. Step detection was implemented to solve this problem. In the first step, the 

actual sparse order of the broadband spectrum is evaluated and set such that common samples are 

comparable to the estimated code sparse order [48,49]. However, the TSCSS method has the 

disadvantage of significantly improving the sign for spectral acquisition. Character spectral energy 

densities are restored and are broad enough to make acquisition choices rather than enhancing 

inherent characters. Instead of reconstructing the received code, a perceptual selection is made 

immediately from the compressed measurements [50]. 
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The original Bayesian of Quick Laplace is used to recreate the characters. Poor Bayesian 

recognition characters can be reproduced using this Bayesian packed recognition technique. To 

distinguish the underlying clients, a perfect discrimination method that takes autocorrelation into 

account is utilized. The publication of this strategy, which speeds up the backup system, is 

comparable to that of all Nyquist-based research methods [18,51,52]. Sparse request evaluation is 

cumbersome in 5G organizations because it determines how many character repair tests should be 

considered. In reference, a wide range of calculations for a variety of uses are suggested. 53-59] 

lessen the estimator's power consumption [60,61]. Retrieval speed is improved and complexity 

and debugging are reduced by packed 1-bit security techniques [56,62,63]. 

Additionally, AI methods can be used to measure thriftiness in compact ground procurement. 

These methods are currently applicable to the order and dynamics of CR networks [64,65]. For the 

best client identification, the autoceptum locator approach and other effective compressive 

detection methods, such as Semi Tensor Item Compressive Range Detecting (SPECS), have been 

proposed [66,67]. 

2.1.5 Conclusion 

This article provides a simple definition of the best spectrum spectrum capture strategies suitable 

for 5G communication fabrics. Furthermore, it emphasizes the importance of using compressed 

sensing principles to exploit sparsity in critical 5G processes. Various comprehensive band 

spectrum acquisition strategies are also being tested in his current 5G environment. Relative 

strengths and weaknesses of their catch power are also mentioned. Machines focused on 

techniques essentially based on absolute compression detection could be implemented as a fateful 

extension of wideband range detection. In addition to the list of research questions yet to be 

addressed, we support different capacity strategies to overcome these obstacles. 

Power detectors are susceptible to background noise power uncertainty, especially at low signal-

to-noise ratios (SNRs) [8]. This is due to the inability to distinguish between new installations of 

acquired power (primary signal and noise). If we know some features of the first symbol, as well 

as the frequency or modulation type of that service, we can use a more complex feature detector 

to address this problem. Unlike desk noise, the index of maximum language exchange exhibits 

spectral correlation with built-in periodicity (function), including service frequency, bit rate, and 
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cyclic prefix. This makes these detectors possible. Feature detection allows cognitive radio to find 

specific number one characters buried in noise and interference. This is because different 

indicators often have different spectral correlation houses. 

In practice, it may be desirable to combine different techniques for different situations. For 

example, you can use power localization to run short, anyway, cursory experiments over a wide 

range of frequencies to find potentially idle groups. A more precise feature identification can then 

be used to identify the white regions between these candidate bands. By scanning (observing) the 

tape over a longer period of time, gains in character processing can be increased regardless of the 

underlying recognition technology. However, as we will soon see, recognizing timely regulatory 

constraints impedes such progress. 

2.2 SPECTRUM SENSING CHALLENGES 

Spectral acquisition faces many challenges. There are many uncertainties, especially in the air 

interface. Channel uncertainty, fading, and shadowing are also present. A shadowing effect occurs 

when a cognitive person cannot locate the number one receiver due to the barrier between the 

cognitive radio and the number one transmitter. Figure 2.7 shows an example of such a situation. 

There is also noise uncertainty, as in most cases the type and strength of the noise cannot always 

be predicted. For example, using several methods such as: B. Electricity detection is very sensitive. 

 

Figure 2.7: Primary receiver detection problem [1] 
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Mixing cognitive clients that interfere with each other or interfere with each other is also 

problematic. A secondary base station can alleviate this effort. The use of white space by a second 

customer may also be timed by the centralized community. 

Awareness of periodicity is a personal matter. Secondary consumers should both collect and send 

at different times. This is because they cannot be done at the same time. You'll need to create a 

schedule and calculate how long you'll spend capturing and how long you'll send. Spectrum usage 

and most consumer interference is a trade-off. 

The main problem is that most of the time the first recipient cannot be detected. The main goal is 

to avoid interference with his primary receiver. On the other hand, we will try to quantify the basic 

transmitter. This problem occurs when the primary receiver is halfway between the primary and 

secondary transmitters and can receive all the signals being sent, but the primary transmitter is 

some distance away and cannot be detected. Figure 2.8 [1, 14] shows such a situation. Figure 2.9 

[5] shows another situation for receiver number 1. 

Several emerging uncertainties, ranging from channel randomness to device- and community-level 

uncertainties, pose challenges to spectrum sensing in cognitive radio networks. and jointly 

determine the permitted bandwidth occupancy. 

2.2.1 Noise Uncertainty 

Group distinguishing proof is utilized as a fundamental assessment technique, yet the 

powerlessness to riots has been nearly tried for ghastly recognition. When the SNR falls below an 

unset noise immunity level, a perfectly frail first person can become restless [8]. We'll add a 

marker, yet we can identify signs and energy, so this restriction won't hurt us. 
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Figure 2.8: The operation of network A forces network B to move to another band; however, the 

aggregate interference of networks A and C may still be harmful. 

 

2.2.2 Aggregate-Interference Uncertainty 

In the not-too-distant future, the widespread use of secondary structures will make it more likely 

that multiple cognitive radio networks will operate in the same certified band. Spectra acquisition 

can be difficult due to the uncertainty of mixed interferences (for example, unknown types of 

secondary structures and their positions). Combined interference can still be harmful even if the 

primary device is outside the interference range of the secondary device. This uncertainty requires 

additional sensitive detectors. This is because secondary devices can also damage the primary 

structure outside the jamming range, so they need to be able to be located. 

Using intensity detection can meet the need for increased detection sensitivity. A nearby cognitive 

radio network, such as networks A and B in Figure 3, prevents each chorus from occupying the 

same band at the same time and reduces mixed interference by detecting each different chorus. 

However, as shown. However, three cognitive radio networks isolated from each other cannot see 

each other and transmit at the same time. 

Instead, proprietary cognitive wireless networks can overcome the above uncertainties through 

device-level coordination at a higher implementation cost. For example, through a common 

standard control channel, intrinsic secondary structures can negotiate and manipulate access to 

mixed interference. The main purpose of this method is to match the spectral acquisition results 
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with other options listed in Table 1. However, we found that the level of uncertainty caused by 

initial deployment can be addressed by increasing detection sensitivity without resorting to system-

level tuning. Maintain the value of your spectral acquisition solution. 

2.2.3 Cooperative Spectrum Sensing 

As mentioned earlier, cognitive radio requires better detection sensitivity than fading or shadowing 

to overcome the uncertainty caused by channel randomness. Cognitive radios must maintain 

detection reliability even in the worst cases of fading and shadowing, which can result in excessive 

sensitivity requirements. 

