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Abstract  

 

Cognitive radio network is a key to effectively utilize the underutilized radio spectrum. It works on the basis of Software 

Defined Radio. Spectrum sensing is the most important part of the cognitive radio system and it is used to detect the 

presence of signal in the air. There are many techniques to sense spectrum like Matched filter based detection, Energy 

detection, Cyclostationary detection and Wavelet based detection. In the proposed work, Energy detection is chosen in 

which spectrum sensing is done by considering static and dynamic threshold level. To evaluate the performance of the 

detection techniques, MATLAB software has been used for simulation. Simulations were carried out and graphs of 

probability of detection vs. the probability of false alarm were observed and analysed. The detection probability increases 

with respect to the increase in false alarm. Also significant reductions in probability of missed detection have been 

achieved with this sensing technique. The detection probability also varies with the SNR value. SNR has a great 

influence on the probability of detection. With an increase in SNR value, the probability of detection increases. 

Keywords: Cognitive Radio, Energy Detection, Probability of Detection, Probability of False Alarm and Receiver 

Operating Characteristics (ROC). 

Copyright @ 2020: This is an open-access article distributed under the terms of the Creative Commons Attribution license which permits unrestricted 
use, distribution, and reproduction in any medium for non-commercial use (NonCommercial, or CC-BY-NC) provided the original author and source 

are credited. 

 

INTRODUCTION 
The resources accessible by the existing 

technologies do not allow them to meet the demand. In 

order to overcome the scarcity of frequencies, we have 

new concepts of sharing and sensing of resources, as the 

dynamic allocation of a radio channel has a new 

communication has been developed. In the last twenty 

years have seen a veritable explosion of 

telecommunication services, from mobile technology to 

wireless transmission of data, the quantity of general 

public services increases and the scarcity of frequencies 

are more than ever aggravated. Cognitive Radio (CR) is 

a system/model for wireless communication. It is built 

on software defined radio for Personal Communication 

Services (PCS). It uses the methodology of sensing and 

learning from the environment and adapting to 

statistical variations in real time. The network or 

wireless node changes its transmission or reception 

parameters to communicate efficiently anywhere and 

anytime avoiding interference with licensed or 

unlicensed users for efficient utilization of the radio 

spectrum. 

 

The issue of spectrum underutilization in 

wireless communication can be solved in a better way 

using Cognitive Radio. Cognitive Radio is 

characterized by the fact that it can adapt according to 

the environment by changing its transmitting 

parameters, such as modulation, frequency, frame 

format, etc. The main challenges with cognitive radios 

are that it should not interfere with the licensed users 

and should vacate the band when required. For this it 

should sense the signals faster. This work focuses on 

the spectrum sensing techniques that are based on 

primary transmitter detection. In this category, four 

major spectrum sensing techniques “energy detection”, 

“matched filter detection”, “cyclostationary feature 

detection” and “Wavelet detection are addressed. This 

paper involves the performance analysis of energy 

detection using fixed and dynamic threshold level for 

efficient working of cognitive radios in recent 

generation of communication such as 3G/4G/VoLTE. 

 

Cognitive Radio (CR) 

The Cognitive radio is a radio that modify to 

the conditions of the environment by analyzing, 
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observing and learning. The cognitive network makes 

use of this modification for future decisions. CR 

network is basically used for maximum utilization of 

the radio bandwidth. The core of the performance 

optimization is the cognitive process which is shared by 

the cognitive radio and the cognitive networks. The 

main part of this process is to learn from the previous 

decisions and make use of it for future decision. 

 

One of the most important components of the 

cognitive radio concept is the capability to measure, 

sense, learn, and be vigilant of the distinguishing 

feature  related to the radio channel attribute, 

availability of spectrum and power, radio's operating 

environment, user requirements and applications, 

available infrastructures and nodes, local policies and 

other operating limitation. In cognitive radio 

nomenclature, primary users can be defined as the users 

who have greater priority on the utilization of a specific 

part of the spectrum. On the other hand, secondary 

users, which have lower priority, use this spectrum in 

such a way that they do not cause interference to 

primary users as shown in Fig.1. 

 

 
Fig-1: System model for Cognitive Radio Sensing 

 

Therefore, secondary users need to have 

cognitive radio capabilities, such as sensing the 

spectrum reliably to check whether it is being used by a 

primary user and to change the radio parameters to use 

the unused part of the spectrum. In CR, three leading 

cognitive tasks are critical: sensing analysis, spectrum 

analysis, and transmission power control, spectrum 

management. With the three tasks, the unlicensed users 

can obtain knowledge of the ecosystem and accordingly 

fit their spectrum access strategy so as to achieve 

desired performance and protect the licensed users as 

much as possible. 

