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Abstract— Cognitive Radio is a promising method of radio 

communication which enables efficient use of the frequency 

spectrum. The efficiency is obtained by influentially alloting 

frequency bands within the spectrum to different users even 

if they are not licensed. In Cognitive Radios, various 

parameters of the system must be taken into account in order 

to obtain an ideal system. This process incorporates processes 

for sensing whether the spectrum is available, sensing which 

area is best for use which ensure all users achieve an adequate 

quality of service. This paper presents the performance of 

Cognitive Radio in different Signal to noise ratios along with 

probability of detection and misdetection. The paper 

compares different simulation results and identifies 

significance of their efficiencies using Energy detection 

spectrum sensing method. 
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I. INTRODUCTION 

With the expansion of wireless communication applications 

the spectrum becomes more congested even after the 

expansion of many unlicensed spectrum bands by Federal 

Communications Commission (FCC). Nevertheless, radio 

spectrum is a limited resource, and the allocation for every 

service has been performed through fixed spectrum 

assignment. Hence, spectrum scarcity is forthcoming. On the 

flip side, recent researches reveal that some frequencies 

allocated for some radio access technologies are 

underutilized[1]. The motivation for Cognitive radio is a 

concept of reusing licensed spectrum in an unlicensed way 

without creating any kind of interference. Spectrum sensing 

plays a vital role in optimum utilization of spectrum. Primary 

user can use the spectrum at any time because it has the legal 

authority to perform operations. Whereas secondary users are 

obliged to sense the spectrum to detect whether it is available 

or not. Secondary users must be able to detect very weak 

primary user signals[2]. Lakshmi, M [3] carried out four 

different technique of spectrum sensing and analyse the 

methods of sensing. His area of research included energy 

detection, matched filter, cyclostationary based detection, 

multi resolution spectrum sensing . Out of these four main 

techniques, he laid emphasis on multi resolution spectrum 

sensing. This type was based on wavelet based transform for 

multi-resolution sensing characteristic. Apart from this, Z 

hang, S[4] elaborated that the false alarm and miss detection 

performance of this cooperative sensing scheme improved as 

there is an increase in the number of cooperative sensor 

nodes. Furthermore, K.-L. Du. [5] introduced a new spectrum 

sensing method that exploits beam forming algorithm called 

the adaptive cross self coherent restoral algorithm. The right 

to access the spectrum is generally illustrated by a numder of 

parameters such as frequency, space, transmit power, 

spectrum owner (person who has the license to access the 

spectrum). Usually, a tenure of permission to access is 

assigned to one licensee, and the usage of spectrum by this 

mentioned owner should positively assure to the specification 

in the permit. In the present permitting technique for 

spectrum, the permit is unable to alter the kind of use or 

transfer the right to other owner. This puts a restriction on the 

usage of the frequency spectrum and results in low utilization 

of the frequency spectrum [6]. Essentially, due to the current 

static spectrum permit method, spectrum holes or spectrum 

chances take place. Spectrum holes are represented as 

frequency bands which are allocated, but in some locations 

are not utilized by licensed users and therefore could be 

accessed by non permitted users [7]. The major challenges 

with secondary users (SU) are that it should sense the primary 

user (PU) signal without any obstruction. This operation is 

totally dependent on spectrum detection techniques in which 

we analyze the outcomes of probability of false alarm (Pf), 

probability of detection alarm (Pd) and probability of miss 

detection (Pm) at low signal to noise ratio. Matched filter 

detection and Cyclostationary spectrum sensing technique 

needs prior information of PU while sensing also it’s 

realization is composite [8]. At low signal to noise ratio the 

Energy detection method outperforms other detection 

methods. 

A. Energy Detection Based Spectrum Sensing: 

The energy detection utilizes received signal energy to 

resolve an occurrence of primary signals. When the 

secondary user(SU) fails to gather any required knowledge, 

then the energy detection technique can be used due to its 

potential to perform without the signal structure to be 

detected[9].Energy detection can be accomplished by 

comparing energy of a received signal in a particular 

frequency band to pre-defined decision threshold. The 

comparison is done as follows: If the signal energy results to 

be greater than the decision threshold, then the frequency 

channel is stated to be busy. Otherwise the channel is 

supposed to be idle and could be accessed by cognitive radio 

users. Depending on the application, the signal which is to be 

detected can be of either form i.e. unknown or known. In most 

of the applications, the signal information is not accessible 

for the detector. The sensing related to some function of the 

received samples which is compared to a predetermined 

threshold level [10,11]. If the threshold is exceeded, it is 

considered that signal is present and if the mentioned 

condition is not satisfied it is absent. Energy detectors are 

commonly used due to their various advantages i.e simplicity 

and good performance. The sensing technique based on 

energy detection observes the signal measurements and 

regulates the empty channel candidates by comparing the 

power estimated to the predefined threshold levels[12]. 

