
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 01, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 2031 

Efficient Wideband Spectrum Sensing in Cognitive Radio Networks 

Mrs. M. Mary Rosaline Tamil Selvi1 P. Vidhya2 K. S. Nagatharshini3 
1Assistant Professor 2,3Student  

1,2,3Department of Electronics & Communication Engineering 
1,2,3Mepco Schlenk Engineering College, Sivakasi, India 

Abstract— In this paper, efficient wideband spectrum sensing 

is proposed by using cyclostationary based cooperative 

compressed sensing method. This method is used to enable 

accurate, reliable and fast sensing of wideband spectrum. In 

this proposed method, each secondary users sends a 

compressed data. After sending the compressed 

measurements of secondary users, FAM(FFT Accumulation 

Method)and Compressive sensing algorithms are performed 

to recover the SCF(spectral correlation function).The 

proposed method has 2 parts. The first part includes 

cooperative between the secondary users to produce a 

spectrum using multitask compressed sensing. The second 

part includes cyclic feature detection. The ultimate focus of 

this paper is to propose a low complexity wide band spectrum 

sensing utilizing the FAM method and the compressed 

sensing using cooperative cognitive radio users. 
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I. INTRODUCTION 

Cognitive radio allows the unlicensed users (secondary users) 

to access an unutilized spectrum of the licensed users 

(primary users) without causing any interference to the 

primary users dynamically. Therefore one of the foremost 

task in cognitive radio is spectrum sensing. Spectrum sensing 

enables to define spectrum availability which is the bases for 

the design, performance and practical usage of cognitive 

radio systems in the way that requires to implements all the 

available degrees of freedom such as time, frequency and 

space. Spectrum sensing method can be classified into two 

methods; energy based detection and feature based detection. 

Feature based detection methods can be divided into two sub 

methods; matched filter based sensing and cyclostationary 

feature detection. Energy Based Detection technique is 

simple to implement and requires no prior knowledge about 

the primary users signal but its detection is poor at low SNR 

conditions. Matched Filter Detection requires prior 

knowledge about the primary user signal. Hence it become 

difficult to implement. Cyclostationary feature based method 

provides a reliable sensing based on its ability to detect the 

primary signal in very low SNR and differentiate between 

signals and noise. Hence, cyclostationary Based Detection is 

preferred in this proposed method due to its robustness and 

noise uncertainty. This cyclostationary Based Detection in 

wideband spectrum    faces challenges like high sampling rate 

and detection time. Wideband spectrum sensing is used to 

enhance Cognitive Radio throughput and the detection time 

can be reduced. Compressive sensing fits perfectly to the 

wide band spectrum sensing.Compressive sensing has the 

capability to sample the given signal at a sub-Nyquist rate. 

Also it reconstruct with high accuracy when the signal is 

sparse or compressible in certain domain.  Another issue in 

wideband spectrum sensing is multipath or shadow fading 

effect. In order to overcome this effect and improve the 

performance of the spectrum ,cooperative spectrum sensing 

has been introduced. In this cooperative based spectrum 

sensing method, each cognitive radio simultaneously sense 

the spectral environment and then share the information 

among other cognitive radios located in the same area. Finally 

cognitive radios  make their own decision about the spectrum 

opportunities. In cooperative based compressed Spectrum 

Sensing , as the number of cooperating SUs increases, the 

compression ratio can be increased without performance 

degradation. 

II. CYCLOSTATIONARY FEATURE DETECTION 

The original signal x(t) is characterized as a wide-sense 

cyclostationary as its mean E[x(t)] and its autocorrelation 

function rx(t + T) are periodic in time domain t with period 

T. This detection allows classifying signals exhibiting 

cyclostationarity at different cycle frequency and/or different 

time lags. It is optimal for signal detection having low Signal-

to-noise (SNR) values. For 10% false alarm probability, 90% 

detection probability of BPSK signals with SNR of-8 dB or 

greater was achieved. Though computationally complex, a 

cyclostationary feature detector is favourable for spectrum 

sensing in low SNR scenarios due to its robustness against the 

feature of uncertainty in noise power. The periodic 

autocorrelation function rx(t, T) = ∑ Rx
α(T)ej2παt

α where 

α =
m

T
for m ϵ ℤ is the cyclic frequency and Rx

α(T) is the 

cyclic autocorrelation (CAF) which is defined as 

Rx
α(T) =

1

T
∫ rx(t, T)e−j2παt∞

∞
dt              (1) 