Multipath fading results, on the other hand, vary greatly with receiver location, and customers 

located several wavelengths away can expect significant fading. As a result, the uncertainties 

caused by fading can be reduced by allowing certain customers to share their measurement results 

and collaborate to determine certified frequency occupancy. Helpful unearthly securing further 

develops in general recognition awareness without forcing high responsiveness prerequisites on 

individual mental radios because of variety benefits [10]. Nonetheless, expanding the awareness 

will build the correspondence cost. Specifically, it is important to gather estimations close to band 

screens, (for example, access factors and other auxiliary clients) to have the option to arrive at 

conclusions about the nation of essential band inhabitance. This chance ought to likewise be spread 

the word for all clients of the optional organization. Thus, mental radio working with band chiefs 

needs an administration channel for data sharing. Clients can likewise really document last-minute 

choices, for example, "free" or "being used" rather than genuine estimations, decreasing the data 

transfer capacity and correspondence above expected for this administration channel. White 

regions are sent by band bosses while collaborating clients can't see the principal signal. 

The impact of participation on the given responsiveness of individual customers to discovery is 

illustrated by the following events applying the above co-conspiracy in the context of simple 

energy discrimination based on nearby properties. We rely on a 100 km wide analog TV station 

with a transmission power of 10 kW. Furthermore, we assume a detection bandwidth of 1 MHz 

and a predominantly secondary transmit energy of 20 mW. The thermal noise spectral power 

density and pathless exponent are 4 and -174 dBm/Hz, respectively. 
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Clearly, comfortable recognition allows customers to use much less sensitive identifiers. Given 

the reduced cost and complexity of the equipment, from an execution standpoint there are much 

lower responsiveness requirements. Especially attractive. Note, however, that finding such 

potentially valuable reserves requires some adaptability in the access strategy. In particular, skillful 

area access for groups that coordinate optional customers should be completely controlled based 

on their capabilities as a group rather than as individuals. In this particular situation, a collection 

of spirit radios should be recognized as units to authorized units. If not, they may be tied together. 

The results of shadowing are necessarily much more relevant than multi-pass blurring, reducing 

the breed advantage that can be achieved through short-term breed collaboration. The graphics 

demonstrate this. four. Undoubtedly, the use of spatial mediation for cooperating clients under 

spatially connected shadowing has greatly demonstrated the benefits of participation [11]. This 

issue has a practical impact on the competition schedule. A sensor network with many clients 

collaborating over long distances may perform better than a sensor network with many clients 

confined to a small geographic area. 

2.3 REGULATORY CONSTRAINTS 

2.3.1 Sensing Periodicity 

If the primary client starts transmitting while using blank space, the secondary system must 

continue to learn the bandwidth periodically (say every Tp). The maximum time a secondary 

customer is unaware of the reappearance of the primary customer and thus interacts negatively 

with him is determined by the detection period Tp. As a result, the latency and consequent quality 

of service (QoS) degradation experienced by key customers accessing the spectrum is determined 

by the acquisition period. In general, Tp must be set by regulators for each authorized band and 

depends on the nature of the primary service (eg delay sensitivity of the primary application). For 

example, public safety spectrum Tp is expected to be very low, but television spectrum, where 

spectrum usage varies on a mile-by-mile timescale, may allow uncommon coverage. 

Simultaneous broadcast and experience in the permitted bands is not possible, so statistics 

collection and transmission must be implemented. From the controller's point of view, the option 

device detects the tape and serves to roughly determine the licensee's presence when each Tp 
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occurs, but from the option system's point of view, the detection time under Tp is appropriate. and 

have the ability to extend the ways in which they provide insights. 

2.3.2 Detection Sensitivity 

Obstruction with the mental radio local area is viewed as hazardous when the transmission to-

impedance proportion (SIR) of the #1 beneficiary falls beneath administrative organization 

positive limits. The supplier's beneficiary resilience decides this limit, which changes from one 

supplier to another. Two models are 34 dB for simple television and 23 dB for virtual television 

[3]. Nonetheless, the way that this edge is likewise known to be impacted by the attributes of the 

commotion signal (waveform, nonstop and irregular clamor, and so forth) isn't really to be 

expected. 9]. Mental radio for groups with legitimate certificates. As characterized over, the 

expression "obstruction variety" alludes to the greatest separation from an essential collector to an 

optional transmitter at which the created impedance is thought of as hazardous. The impedance 

range hence depends not just on the transmission current of the optional purchaser, yet in addition 

on the obstruction resistance of the essential customer. Pp and Ps address the communicated force 

of the essential and optional loads separately. As found in Figure 2.10, the most extreme span of 

microwave association between components or the protection sweep of a Television slot are both 

signified by R. The most extreme distance between the primary transmitter and the comparing 

beneficiary is additionally signified by R. where Pb is the force of past impedance at the essential 

recipient and L(d) is the absolute way misfortune over distance (like shadowing and multipath 

blurring impacts). d from the transmitter. While assessing D, it is essential to consider the way that 

misfortune fluctuates with recurrence, territory attributes, and receiving wire level. 

 

 

 

 

Figure 2.9: Interference range of a cognitive radio. 
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This guarantees security against hurtful obstruction regardless of whether the essential recipient is 

at the edge of the heap range and not necessarily close enough to impedance from optional clients. 

To guarantee that the essential recipient isn't working inside impedance range, sensor-based 

framework wide mental radio should have the option to recognize all dynamic essential 

transmitters inside the R+E span. This legitimate necessity can be figured out as follows: 

Indeed, even in the most pessimistic scenario, these vulnerabilities generally influence the ideal 

location awareness, as displayed beneath. The most reduced SNR at which Mental Radio can 

accurately perceive the main letter (for instance, with a likelihood of 0.99) is classified "least". 

2.3.3 Channel Uncertainty 

As we have seen from previous developments, the detection sensitivity of cognitive radios strongly 

correlates with the maximum power that can be transmitted in a positively qualified band. 

Cognitive radio networks can be used to generalize this perception. Intuitively, similarly-located 

major structures are influenced by communities serving more customers and better. Therefore, a 

spectrum control plan should be implemented (for example, by adjusting missions or limiting 

customer transmit power) to adjust the overall interference according to community detection 

sensitivity. 

2.4 DESIGN TRADE-OFFS 

This phase defines the main trade-offs involved in implementing spectrum capture capabilities for 

wireless cognitive networks. In addition to other considerations, device manufacturer’s balance 

these trade-offs with application-specific requirements, hardware cost and complexity, and 

available infrastructure (such as collection and access coordination). is needed. 

2.4.1 Cooperation-Processing Trade-Off 

As previously mentioned, target detection sensitivity can be achieved by using less sensitive 

detectors in labeled clients as the number of cooperating clients increases. Lower sensitivity 

requirements lead to shorter acquisition times and consequently less proximity processing with 

safe detectors. The figure illustrates this phenomenon. Figure 5 compares the detection time of the 

nearby stream detector to the number of cooperating customers under distortion-free Rayleigh 
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fading to achieve a typical detection sensitivity of -20 dB (99.0 accuracy). is plotted as a function 

of Customer verbal communications are also considered error-free and have a channel bandwidth 

of approximately 1 MHz. 

 

Figure 2.10: Required sensitivity of individual cognitive radios to achieve an overall detection sensitivity 

of –20 dB under Rayleigh fading vs. the number of cooperating users. 

