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Abstract —  In present day communication wireless communication has become the most popular communication. 

Cognitive radio has emerged as one of the most promising candidate solutions to improve spectrum utilization in next 

generation cellular networks. The main problem is the interference between the primary signal and secondary signal. 

We need a technique to deal with the problem of spectrum underutilization, which makes the birth of cognitive radio. 

Energy detection can be used for spectrum sensing in cognitive radios when no prior knowledge about the primary 

signals is available. And also observing that when probability of false alarm decreased with the time of probability of 

detection increased. We propose new sensing methods based on the eigenvalues of the covariance matrix of signals 

received at the secondary users. In particular, two sensing algorithms are suggested, one is based on the ratio of the 

maximum eigenvalue to minimum eigenvalue; the other is based on the ratio of the average eigenvalue to minimum 

eigenvalue. 
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I. INTRODUCTION 

A cognitive radio (CR) is an intelligent radio that can be programmed and configured dynamically. Such a radio 

automatically detects available channels in wireless spectrum, then accordingly changes its transmission or reception 

parameters to allow more concurrent wireless communications in a given spectrum band at one location. This process is a 

form of dynamic spectrum management. 

 

There is a main problem which is the probability of false alarm. In this project we reduce the probability of false alarm 

and increase the probability of detection. Spectrum sensing is a fundamental component is a cognitive radio. Cognitive 

radio has emerged as one of the most promising candidate solutions to improve spectrum utilization in next generation 

cellular networks. 

 

The problem is the interference between the primary signal and secondary signal. We need a technique to deal with the 

problem of spectrum underutilization, which makes the birth of cognitive radio. Energy detection can be used for 

spectrum sensing in cognitive radios when no prior knowledge about the primary signals is available. Cognitive radio is 

widely expected to be the next Big Bang in wireless communications. To make a decision on whether signal is present, 

we need to set a threshold. 

 

Figure 1.  Block Daigram of Eigen Based Spectrum Sensing 



International Journal of Advance Research in Engineering, Science & Technology (IJAREST) 
Volume 3, Issue 4, April 2016, e-ISSN: 2393-9877, print-ISSN: 2394-2444 

 

All Rights Reserved, @IJAREST-2016 
448 

In the figure (1) shown there is a block diagram for Eigen based Spectrum Sensing. In the block diagram shown, the 

signal is converting in the covariance matrix form. In the process of the calculation we used the Eigen value 

calculation. We have fixed the threshold value for the calculation.  

 

There have been many factors that have led to the development of cognitive radio technology. One of the major 

drivers has been the steady increase in the requirement for the radio spectrum along with a drive for improved 

communications and speeds[7]. In addition to this there have been many instances where greater communications 

flexibility has been required. Along the way, there have been several significant milestones along the road to develop 

cognitive radio technology. 

 
Figure 2.  Block Daigram for MME method 

 
The spectrum sensing problem has gained new aspects with cognitive radio and opportunistic spectrum access concepts. 

It is one of the most challenging issues in cognitive radio systems. In cognitive radio mobile ad hoc networks, secondary 

users can cooperatively sense the spectrum to detect the presence of primary users. Spectrum sensing, that is, detecting 

the presence of the primary users in a licensed spectrum, is a fundamental problem for cognitive radio. 

 

II. EIGEN VALUE BASED SPECTRUM SENSING 

Spectrum sensing is commonly considered as a binary hypothesis testing problem. Under the H0 hypothesis, the primary 

user is absent and the primary user is present under H1 hypothesis: 

                                 H0 : y(n) = w(n) ≈ N(0, x
2
+ w

2
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H1 : y(n) = s(n)  h(n) + w(n) ≈ N(0, x
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) 

 
Here, s(n) is the primary user signal, h(n) is the channel impulse response and w(n) is assumed to be additive white 

Gaussian noise (AWGN).  

 

Two eigen value based algorithms for spectrum sensing, which are described in the following: 

 
Algorithm 1: Max-Min eigenvalue based sensing (MME): 

 

Statistical covariance matrix can be estimated using the sample covariance matrix, which is obtained by averaging N 

sample covariance matrices: 
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Here n indicates the last sample used in the calculation of each covariance estimate. The sample autocorrelations of the 

received signal which are defined as follows: 
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where * denotes complex-conjugation. The sample covariance matrix can then be expressed as 
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Next, the largest and smallest eigenvalues (max
,min

)of the sample covariance matrix Ryy(N) are computed and the ratio 

of   minmax
 is compared with the threshold γ1 which is calculated according to the distribution of the noise sample 

covariance matrix. The threshold value is calculated using desired false alarm probability and as follows: 



























)1(1*

1

16/1

3/2

2

2

1

)(

)(

)(

)(
PF

NML

MLN

MLN

MLN
fa

 
 

F1 is the Cumulative Distribution Function (CDF) of the Tracy-Widom distribution of order 1, which was derived using 

random matrix theorem as: 
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Algorithm 2: Energy with min eigenvalue based sensing(EME) 
The sample covariance matrix Ryy(N) and the smallest eigenvalue min

of the sample covariance matrix are calculated in 

the same way with Algorithm 1. The average energy of the received signal is computed like in the traditional energy 

detector as: 
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The threshold value γ2 is calculated with the inverse Q-function Q

1 using random matrix theorem as follows: 
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When(T(N) / λmin) > γ2 the signal is assumed to be present, otherwise it is expected that there is only noise in the band of 

interest. In the calculation of the threshold values for the two algorithms, M, N, L and Pfa parameters are only used. 

          

 

III. RESULT & CONCLUSION 

Here is the graph of Probability of Detection vs. Probability of False alarm    

 

 
Fig 3. Probability of Detection vs Probability of False alarm 
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We reduce the Probability of False Alarm with the increase of  the Probability of Detection with the used of Eigen value 

Calculation. 

 

 
Fig 4. Probability of Detection vs. SNR(dB) 

 
Fig 5. Probability of Detection vs. Probability of False alarm(with different SNR(dB)) 
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Fig 6. Probability of Detection vs. SNR(with different smoothing factor) 
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