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value and auto-correlation functions exhibit periodicity
[1, 2]. This periodicity concept is used to perform
various signal processing tasks that includes detection,
identification and admiration of the received signals.
Even this is complex, a Cyclostationary feature
detector is mostly preferred for spectrum sensing in
low SNR due to its robustness against noise [1,2,3] In
this paper, Cyclostationary spectrum and Detection of
BPSK signal with different SNR and comparison
between Energy detection , Matched filter detection and
Cyclostationary detection and the algorithm FFT
Accumulation method (FAM), simulation results have
been discussed.

ABSTRACT- Due to fixed available spectrum and
increase in wireless applications it is necessary to use a
technology which can detect the unused spectrum so
that spectrum efficiency can be improved. The device
which is used known as cognitive radio (CR). Cognitive
radio is an intelligent device which can easily sense the
available channel in an available spectrum, for spectrum
sensing it basically uses three techniques Energy
Detection,
Matched
Filter
Detection
and
Cyclostationary Detection. In this paper spectrum
detection is done by using Cyclostationary detection
which provide better results at low SNR in comparison
to other techniques, DVB-T signal is used for finding
Cyclostationary spectrum and detection of primary
signal at different SNR values.

Cyclostationary
Feature
Detection,
Spectrum
correlation function (SCF), Digital Video BroadcastingTerrestrial (DVB-T).

DVB-T which mean Digital Video Broadcasting —
Terrestrial it transmit compressed digital audio, digital
video and other data in an MPEG transport stream,
using orthogonal frequency-division multiplexing (
OFDM) modulation. This type of broadcasting have
many advantages like better picture and sound quality,
efficient use of radio spectrum, extra services also
added.

I. INTRODUCTION

II. OFDM SIGNAL GENERATION
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The best way to solve the spectrum underutilization is
by using cognitive radio (CR) technology. Cognitive
radio devices are invented to give reliable
communication for all users which uses wireless
network when they required and to facilitate effective
utilization of the radio spectrum [1].One of the most
important application of cognitive radio is spectrum
sensing. Cognitive radio can sense the available
spectrum for the secondary users when primary user is
not using the allotted frequency spectrum, so that
spectrum utilization can be improved. Many techniques
like matched filter, Cyclostationary detection, energy
detection are used for spectrum sensing. In Matched
filter it can detect signal even in low SNR environments
but it requires a prior knowledge of the primary user
signal Furthermore a matched filter needs a dedicated
receiver for every primary user class and cannot be
exploited for blind spectrum sensing .In Energy detector
no requirement of prior knowledge of primary signal. It
is the simplest method for spectrum detection. But it
have one drawback that it performs poor when the
(signal to noise ratio) SNR level is low, it is used only
for higher SNR. The wireless communication signals
mixed with sine, cosine, pulse trains, repeating codes
and the signal are Cyclostationary because their mean

Here the OFDM signal model can be obtained in
mathematical form as [9, 10, 11]:
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Where 𝑑 are complex modulation symbols, 𝑡 is the
starting time of the symbol, 𝑁 is the number of
subcarriers, T is the symbol duration, and 𝑓 the carrier
frequency. A particular version of equation is given in
the DVB-T standard as the emitted signal. The
expression is
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The signal generated is corrupted by the Additive white
Gaussian Noise (AWGN).

Where:
𝑘
Denotes the carrier number;
l
Denotes the OFDM symbol number;
𝑚
Transmission frame number;
𝐾
is the number of transmitted carriers;
𝑇
is the symbol duration;
𝑇
is the inverse of the carrier spacing;
∆
is the duration of guard interval;
𝑓
is the central frequency of the radio frequency
(RF) signal;
𝑘 is the carrier index relative to the center frequency;
𝐶 , , Complex symbol for carrier of data symbol no.
1 in frame no. 𝑚;
𝐶 , , Complex symbol for carrier of data symbol no.
2 in frame no. 𝑚;
𝐶 , , Complex symbol for carrier of data symbol no.
68 in frame no. 𝑚;

x(t)= s(t) + W(t), Where w(t) is AWGN and s(t) is the
Primary signal.

III. Principal of Cyclostationary
In Cyclostationary signals, their mean value and
autocorrelation function have periodicity. In this paper a
signal is taken which can be called as primary signal:
x(t)= s(t) + w(t)
s(t) is the primary user transmitted signal and w(t) is the
noise signal (AWGN) and fo is a carrier frequency. It
has periodic components that can be find by CR to
eliminate it from noise.
The periodicity of the mean and autocorrelation
functions are expressed by the equations are as follows:
[7, 8, 9. 10]

Table 1: Numerical values for the OFDM
parameters for the 2k mode

𝑀 (𝑡) = 𝐸[𝑥(𝑡)] = 𝑀 (𝑡 + 𝑇)
𝜏
𝜏
𝑅 (𝑡, 𝜏) = 𝐸 𝑥 𝑡 + 𝑥 ∗ (𝑡 − )
2
2
= 𝑅 (𝑡 + 𝑇, 𝜏 + 𝑇)
Where 𝑇 =
, indicates that the autocorrelation

Parameter

2k mode

Elementary period 𝑇

7/64 µs

Number of carriers 𝐾

1705

Value of carrier number 𝐾

0

Value of carrier number 𝐾

1704

Duration 𝑇

224 µs

Carrier spacing 1/𝑇

4464 Hz

function is periodic in time t for each time lag τ.
Using the Fourier series, the autocorrelation function can
be expanded as;
𝑅 𝑡 + , 𝑡 − = ∑ 𝑅 (𝜏)𝑒
Where α is called cycle frequency.