However, the aforementioned assertion increases a crucial question: 

What type of cooperation and what kind of network processing do you need for a normal 

performance? Usually, the greater clients there are to paintings with, the greater human beings will 

attempt to paintings together. Consequently, there's a trade-off among collaboration overhead and 

close by processing overhead. For the overall acquisition, each take a whole lot of time. This trade-

off may be balanced and the general seize attempt decreased through finding the most appropriate 

collaboration and processing stage [12]. 
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Intuitively, the precise blend of clients collaborating relies upon on how nicely the collaboration 

protocols mentioned under function. Band managers, for instance, can quick and without difficulty 

accumulate sensor information through balloting on every cognitive radio individually. 

 

Figure 2.11: Cooperation-processing trade-off under Rayleigh fading. 

Nonetheless, the correspondence above associated with this technique increments straightly with 

the quantity of clients. A more productive procedure has been proposed in [13] where all detecting 

information is gathered at the same time, consequently permitting a higher collaboration level at 

the expense of expanded convention intricacy. Also, the participation level ought to be adjusted to 

the blurring character-is tics. Specifically, as the blurring turns out to be less extreme (e.g., in the 

event that there is a view to the primary client), the ideal compromise between nearby handling 

and participation will be leaned more toward handling. Casually talking, this is because of the way 

that in such cases it is doubtful for an optional client to encounter a profound blur. In that capacity, 

the variety gain accomplished through helpful detecting is decreased and may not be sufficient to 

make up for higher cooperation overheads. 
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2.4.2 Reactive Vs. Proactive Sensing 

Range detecting plans might be comprehensively cate-gorized as responsive and proactive, 

contingent upon the manner in which they look for void areas. Responsive plans work on an on-

request premise where a mental client begins to detect the range just when it has an information to 

send. Proactive plans, then again, target limiting the deferral caused by mental user(s) in tracking 

down an inactive band by keeping a rundown of at least one authorized groups at present accessible 

for opportunistic access through occasional detecting of the range. Obviously, the upgraded 

responsive-ness toward information transmission demands comes at the expense of expanded 

detecting above. 

Subsequently, picking the suitable detecting mode includes a compromise between the occasional 

detecting above and the on-request detecting above. Naturally, delay-delicate applications favor 

proactive detecting as the deferral related with responsively finding an inactive band might be sig-

nificant (e.g., while looking through over a jam-packed locale of the range with a generally modest 

number of blank areas that anyone could hope to find). Then again, energy proficiency worries 

alongside the postpone resistance of the application might warrant the choice of receptive 

detecting. In that capacity, to keep up with ideal execution, a mental radio needs to adjust its 

detecting mode to the change ing range utilization, accessible assets, and application qualities. 

When a mental radio begins to use a void area, it no longer has a decision in regards to the detecting 

mode and needs to detect the band proactively at occasional spans. As talked about previously, 

this will guarantee ideal recognition of any essential clients attempting to recover the band as man-

dated by the administrative bodies. 

2.4.3 Rate-Reliability Trade-Off 

Shrewd admittance to the authorized range is interruptible as in mental clients need to stop 

transmission right away and relo-cate to another band when the essential client shows up. While 

the postponement related with such movements might be decreased through proactive detecting, 

mental clients will in any case confront sudden QoS corruption as the need might arise to facilitate 

the recurrence change, and numerous boundaries across the convention stack must be reset to 

match the qualities of the new frequency band. Thusly, mental radio connections based on top of 
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an authorized band are intrinsically temperamental except if the comparing essential clients access 

their band inconsistently. 

Correspondence unwavering quality might be improved by dispersing information transmission 

over various free authorized groups rather than a solitary one. For this situation an essential client 

recovering one of these authorized groups just influences a fraction of the mental connection's 

transmission capacity, subsequently diminishing the hindering effect on the mental client's QoS. 

Thus, recurrence lumps from a few untrustworthy essential groups might be gathered to shape a 

more solid cognitive radio connection. Practically speaking, this might be acknowledged by 

utilizing symmetrical recurrence division multiplexing (OFDM) as the hidden tweak conspire 

thanks to its inborn adaptability in utilizing noncontiguous recurrence groups. 

The disadvantage of sending over numerous authorized groups instead of a solitary one, however, 

is that the administrative requirements on range detecting currently must be satisfied for every 

single individual recurrence band. Specifically, extra worldly/phantom assets, generally accessible 

for information transmission, must be allocated to occasional detecting of these extra frequency-

cy groups, bringing about decrease of the compelling information pace of the mental client. Thusly, 

assuming a proper working transfer speed for the mental radio framework, picking the suitable 

number of free authorized groups for information transmission includes a compromise between 

the viable information rate and the dependability/strength of the cognitive client's connection. 

Clearly, data from the upper layers in regards to the application-explicit QoS require-ments ought 

to be considered to ideally adjust the above compromise. For example, with a live video web based 

application it is more fundamental to settle the connection, while for a document move meeting 

the client might forfeit connection steadiness for a higher information rate. Accordingly, the range 

detecting part ought to work related to the upper-layer proto-cols to improve the end client's 

apparent QoS. 

2.4.4 Conclusion 

With the rising interest for remote range and the wasteful utilization of approved groups, it appears 

to be inescapable that range approval will move to inclusion. Crafty range access is supposed to 

address range shortage by permitting unlicensed clients to utilize white areas of authorized range 
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without corruption powerfully. Mental radio organizations offer a minimal expense, very much 

adjusted execution of this arising worldview through their capacity to independently see white 

regions and answer varieties in recurrence utilization and working climate. For otherworldly, 

radio-based, totally interesting reach access, this release breaks down key viewpoints including 

range identification ability arranging. It is contended that vulnerabilities at various functional 

levels can be overwhelmed by a legitimate mix of close to character handling, client level joint 

effort between mental radios, and framework level coordination between restrictive radio mental 

organizations. . Meeting administrative prerequisites for dependable location has been a significant 

focal point of ghostly recognition examination to date. A significant structure for additional 

examination is the blend of reach discovery and upper layer capabilities to additionally advance 

client unequivocal QoS. This journal examines a portion of the early cross-layer compromises that 

happened in range recognition. In any case, the rundown isn't comprehensive. 

Finally, spectrum acquisition is a complex and multifaceted topic, requiring concerted efforts from 

both the technical and regulatory communities. Collaborative sensing, for example, requires 

flexible policies that only change dynamic frequency access according to the behavior and 

capabilities of not just individual customers, but the cognitive radio community as a whole. 

2.5 COOPERATIVE SENSING 

Utilizing multiple cognitive users to capture the spectrum is a common strategy. Numerous studies 

have examined the advantages of collaborative sensing [14, 18, 19, 20]. The primary benefit is 

enhanced sensitivity. even if the secondary user's 1-bit decision is gathered. enhances performance 

in general recognition. 
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Figure 2.12: Primary receiver detection problem [5] 

 

Individual users benefit from improved performance and reduced computing effort as a result. The 

lessening of fading and shadowing effects that result from cooperation is yet another advantage. 

As multiple users' capture data is collected, it is less likely that all users will experience the same 

shadowing and fading effects. Users who do not encounter shadowing or fading issues ought to 

lessen these effects and boost performance as a whole. 

