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Abstract - This paper presents a brief survey of spectrum sensing techniques available for cognitive radios. As the number 
of radios users increasing day by day that leads to increase in the bandwidth. Recent research shows that more than 70% of 
available bandwidth is not utilized efficiently. Bandwidth becomes expensive due to shortage of frequencies. In Cognitive 
radios we can utilize bandwidth when primary/licensed user not using that by taking the permission from the primary user. 
Main critical task in cognitive radio is to sense the idle bandwidth that also called as spectrum hole. So our primary target is 
to select an optimum spectrum sensing technique that reduces sensing time and errors and leads to improvement in 
performance of CR system. 
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I. INTRODUCTION 
 
Modern wireless systems are capable of offering a 
wide variety of high data-rate applications to various 
users at the same time. In order to realize this 
objective, we have to overcome the practical 
constraints imposed by the resources they need such 
as power and spectrum. But, these resources are quite 
limited in nature. The rapid increase in the number of 
wireless systems and the scarcity of these resources, 
especially of the frequency spectrum, continues to be 
a problem. Cognitive radio is a concept that aims to 
overcome these very problems by proposing an 
opportunistic spectrum usage approach, in which the 
frequency bands that are not being used by their 
licensed users can be utilized by cognitive radios. The 
basic function of a cognitive radio is to accurately 
sense the spectrum by evading any chances of 
obstruction or interference to the primary or licensed 
users. By using spectrum sensing, cognitive radios 
can adapt themselves to the external wireless 
network. The cognitive radio users can be divided 
into primary users (PU) and secondary users (SU). 
The users who have the license to use a specific band 
of the spectrum are known as the primary users. On 
the other hand, secondary users (SU) do have license 
to use the spectrum but can use the spectrum when 
the PU is absent. 
In a cognitive radio (CR) network, secondary users 
(SUs) are allowed to utilize frequency bands of 
primary users (PUs) for communication whenever the 
communication channel is not engaged by PUs. To 
reuse the available spectrum in the network, the SUs 
sense the signals in the communication channel and 
detect whether the PUs are using the channel. 
Whenever a PU is transmitting a signal in a given 
channel in the network, the SUs are required to vacate 
the channel within a certain amount of time. If the 
PUs is not using it, the SUs are allowed to 
communicate using the channel. Cognitive radios are 

required to detect the PU signals even at low signal-
to-noise ratio (SNR) conditions and in fading 
environments efficiently. 
 
II. SPECTRUM SENSING TECHNIQUES 
 
Spectrum Sensing is a key aspect of cognitive radio 
(CR). The objective of cognitive radio is to utilize the 
empty channels in the spectrum to reduce the traffic 
in congested areas. Proper sensing of the spectrum is 
the integral part of this software defined radio. Also, 
communication should not be obstructed or hindered 
by fading. Spectrum sensing in cognitive radio is 
applicable to radio frequencies only. Observing the 
unused spectrum of a licensed user is crucial for the 
concept of cognitive radio to be a success. So, the 
primary user is sensed perpetually to allow channel 
mobility of SU to another part of the spectrum; in 
case the primary user initiates to transmit. This 
requires an efficient hardware with minimum possible 
error. The threshold for detection forms the crux. This 
should be in consideration of the interference in the 
worst-case scenario. Future spectrum analysis and 
decision-making processes are dependent on sensing 
the primary user correctly. This is defined as 
managing the spectrum dynamically. 
There are various spectrum sensing techniques which 
are employed for spectrum sensing; such as: 

 
Figure 1: Various spectrum sensing technique 
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III. LITRATUTURE REVIEW 
 