Allowed guard interval ∆/𝑇

1/4

The Fourier coefficient can be obtained by;

Duration of symbol part 𝑇

224 µs

Duration of guard interval ∆
Extended OFDM duration 𝑇

56 µs
252µs

/
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→∞

𝑑𝑡

/

By Taking the Fourier transform of the cyclic
autocorrelation, the spectral correlation function can be
obtained as:
∞
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Fast Fourier Transform Accumulation Method
(FAM)
FFT Accumulation Method is used to reduce the
number of computations which is required to find out
the cyclic spectrum (SCF) .In this method the frequency
plane divides into smaller pair channel regions, using
the FFT to compute the estimates a block at a time [5 6
7 8 9 10 11].

Fig.1: DVB-T signal using OFDM Modulation
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Figure 2: FAM block Diagram
Figure 3.1: Surface plot for SCF estimation of DVB-T signal
at -5 dB

Here FAM method works as:
1. The complex demodulated values are estimated
efficiently by the sliding 𝑁 point FFT, followed by a
down-shift in frequency to baseband.

In fig. 3.1 Spectral correlation based detection in
AWGN environment, where signal to noise ratio is 5dB, and we get the unique peak values of primary user
at cyclic frequency ±100 MHz, and fig. 3.2 shows the
contour plots here four clear points of the signals are
seen, the unique frequency of the signals are denoted by
the intersection point.
Detection of Primary user:

2. In order to allow for an even more efficient
estimation, the 𝑁 point FFT is hopped over the data in
blocks of 𝐿 samples, which means that 𝐿 data points are
skipped between computations of the 𝑁 point FFT.
3. After the complex envelopes are computed and the
product series amongst each one and the complex
conjugate of the others are shaped, the time smoothing
is accomplished by means of a 𝑃 point FFT.

After plotting the SCF we get the cyclic peaks at
alpha=0 and alpha=±2𝑓 at that points primary user is
identified and if no peak is detected then the channel is
empty and can be used by primary user.

The value of 𝐿 was selected to be equal to . The value
of 𝑁 is determined according to the desired resolution
in frequency ∆𝑓 used in the algorithm, and is given by
𝑁=
∆

Here values of 𝑃 was determined according to the
desired resolution in cyclic frequency ∆𝛼 and it is given
by
𝑃=
∆

IV. SIMULATION RESULTS
In our simulation approach first DVB-T signal is
generated by using OFDM 4QAM modulation
technique and adding AWGN noise, and then extracted
Cyclostationary features and detection of primary user
signal by using FFT Accumulation method.

Figure 3.2 Contour plot for SCF estimation of DVB-T signal
at -5dB

Here first run the code by taking noise signal and
calculating the Threshold (𝑡ℎ), then we can run code
for say 1000 iterations (Monte Carlo) which will give
slightly different R matrix. Now choose test statistic,
say value of SCD at alpha=±2𝑓 , which is ± 200 MHz
peak and alpha=0 Hz at cyclic frequency (y-axis) we
are getting then find what is the range of values getting
for this test statistic over these 1000 iterations. Fix a
probability of false alarm ( 𝑃 ) say 10% and find the
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value of test statistic such that only 10 -15 values lie
above this threshold.

conditions. The performance evaluation was done by
detecting primary user signal at low SNR with ROC
curves being the performance criteria and also shows
that as we increase the number of carriers the
probability of detection also increases. Here simulation
results are obtained by MATLAB R2010a.

Threshold can be calculated by using formula:
𝜆=

(

)
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Figure 3.3 Probability for primary user detection with 1705 &
1024 carriers

In figure 3.3 ROC plot is drawn between 𝑃𝑑 and SNR
by taking 1024 & 1705 carriers. Here probability of
detection (𝑃𝑑) is 0.7 at -25 dB when we take 1705
carriers and 0.55 at -25 dB when we take 1024 carriers,
from this figure we can say that as we increase the
number of carriers probability of detection (𝑃𝑑) also
increases. Here again it is shown that cyclostationary
detection perform very well at low SNR (below -5dB).

V. CONCLUSION
In this paper we implement a Cyclostationary detector
by taking DVB-T signals which was then put to test for
WRAN primary user signal for different SNR
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