Energy detection could be any of the following two 

operations- Time domain and Frequency domain operations. 

Both the operations are illustrated in Figure.1 and Figure.2 
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Fig. 1: Energy detection Time domain operation 

 
Fig. 2: Energy detection Frequency domain operation 

In the energy detection, energy of an averaged signal 

is regulated to two hypothetical test functions. 

1) H0 (PU is absent) 

2) H1 (PU is in operation) Under H0 

y[n] = u[n]; (noise only presence ) Under H1 

y[n] = r[n] + u[n]; ( presence of signal with noise) 

Here, n = 0, 1, 2, ...., N-1, N represents the index of 

sample, u[n] specifies the noise and r[n] is the primary signal 

required to detect. H0 is the hypothesis which means that the 

received signal consists of the noise only. In case of H0 is true 

then the decision value will be lower than the pre-defined 

threshold γ. So the detector will conclude that there is no 

presence of the vacant spectrum. On contrary, if H1 is 

positive or true then the received signal has both signal and 

noise, the decision value will be greater than the predefined 

threshold γ. So the detector finally results that a vacant 

spectrum is available. The threshold [13] is chosen so as to 

control parameters such as Probability of False alarm (Pf) and 

probability of Detection (Pd). 

Note that r(n) = 0 when there is no transmission by 

primary user. The decision metric for the energy detector can 

be written as 

M= N
| y(n) | 

2 

n0 
where N is the size of the observation vector. The 

decision on the occupancy of a band can be achieved by doing 

the comparison of the decision metric M with a fixed 

threshold λe. This is equivalent to distinguishing between the 

following two hypotheses. The performance of the detection 

algorithm can be summarized with two probabilities: 

Probability of Detection (Pd) and Probability of False alarm 

(Pf). Probability of Detection (Pd) is the probability of 

detecting a signal on the prescribed frequency value when it 

truly present. Therefore, a large detection probability is 

desired. It can be formulated as 

Pd = Pr (M >λe|H1) . 

Pf  can be presented as 

Pf = Pr (M >λe|H0) . 

Pf should be kept as small as possible with the 

purpose to avoid underutilization of transmission chances. 

The decision threshold λe can be selected for finding an 

optimum balance 

  

 

between Probability of Detection (Pd) and Probability of 

False alarm (Pf). However, this requires some information 

and knowledge of noise and detected signal powers. The 

noise power can be determined, but the signal power is 

difficult to estimate as it varies depending on ongoing 

transmission characteristics and the distance between the 

cognitive radio and primary user. In practice, the threshold is 

chosen to obtain a certain false alarm rate [14]. Hence, 

knowledge of noise variance is sufficient for selection of a 

threshold. 

B. Research Methodology: 

The proposed methodology performs spectrum sensing at the 

same time over the total frequency bands rather than one 

subband each time. It first estimates the range of occupied 

subbands, and then determines the accurate locations of 

occupied subbands in addition to the vacant ones. The 

exploited feature is that the energy of the occupied subband 

is the superposition of noise and signal, whereas energy of the 

vacant subband is only contributed by noise. Consequently, 

energy of the occupied subband is greater than the vacant one. 

If there is a previous knowledge that the amount of occupied 

subbands is, those subbands with the highest energy are 

preferably to be the occupied ones. Thus the estimation of the 

range of occupied subbands becomes a crucial issue which 

might relate with the issue of source enumeration. So way 

from the analysis the author concluded that it performs higher 

than MME and EME algorithms however cannot perform 

higher than the energy detection method[15]. Thus, our aim 

is to design such a filter which might even perform the energy 

primarily based spectrum sensing at any noise variance. It is 

proposed to simulate, evaluate and improve the performance 

spectrum sensing technique on parameters like probability of 

detection, miss detection and false alarm 

 
Fig. 3: Flowchart of the sensing process 
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II. RESULTS AND DISCUSSION 

Different simulation results probability of misdetection, 

curves are plotted between software are obtained for 

parameters such as probability of detection, probability of 

false alarm, etc. Receiver operating characteristic the above 

mentioned parameters with the help of MATLAB 

The output of proposed system defined is given as: 

 
Fig. 4: Comparision graph of Pd Vs SNR using 8 QAM 

This figure shows that the signal designed using 8 

QAM modulation technique when passed with 4 stage 

enhanced multistage weiner filter gives the better performace 

when compared to the output of existing filter at both noise 

level 5db and 10 db. 