Numerous design issues exist with cooperative capture. How users cooperate is the primary 

concern. What kind of data do they transmit? Communication overhead and local processing 

overhead must be balanced. Cognitive users send too much collected data, which makes it harder 

to use the spectrum. A possible way to reduce communication overhead is to report only 1-bit 

decisions. Another question is where they send this information. This could be a network solution 

that is improvised or centralized. It's another matter to combine this individual data to arrive at a 

final conclusion. The most fundamental are the logical operators “And” and “Or”. Additionally, 

you must specify the number of users cooperating. 
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Figure 2.13: Stored information in REM database [21] 

 

 Fading characteristics are the foundation of a good decision [14, 19]. A choice should be made 

about receptive or proactive detecting. Secondary users are either always or just when they need 

to be aware of the environment. Design also affects the method and duration of data collection. 

2.6 RADIO ENVIRONMENT MAP (REM) 

By identifying the environment's frequency bands, cognitive radio can obtain current information 

regarding the presence of primary users. Information about the area's geographical features, like 

its buildings and terrain. Data about the essential client for example, area, appearance rate, 

obligation cycle, recurrence, adjustment type, signal attributes, administrations and guidelines, 

insights on the essential client's way of behaving, past experience of other optional clients can be 

extremely beneficial to cognitive users. The general concept of a database that stores this kind of 

information is a radio environment map. The REM database's information structure is depicted in 

Figures 2.10 and 2.11 [21, 22]. 

The REM database's main goal is to give secondary users the information they need to boost 

performance. 

“If the secondary users know some information about the primary user or the environment or the 

past experiences of the other sec- 
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Figure 2.14: REM database structure [22] 

 

Secondary users, the overall performance will be enhanced”. There are two ideas for maps of the 

radio environment. The first makes use of data in this database. This kind of data can be used by 

secondary users to set up the network and start finding channels that might be empty. Based on 

previous REM data, cognitive base stations can define spectrum consumption plans for primary 

and secondary users as well as spectrum allocation plans. The REM data can be used to extract 

user-aware transmit power control parameters. By changing how primary users are perceived, 

raising awareness and protecting users is one of the most important goals. You can search for free 

channels and perform a quick reconciliation. increases network throughput and spectrum 

utilization, facilitating radio resource management and optimization. Cognitive radio performance 

can also be evaluated for feature usage, preventing major user emulation effects [23]. 

The radio wave environment map's second function is to gather and store data. The primary user 

system can provide some database information. B. Services and regulations, major user locations, 

frequencies, modulation types, and signal characteristics. Terrain and geosurface data are 

examples of environmental data in some of the information. Secondary user experience and 

learning algorithms have the potential to provide insights into important user behavior, such as: 
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Patterns of usage of the spectrum, arrival rates, viewership, and other statistical information. This 

work does not cover this part of REM [23]. 
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3.  METHODOLOGY  

3.1 PROBLEM DEFINITION 

Protecting primary users from interference is one of cognitive radio's primary objectives. 

Cognitive users must continuously and consistently perceive the spectrum in order to accomplish 

this objective. In order to safeguard primary users from interference, collections must be trusted. 

The broadcasting of more data is another objective of cognitive radio. Transmission time and 

acquisition overhead must be balanced. A cognitive user can start sending data faster if they spend 

less time looking for an open channel. So, when using radio channels, one of the most important 

things to do is find empty channels as soon as possible to avoid power users triggering false alarms. 

This work aims to combine these two objectives. With important user location data, you can also 

use the Radio Environment Map (REM) concept to boost performance. The detection performance 

is enhanced by the source signal's higher SNR. The ratio of SNR to bit error rate (BER) 

performance is shown in Figure 3.1 [24, 25]. Expanding the SNR of the sign at various speed 

increases with various regulations decreases the piece mistake rate and further develops discovery 

execution. A basic concern is the request wherein the mental client starts to see the essential client 

to further develop the typical SNR and increment the apparent presentation and measure of 

information conveyed. 

3.2 PROPOSED SOLUTIONS 

The ghostly energy location calculation is picked for the proposed arrangement because of its low 

computational intricacy, minimal expense, and simplicity of execution. An energy recognition 

calculation is utilized by SU for each accessible PU recurrence band.  
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Figure 3.1: SNR versus bit error rate (BER) performances [25] 

 

It's possible that cognitive users are not set up to use all frequencies. Secondary users should look 

for primary transmitters whose frequencies they can use and avoid using those frequencies when 

primary users are using them in areas where there is interference. Aggressive acquisition, which 

involves constantly acquiring all available frequencies, is unnecessary and requires a lot of 

computation. This lessens the battery duration of mental gadgets. Reactive sensing is used in this 

project, which periodically searches for empty channels. 

Cognitive users may be able to transmit on multiple frequencies, posing the challenge of covering 

all of them. Cognitive users should stop searching when they find an empty channel, according to 

this study. This is an easy way to cut down on acquisition time and frequency. 

It should be as likely as possible to recognize important customers without offending them. In 

order to find the appropriate channel and increase the amount of information sent by the optional 

client, the deception rate needs to be as low as possible. The recovery frame's overall appearance 

can be evaluated with the help of the Collector Work Trademark (ROC) Bend. The probability of 

detection and the probability of location are shown on the ROC curve. I received the wrong issue. 

In this work, the computational expression is quantified using ROC curvature. 
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The inverse relationship between SNR and primary and secondary user distances, as well as the 

direct relationship between SNR and detection performance, are utilized in the proposed solution. 

The subsequent section discusses the specifics of the various proposed approaches as well as their 

performance evaluations. 

3.2.1. Primary User Distances Based Sensing 

The fading effects of the transmitted primary user signals must be taken into account in light of 

their variation. The average signal power is calculated from long-term observations. Large-scale 

fading effects must therefore be taken into account. The average path loss based on long-term 

observations is the path loss referred to in this study [26, 27]. 

Normal way misfortune diminishes the determined typical sign influence as the distance between 

the sensor and the identified sign source increments. There is a converse connection between 

normal sign to-commotion proportion (SNR) and distance from the sign source. Where d is 

consistently more noteworthy than or equivalent to d0 and is the way misfortune at distance d. 

 

                               𝑃𝐿𝑑(𝑑𝑏) = 𝑃𝐿𝑑𝑜(𝑑𝐵) + 10𝑙𝑜𝑔10
[𝑑]

𝑑0                                                                (3.1) 

where; 

“PLd(dB) is the path loss at a distance d in decibels”, 

“d0 is the reference distance at which the path loss is known”, 

“n is the path loss exponent which changes from environment to environment as shown in Table 

3.1”. 

“d0, which is the reference distance is chosen to be close to the resource, such that” 
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Table 3.1: Coefficient of path loss in various settings 

Climate Path Loss Exponent, n 

Deterred in building 4 to 6 

Shadowed metropolitan cell 

radio 

3 to 5 

In building view 1.6 to 1.8 

Metropolitan region cell radio 2.7 to 3.5 

Deterred in processing plants 2 to 3 

Free space 2 

“The path loss at point d0 is assumed to be 0. So the formula 3.1 turns into”: 

 

                                        𝑃𝐿𝑑 = 10𝑛𝑙𝑜𝑔10
[𝑑]

𝑑0                                                                                    (3.2) 

                                         𝑃𝐿𝑑 =  
[𝑑]

𝑑0                                                                                                (3.3)   

                                                  𝑃𝐿𝑑 = 𝑃𝑇 
[𝑑]𝑛

𝑑0                                                                                         (3.4)                                          

where;  

“PT is the power transmitted”, 

“PRdis the power received at point d”. 