The cyclostationarity features in a signal (or in the 
statistical characteristics of a signal such as the mean 
and the autocorrelation of the signal) are caused due 
to the periodicity of the signals transmitted by the 
PUs. In some applications, the cyclostationarity 
features may be intentionally induced into PU signals 
to assist spectrum sensing in SUs. However, the noise 
in the system is assumed to be a wide-sense 
stationary (WSS) process with no correlation, hence 
no cyclostationarity features. Therefore, in 
cyclostationary feature detection methods, one can 
differentiate the existence of the PU signal from noise 
by using a cyclic correlation function at the SU and 
measuring the amount of cyclostationarity of the 
signal in the channel. 
Cyclostationarity features of the signals can also be 
used to distinguish different types of modulations in 
the transmitted signals and detect different PUs [1]. 
In some of the cyclostationary feature detection 
methods, a cycle frequency is sought at a particular 
time lag in the cyclic autocorrelation function (CAF) 
of the noisy PU signal. Implementing these 
approaches requires an estimate of the CAF matrix, 
which is computationally expensive [2]. 
Considering it, in [3], the authors have explicitly 
exploited the knowledge of the hypothesis stating: 
when the PU signal is absent (the null hypothesis), 
the measurements originate from possible colored 
Gaussian noise with unknown correlation function. 
Their formulation has allowed them to simplify the 
spectrum sensing detector and has obviated the need 
for estimating an unwieldy covariance matrix. 
In [4], the authors have established an adaptive 
cyclostationary (receive) beamforming as an effective 
spectrum-sensing method with affordable complexity 
for multiple-antenna cognitive radio. 
In [5], the optimal filter for cyclostationary features is 
revisited, following which, an adaptive space-time 
structure is proposed to extract the spatial, temporal 
and spectral coherence of a cyclostationary signal 
incident upon an antenna array. Although some 
progress is made on reducing the complexity of the 
cyclostationary based sensing methods, the current 
cyclostationary detection methods are still 
computationally complex. In this paper, we propose a 
robust adaptive spectrum sensing method, where, a 
set of normalized least mean square (NLMS) 
algorithms is used. In this research, instead of 
computing the cyclic power spectral densities or 
cyclic correlation functions of the received signal in a 
complete or partial manner, a set of new signals based 
on the known cyclic frequencies of the received 
signals is constructed. These signals are used as the 
inputs to the adaptive algorithms set and then an 
estimate is made for the received signal using the 
constructed set of signals by updating the weights of 
adaptive filters in the proposed algorithm. 
Accordingly, the norm of the filters’ weights in the 