 
Fig. 5: Comparision graph of Pm Vs PF using 8 QAM 

This figure shows that the signal designed using 8 

QAM modulation technique when passed with 4 stage 

enhanced multistage weiner filter gives the better performace 

when compared to the output of existing filter at both noise 

level 5db and 10 db. 

 
Fig. 6: Comparision graph of Pd Vs SNR using PSK 

This figure shows that the signal designed using 

PSK modulation technique when passed with 4 stage 

enhanced multistage weiner filter gives the better performace 

when compared to the output of existing filter at both noise 

level 5db and 10 db. 

 
Fig. 7: Comparision graph of Pm Vs PF using PSK 

This figure shows that the signal designed using 

PSK modulation technique when passed with 4 stage 

enhanced multistage weiner filter gives the better performace 

when compared to the output of existing filter at both noise 

level 5db and 10 db. 

Table 1 Values of Probability of detection and Probability of 

false alarm at different values of 

S.No. SNR(dB) Base 

Probability of 

False 

Alarm (Pf ) 

Probability 

of 

Detection 

(Pd) 

1 -25 0.0100 1.0000 0.5112 

2 -24 0.0300 9 0.6824 

3 -23 0.0500 0.0025 0.7854 

4 -22 0.0700 0.0049 0.8488 

5 -21 0.0900 0.0081 0.8960 

6 -20 0.1100 0.0121 0.9262 

7 -19 0.1300 0.0169 0.9534 

8 -18 0.1500 0.0225 0.9716 

9 -17 0.1700 0.0289 0.9793 

10 -16 0.1900 0.0361 0.9876 

11 -15 0.2100 0.0441 0.9927 

12 -14 0.2300 0.0529 0.9949 

13 -13 0.2500 0.0625 0.9975 

14 -12 0.2700 0.0729 0.9982 

15 -11 0.2900 0.0841 0.9993 

16 -10 0.3100 0.0961 0.9996 

17 -9 0.3300 0.1089 0.9998 

18 -8 0.3500 0.1225 0.9991 

19 -7 0.3700 0.1369 0.1000 

20 -6 0.3900 0.1521 0.1000 

 

 
S.No

. 

 
SNR(dB

) 

Probabilit

y of miss 

detection 

for 1st 

curve 

Probabilit

y of miss 

detection 

for 2nd 

curve 

Probabilit

y of miss 

detection 

for 3rd 

curve 

1 -250 0.4188 0.4776 0.6494 
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2 -24 0.3176 0.3494 0.5450 

3 -23 0.2146 0.2590 0.4901 

4 -22 0.1512 0.1940 0.4562 

5 -21 0.1040 0.1433 0.4126 

6 -20 0.0738 0.0999 0.3828 

7 -19 0.0466 0.0711 0.3575 

8 -18 0.0284 0.0452 0.3214 

9 -17 0.0207 0.0326 0.2940 

10 -16 0.0124 0.0212 0.2660 

Table 2: Values of probability of missdetection for different 

curves 

The multistage wiener filter has many advantages 

but it cannot overcome traditional limitations of the system 

i.e higher complexity. Due to the feedforward propagation of 

the signal, the system donot preserve the earlier information 

of the signal. Thus it fails to achieve Probability of Detection 

better than energy based technique. The wiener filter uses an 

amplify and forward scheme for data transmission which 

amplifies the noise also, it further decreases the probability of 

detection. Thus we use a wiener filter with a feed back loop . 

With the AF scheme, the loop continues until we get the 

optimum coefficients. With these optimum coefficients the 

probability of detection improves and only the relevant data 

is forwarded. Thus we rename the proposed filter as adaptive 

multistage wiener filter. 

Analysis of graphs show that probability of 

detection is lower in the case of red curves i.e the existing 

system as compared to our proposed filter approach. With the 

proposed method, we have almost obtained optimal 

coefficients. We have not focused on the curves at 0db noise 

variance because such systems are practically impossible. 

With the usage of adaptive filter, the presence of unperiodic 

signals can be detected. The iterations are performed until the 

achievement of optimal signal. 

III. CONCLUSION 

In this paper, a wideband spectrum sensing scheme for 

cognitive radio systems with adaptive multistage wiener filter 

is presented. The proposed method assesses probability of 

detection against signal to noise ratio. The probability of 

missdetection in contrast to the false alarm is also determined, 

avoiding the estimation of covariance matrix and the 

corresponding Eigen value decomposition. Thus the 

proposed scheme can easily achieve a low computational 

complexity. Besides this, the proposed method can capture 

the signal information and suppress the additive noise 

efficiently, leading to a more accurate detection performance. 

Additionally, the estimation of noise power or prior 

information of signal type is not required, making the 

proposal a robust and blind detection technique. Simulation 

results validate that our proposal is robust to noise uncertainty 

and outperforms existing sensing methods. 
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