The added substance force of the encompassing white Gaussian commotion is thought to be 

equivalent to the essential client's sign power, yet the sign to-clamor proportion (SNR) increments 

with expanding distance between the mental client and the identified essential client. decrease. 
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Their SNR is her SNR1SNR2... It will be in the order of SNRm if m primary users listed according 

to their distance are detected without losing the generality of d1d2...dm. Shadow effects are 

ignored in this order. When selecting components for path attenuation in this work, only 

shadowing effects are taken into account. Shadowing effects that are independent of each primary 

user are not simulated. Obviously, the main user's signal with various shadowing effects will 

reorder the SNR levels, reducing the proposed method's performance. The probability that each 

channel is accessible is another assumption. The likelihood of availability for each channel is 

considered to be equal. The outcome is the anticipated number of channels that a cognitive user 

would perceive before coming across an empty channel. Until a free channel is found, the average 

SNR is the average of the main user's selected SNR. To maximize the predicted average SNR, 

secondary users should begin acquisition from the primary signal with the closest highest SNR. 

The cognitive user can begin to perceive those who are closest to them if REM knows where the 

primary and secondary users are located. Better overall detection performance can be achieved 

with the highest average SNR estimate. The get execution bend is moved along. 

Once a cognitive user locates and tunes into an empty channel, regardless of distance, the 

subsequent acquisition will begin from the previously discovered channel to make the acquisition 

process more realistic. Start discovery from the next primary user if this channel is not empty. The 

proposed method's pseudocode can be found in Table 3.2. Results from simulations are provided 

in Chapter 4. 

3.2.2 Erroneous Primary User Distance Based Sensing 

It is presumed that the precise distance to this section is known. However, that is not a feasible 

scenario. How much does it hurt performance if the primary user's location isn't exactly where we 

know it to be, but there are some errors there? is to determine the method's sensitivity. The 

proposed method works better in an environment that is more realistic when the sensitivity is 

lower. 
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3.2.3 Maximum interference Distance Based Sensing 

In Figure 2.8, D is the most extreme distance a mental radio can communicate information. 

Likewise, the most extreme distance an essential client can send information is addressed by the 

letter R in Figure 2.8. The Impedance Distance (ID) is the greatest distance between the essential 

and optional clients and is displayed as D+R in Figure 2.8. Sticking an essential transmitter outside 

the sticking area is unthinkable. 

This proposed approach expects that the area of the essential client and the greatest impedance 

distance from REM are known. Mental clients might be unwittingly utilizing essential client 

recurrence channels outside this reach. A mental client ought to begin getting the recurrence 

channel of her past PU channel in the event that there is no essential client outside the greatest 

impedance range. Like the past calculation, assuming there is no her PU outside the obstruction 

district, the mental client will initially see the recently utilized channel, and in the event that that 

channel isn't unfilled, then, at that point, from his next PU channel to do. starting. See Table 3.3 

for framework pseudocode. 

3.2.4 Primary User Distance Based Two User Cooperative Sensing 

Cognitive users are the focal point of the proposed strategy. Assuming that you have two mental 

clients (for example client I and client j), you really want to give another co-discovery technique. 

This segment presents techniques for coordinated effort and mindfulness between two mental 

clients. Each mental client is said to begin their singular insight from the essential her client nearest 

to them and progress to the following client. At the point when the essential client nearest to mental 

client j approaches mental client j, mental client I no longer sees this recurrence channel. The 

checking system go on until one of them tracks down an accessible channel. Presently expect that 

the mental client is utilizing just a single recurrence channel and that he has sufficient one 

recurrence channel for the two optional clients to communicate.  
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4.  SIMULATION RESULTS 

Numerical simulations and simulation tools are discussed in this section. Receiver Operating 

Characteristic (ROC) curves are used to measure the proposed algorithm's detection performance. 

The simulation results and the curves that were obtained are discussed. 

4.1 SIMULATION ENVIRONMENT 

Mat Lab is used to write the simulation code. An area measuring 1 km by 2.4 km square is the 

simulated environment. He has 15 primary users and one or two secondary users in this area [28]. 

For every recreation, auxiliary clients are haphazardly appropriated across the reenactment region. 

The transmission recurrence varies for every essential client. REM approaches essential client area 

and utilization information. Her REM, an optional client, likewise approaches area information. 

The distances are determined in his REM and communicated to the mental client alongside the 

frequencies utilized by the essential client at those distances. Mental clients start discernment from 

the accompanying essential clients: In condition (3.1) the way misfortune at this distance is thought 

to be zero and the reference distance d0 is thought to be 10 m [27]. Table 4.1 contains a list of 

common parameters. The performance of an acquisition is evaluated using ROC curves. The ROC 

curve is generated in accordance with the change in energy detection threshold from -6 dB to -2.5 

dB, which is measured in decibels. 

Several parameters have been altered for the various proposed techniques. More on this in the 

following section. 

Table 4.1: Simulation parameters 

Boundary Value 

Field size 1km x 2.4km square 

Number of essential clients 15 

d0 10m 

Blurring large scale fading 

Commotion AWGN 
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4.2 SIMULATION RESULTS 

There are four methods for review the outcomes. The first is when just the distance of the essential 

client is known and the second is the resistance of the technique. The following segment likewise 

presents reproduction results and a straightforward two-client cooperation calculation when the 

most extreme obstruction distance is additionally known. 

4.2.1 Primary User Distances Based Sensing 

The essential calculation for all resulting areas is: 

In the recreation space, a mental client and her 15 essential her clients are haphazardly dispersed 

and utilize different recurrence groups. A mental client just knows the distance and unearthly scope 

of the essential client. A framework model is displayed in Figure 4.1. A mental client is thought 

to be moving in an orderly fashion along the mimicked region at a speed of 20 meters/second, as 

shown by the lines in Figure 4.2. An optional client of this calculation begins looking from the 

farthest her PU to the following her PU and quits looking when it distinguishes a vacant channel. 

The primary reenactment accepts that the SNR diminishes with distance and is 10 dB inside d0. 

There is no organization around. This shows the lost way. 
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Figure 4.1: An example for simulation area 

 

           Figure 4.2: An example for simulation area with SU moving 
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     Figure 4.3: ROC curve result for free space environment SNR start=10dB 

 

      Figure 4.4: ROC curve result for urban environment SNR start=10dB 
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       Figure 4.5: ROC curve result for urban environment SNR start=17dB 

 

The recreation aftereffects of the proposed technique are contrasted and those of the irregular 

request strategy. Mental clients quit catching when they find void directs in arbitrary request, 

essential clients are caught in irregular request. The outcomes are displayed in Figure 4.3. The 

ROC bends show that area based pressure ulcer location yields predominant outcomes and further 

develops identification execution. 

One more reenactment is run for a metropolitan climate. Thusly, the way misfortune part n is 3. 

The SNR is 10dB inside d0 and is expected to diminish with distance. The outcomes are displayed 

in Figure 4.4. It has additionally been displayed to further develop area based identification 

execution for PU for this situation. In any case, his PU position-based and irregular request 

recognition perform ineffectively in metropolitan conditions contrasted with open spaces. A 

similar recreation (n = 3) is likewise performed with expanding PU signal power (SNR at d0 is 

thought to be 17 dB and diminishes with expanding distance). Figure 4.5 shows the outcomes. 

