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ABSTRACT 
There is an enormous development of wireless communications in the past few years. Due to this frequency 
spectrum is becoming a very precious resource and insufficiency of the spectrum is a serious problem. So, 
there is a need to improve the utilization of spectrum effectively. Cognitive radio has demonstrated to be a 
successful innovation for catching the range, yet additionally for utilizing it. Spectrum sensing can be achieved 
utilizing a traditional energy identification method that utilizes a single threshold to identify the nearness or 
nonappearance of the signal, yet whose performance degrades when the SNR is low. To overcome this issue, 
researchers provide twofold threshold-based spectrum sensing, which looks at the history of sensing in the 
confusion zone. The test results are compared to these two levels, and a judgement is made on whether main 
users should be present. In simulations, the suggested double threshold approach outperforms both the double 
and single threshold detection methods. We investigated spectrum allocation and efficiency using the 
proposed double threshold method. 
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I. Introduction 

The basic goal of every communication system is to 
optimise network capacity. In wireless communication 

system spectrum utilization plays a vital role. To 

improve spectrum utilization cognitive radio network is 
a new model for designing wireless communication. 

The basic goal of cognitive radio is to increase 
spectrum utilisation through better spectrum sharing 

[1]-[19].  

The cognitive terminals constantly monitor accessibility 
and provide services to primary users without 

interfering in any way. Primary users have the highest 
priority or rights to use a certain spectrum band. 

Though secondary users have the least need, they are 

allowed to use the range without interfering with prime 
users. As a result, secondary users should have 

intelligent radio capabilities, such as correctly detecting 
the range to see if it is being used by the primary user 

and changing the radio parameters to use the unused 
portion of the range [1-5]. 

For spectrum sensing, many methods have been 

proposed. Because of its computational and 

implementation simplicity, conventional energy 

detection has been frequently employed among these 
techniques. It detects the overall energy received in a 

transmission by the cognitive radio [20]-[28]. The 
primary user is present if the signal's energy surpasses 

a certain level. If the energy level falls below that 

threshold, the principal user is considered to be absent 
[29]-[38].  

However, due to the effect of noise uncertainty, this 
technique is worsening, especially in low SNR 

situations. In addition, if the detection threshold is set 

incorrectly, the detection performance may suffer. The 
method of re-sensing is utilised in this research to solve 

the challenges created by noise uncertainty. Re-
sensing is done by increasing the number of samples 

used in the twofold threshold calculation. In classic 
calculations for identifying energy with a single 

threshold, the Neyman-Pearson rule is used as a single 

threshold. The spectrum is considered to be occupied 
when the energy of the received signal V exceeds the 

identifying edge Vth, and unoccupied when the 
threshold is less than Vth [6]-[9]. 

 
 

 
Fig. 1. Single threshold model 
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In contrast to Fig. 2, the Fig. 2 demonstrates a double 
threshold model in which the principal user is detected 

using two thresholds, Vth0 and Vth1, in the event that 
energy is more prominent than Vth0, at that point 

primary user is available, on the off chance that energy 

is under Vth1, at that point the primary user is supposed 
to be missing and in the event that energy lies 

somewhere in the range of Vth0 and Vth1, at that point 
re-sensing is performed [10]-[12]. 

 

 
Fig. 2. Proposed method 

 
II. Single Threshold Model 

The Neyman-Pearson rule is utilized as a single 

threshold in traditional calculations for identifying 
energy with single threshold. On the off chance that 

the energy of the received signal V is more noteworthy 

than the identification edge Vth, it is inferred that the 
main user is spoken to, spoke to by H1, on the opposite 

the primary user isn't spoken to, spoke to by H0 [39]-
[44]. Energy recognition is one of the least demanding 

and most well-known spectrum detecting method. Test 
estimations for energy detector are specified as 

follows: 
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The test measurement T (y) is a chi square with 2N 
degrees of opportunity distributed by the theory H0. 

The probability of location and the probability of a false 
alert are given as 

( ) 0HVyTPP thrfa =     

 (2) 

( ) 1HVyTPP thrd =    

  (3) 
Detection performance is measured by two 

parameters, Pfa and Pd. On the off chance that the 

test measurement is over the threshold, the sign is 
thought to be available and if the test measurement is 

beneath the threshold, the sign is thought to be absent 
[13]-[15]. 

 
III. Proposed Method 

To analyze the probability of detection, the probability 

of false alarms and their relationships. In conventional 

energy sensing technology, secondary users make 
their choice by relating statistics with a predetermined 

threshold, considered as follows 
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The dual threshold detection method uses two 

threshold values to decide whether the signal is 
present or not 

( ) :1thVyT  decide H0 

( ) :10 thth VyTV  Re-sensing 

( ) :0thVyT  Re-sensing 

Vth1 and Vth0 are thresholds to which the test 

statistics must be equated by means of the Bayesian 
approach. A choice is made in favor of H1 
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The conventional energy detector has only one 
threshold, the exact threshold that arrives at the target 

probabilities of bogus alarm and recognition due to 
incorrect parameter estimates, e.g. B. The noise 

Spectrum 

vacant 
Spectrum 

occupied 

Not certain 

(confusion region) 

Vth1 Vth0 



Özgül Salor et al / Power enhanced cognitive radio implementation 
 

27| International Journal of communication and computer Technologies| 2023 | Vol 11 | Issue 2 

estimation mistake may not be calculated precisely 
utilizing threshold selection methods.  