Taking Fourier transform of the above equation with 

respect to T which gives the SCF Sx(α, f) which can be 

written as: 

Sx(α, f) = ∫ Rx
α(T)e−j2παt∞

∞
  dt               (2) 

Where α the cyclic frequency and f is is the sampling 

period. The SCF has spectral peaks at certain (α,f) locations. 

The peak locations are based on the modulation scheme, 

symbol rate and carrier frequency. 

III. FFT ACCUMULATION 

FFT Accumulation Method is applicable to one among the 

most efficient algorithms for estimating the Spectral 

Correlation Function based on the time smoothed cyclic cross 

periodgram which is defined as follows: 

Sx(α, f) = lim
NT→∞

1

2NT + 1
∑

1

T
XT (n, f +

α

2
) XT

∗

n=NT

n=−NT

(n, f −
α

2
) 

(3) 

Where NT is the input length x[n] for a time period 

Δt=NTTS where TS is the sampling period. XT(n, f ±
α

2
) is the 

spectral component of the spectral component x[n] which can 

be expressed as follows: 
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XT(n, f) = ∑ w(r)x(n − r)e−j2πf(n−r)TS

N

2

r=−
N

2

      (4) 

Where w(r) is the window of length T=NTS which is 

realized by hamming window. 

IV. COMPRESSIVE SENSING 

Cognitive Radio need to scan a wideband frequency in order 

to get high throughput. Then the wideband signal can be 

divided into multiple sub-bands. After dividing into sub-

bands, Cognitive Radio user will identify which sub-bands 

are sparse and which sub-bands are occupied with primary 

user. Here, very high sampling rate is required for wideband 

sensing that can exceed the nyquist rate. In order to get relief 

from high sampling rate, Compressive Sensing came into 

existence. Compressive Sensing is used to sample the signal 

at a sub-nyquist rate .It then reconstruct with high accuracy 

when the signal is in sparse domain. Let X(t) be the received  

wideband signal. It is then sampled to sub-nyquist rate. The 

input of the compressed sensing reconstruction will be: 

Y[n]=φX0[n]                                 (5) 

Where  φ is the measurement matrix of size M*N 

.The main concept of Compressive Sensing is efficiently 

reconstructing the estimated signal. In order to get an efficient 

reconstruction, Multitask Compressive Sensing is preferred. 

By using the MCS to handle multiple tasks by recovering 

multiple signals from their compressive measurements. 

Hence the MCS makes a robust reconstruction of signals 

whose compressive measurements are insufficient for signal 

recovery. Assume that there are K Compressive Sensing tasks 

.The compressive measurement vector yi(n) can be described 

as: 

                                      yi(n)=φixi + εi                              (6) 

               φi is the measurement matrix of size Mi*N Where 

M<<N  and xi is the original signal vector in ith tasks and εi 

is the measurement noise. In MCS, the elements in Xi are 

statistically independent and follow a joint Gaussian 

distribution: 

P(xi | α)=∏ N(xi,j | 0, αj
−1)N

j=1                       (7) 

Here α =[α1, α2 … αN]T  is the information vector 

shares by original signal xi for all K tasks.MCS exploits the 

statistical correlation among the original signal of multiple 

CS tasks, evaluates jointly the sharing parameters  α ,and then 

recovers the original signals. MCS estimates the sharing 

parameters α by applying an empirical Bayesian approach, 

i.e., seeking α to maximize the logarithm of resultant 

marginal likelihood: 

L(α) = ∑ log p(yi, α)K
i=1                           (8) 

In order to find the values of α, maximize the 

marginal likelihood in the above equation. The value of α cam 

be obtained as: 

αj =
K

∑ μi,j
2 (Ni + 2a)/(yi

TBy
−1yi + 2b) + ∑ Y[n]i,(j,j)

K
i=1

 

(9) 

and a=102/std(y)2,y={yi}i=1,K  ,b=1,Ii is an Ni ∗ Ni 

identity matrix,A=diag(αi, … . . αN) , μi = ∑ φi
Tyii  

and(φi
Tyi )

−1.This process continues until convergence is 

achieved. 

