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Abstract— Nowadays, global evolution and technological revolution of wireless communication development, without observing the 

current radio spectrum assignment policy, cause the spectrum to be more depleted. Cognitive Radio (CR) is the most effective 

technique for solving the problem of spectrum scarcity, particularly in light of the desire to transmit data very quickly, as 

unauthorized users are able to use a spectral bandwidth. Whenever the owner of the license begins to use the domain, the connection 

of the unauthorized user will be cut until the authorized user ends his connection. Conventional methods have proven to be ineffective 

in detecting the frequency spectrum in comparison to dynamic Primary User (PU) methods, where the PU is either completely present 

or completely absent. In this paper, an algorithm is suggested which aims to improve energy sensing and increases the efficiency of 

detection through sensing and noticing the random dynamic move of the PU. This algorithm has been designed based on these rapid 

changes of the PU, and is called the Activity period (A). In addition to activities of the PU during the sensing period, it also focuses on 

the dynamic threshold factor through which the detection is enhanced. The new formula is applied through the Dynamic Energy 

Detection-Dynamic Threshold (DED-DT) method with a constant false alarm rate analysed mathematically, realizing a reliable 

performance with a low signal-to-noise ratio (-12 dB) achieved through simulation. Therefore, the proposed algorithm showed 

relatively improved results when compared to those of traditional detection methods. 

 

 

Keywords— Active period, Dynamic Energy Detection-Dynamic threshold, Low SNR, Non-stationary user. 

 

 

I. INTRODUCTION 

One of the main reasons for the spectrum congestion is the 

rapid growth in wireless communication, in addition to the 

large numbers of users. However, the spectrum lack is 

mostly due to the ineffective static spectrum allocations 

[1]. The traditional fixed distribution policy that defines 

the spectrum for authorized users has contributed to the 

scarcity of the spectrum, as shown in the Federal 

Communications Commission (FCC) report [2]. According 

to the survey of  (FCC)’s Spectrum Policy task force in 

2002, it is explained that there is a small utilization (from 

15% to 85%) of the frequency spectrum in a geographical 

region, time, and space. On the other hand, Cisco has 

contributed to a study on Global Mobile Data Traffic and 

showed that it will be a 7-fold increase in mobile data 

traffic from 2016-2021 [3]. 

 

More recently, Cognitive Radio (CR) has been used as an 

effective approach to enhance spectrum utilization through 

opportunistic spectrum sharing. The major concept of CR 

is sensing the unused frequencies in the spectrum, thus 

allowing the unlicensed users (secondary users) to utilize 

them without affecting the licensed users (primary users) 

[2]. 

 

Some researchers have shown that the spectrum is 

unlimited, but the problem is the poor management of this 

spectrum due to the fact that not the whole licensed 

spectrum is utilized;  only a few parts are used, thus 

leading to the insufficient use of the spectrum [4]. To 

overcome all these problems, a smart wireless network 

called CR has emerged. Consequently, the primary 

importance of CR lies in inefficient spectrum utilization 

[4]. A CR can serve its users through the filling in the 

spectrum holes without causing harmful interference to the 

https://dx.doi.org/10.46649/110420-05
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 PU. This is achieved through continuous spectrum sensing 

to detect the PU. Once the licensed user is discovered, the 

CR should withdraw from the spectrum immediately to 

reduce the interference [5]. The four main functions of CR 

are: Spectrum sensing, Spectrum management, Spectrum 

sharing, and Spectrum mobility [6]. Spectrum sensing is 

one of the essential functions of CR which should be done 

first before allowing secondary users to reach a vacant 

licensed channel. In other words, it is a core of CR and 

includes the determination of the unused spectrum holes. 

Spectrum sensing includes obtaining the spectrum usage 

characteristics across multiple dimensions: time, 

frequency, space, and code, and identifying what type of 

signals are filling the spectrum [6] [7]. 

The interest of many previous studies and literature lies in 

studying the traditional fixed user as well as the fixed 

decision threshold. 

 In [8], the authors realized the approach closest to the 

reality represented in the activities and the process of 

traffic for the PU which moves randomly during the 

sensing period. The new parameter in this study is included 

within the detection algorithms, where these activities are 

confirmed by the actual user presence on the spectrum. 