The selected threshold can then be specified as 
uncertainty. This threshold vulnerability can essentially 

affect expected detection execution. On the off chance 

that the threshold uncertainty range can be decreased, 
a dependable choice from the energy detector can be 

normal. This thought inspires the double threshold 
detector. 

An additional detection threshold has been integrated 
into the classic single-threshold energy identification 

algorithm. It turns into a dual threshold energy 

recognition calculation with two identification 
thresholds (Vth0 and Vth1). The main user is 

recognized exactly when V> Vth1 and is not displayed 
exactly when V<Vth0, corresponding to H1 or H0. 

 
IV. Proposed Double Threshold 

The proposed double threshold procedure re- detects. 

In the event that the test measurement is between the 

two threshold values, a new acquisition must be made. 
Here, this reacquisition is achieved by expanding the 

estimation of the quantity of tests taken with the 
double threshold method. Both thresholds are 

assumed to be 2% above and underneath the 
confusion zone. On the off chance that the edge is over 

the edge, the primary user would be available. On the 

off chance that it is lower than this measurement, it is 
supposed to be missing, when it should lie between 

the two recognition thresholds. 
Although the double-threshold energy recognition 

algorithm is somewhat poorer, the cognitive radio 

system actually focuses on the fact that the 
intervention of the cognitive user with the main user is 

less than the temperature that the efficiency spectrum 
is good, performance and spectral efficiency in the 

detection of energy with two thresholds. 

From the proposed the performance gauge for the 
detection probability, false alarm probability and lost 

probability for double threshold strategy determined 
using 
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Here p′d is the accurate detection probability when the 
primary user is present. p′f is the probability that the 

primary user is detected as present, when in detail it is 
not present. pu is the probability that the primary user 

is perhaps not detected, when in detail it is present. 
As per our proposed improved dual threshold energy 

detector, we use dual threshold values (Vth0, Vth1) in a 

developed energy detector. By including the advantage 
of a lower collision probability of the double threshold 

algorithm with the benefit of a improved detection of 
a better energy detection than the spectrum detection, 

better performances are obtained, this is obtained with 
the energy detection technique of spectrum detection. 

The equations for collision probability, false alarm, 

detection probability and spectrum unavailable 
probability are given as follows: 

The following equation represents the probability of 
collision 

Pc = Pr (V <Vth0/H0)     

 (13) 
The probability of the spectrum non-availability is 

obtained by the following equation 
Pna = Pr (V >Vth0/H0)     

 (14) 
Below equation represents the probability of false 

alarm in the proposed model 

Pf = Pr (V >Vth1/H0)     
 (15) 

Pd = Pr (V >Vth1/H1)     
 (16) 

The above equation shows the expression of the 

probability of recognition of the spectrum by the 
acquisition of the double threshold spectrum proposed 

in a cognitive radio network. The double threshold 
system can expand the degrees of freedom available. 

The dual threshold energy detector is superior than the 

ordinary energy detector in cooperative spectrum 
securing systems with an OR rule. This technique not 

only minimizes the overall energy consumption of the 
network in the discovery phase, but also lessens 

network traffic by maintaining strategic reports from 
cooperative nodes with untrustworthy decisions. 

 
IV. Simulation Results 

The number of Parvnum, an ammeter, for example, 

Pfa, SNR, and the quantity of tests are used to equate 

single threshold strategy, double threshold strategy, 
and proposed double threshold strategy. The Pfa 

esteem is assumed to be 0.1, and the number of tests 
to be 500. The graph represents 1000 Monte Carlo 

simulations with an SNR ranging from 0 to -20 dB. The 

single-threshold recognition technique has a discovery 
esteem probability of around 0.2 for an SNR estimation 

of - 12 dB, as shown in Fig. 3. The single threshold 
strategy is preferable to the double threshold 

technique, which has a detection probability of 0.3. 
Our proposed double threshold procedure, on the 

other hand, yields a 0.55 estimation, which is 
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significantly better than the usual double threshold 
technique. 

 

 
Fig. 3. Comparison of single, double, proposed double threshold method 

 
The average number of samples required by the strategy suggested in this paper is depicted in Fig. 4. 

 

 
Fig. 4. Optimum numbers of samples versus SNR. 

 

Fig. 5 indicates that SNR increases with the increasing of probability, and when P1 reaches to 0.5, the sampling 

number can be low enough by picking the suitable double thresholds however, the increasing the value of P1 
may degrade the sensed performance of cooperative detection because of the increasing of Pf and Pm. 

 

 
Fig. 5. SNR vs Probability of detection 

 

 

 



Özgül Salor et al / Power enhanced cognitive radio implementation 
 

29| International Journal of communication and computer Technologies| 2023 | Vol 11 | Issue 2 

The below table shows how the probability varies with change in SNR. 
 

Table. 1. Comparison of probability detection 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 
V. Conclusion 

The two methodologies are the only threshold 
detection technique and therefore the double 

threshold detection technique. The normal method of 
obtaining energy features a number of disadvantages. 

To get over these restrictions, a two-step threshold 

detection strategy has been developed. The proposed 
unique dual threshold strategy outperforms the two 

existing strategies, namely the single threshold and 
double threshold methods. The techniques are 

evaluated using parameters including SNR, chance of 

detection, and sample count. Double threshold 
detection approaches outperform single threshold 

detection methods for various SNR values between 0 
and -20 dB, according to simulations. 

After spectrum sensing there is need of spectrum 
allocation which will actually delivers the data to users. 

Spectrum allocation in the proposed work. The double-

threshold energy detection technique can effectively 
reduce the collision probability between the cognitive 

user and the primary user, as well as the cognitive 
user's interference with the primary user. 
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