 
Fig. 1: Block Diagram of the Proposed System 

V. RECOVERY OF SPECTRAL CORRELATION FUNCTION 

In this section, we studied the cooperated FAM algorithm 

based on multi-task compressive sensing (MCS-FAM) to get 

an estimate of the SCF. Many techniques have been used to 

perform the process of CS inversion independently and 

separately for each compressed measurement. The main idea 

of MCS-FAM is to exploit the statistical correlation between 

the received set of compressed measurements as they are 

taken for the same wideband signal. The proposed MCS-

FAM method by this way aims to recover the SCF more 

accurate with a few sets of CS measurements. Assume that 

there are K cooperated SUs in the CR system and each SU 

sense the same wideband signal x(t). The jth SU has a local 

measurement matrix φj , which is different from other local 

sensing matrices and xj(t) is the wideband signal at thejth SU 

receiver. The jth SU determines the measurement vector yj = 

φjxj using the sensing matrix φj. All K measurement vectors 

[yi]i=1,K are reported . 

VI. FEATURE- BASED SPECTRUM OCCUPANCY ESTIMATION 

Once the SCF function has been estimated using the proposed 

MCS-FAM algorithm, we want to classify all the frequency 

subbands in the investigated wideband spectrum as vacant or 

occupied by the PUs. As indicated in Table I, different pairs 

of spectral peaks are exhibited in different modulation types. 

In the proposed algorithm, the spectrum occupancy is done 

band by band over the entire monitored wideband spectrum. 

the 2-D SCF function peaks in each subband carry 

information about the presence of PUs signals. The proposed 

algorithm searches over the cyclic frequency α along f. The 

energies at cyclic frequency αi is summed in a test statistic 

Ei: 

Ei = ∑ |Sx̂(αi, fj)|2
j                                (10) 

Where fj is the angular frequency over which the 

spectral peaks are scanned. To make a decision, we use 

hypothesis test which is expressed as follows: 

H0                 Eî = ϵ 

H1                  Eî = Ei + ϵ 

Where  ϵ  s the noise energy. The test statistic under 

H0 is computed by turning off the receiving antenna as most 

of noise is generated at the receiver front-end. The threshold 

Thr to which Eî is compared is determined using the 

distribution of the test statistic under H0. The probability of 

detection PD and probability of false alarm PFA are 
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expressed asPD=Pr(Ei > Thr|H1)  and PFA = Pr(Eî >
Thr|Hs0). 

VII. SIMULATED RESULTS 

Till now the Spectral Correlation Function is estimated at the 

locations of cyclic frequency alpha and angular frequency f 

using FAM algorithm from the OFDM signal. 

 
Fig. 2: The Above Graph Represents the Spectrum 

Utilization 

 
Fig. 3:  

From the above results, the noise energy ϵ is 

assumed as zero. It is observed that the primary user is absent, 

when the energy is zero and primary user is present, when the 

energy is non-zero. The future work in this project is to 

implement by using Compressive Sensing which requires 

lower samples than he Nyquist sampled signal. 

VIII. CONCLUSION 

In this paper, we propose a cooperative cyclostationary based 

compressed sensing to enable reliable, accurate and fast 

sensing of wideband signal. The proposed system is 

developed using Compressed Sensing and FFT Accumulation 

Method. Estimation of spectral occupancy can be done using 

recovering the SCF .This system has reach good performance 

of reconstructed SCF function. 
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