algorithm indicates whether the PU signal is present 
in the received signal. 
In [6] author proposed a sensing algorithm for 
secondary users (SUs) that uses a set of normalized 
least mean square (NMLS) adaptive filters in order to 
estimate the signal in the communication channel 
from its frequency shifted samples. When the 
received signal is cyclostationary, i.e. the PUs are 
transmitting, the norm of the NMLS filters’ weights 
at the related SU is anticipated to be nonzero. On the 
other hand, when the signal is totally the noise, the 
norm converges to zero. Therefore, in the proposed 
algorithm, the sensing is made by comparing the 
norm of weights to a threshold. 
In [7] author focused on energy consumption because 
of spectrum sensing. This paper present an adaptive 
spectrum sensing time interval strategy, in which SUs 
can adjust the next spectrum sensing time interval 
according to the current spectrum sensing results 
(namely, channel status). In order to find an optimal 
spectrum sensing time interval, this paper introduce 
the Markov model. Then establish a Markov model-
based mathematical modeling for analyzing the 
relationship between spectrum sensing time interval 
and prior spectrum sensing results. Finally, numerical 
results demonstrate that the proposed strategy with 
dynamic adaptive spectrum sensing time interval 
exceeded listen before talk (LBT) strategy which is 
widely used for traditional wireless sensor networks. 
In [8] author introduced a framework and an 
innovative approach to eliminate the malicious 
behaviors of secondary users. It is found that 
spectrum sensing alone cannot prevent the malicious 
behaviour without any information on users’ 
reputation. Based on the evaluation of malicious 
behaviour resistance methods, joint spectrum sensing 
and malicious nodes detection approach for optimal 
prevention from sensing falsification is being 
proposed. 
In [9] author proposed a cluster-based optimal 
selective CSS scheme for reducing reporting time and 
bandwidth while maintaining a certain level of 
sensing performance. Clusters are organized based on 
the identification of primary signal signal-to-noise 
ratio value, and the cluster head in each cluster is 
dynamically chosen according to the sensing data 
qualities of CR users. The cluster sensing decision is 
made based on an optimal threshold for selective CSS 
which minimizes the probability of sensing error. A 
parallel reporting mechanism based on frequency 
division is proposed to considerably reduce the time 
for reporting decision to fusion center of clusters. In 
the fusion center, the optimal Chair-Vashney rule is 
utilized to obtain a high sensing performance based 
on the available cluster’s information. 
In [10] author proposed a spectrum sensing scheme 
which obtains reliable results with less mean 
detection time. First, the scheme determines a better 
matched filter, or a combination of energy and 
cyclostationary detectors based on the power and 
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band of interest. In the combined energy and 
cyclostationary detector, an energy detector with a bi-
threshold is used, and the cyclostationary detector is 
applied only if the energy of the signal lies between 
two thresholds. Second, sensing is performed by the 
selection choice resulting from the first step. To 
evaluate the scheme’s performance, the results are 
compared with those where only an energy detector, 
matched filter, or cyclostationary detector are 
performed. The performance metrics are the 
probability of detection, probability of false alarm, 
and mean detection time. 
In [11] author developed a cyclostationary spectrum 
sensing method for identifying the presence of 
primary user is introduced which uses the concept of 
periodicity in OFDM signals. In existing method, the 
periodicity of pilot signals in the OFDM symbols is 
used to detect the signals. The proposed scheme is 
robust to the detection of primary user signal with 
guard interval insertion in the OFDM signals which 
use the concept of periodicity. The power spectral 
density of average and true method which defines the 
spectrum power is compared and the simulation 
results are given in this paper. It is observed from the 
results that true power spectral density method is well 
suitable for CR which enables perfect sensing over 
primary users. 
In [12] author examines various wideband spectrum 
sensing algorithms, together with a discussion of the 
pros and cons of each algorithm and the challenging 
issues. Special attention is paid to the use of sub-
Nyquist techniques, including compressive sensing 
and multichannel sub-Nyquist sampling techniques. 
In [13] author investigates what cognitive radio 
systems that require focusing on the spectrum sensing 
device. Taking two voice applications which running 
under different Orthogonal Frequency Division 
Multiplexing (OFDM) schemes. These devices are 
Wi-Fi and Wireless Microphone. Then, a 
Cyclostationary Spectrum Sensing technique is 
studied and applied to define a device capable of 
detecting OFDM signals in a noisy environment. 
In [14] author analyzed the detector performance 
exploiting TV White Space under Rayleigh and 
Rician fading channel by setting probabilities of false 
alarm and measuring the probability of detection. 
They further analyze the effect of smoothing factor 
and the overall correlation coefficient on the 
performance of covariance based detector. 
Covariance based detector outperformed the energy 
detector with noise uncertainty even under the time-
varying fading channels. 
In [15] author proposed the Singular Value 
Decomposition (SVD) method to detect the presence 
of the wireless signal. The method is used to find the 
maximum and minimum eigen values. They 
simulated the algorithm using the common digital 
signal in wireless communication namely rectangular 
pulse shape, raised cosine and root-raised cosine to 
test the performance of the signal detector. They 