 

Main Function of CR 

i. Spectrum Sensing: It is a fundamental function 

in CR to enable cognitive radio users (CRs) to 

detect the underutilized spectrum of primary 

systems and improve overall spectrum 

efficiency. 

ii. Spectrum Management: It is required for CR 

to achieve users’ communication needs by 

capturing the best available spectrum; CR 

should decide on the best spectrum band and the 

channels within it to meet the QoS requirements 

over all available spectrum channels.  

iii. Spectrum Mobility: In this is the process 

whereby cognitive radio users change their 

frequency of 

operation. Cognitive radio networks aim to use 

the spectrum dynamically by allocating the 

radio terminals to operate in the greatest 

available frequency channels.  

iv. Spectrum Sharing: The main challenges in 

open spectrum usage, providing efficient and 

fair dynamic spectrum allocation methods to 

distribute the unoccupied spectrum of primary 

users to the competitive secondary users. 

 

Spectrum Sensing 

Spectrum sensing is the first step in a cognitive 

radio cycle. It is classified into three primary methods 

being Non-cooperative spectrum sensing (transmitter 

detection), Cooperative spectrum sensing and 

Interference-based spectrum sensing. Three schemes are 

generally used for the transmitter detection. Spectrum 

sensing allows the cognitive radio users to learn about 

the radio environment by detecting the presence of an 

event using one or multiple sensors. It consists in 

detecting the PU signal transmission in a given time to 

make decision to transmit in a frequency band. The 

spectrum sensing model can be formulated as follows: 

 

y(n) = w(n)    H0 : PU absent 

y(n) = h * s(n) + w(n)   H1: PU present 

where, n=1….N, N is the sample number, y (n) is the 

SU received signal, s (n) is the PU signal, w(n) is the 

additive white Gaussian noise (AWGN) with zero mean 

and variance σn
2
 , h is the complex channel gain of the 

sensing channel, H0 denotes the PU signal is absent, and 

H1 denotes the PU signal is present.  
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Energy Detection 

It is a non coherent and non cooperative 

detection method that detects the primary signal based 

on the sensed energy. Due to its simplicity and no 

requirement on a priori knowledge of primary user 

signal, energy detection (ED) is the most popular 

sensing technique in cooperative sensing. The block 

diagram for the energy detection technique is shown in 

the Fig.2.  

 

 
Fig-2: Block Diagram for Energy Detector 

 

In this method, signal is passed through band 

pass filter of the bandwidth W and is integrated over 

time interval. The output from the integrator block is 

then compared to a predefined threshold. This 

comparison is used to discover the existence of absence 

of the primary user. The threshold value can set to be 

fixed or variable based on the channel conditions. 

 

Energy Detection is the most common way of 

spectrum sensing because of its low computational and 

implementation complexities. It is a more generic 

method as the receivers do not need any knowledge on 

the primary user’s signal. The signal is detected by 

comparing the output of the energy detector with a 

threshold which depends on the noise floor. The 

received signal sample of a secondary user can be 

represented as 

 

y(n) = w(n)    H0 : PU absent…….. (i) 

y(n) = h * s(n) + w(n)   H1: PU present….(ii) 

 

Where n denotes the sample index, h(n) 

denotes the impulse response of the channel between 

the primary and secondary users, s(n) is the signal from 

the primary user, w(n) denotes zero-mean additive 

white Gaussian noise and H0 and H1 represent 

hypothesis corresponding to the absence and presence 

of the primary user’s signal, respectively. We consider 

the use of energy detection for the spectrum sensing. 

Then, the probability of false alarm and probability of 

detection for the energy detector can be represented as 
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Where N is the number of samples, Q is the 

standard Gaussian complementary cumulative 

distribution 

function, p is the average signal power, σn
2
 is the noise 

variance and γ is the threshold level to be 

determined. 

 

The output γ of the detector is compared to a threshold 

to make the right decision: 

If γ ≥ threshold then PU signal is present. 

If γ < threshold then PU signal is absent. 

Where is defined as 

     (     |    
 )          

 

The important challenge with the energy 

detector based sensing is the selection of the threshold 

for detecting primary users. The other challenges 

include inability to differentiate interference from 

primary users and noise and poor performance under 

low signal-to-noise ratio values. Pd (probability of 

detection) and Pfa (probability of false alarm) are the 

important factors for energy based detection which 

gives the information of the availability of the 

spectrum. 

 

Decision Threshold 

The decision threshold and the noise 

uncertainty (in turn the SNR and SNR Wall) are key 

parameters in the performance of the energy detector. 

The value of the decision threshold λ can be chosen for 

an optimal compromise between Pfa and Pd. This 

method requires prior knowledge about the noise and 

detected signal power, both of which are not easy to 

determine.  

 

Detected signal power is difficult to estimate 

primarily because of transmission and propagation 

characteristics which include fading possibly due to 

user movement and interference. Setting the threshold 

just above the noise floor is typically employed for 

fixed threshold purposes, but this is not ideal since 

noise can change due to various reasons. 

