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Abstract- The inefficient usage of the existing frequency spectrum and the ever increasing need for spectrum for 
communication has demanded means of opportunistic access to the licensed bands without interfering with the licensed 
primary users. Cognitive radio nodes have the capability of dynamic spectrum access and can provide a solution for the 
increasing spectral demand. Several spectrum sensing techniques can be employed to identify the presence of the primary 
signal. This paper focuses on the technique of utilizing the cyclostationary properties present in the primary user signal. The 
Spectral Correlation Function (SCF) of the signal received from the spectrum is used to make a decision regarding the 
presence of the signal. The signal detection can be reduced to a simple identification problem where the cognitive radio node 
just needs to identify the SCF pattern to identify the presence of the corresponding signal. Study is done to detect a QPSK 
modulated primary user signal and the results show that the signal presence can be detected even under very low SNR 
conditions. 
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I. INTRODUCTION 
 
The radio spectrum is regulated by governmental 
agencies and is assigned to license holders or services 
on a long term basis for large geographical regions. 
However, studies by the Spectrum Policy Task Force 
have reported vast temporal and geographic variations 
in the usage of allocated spectrum with utilization 
ranging from 15 % to 85 %, implying that licensed 
bands are significantly underutilized. The major issue 
in hand is not the unavailability of spectrum, but its 
improper utilization. The tremendous increase in the 
need for accessing the spectrum for wireless services 
in the recent years have demanded a means for 
accessing the spectrum in a way other than the fixed 
spectrum assignment policy. The cognitive radio (CR) 
technology, one of the smart spectrum sharing 
technology for dynamic spectrum access, has thus 
risen as a significant research topic in wireless 
communications. 
 
The cognitive radio paradigm is a wireless radio 
which can change its transmitter parameters based on 
interaction with the environment in which it operates. 
The CR nodes can be considered as secondary users 
with capability of dynamic spectrum access and they 
try to detect the unutilized areas in the licensed 
spectrum of the primary user and utilize it for 
communication. Thus, CR can improve the spectrum 
efficiency significantly and solve for the problem of 
scarcity of spectral resources. The cognition cycle is 
given in Fig. 1. The major steps for the operation of a 
cognitive radio are: spectrum sensing, spectrum 
decision and resource allocation [4]. The priorities of 

the secondary user or cognitive user node is defined 
and then the spectrum is scanned. Based on the need 
of the SU, say urgent or normal, the free channels 
available are aggregated and a decision regarding 
whether or not the spectrum should be allocated is 
made. The next important phase is resource allocation. 
On allocation, communication is then to be made on 
the selected channel in a way that power allocation is 
optimized. 
 

 
 
Spectrum sensing is the most important step in the 
operation of a cognitive radio network. It is in this step 
the free spectral regions are identified. The empty slots 
in the spectrum are called as spectrum holes or white 
spaces. Different sensing methods have been proposed 
in literature. Energy detection, matched filtering and 
cyclostationary feature detection are the most 
commonly used sensing methods. Energy detection is 
easy to implement. It is a blind detector which does not 
consider the structure of the primary signal. If the 
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energy of the received signal exceeds the threshold, 
then, primary signal is assumed to be present.The 
performance of a energy detector degrades under low 
SNR conditions. Matched filtering can detect signals 
under low SNR but they require prior knowledge 
regarding the primary signal and perfect 
synchronization with it which is hard to achieve in 
reality.  
 
Cyclostationary feature detection can achieve high 
detection probability even under low SNR at the cost 
of higher computational complexity [9]. The 
cyclostationary feature detector relies on the fact that 
most signals exhibit periodic features, present in pilots, 
cyclic prefixes, modulations, carriers and other 
repetitive charac- teristics. Since the noise is not 
periodic, the signal can be successfully detected. This 
paper focuses on using the cyclostationary feature 
detection for detecting the presence of primary user. 
The proposed detectors are useful in several practical 
scenarios such as detection of OFDM signals in digital 
video broadcasting (DVB) standard DVB-T (under 
IEEE 802.22 Working Group proposals). The detector 
can be employed in detecting primary user signal in 
current as well as future wireless communication 
systems including GSM standard, 3GPP Long Term 
Evolution (LTE), IEEE 802.11a/g WLANs, DVB 
standards DVB-T and DVB-H, as well as IEEE 
802.16 and WiMAX wireless metropolitan area 
networks. Detection of a QPSK modulated primary 
signal is considered in this paper. 
 
The rest of the paper is organized as follows. In 
Section II, the theory behind cyclostationary detection 
is explained. Section III presents the detection system 
model and Section IV gives the simulation results. 
The paper ends with Section V which gives the 
conclusions. 
 
II. CYCLOSTATIONARY DETECTOR    
  BACKGROUND 
 
Primary user signals are consisits of cosine carriers, 
spreading sequences, synchronization sequences etc., 
which results in built-in periodicities. These built-in 
periodicities of the signal are used for the detection 
purpose. When a signal’s mean and auto-correlation 
exhibits this form of periodicity, we call this signal as 
a second order cyclic statistics process. For a signal 
x(t), for N data samples, auto-correlation Rx(t;) is 
given by (1). 
 