Thus, the detection performance is enhanced and increases 

the performance of the sensor. 

 In [9], the authors focused on the use of spectrum as a 

major resource for both primary and secondary users 

through the use of prediction management technology and 

the grouping of PU activities according to the prediction 

process. In this study, the spectrum is reallocated and 

allowed to the secondary user at certain times. 

 In [10], the authors used the energy detection method to 

detect the CR spectrum. This study focused on the use of 

the probability of  statistical properties to improve the 

accuracy of the false alarm probability, and then the 

estimated noise variance was used to obtain a suitable 

threshold for energy detection. 

 

The proposed method significantly contributed to 

improving the detection performance and increases the 

efficiency of the system as explained in the results (section 

V). The method is closer to the real state where this 

algorithm is more flexible to deal with signal dynamics and 

PU dynamics at the same time. In other word, The main 

goal of this paper on the CR system is to demonstrate how 

the randomness of PU movement during sensor time 

affects the detection performance by deriving detection 

models related to the performance of the PU-A spectrum 

sensing.  

 

Outline of the Paper 

Section (II) involves the related work. Section (III) 

explains the spectrum sensing technique. Section (IV) 

shows the energy detection methodology. Section (V) 

explains the results and discussion. Finally, Section (VI) 

includes the conclusion. 

II. SPECTRUM SENSING TECHNIQUE  

       Spectrum Sensing (SS) is the most crucial part of a CR 

system, being the most important function of this system. 

The secondary user should sense the spectrum 

efficiently[4]. Fast transmission opportunities are taken 

advantage of, so as to scan the spectrum whenever the PU 

is sensed to return to it. In other words, the main function 

of the SS system is to track and monitor the assigned 

spectrum continuously to make better use of these 

packages, and secondly, to prevent interference with 

primary (authorized) users so that all major parameters of 

PU users are predefined. If PU again wants to connect to 

the specified spectrum, SU should leave immediately 

without interfering with the PU signal. Hence, an increased 

spectrum efficiency will be ensured. Detecting active 

primary transmitters and receivers near CR devices is the 

most effective way to sense spectrum holes, however, there 

are some negative primary receivers such as televisions, 

some of which are difficult to detect in practice[1][11].  

Due to the rapid expansion of the telecommunications 

system and its applications, the radio spectrum increases 

gradually being a natural and licensed resource, and it has 

been proven that the entire spectrum is not used in all 

places continuously. An idea behind the launch of a CR 

system is the fact that there are more systems and 

technologies geared towards wireless systems, and the 

demand for spectrum is expected to increase rapidly and 

significantly because of its attractiveness. The frequency 

spectrum is managed through standard agencies such as the 

Telecom Regulation Authority of India (TRAI) and the 

Federal Communications Commission (FCC) in the 

USA[1] [12].  

There are three common techniques used for initial 

detection transmitters: energy detection method (ED), 

matched filtering method (MF), and the Cyclostationary 

Feature Detection (CFD) method [13] [14]. 

For spectrum sensing, there are two important probabilities 

assumed: the first is the probability of detecting and 

determining, with the H1 hypothesis, which indicates the 

possibility of the algorithm correctly revealing the 

presence of the PU, being a valid decision; the second is 

the possibility of false alarm and determining, assuming 

H0, which indicates the algorithm making an incorrect 

declaration concerning the existence of the primary signal, 

thus being a false decision. It is therefore considered a 

must for the detection rate be somewhat high if the 

algorithm works well with the possibility of a false alert 

being low [15]. 
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 III. ENERGY DETECTION METHODOLOGY 

When information about PU (PU)  is unknown in CR, the 

PU detection is a commonly used method of detecting 

energy (sometimes called radiometric).  Energy Detection 

(ED) can be implemented in both frequency and time 

domain [16].  

It will be particularly suitable for spectrum sensing 

broadband services when the registry cannot collect 

enough information about the PU signal. In detecting a 

signal, the signal is either present or absent. The present is 

characterized by two hypotheses, the first one is known as 

an alternate hypothesis  , and the second one is known as a 

null hypothesis  . Finally, the signal the secondary user 

receives will be compared to a predetermined threshold to 

determine whether or not the PU is present [3] [12].  