 

Noise power is primarily due to white noise 

that varies with temperature fluctuations, inefficient low 

noise amplifiers in receivers and filters, or leakage of 

signals with small variations. High noise power that 

leads to low SNR values can cause sharp degradations 

in the energy detector performance due to the SNR 

wall.  
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The energy detector’s limitation is that it 

cannot differentiate signal types but can only determine 

the presence of the signal; therefore, the energy detector 

is prone to the false detection triggered by the 

unintended signals. The Pfa and Pd are related to each 

other through decision regions and likelihood functions 

as 

 

     ∫      
                  

  

 

    ∫      
                   

  

 

 

The decision region R1 which means that when 

X (the random variable) lays within the decision region 

R1then the hypothesis H1is selected. The threshold 

value describes the decision regions where Pfa is 

specified for reasonable performance of the CR. The 

relationship between Pfa. Pd and the threshold can be 

shown in Fig. 3 below. 

 

 
Fig-3: Stochastic threshold selection using the binary hypothesis test 

 

RESULTS AND DISCUSSION 
ROC plots for Energy Detector based spectrum sensing 

Pd = Probability of detection 

Pfa = Probability of false alarm 

N = Number of samples 

SNR= Signal to noise ratio 

 

Detection probability (Pd) and False alarm 

probability (Pfa)) are the key measurement metrics that 

are used to analyze the performance of spectrum 

sensing techniques. The performance of an spectrum 

sensing technique is illustrated by the receiver operating 

characteristics (ROC) curve which is a plot of Pd versus 

Pfa. The performance of energy detector is analyzed 

using ROC (Receiver operating characteristics) curves. 

Monte-Carlo method is used for simulation. 

 

First Simulated Result 
The plot of Probability of detection (Pd) versus 

Signal to Noise Ratio (SNR) 

 

In the simulation, study input random bit 

stream is multiplied by 1 MHz sinusoidal carrier signal 

to get 1 MHz BPSK modulated signal, which is 

transmitted in AWGN channel. The plot of Probability 

of detection (Pd) and Signal to Noise Ratio (SNR) is 

illustrated in Fig.4. Signal to Noise Ratio (SNR) is on 

X-axis and probability of detection (Pd) is on Y-axis. 

The detection performance can be performed by 

varying the SNR from -15dB, - 14dB…………0dB and 

finding the probability of detection by using Monte 

Carlo simulation. 

 

 
Fig-4: Plot for Pd vs SNR Energy detector based spectrum 

sensing at N= 1000 

 

Second Simulated Result  

The plot of Probability of false alarm versus 

Probability of detection.The plot of Probability of false 

alarm versus Probability of detection is illustrated in 

Fig.5. Probability of false alarm (Pf) is on X-axis and 

probability of detection (Pd) is on Y-axis.  In the 

simulation, study input random bit stream is multiplied 

by 1 MHz sinusoidal carrier signal to get 1 MHz BPSK 

modulated signal, which is transmitted in AWGN 

channel. The detection performance can be performed 

by varying the probability of false alarm from 

0.01,0.02......1 and finding the probability of detection 

by using Monte Carlo simulation. Here the number of 

sample points taken is N=1000 and SNR = -7 dB.  
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Fig-5: ROC curve for Pf vs Pd Energy detector based spectrum 

sensing at SNR= -7dB 

 

Third Simulated Result  

The plot of Probability of false alarm versus 

Probability of detection for constant and variable 

threshold energy detector.  

 

A MATLAB simulation of the ROC curves for 

the constant and proposed variable threshold energy 

detectors was carried out. It was expected that the ROC 

curves of the constant threshold and variable threshold 

would be different with all parameters the same. A 

higher Pd for each Pfa in the variable threshold energy 

detector plot of each ROC curve was expected.  This 

was generally the case from the MATLAB simulation at 

low SNR values Fig.6 shows the ROC curve plots for 

both thresholds. 

 

 
Fig-6: ROC curve plots for both thresholds 

 

CONCLUSION 
Spectrum is a very valuable resource in 

wireless communication systems, and it has been a 

focal point for research and development efforts over 

the last several decades. Cognitive radio, which is one 

of the efforts to utilize the available spectrum more 

efficiently through opportunistic spectrum usage, has 

become an exciting and promising concept. In this 

paper, we examined various aspects of cognitive radio 

and identified spectrum sensing as the prerequisite 

requirement for the deployment of cognitive radio 

oriented wireless networks. 

 

ED requires knowledge of the noise variation 

only. The ED spectrum sensing method albeit presents 

benefits that include no need for knowledge of enough 

relevant information about the PU such as the 

modulation type or transmit power, does not perform 

well in low SNR environments. The detection 

probability also varies with the SNR value. SNR has a 

great influence on the probability of detection. With an 

increase in SNR value, the probability of detection 

increases and we get SNR= -7dB, where we get a 

detection probability of 1. Hence, we almost obtain the 

final result on energy detection according to our 

expectation. 
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