Distance-based discovery altogether further develops execution. 
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4.2.2 Erroneous Primary User Distance Based Sensing 

In previous solutions, location information, or the distance between primary and secondary users, 

is assumed to be accurate. Yet, as a general rule it isn't. It's possible that the location data is 

incorrect. The consequences of providing incorrect location data are examined in this section. In 

the presence of specific false primary user information, the proposed method is contrasted with 

random order detection methods. Figure 4.6 depicts a 100-meter error at key user locations as an 

illustration of a simulated area. 

In this section, we look at the biggest mistakes to figure out how well the proposed method works 

with bad data. That is, the primary and secondary users' distances are manipulated to 100 meters 

rather than the [0 100 meters] range in order to comprehend the 100 meters’ performance error. 

Each PU-SU interval can be changed on its own. 
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Figure 4.6: ROC curve result for free space environment for 100m error on location information 

 

Figure 4.7: ROC curve result for free space environment for 500m error on location information 



46 

 

Figure 4.7 depicts the results of the ROC curve. We find that the 100 m error is as good as the 

proposed method at the distance between PU and SU. The PU-SU distance is used in the proposed 

method. SU records essential clients from nearest to uttermost. Therefore, the precise distance is 

of little significance. The list of closest-to-furthest PUs susceptible to PU spacing errors and 

spacing between PUs is crucial. Figure 4.6 demonstrates that 100 m in the simulation, he does not 

significantly alter the order of the PUs if we list them from closest to farthest. In this simulated 

environment, the average distance between primary and secondary users is 625 meters, which 

varies by 100 meters, or 16 percent. The small change in the ROC curve is due to this. 

 

Figure 4.8: ROC curve result for free space environment for 1km error on location information 

 

Performance decreases when the PUs are close to one another or when the PU position error is 

large, as depicted in Figures 4.8 and 4.9. The error in the distance is 500 meters, or 80% of the 

average distance between PUs, as shown in Figure 4.8. Since the outcomes are comparable to those 

of the random order method, it would appear that this is the proposed method's marginal error. 
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Figure 4.9 demonstrates that choosing PUs in a random order yields better results than when there 

is an error of more than 80 percent in the distance between them. 

 

4.2.3 Maximum Interference Distance Based Sensing 

 

Figure 4.9: ROC curve result for free space environment for IR known and IR not known simulations 
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Figure 4.10: ROC curve result for free space environment for IR 1 km 

 

Figure 4.11: ROC curve result for free space environment for IR 1.5 km 
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Figure 4.12: ROC curves for two SU cooperative and non cooperative sensing 

 

Simulations of known and unknown maximum IR distances are compared in Figure 4.10. The 

maximum IR distance is 1 km when n = 2. 

Figure 4.11 demonstrates the effect of interference cancellation as well. Performance can be 

significantly enhanced simply by having knowledge of the maximum interference distance. The 

best results are obtained when geolocation is combined with the maximum interference distance. 

The ROC curve can be examined when the maximum interference distance is 1.5 kilometers. The 

performance improvement based on this finding decreases as the interference distance grows. 
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Figure 4.13: ROC curve result for two SU cooperative sensing, AND logic cooperation and OR logic 

cooperation(n=2) 

 

Figure 4.14: ROC curve result for two SU cooperative sensing,” AND” logic cooperation and” OR” logic 

cooperation(n=3) 
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4.2.4 Primary User Distance on the basis of 2 User-Cooperative Sensing 

In Section 3.2.4, a straightforward approach to cooperation based on distance is discussed. Each 

cognitive his-user starts each perception with the his-user closest to him and moves on to the next 

closest his-user. When an empty channel is found, perception ceases. Figure 4.13 depicts the 

improvement in cooperative performance. 

Contrast connecting procedures and canny connecting strategies "AND" and "OR". A cognitive 

client utilizes the coherent administrator "AND" or "OR" to go with a 1-bit choice and catches 

similar her PU and passes on an unfilled channel to settle on a last choice in these ways. As found 

in Figures 4.14 and 4.15, area based cooperative assortment gives the best outcomes contrasted 

with these two methodologies. 
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5.  CONCLUSIONS AND FUTURE WORK 

CR better known as Cognitive Radio is a new idea that has been introduced as the form of an 

outcome of the rising demand for the frequency spectrum. In order for a cognitive radio to locate 

a “free channel” or “detect the presence” of an authorized user using the band frequency in use, it 

must acquire a licensed frequency band. When no changes are made to the primary user system, 

spectral energy measurements appear to be the most practical method and can also adapt to changes 

in the environment. Stopping subsequent to finding a vacant channel is a valuable method for 

saving battery duration. 

Cognitive users can improve their average SNR and, consequently, their perceptual performance 

by perceiving from nearest to farthest, making utilization of the “distance information” in the REM 

database and the inverse relationship that exists between distance and SNR. It demonstrates their 

abilities. After that, the user simulated how the proposed method performed when the distance 

information in the REM database was incorrect. Users found that even when the distance 

information was slightly inaccurate, some distance errors did not become fatal issues. Then they 

demonstrate that the proposed approach outperforms the random one. Now, let's say that the 

primary and secondary user systems are well-documented. Additionally, detection performance 

can be improved by utilizing the information about the maximum interference area the sum of the 

cognitive user's and primary user's maximum transmission distances. The cognitive user will be 

able to use the frequency without feeling it if the primary user is outside of this interference area. 

Capture performance is greatly improved as a result. The final solution that has been suggested 

involves two users working together and making use of the location of the primary user. When a 

free channel is discovered or when their next PU is close to her other SU, each user stops scanning 

simultaneously from the closest user. Using logical operators like "and" or "or" between the 

collected responses has also been shown to be less effective than collecting channels in a random 

order. 

The user can simulate cooperation plans for two or more users or propose new cooperation plans 

for future work. Weighting by PU-SU distance or selection by nearest neighbor algorithm are two 

options. On the other hand, for known maximum signal-to-noise ratios, the proposed method's 

error capability can be demonstrated. Additionally, the algorithm can be made more general by 
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taking into account certain assumptions, such as the primary users having the same transmission 

power or probability of transmission. 

  



54 

 

         REFERENCES 

[1]    Y. Sun, W. Dong, and X. Yu, “Effects of coolant temperature coupled with controlling 

strategies on Particulate Number Emissions in GDI engine under Idle Stage,” Fuel, vol. 225, 

pp. 1–9, 2018.  

[2] F. Bray, J. Ferlay, I. Soerjomataram, R. L. Siegel, L. A. Torre, and A. Jemal, “Global cancer 

statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers 

in 185 countries,” CA. Cancer J. Clin., vol. 68, no. 6, pp. 394–424, 2018. 

[3] W. H. Organization, WHO position paper on mammography screening. World Health 

Organization, 2014. 

[4] A. Chetlen, J. Mack, and T. Chan, “Breast cancer screening controversies: Who, when, why, 

and how?, vol. 40, no. 2, pp. 279–282, 2016.  

[5] A. Chekkoury et al., “Automated malignancy detection in breast histopathological images,” 

in Medical Imaging 2012: Computer-Aided Diagnosis, 2012, vol. 8315, p. 831515. 

[6] I. Pollanen, B. Braithwaite, T. Ikonen, H. Niska, K. Haataja, P. Toivanen, and T. Tolonen, 

“Computer-aided breast cancer histopathological diagnosis: Comparative analysis of three 

DTOCS-based features: SW-DTOCS, SW-WDTOCS and SW-3-4-DTOCS,” 2014 4th 

International Conference on Image Processing Theory, Tools and Applications (IPTA), 2014. 