To clarify, when the threshold is unnecessarily high, it is 

most likely that there is a positive correlation between the 

number of errors and the probability of false alarm: the 

more errors are detected which may cause active 

interference to the PU, the higher the probability of a false 

alarm to occur, eventually resulting in a decrease in 

Spectrum use. On the other hand,  if the specified threshold 

is low, then the probability of a false alarm increases, thus 

leading to an increase in Spectrum use. Therefore, the 

exchange can be considered accurate when determining the 

energy threshold, in case it targets the possibility to reuse 

the spectrum from the unused spectrum and false alarm 

[3]. 

Among the advantages of the energy detection method is 

the fact that prior information about PUs is not required, as 

computational implementation and complexity are 

generally low. As well, a relatively short time of 

monitoring is required. Although the energy method has a 

low complexity, it does have its drawbacks. One downside 

is that detection performance is poor under low signal-to-

noise ratio scenarios as an asymmetric detection model; 

another is its inability to distinguish between a PU signal 

and interference from other transmitters. Consequently, 

adaptive signal processing, such as interference 

suppression, cannot be used. Moreover, uncertainty in the 

noise level may lead to a further deterioration in 

performance, which can be overcome by in [1]. 

Because of the simplicity of application and low 

complexity calculations, this method is often considered to 

be the most common method in a CR system, and is 

referred to as the blind method. The fact that this 

technology (ED) depends on the strength of the noise 

signal (or energy) and ignores the type and characteristics 

of the signal is a positive aspect, yet the main problem is 

that it suffers from impotence: among other defects, the 

time sensor cannot distinguish the highest time the PU 

signal Cognitive signal performance degrades in the event 

of noise uncertainty [12]. 

The Energy signal is calculated by the following Equation:







1

1

2|)(|
L

n

nX                             

Where E represent the energy value, L is the number of 

sample, and X(n) is the received signals at CR nodes 

In the next part of this paper, a mathematical description 

will be presented to define detection parameters and 

facilitate handling this task, providing a mathematical 

analysis as is shown below. 

A) PU Non-Stationary  Concept  

The concept of CR mainly relies on dynamic access to the 

spectrum because it allows unauthorized users to use the 

spectrum owned by licensed PUs as long as it interferes at 

the minimum with the PU. 

It is known that the crucial thing for CR is spectrum 

sensing, and the sensing procedure should be to establish a 

cycle named to a Non-stationary user or dynamic PU [10]. 

This description has been done due to activities and events 

that he performs during the sensing period (A). 

 Studies have acknowledged this to be more general 

and realistic for practical applications, as in practical CR, it 

is desired for the PU dynamic that the sensing period is 

shorter than the transmission period, forming a sensing 

cycle to allow more time  secondary users to transmit data 

[4]. 

Concerning the configuration of the sensing cycle that 

has two parts (sensing and transmission interval),  the 

shorter the sensing period is, the higher user productivity 

and more transmission time there will be [4]. The 

secondary user must protect both the PU and its 

productivity. 

One common way to help discover the spectrum is the 

random movement of basic user activity. This movement 

means changing the PU status from inactive to busy or vice 

versa during the sensing period. This paper has focused on 

patterns of random change for the PU throughout the 

sensing period. 

Also, in this method, the focus was on the parameter of 

radio signal dynamics and minimizing the effect of noise. 

The main problem with the low performance of the energy 

detection method in the CR system is due to the 

uncertainty in the noise factor, which will lead to 

unauthorized secondary access to the main user network 

and its dangerous consequences. In other words, the higher 

the noise factor is, the greater the direct negative impact on 

the detection performance will be, and thus the efficiency 

of this system deteriorates. Therefore, this factor is 

considered to be one of the important parameters in the 

sensor process [17] [13], which can be represented as such 

through the following distribution: 

through the following distribution: 








p

p n
n

2
22 ,


  

Where 
2

n  is the variance of noise and p is noise 

uncertainty factor (NU), which is close to 1 (i.e. p≥1). 

(1) 
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To improve sensing with high reliability, this is applied 

according to the hypothesis of the double dynamic 

threshold indicating dynamic detection theory with the 

assumption that the false alarm rate is constant,  d is close 

to 1 (d≥1) and the dynamic term for   
d

dD
 , . 