found that the SVD-based signal detection is a more 
efficient way of sensing signal without knowing the 
properties of the transmitted signal. The execution 
time is acceptable compared to the favorable energy 
detection. The computational complexity of SVD-
based detector is medium compared to the energy 
detector. The algorithm is suitable for blind spectrum 
sensing where the properties of the signal to be 
detected are unknown. This is also the advantage of 
the algorithm since any signal would interfere and 
subsequently affect the quality of service (QoS) of the 
IEEE 802.22 connection. Furthermore, the algorithm 
performed better in the low signal-to-noise ratio 
(SNR) environment. 
In [16], a spectrum sensing method using modulation 
classification is proposed by employing the 
cyclostationary signatures of the received signals as 
key features for modulation classification and a 
hybrid classifier combining Hidden Markov Model 
(HMM) and SVM as a classification system. It was 
shown that using a hybrid classifier combining HMM 
and SVM as a classification system slightly increases 
the classification accuracy compared to using simple 
SVM or Artificial Neural Network (ANN) classifier 
as a classification system. However, in addition to the 
computational complexity of the employed features, 
the performance of the classification system 
employed in this method depends highly on the prior 
statistical knowledge of the pre-experimentation. 
In [17-18], spectrum sensing methods using 
modulation classification are proposed, for different 
modulation sets under various transmission 
conditions, by employing the constellation shapes of 
the received signals as key features for modulation 
classification and K-means classifiers as 
classification systems. These methods are 
computationally efficient, and therefore suitable for 
real time applications. However, the features utilized 
in these methods are very sensitive to synchronization 
errors, and capable of characterizing the linear digital 
modulations schemes only. 
A limitation of cyclostationary signatures when 
implemented in OFDM based systems is the 
sensitivity exhibited in time-variant multipath 
Rayleigh fading environments. Although OFDM-
based systems offer robust performance under 
multipath conditions, detection of cyclostationary 
signatures can be severely degraded. The robustness 
in multipath fading environments is the key 
advantages of OFDM based system. OFDM 
effectively converts a high data rate serial stream to a 
number of closely spaced parallel low-rate streams. 
As a result, OFDM symbols typically have a long 
duration in comparison to single carrier transmission 
schemes and hence a reduced sensitivity to inter-
symbol interference. 
So after surveying these techniques comes to 
understand that periodicity based cyclostationary 
spectrum sensing is most suitable for cognitive 
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radios. The experimental results of periodicity based 
cyclostaionary spectrum sensing are given below. 
 
IV. RESULT AND DISCUSSIONS 
 
Considering a cognitive radio network in which the 
CR primary users using OFDM signal is considered 
for communication. In this simulation done  by 
research scholar taken QPSK signal with carrier 
frequency fc =5 MHz, symbol rate R=2 Mbps and 
sample rate fs=25MHz. Figure 2 shows the amplitude 
variation of I channel OFDM signal versus number of 
samples in which guard interval is added for 
maintaining cyclostationarity. At receiver side, the 
signals may get faded during transmission, which 
may cause amplitude variation and hence the 
cyclostationarity gets degraded in the signal. 
 

 
 

Figure 2: Guard interval insertion in I channel 
 
The graph in Fig2 represents the number of samples 
versus amplitude with guard interval insertion in I 
channel. Fig3 shows the amplitude variation of I 
channel OFDM signal in the receiver side. From the 
graph shown in Fig2 and Fig3, it is clear that the 
signals at the receiving side gets faded that leads 
degradation in the detection of primary user. From 
the Fig4 and Fig5, it is clearly noted that, the 
receiving signal at Q channel also gets faded. 

 

 
 

Figure 3: Fading in the receiver side I channel 

 
Figure 4: Guard interval insertion in Q channel 

 
Figure 5: Fading in the receiver side Q channel 

 
V. COMPARISON OF TRUE PSD TO 
AVERAGE PSD OF OFDM SIGNAL 
 
The power spectral density which defines the power 
of the signal at particular frequency can be used for 
observing   the presence of signal.  To identify the 
presence of primary user signal the spectrum power 
value must be very desirable. The comparison of 
power spectral density of average and true method is 
shown in Fig6.The comparison results shows that the 
average method have dramatic variation in spectrum 
power when compared with the true method. From 
the comparison results, the true method PSD in 
OFDM is well suitable for cognitive radio to identify 
the primary users 
 

 
Figure 6: Comparison of average and true PSD 
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CONCLUSION 
 
As spectrum sensing is an essential feature of CR 
systems. In this paper, the results of a periodicity 
based cyclostationary spectrum sensing in cognitive 
radio networks is shown .Guard interval insertion in 
the signal for identifying the presence of primary user 
is introduced which use the concept of periodicity in 
OFDM signals. In existing method, the periodicity of 
pilot signals in the OFDM symbols is used to detect 
the signals. After surveying the existing spectrum 
sensing technique we can conclude that the proposed 
scheme is robust to the detection of primary user 
signal with guard interval insertion in the OFDM 
signals which use the concept of periodicity. The 
power spectral density of average and true method 
which defines the spectrum power is compared. From 
the simulation results, taken by the research scholar it 
is observed that the true method of power spectral 
density enables the CR to make a perfect sensing over 
primary users and well suited for cognitive radios to 
identify the primary users. 
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