 
 

 

 

 
 

 
 
The SCF of white Gaussian noise is different from that 
of a QPSK signal and hence it can be used for signal 
detection under low SNR conditions. Probability of 
detection (PD) is the probability that a primary user 
signal is detected to be present when it is actually 
present. Probability of false alarm (PFA)is the 
probability that a signal is assumed to be present when 
it is not actually present. The primary licensed user is 
of prime importance and hence its probability of 
detection should be high. In order to reduce the 
interference to the licensed user, the probability of 
false alarm should be low. there exists a trade-off 
between PD and PFA, meaning that improving one of 
these performance metrics in general implies 
degrading the other one and vice versa. 
 
III. SYSTEM MODEL 
 
Consider a secondary user (SU) device or node which 
tries to opportunistically access the primary user (PU) 
channel. Both of them use a constant power for data 
transmissions. Assume a Rayleigh fading channel 
with additive white Gaussian noise (AWGN) of zero 
mean and unit variance. The SU transmitter carries 
out cyclostationary feature based spectrum sensing at 
the beginning of each time slot. Let the signal received 
by the secondary user be denoted as x(t). Based on this, 
the SU has to decide if the PU is present or not. This 
may be formulated as a binary hypothesis testing 
problem where under the null hypothesis (H0), the SU 
is receiving just noise (n(t)),ie, x(t) = n(t), and under 
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the alternative hypothesis (H1), PU signal (s(t)) is also 
present,ie, x(t) = s(t)+ n(t) [13]. 
A. Problem Formulation 
The signal detection can be reduced to a simple 
identification problem. The fact that different signals 
produce different SCF can be used to identify its 
presence in the spectrum. Once the SCF of the signal 
is calculated, the test statistics I(i) is computed and is 
then compared with a �threshold .The value of the 
threshold is determined from the probability of false 
alarm (PFA). I(i) denotes the test statistics at the i-th 
detection point. Aggregating I(i) over all detection 
point gives I(). Decision regarding the presence of the 
signal is made based on the following condition as 
 

 
 
B. Implementation 
A series of algorithms are available to estimate the 
SCF of a given signal. In this paper, SCF is calculated 
by utilizing a time smoothing algorithm based on FFT 
called the FFT Accumulation Method (FAM) [14]. 
The block diagram of FAM algorithm is given in Fig. 
2. 
 

 
 

 
 

 
 
Averaging this statistic over all the M groups of data 
provides the overall test statistics which can be used to 
make a null or alternate hypothesis. 
 
IV. RESULTS 
 

The system model is simulated in Matlab. For a QPSK 
signal of carrier frequency 4 MHz, let the sampling 
frequency �fs be fs=20 106 Hz. The desired frequency  

 
four quadrants and investigating the magnitude of 
maximum peak in each quadrant separately, we can 
see that, for QPSK signal, the magnitude level in two 
opposite quadrants are only 50% of the maximum 
magnitude. 
 

 
 
The SCF of Gaussian noise is given in Fig. 4. The 
figures Fig. 3 and Fig.4 illustrate that the clear 
difference in SCF of them and hence acts as valid 
method for detection of cyclostationary signals. 
 

 
 
When SNR value of the signal is low also a 
considerably good SCF graph can be obtained for 
Cyclostationary detection. This is proved in Fig. 5 
which shows the surface plot of SCF of QPSK signal 
with SNR = - 10 dB. 
 



International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,  Volume-2, Issue-6, June-2014 

Cyclostationarity Based Signal Detection in Cognitive Radio Networks 
 

62 

 
Monte Carlo simulations were performed for signal 
detection. QPSK signals were detected with SNR 
changing from -20dB to 0dB. The probability of false 
alarm was set to 10%.  
 

 
 
Fig. 6 shows the probability of detection of signal with 
respect to SNR values.Detection probability of 90% 
can be obtained for SNR value of -11 dB. Therefore, it 
is possible to detect the signal under quite bad SNR 
conditions. 

 
The performance of the detector can be analyzed by 
observing the Receiver Operating Characteristics 
(ROC). ROC curves are obtained by plotting PD 
versus PFA and it allows us to explore the relationship 
between the sensitivity and specificity of a spectrum 
sensing method for a variety of different algorithm 
parameters and other affecting factors. ROC curves of 

Fig. 7 are obtained by averaging over 1000 Monte 
Carlo simulations. Different SNR levels (0 dB, -5 Db 
and -10 dB) are considered. The number of sample 
points where set to 10 and 30. It can be seen that 
performance of the detector is improved when longer 
observation points are used. 
 
CONCLUSIONS 
 
In this paper, cyclostationary detector was explained 
and it was used to detect the presence of a QPSK 
modulated primary user signal in AWGN noise. The 
PU signal identification was formulated as a binary 
hypothesis testing problem. The SCF points of the 
received signal were analyzed for detecting the PU 
presence. The detector performance was not degraded 
even under high noise density. Detection probability 
greater than 90% was obtained for SNR value of -11 
dB. From the ROC curves, it can be seen that the 
performance of the detector is improved when longer 
observation time was utilized. The cyclostationary 
detector was found to be a reliable detector for the fine 
detection of the radio spectrum by a cognitive node. 
The computational complexity of the detector needs to 
be reduced. 
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