 

The effects of the change in dynamic threshold factor 

(d) are taken in this study, regardless of the presence or 

absence of the noise instability factor, assuming that the 

noise uncertainty factor is constant and is equal to one. It 

focused on studying the double dynamic threshold, and 

how it improved the likelihood of detection and its results. 

Regardless of the presence of uncertainty of noise, the use 

of double dynamic leads to much better results than the use 

of a single static threshold or a dynamic threshold [13]. 

B) The Traditional  Energy Detection  over CFAR-Fixed 

Threshold Detection   

In a fixed spectrum sensing, it is estimated that the PU is 

static, also its unchanged activity remains, i.e. the PU is 

either totally existing or does not exist at all within the 

sensing duration. Therefore, the absence or presence of the 

PU signal can be determined based on some assumptions 

and the observed signal model X (n) as in Equation (2) 

below [18]. It is noticed here that the signal observed 

according to hypothesis H1 includes PU signal s(n), 

whereas the noise w(n) is only to be detected if corrupted 

by noise for the observed signal under H0[14]. 

 

Constant False Alarm Rate (CFAR) technology is one 

of the techniques used to reduce the effect of noise in 

energy detections, where the maximum values of test 

statistics and different sequences are determined and the 

best threshold is selected to result in good detection and a 

low rate of false alarm, which is significant for the 

Spectrum sensing results. 

The Spectrum sensing rule is a Binary Hypothesis for 

testing  a problem. The received signal composition at the 

secondary user under this binary hypothesis is defined for 

nth sample,    1 ≤ n ≤ L, as follows [12]: 

 )()()(

)({)(

nsnwnX

nwnX




                 

)(

)(

1

0

occupiedH

vacantH
       

Where n=1,2.3.4,……L,  represents the number of 

samples, and X(n), w(n) and s(n) are the received signals at 

CR nodes, white noise samples, and transmitted signals at 

PUs nodes respectively [6][14]. 

The decision of the energy detection is the test of the 

following hypothesis. Test statistics for the energy 

detection method can be obtained through the following 

[9]: 

 







1

1

2|)(|
1

)(
L

n

nX
L

XD  

 

Here, L is the number of samples taken in the 

observation period, and D(X) is the test statistics. To 

obtain a single threshold value λ, the presence or absence 

of a licensed  station can be  declared as: 

:,)( 1HXD  licence termal is present 

:,)( 1HXD   licence termal is absent 

 

The noise variance is considered to be fixed if the noise 

uncertainty (NU) is ignored. 

 



  22222

42

2
),(~)(

2
,~)(

snsn

nn

L
NormalXD

L
NormalXD












)(

)(

1

0

occupiedH

vacantH
 

 

Where 
2

n and 
2

s are the variance of noise and the 

variance of primary signal respectively. From the two 

hypotheses above, the probability of false detection pf  , 

probability of detection pd  and the probability of 

misdetection pm  can be extracted as 

 
 
 

 
 

 

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
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
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











         

Where  Q (·) indicates the standard complementary 

Gaussian distribution function (CDF),   represents the 

threshold value. 𝑃𝑑 , 𝑃𝑚, and 𝑃𝑓 represent detection 

probability, missing probability, and false alarm 

probability respectively, and are linked to the relationship 

between the probability of erroneous discovery, the 

number of samples observed, and the noise factor during 

the sensing period. The mathematically constant threshold 

can be found from in (7) and replaced into the probability 

of detection in(4), which is a major parameter in 

determining the PU signal detection ratio. 

  221 2
nn

L
pfQ                                                     

Where   represents fixed threshold.  

(2) 

(3)

(4) 

(5)

(6) 

(7) 
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 For the detection equation (pd), it mainly depends on the 

threshold [λ] value ,by Applying (7) into (4). This is 

achieved through the equation (8) and derivation below: 

   

  



























22

22221

1

2

2

sn

snnn

L

L
pfQ

Qpd




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221212
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
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where γ is the signal to noise ratio. 

     

      
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1
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1
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L
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L

pfQSNR














  

Where L represents the number of samples[11].  

 

In (9), the L is associated by the desired PD at SNR 

value for a particularized pf system that is based on the 

constant false alarm rate principle (CFAR), i.e. the pf can 

be set to a determined value to select a threshold    value 

and obtain the desired probability of detection (PD). 