[7] F. F. Ting, Y. J. Tan, and K. S. Sim, “Convolutional neural network improvement for breast 

cancer classification,” Expert Syst. Appl., vol. 120, pp. 103–115, 2019. 

[8] H. Ravishankar et al., “Understanding the mechanisms of deep transfer learning for medical 

images,” arXiv Prepr. arXiv1704.06040, 2017. 

[9] S. Lu, Z. Lu, and Y.-D. Zhang, “Pathological brain detection based on Alexnet and Transfer 

Learning,” Journal of Computational Science, vol. 30, pp. 41–47, 2019. 

[10] Y. Chen et al., “A feature-free 30-disease pathological brain detection system by linear 

regression classifier,” CNS Neurol. Disord. Targets (Formerly Curr. Drug Targets-CNS 

Neurol. Disord., vol. 16, no. 1, pp. 5–10, 2017. 

[11] S. Wang, P. Phillips, A. Liu, and S. Du, “Tea category identification using computer vision 

and generalized eigenvalue proximal SVM,” Fundam. Informaticae, vol. 151, no. 1–4, pp. 

325–339, 2017. 

[12] M. M. Rahman, Y. Ghasemi, E. Suley, Y. Zhou, S. Wang, and J. Rogers, “Machine Learning 



55 

 

Based Computer Aided Diagnosis of Breast Cancer Utilizing Anthropometric and Clinical 

Features,” Irbm, vol. 42, no. 4. pp. 215–226, 2021, doi: 10.1016/j.irbm.2020.05.005. 

[13] N. I. R. Yassin, S. Omran, E. M. F. El Houby, and H. Allam, “Machine learning techniques 

for breast cancer computer aided diagnosis using different image modalities: A systematic 

review,” Computer Methods and Programs in Biomedicine, vol. 156. pp. 25–45, 2018, doi: 

10.1016/j.cmpb.2017.12.012. 

[14] R. Yan et al., “Breast cancer histopathological image classification using a hybrid deep neural 

network,” Methods, vol. 173. pp. 52–60, 2020, doi: 10.1016/j.ymeth.2019.06.014. 

[15] N. Harbeck et al., “Breast cancer,” Nat. Rev. Dis. Prim., vol. 5, no. 1, pp. 1–31, 2019. 

[16] A. G. Waks and E. P. Winer, “Breast cancer treatment: a review,” Jama, vol. 321, no. 3, pp. 

288–300, 2019. 

[17] O. J. Scully, B.-H. Bay, G. Yip, and Y. Yu, “Breast cancer metastasis,” Cancer Genomics 

Proteomics, vol. 9, no. 5, pp. 311–320, 2012. 

[18] W. J. Allard et al., “Tumor cells circulate in the peripheral blood of all major carcinomas but 

not in healthy subjects or patients with nonmalignant diseases,” Clin. cancer Res., vol. 10, no. 

20, pp. 6897–6904, 2004. 

[19] A. van de Stolpe, K. Pantel, S. Sleijfer, L. W. Terstappen, and J. M. J. Den Toonder, 

“Circulating tumor cell isolation and diagnostics: toward routine clinical use.” AACR, 2011. 

[20] N. Houssami and P. Skaane, “Overview of the evidence on digital breast tomosynthesis in 

breast cancer detection,” The Breast, vol. 22, no. 2, pp. 101–108, 2013. 

[21] S. W. Fu, L. Chen, and Y. Man, “miRNA biomarkers in breast cancer detection and 

management,” J. Cancer, vol. 2, p. 116, 2011. 

[22] S. G. Kandlikar et al., “Infrared imaging technology for breast cancer detection–Current 

status, protocols and new directions,” Int. J. Heat Mass Transf., vol. 108, pp. 2303–2320, 

2017. 

[23] K. Ganesan, U. R. Acharya, C. K. Chua, L. C. Min, K. T. Abraham, and K.-H. Ng, “Computer-

aided breast cancer detection using mammograms: a review,” IEEE Rev. Biomed. Eng., vol. 

6, pp. 77–98, 2012. 

[24] R. Guo, G. Lu, B. Qin, and B. Fei, “Ultrasound imaging technologies for breast cancer 

detection and management: a review,” Ultrasound Med. Biol., vol. 44, no. 1, pp. 37–70, 2018. 

[25] S. J. Mambou, P. Maresova, O. Krejcar, A. Selamat, and K. Kuca, “Breast cancer detection 



56 

 

using infrared thermal imaging and a deep learning model,” Sensors, vol. 18, no. 9, p. 2799, 

2018. 

[26] K. Suzuki, “A review of computer-aided diagnosis in thoracic and colonic imaging,” Quant. 

Imaging Med. Surg., vol. 2, no. 3, p. 163, 2012. 

[27] A. F. Agarap, “On breast cancer detection,”Proceedings of the 2nd International                     

Conference on Machine Learning and Soft Computing - ICMLSC '18, 2018.  

[28] M. Karabatak, “A new classifier for breast cancer detection based on Naïve Bayesian,” 

Measurement, vol. 72, pp. 32–36, 2015. 

[29] R. Mormont, P. Geurts, and R. Marée, “Comparison of deep transfer learning strategies for 

digital pathology,” in Proceedings of the IEEE conference on computer vision and pattern 

recognition workshops, 2018, pp. 2262–2271. 

[30] Y. Khourdifi and M. Bahaj, “Applying best machine learning algorithms for breast cancer 

prediction and classification,” 2018 International Conference on Electronics, Control, 

Optimization and Computer Science, ICECOCS 2018. 2019, doi: 

10.1109/ICECOCS.2018.8610632. 

[31] P. Berkhin, “A survey of clustering data mining techniques,” in Grouping multidimensional 

data, Springer, 2006, pp. 25–71. 

[32] C. I. Litjens, G., Kooi, T., Bejnordi, B. E., Setio, A. A. A., Ciompi, F., Ghafoorian, M., ... & 

Sánchez, “A Survey on Deep Learning in Medical Image Analysis,” Med. Image Anal, vol. 

42, pp. 60–88, 2017. 

[33] G. Litjens et al., “A survey on deep learning in medical image analysis,” Med. Image Anal., 

vol. 42, pp. 60–88, 2017. 

[34] B. Mahesh, “Machine Learning Algorithms-A Review,” Int. J. Sci. Res. (IJSR).[Internet], vol. 

9, pp. 381–386, 2020. 

[35] A. Bhardwaj and A. Tiwari, “Breast cancer diagnosis using Genetically Optimized Neural 

Network model,” Expert Systems with Applications, vol. 42, no. 10. pp. 4611–4620, 2015, 

doi: 10.1016/j.eswa.2015.01.065. 

[36] N. Khuriwal and N. Mishra, “Breast cancer diagnosis using deep learning algorithm,” in 2018 

International Conference on Advances in Computing, Communication Control and 

Networking (ICACCCN), 2018, pp. 98–103. 



57 

 

[37] Y. Yu, H. Lin, J. Meng, X. Wei, H. Guo, and Z. Zhao, “Deep Transfer Learning for Modality 

Classification of Medical Images,” 2017, doi: 10.3390/info8030091. 