C) The Proposed Dynamic Energy Detection Non-

stationary Primary User under CFAR-Double  

Dynamic Threshold Detection 

Conventional spectrum sensing for CR  presumes the PU is 

stable or stationary within the sensing period and remains 

inactive or in a fixed status, whereas the primary signal 

may be unstable or non-stationary and changes states with 

a sensing period. Several studies have accepted and 

approved this fact, and utilized the activity modality of the 

PU to enhance the above-mentioned method in terms of 

performance, such as spectrum management and spectrum 

sensing whenever the PU is non-stationary and present 

during the spectrum period with Activity period A. This 

paper takes into account the scenario of random activities 

of the basic user movement during the sensing period and 

is called the activity period (A), where 0 <A<1. In this case, 

the traditional methods cannot be applied because the PU 

hesitates randomly during the observed period.  

The performance detection of 
A

DDp  represents the 

activity period (A) for energy detection when there are no 

activities for this user A=0, regardless of the SNR values 

indicating that the user is absent and that the received 

signal is noise. On the other hand, A=1  indicates that the 

user is completely present in this case, and increases the 

discovery rate significantly. It is therefore noted that the 

A
DDp   performance is primarily associated with dynamic 

factor acquisition and activity of the PU from both 

operators for improved detection.  

Through the rest of the remaining notice results, 
AEDX     

is the observed signal which consists of two parts including 

PU signals corrupted by noise with total power  12  n
 

of length  LA, including PU signals corrupted by noise with 

total power 2

n  of length LA, and another part including 

only noise with power 2

n  of length L(1-A), whereas the 

normal distribution with zero mean and variance is 

 1.2 An  . The static  )(nX  test is used for the result of 

the sum of the energy of approximately two different parts. 

Whenever it is related to a Gaussian distribution, the 

Energy detection calculates the Energy of the observed 

signal, thus the PU signal location will affect the test 

output with the following distribution [16]. 
 

    







 422 1

2
,1~ nnAED A
L

ANX               (10) 

 

Where  N is Normal distribution, γ  is the signal to noise 

ratio (SNR) at the secondary user, 2

n  is Noise variance, L 

is number of samples and  A is Activity period. According 

to the effect of the PU signal activity period DA(X), 

statistics can be performed by calculating the cumulative 

distribution function through AWGN channel in (3) [9]. 

 

        2
1

2
1

0

|||| 









L

LAn

LA

n

AED nwnwnsnX           (11) 

 

Where w(n), s(n) and 
AEDnX )( denote additive white 

Gaussian noise with zero mean and variance
2 , the 

transmitted signal from PU, and the received signal at CR 

(i.e. secondary user) with Activity period  respectively. 

To calculate the statistical test )(XDA
,L samples are used 

for the observed signal, and the PU signal location does not 

affect the statistical distribution of the test. In the 

conventional energy detection algorithm, performance is 

lower with uncertainty about noise being a fixed threshold, 

which indicates that the choice of fixed threshold is no 

longer good and appropriate, especially when being 

(8) 

(9)
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 uncertain about noise, so a flexible dynamic threshold is 

needed instead of when necessary [6]. The typical 

approach used to formulate the PU-A decision threshold in 

this paper is a signal-based CFAR approach. In 

comprehensive CFAR,  a principle is adopted in the sense 

that the false alarm rate probability is fixed to a small value 

so that the detection probability of the maximum is 

increased. The dynamic threshold DT is calculated as a 

variable function, and the threshold is affected according to 

fluctuations and conditions that occur during the signal 

path with the assumption that the false alarm probability 

and the variable and affected detection principle are 

established according to those, having the same 

fluctuations and conditions that fully targeted the 

threshold. These are given as follows: 

 

   12 1
2

  pfQ
Ld

n
d


  

 

Where d  represents dynamic threshold. 

Whenever a PU signal with an Activity period (A) is 

detected, the A is introduced into the distribution for the 

hypotheses 1H
only for the Dynamic Energy Detection 

(DED). Consequently, the probability of detection 

performance can be determined by the proposed updated 

formulas, given the effect of the random movement of the 

PU-A, which is referred to as A. The activity period is in a 

closed-form, compared to the test of the cumulative 

distribution function which was formulated for the fixed 

PU who does not realize the random movement A that may 

occur during the sensing period. 

The deterministic effects of fading in the AWGN channel 

are not taken into consideration, and therefore a Dynamic 

Energy Detection chart is presented to demonstrate the 

decision regarding the presence of the signal s(n) as in 

Hypothesis (Equation2). This section is presented a form 

of the dynamic spectrum sensing formula with the dynamic 

threshold DED-DTD under CFAR and compares with the 

models conventional over AWGN channel, which is a 

good and ideal example of comparing the different 

methods of sensing the spectrum in CR networks. the 

DED-DTD method is assumed due to fluctuations in signal 

level variation that is to the change in the noise level, 

reducing the sensitivity of the sensing   and  eventually 

decreasing in the detection accuracy in CR networks and 

resulting  in harmful interference with the PU, as the 

traditional energy detection algorithm which depends on a 

fixed threshold which is very sensitive to noise 

fluctuations. Given that the fixed threshold is no longer 

valid at the stability of the noise level, it is therefore 

important to suggest a dynamic threshold DT scenario and 

an effective approach to address noise fluctuations as well 

as to enhance detection sensitivity. 

 Therefore, the new  DTDED  proposal based on the 

DT scenario Dynamic predisposition will be taking into 

consideration the random return of the PU during the 

sensing process ( A
DDp

), which can be calculated in a 

closed model on the AWGN channel by the cumulative 

distribution function of statistics [8] [10]. The test in (3) is 

applied with the compatibility threshold calculated 

in(Equation 12). Accordingly, the detection performance is 

evaluated when the primary signal that shows the Activity 

period (A) is detected by applying  D   into   AEDX
 , so as 

to get: 

 

    

 










































1
2

1
21 221

ASNRd
L

ASNRdpfQ
Ld

QP

nn

A
DD


    (13) 

 

Where  
A

DDp  is the approximate equation for the 

probability of performing a closed-form detection of a 

DED scheme based on the dynamic threshold dT, which 

has been tested over the AWGN channel when viewing the 

PU and A represents the activity period.  A
DDp

  can be 

used to analyze both false alarm and detection probabilities 

under 0H  and 1H   respectively, assuming the dynamic 

threshold coefficient ( 1d ) and specifying a range of dT 

  d
d

,
  values. As for the special cases when d=1 

and d=0 , A
DDp

 is the conventional detection probability 

(PU signal existent) and is equivalent to the traditional 

false probability rate (PU signal not existent). As well, the  

SNR   required to achieve A
DDppd 

 can be obtained as 

follows:  

   

 
L

pdQ

pdQpfQ
SNR

21

11










 

The equation represents the signal-to-noise ratio (SNR) 

with the change in probability of the detection ratio and the 

number of samples observed when assuming that the false 

alarm rate is constant. The improvement of the detection, 

which has been explained above achieved by applying 

equation 13 which represent the main model of this work.  

It is worth noting that the traditional detection uses the 

fixed threshold (λ) (Equation 7) with the probability of 

detection equation (pd) (Equation 4) while the dynamic 

detection used the dynamic threshold coefficient (d) (the 

single dynamic threshold has been called in this paper due 

to the effect of (d) is on the probability of false (pf) only 

(Equation 7). This work took into account the effect of (d) 

on the probability of false (pf) (equation 6) and the 

probability of detection (pd)  (equation 4) with a dynamic 

user as shown in the equation 13, so the double dynamic 

threshold has been called. 

(12) 

(14)
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 IV. RESULTS AND DISCUSSION 

The method proposed in this paper was used and 

simulations were performed by the energy detector. This 

method included various values to assess the performance 

of the detector. 

A simulation was performed and the results were presented 

according to these algorithms with different parameters, 

showing the effect of these parameters on the results of 

detection and performance, as is illustrated in Figures 

(1,2). It starts with an AWGN channel with a slight change 

in the specified dynamic value, in addition to determining 

the number of samples observed as L=1000, taking 

different values as SNR=0 ,-2 ,-4 ,-6 ,-8  and taking all 

ranges and probabilities for the primary user activity 

period (A) as expected, improved monotonously with 

increased primary activity increase. 