[38] P. Gupta and S. Garg, “Breast Cancer Prediction using varying Parameters of Machine 

Learning Models,” Procedia Computer Science, vol. 171. pp. 593–601, 2020, doi: 

10.1016/j.procs.2020.04.064. 

[39] L. Zou, S. Yu, T. Meng, Z. Zhang, X. Liang, and Y. Xie, “A technical review of convolutional 

neural network-based mammographic breast cancer diagnosis,” Comput. Math. Methods 

Med., vol. 2019, 2019. 

[40] A. Titoriya and S. Sachdeva, “Breast Cancer Histopathology Image Classification using 

AlexNet,” 2019 4th International Conference on Information Systems and Computer 

Networks, ISCON 2019. pp. 708–712, 2019, doi: 10.1109/ISCON47742.2019.9036160. 

[41] J. Siswantoro, A. S. Prabuwono, A. Abdullah, and B. Idrus, “A linear model based on Kalman 

filter for improving neural network classification performance,” Expert Syst. Appl., vol. 49, 

pp. 112–122, 2016. 

[42] W. Liu, Z. Wang, X. Liu, N. Zeng, Y. Liu, and F. E. Alsaadi, “A survey of deep neural 

network architectures and their applications,” Neurocomputing, vol. 234, pp. 11–26, 2017. 

[43] M. Sabatelli, M. Kestemont, W. Daelemans, and P. Geurts, “Deep transfer learning for art 

classification problems,” in Proceedings of the European Conference on Computer Vision 

(ECCV) Workshops, 2018, p. 0. 

[44] O. I. Abiodun, A. Jantan, A. E. Omolara, K. V. Dada, N. A. Mohamed, and H. Arshad, “State-

of-the-art in artificial neural network applications: A survey,” Heliyon, vol. 4, no. 11, p. 

e00938, 2018. 

[45] A. Canziani, A. Paszke, and E. Culurciello, “An analysis of deep neural network models for 

practical applications,” arXiv Prepr. arXiv1605.07678, 2016. 

[46] M. Talo, U. B. Baloglu, Ö. Yıldırım, and U. R. Acharya, “Application of deep transfer 

learning for automated brain abnormality classification using MR images,” Cogn. Syst. Res., 

vol. 54, pp. 176–188, 2019. 

[47] A. Al Bataineh, “A comparative analysis of nonlinear machine learning algorithms for breast 

cancer detection,” International Journal of Machine Learning and Computing, vol. 9, no. 3. 

pp. 248–254, 2019, doi: 10.18178/ijmlc.2019.9.3.794. 

[48] S. A. Mohammed, S. Darrab, S. A. Noaman, and G. Saake, “Analysis of breast cancer 



58 

 

detection using different machine learning techniques,” Communications in Computer and 

Information Science, vol. 1234 CCIS. pp. 108–117, 2020, doi: 10.1007/978-981-15-7205-

0_10. 

[49] N. Khuriwal and N. Mishra, “Breast Cancer Diagnosis Using Deep Learning Algorithm,” 

Proceedings - IEEE 2018 International Conference on Advances in Computing, 

Communication Control and Networking, ICACCCN 2018. pp. 98–103, 2018, doi: 

10.1109/ICACCCN.2018.8748777. 

[50] J. Chang, J. Yu, T. Han, H. J. Chang, and E. Park, “A method for classifying medical images 

using transfer learning: A pilot study on histopathology of breast cancer,” 2017 IEEE 19th 

International Conference on e-Health Networking, Applications and Services, Healthcom 

2017, vol. 2017-Decem. pp. 1–4, 2017, doi: 10.1109/HealthCom.2017.8210843. 

[51] R. C. Gonzalez and R. E. Woods, “Image processing,” Digit. image Process., vol. 2, no. 1, 

2007. 

[52] L. G. Shapiro and G. C. Stockman, Computer vision. Pearson, 2001. 

[53] A. Makandar and B. Halalli, “Breast cancer image enhancement using median filter and 

CLAHE,” Int. J. Sci. Eng. Res., vol. 6, no. 4, pp. 462–465, 2015. 

[54] Robert Mitchell, Ing-Ray Chen (2014),” A survey of intrusion detection in wireless network 

applications” ELSEVIER,Volume 42, 1 April 2014, Pages 1-23. 

[55] S. Fouchalet. al. (2015), “Recursive clustering based approach for denial of service (DoS) 

attacks in wireless sensors networks”. 

[56] J Singh et. al. (2016),”An Intelligent Intrusion Detection and Prevention System for Safeguard 

Mobile Adhoc Networks against Malicious Nodes”, International Journal of Science & 

Technology, Vol.10,pp.1-12. 

[57] J Singh et. al. (2016),”An Intelligent Intrusion Detection and Prevention System for Safeguard 

Mobile Adhoc Networks against Malicious Nodes”, International Journal of Science & 

Technology, Vol.10,pp.1-12. 

[58] Magnus Almgren, Ulf Lindqvist, and ErlandJonsson (2008), ”A MultiSensor Model to 

Improve Automated Attack Detection”, Springer-Verlag Berlin Heidelberg. 

[59] NaeimehLaleh and Mohammad AbdollahiAzgomi (2009),”A Taxonomy of Frauds and Fraud 

Detection Techniques”, Springer-Verlag Berlin Heidelberg. 

[60] S. A. Mohammed, S. Darrab, S. A. Noaman, and G. Saake, “Analysis of breast cancer 



59 

 

detection using different machine learning techniques,” Communications in Computer and 

Information Science, vol. 1234 CCIS. pp. 108–117, 2020, doi: 10.1007/978-981-15-7205-

0_10. 

[61] N. Khuriwal and N. Mishra, “Breast Cancer Diagnosis Using Deep Learning Algorithm,” 

Proceedings - IEEE 2018 International Conference on Advances in Computing, 

Communication Control and Networking, ICACCCN 2018. pp. 98–103, 2018, doi: 

10.1109/ICACCCN.2018.8748777. 

[62] J. Chang, J. Yu, T. Han, H. J. Chang, and E. Park, “A method for classifying medical images 

using transfer learning: A pilot study on histopathology of breast cancer,” 2017 IEEE 19th 

International Conference on e-Health Networking, Applications and Services, Healthcom 

2017, vol. 2017-Decem. pp. 1–4, 2017, doi: 10.1109/HealthCom.2017.8210843. 

[63] N. I. R. Yassin, S. Omran, E. M. F. El Houby, and H. Allam, “Machine learning techniques 

for breast cancer computer aided diagnosis using different image modalities: A systematic 

review,” Computer Methods and Programs in Biomedicine, vol. 156. pp. 25–45, 2018, doi: 

10.1016/j.cmpb.2017.12.012. 

[64] Gao Zhen, Dai Linglong, Han Shuangfeng, I. Chih-Lin, Wang Zhaocheng, H. Lajos, 

Compressive sensing techniques for next-generation wireless communications, IEEE 

Wireless Commun. 25 (3) (2018). 

[65] B. Mario, Li Yang, K.J. Sudharman, A survey on machine-learning techniques in cognitive 

radios, IEEE Commun. Surv. Tutorials 15 (3) (2013). 

[66] P. Devasis, K.C. Priyanka, Effectiveness of spectrum sensing in cognitive radio toward 5G 

technology, Saudi J. Eng. Technol. 4 (12) (2019) 473–485. 