 

 
Figure 1: Probability of Detection (PD) by varying (A) with pf = 0.1, L= 

1000,  No. of iterations = 100 and d=1.01 

 

In Figure (2), the probability of detection (PD) was also 

used against the active period (A). Note that the detection 

grows against an increase in the active period and advances 

with the increase in the dynamic factor. 

 

 
Figure 2: Probability of Detection (PD) vs.  Probability of False Alarm . 

SNR= -12, L= 1000, No. of iterations = 100 and d=1.01 

 

 

The ROC in Figure (3) shows the target properties by 

plotting a curve between PD and PF (the probability of 

detection versus the probability of false alarm) when    

SNR= -12dB value, Dynamic factor (d)= 1.01, the number 

of samples L=1000, and different values of  SNR. This 

leads to the conclusion that there is a positive correlation 

between A and PD: the latter increases whenever the 

former does.  

 

Figure (4) shows the Probability of Detection (PD) versus 

the SNR, given that these values are taken when pf=0.1, 

the number of sample L=1000 and d=1.01. It has been 

noted that the proposed method realized the highest 

detection rate of 90% and this is a good achievement with 

a very low signal-to-noise ratio. 

 

As for Figure (5), when the value of A = 0, it means that 

the primary user is not currently present and the results 

only show noise. Figure (6) illustrates that when A = 1, the 

primary user is constantly present and the results are as 

high as possible, since this resembles the traditional model, 

the process of leaving channels is not always taken into 

account, and in this case opportunities are lost due to this 

assumption. 

 

 
Figure 4: Spectrum of the noisy signal X(n). PD vs. SNR.         

 pf = 0.1,  L= 1000, d=1.01, No. of iterations = 100 and A=0 

 (only noise signal at A=0) 
 

 
Figure 3: PD vs. SNR  with pf= 0.1,  L= 1000, No. of iterations = 100 and 

d=1.01 
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Figure 5: Probability of Detection(PD) vs. SNR  

pf = 0.1,  L= 1000, d=1.01, No. of iterations = 100 and A=0.8 
 

This figure includes the probability that the PU (i.e. 

primary partially present) would occur through 

determining the value of the Active period (A) or the 

percentage of the PU's presence, as well as by simulating 

the algorithm on the AWGN channel. It has been shown 

that the higher this percentage is, the more effective the 

discovery percentage will be (unlike the conventional 

discovery which simply assumes whether the above model 

was more efficient), and gives channel usage a real look 

reducing the overlap rate as it is ready to deal with user 

licenses again. Finally, in all the charts shown above, the 

simulation experiment demonstrated that using the 

dynamic double threshold produces the best results from 

using the single threshold with simulations. 

Figure (6) shows the probability of detection (PD) against 

the dynamical threshold, when the value of constant false 

alarm rate pf=0.1, while the number of samples, in this 

case, is different. We may notice that the detection 

increases as the dynamic factor increase. The proposed 

method achieved a good achievement in light of the 

reduced number of assumed samples with a low signal-to-

noise ratio. 

 

 
Figure 6: Probability of Detection(PD) vs.  Dynamic threshold with , No. 

of iterations = 100 and pf = 0.1 

 

The proposed method results for PU signal detection are 

better than all the other methods explained in this paper as 

shown in the figures above. this is achieved by applying 

the equation 13. 

 

V. CONCLUSION 

This paper introduced a method for sensing the spectrum 

through sensing energy, which mainly depends on the 

dynamic threshold method. It also shed light on the 

activities of the primary user, which take place during the 

so-called activity period (A) within the sensing period, 

where the primary user makes random traffic during both 

the sensing and transmission period. This scenario is the 

realistic approach for the primary user who has freedom of 

communication to use its dedicated channels in the 

spectrum, so the dynamics of the threshold, as well as the 

random movement and their interaction with the energy 

detector are studied at the same time, showing that the 

traffic activities of the primary user and the percentage of 

discovery increase correlatively. As well, a slight change 

in the value of the dynamic threshold occurs, which is 

offset by a noticeable improvement in the performance of 

the detector. The results show a remarkable improvement 

in the performance of the detector compared to the fixed 

detection method and the traditional fixed threshold. It is 

therefore concluded that the dynamic user and the dynamic 

threshold are the main parameters that caused the 

reliability of the detector and the performance of the 

detector. These proposed formulas can contribute 

significantly to enhancing the use of the unused spectrum. 
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