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ABSTRACT

The Cognitive Radio is a most authentic solution for the
spectrum scarcity as there is rapid growth in wireless
communication and spectrum is very limited. The main and
key function of cognitive radio is to sense the idle spectrum
which can be used for by secondary users in opportunistic
manner. A number of techniques are proposed by various
researchers. Energy Detection (ED) is the most popular
technique for spectrum sensing but its performance degrades
at low SNR. Spectral Covariance sensing is another effective
technique which provides better detection but computationally
it is more complex. It also requires higher sensing time than
Energy detection. In this paper an improved hybrid spectrum
sensing technique is proposed which is based on Energy
detection as well as on spectral covariance based detection.
Further, the performance analysis of our proposed hybrid
spectrum sensing technique is evaluated. The performance is
measured in terms of False alarm Probability of detection,
SNR and sensing time. It has been observed that for low
signal to noise ratio, where the energy detector is not reliable,
the hybrid spectrum sensing technique provides improved
detection. Results show that the mean detection time of the
hybrid spectrum sensing technique is much lower than the
Spectral covariance detection technique for most of the SNR
range.
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1. INTRODUCTION

Now a day the fast growth of wireless applications has
increased the demand for radio spectrum dramatically. As
most of the frequency bands are assigned mainly to licensed
users so it becomes very difficult to find the free frequency
bands to either deploy new services or enhance existing ones.
(Don 2015). On the other side, results of FCC report
represents that a major portion of the assigned spectrum

remains underutilized (FCC, 2002). So a technique is required
to deal with this underutilized spectrum. Cognitive radio is the
most promising solution for the same. It reliably senses the
spectrum over a wide bandwidth, further detect the presence
or absence of a primary user (licensed user) and it uses the
spectrum as long as the communication does not disturb with
any primary user (S. Haykin, 2005). This is because these
radio channels are having lower precedence to secondary
users, which not only make use of cognitive radio (CR)
techniques but also ensures not to interfere with the primary
users. The main objective of the cognitive radio is to reliably
identify free frequency bands and this task is being performed
by spectrum sensing techniques.

One of the most common techniques to sense the spectrum is
Energy Detection because it is very simple but at low SNR its
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performance is very poor. Another efficient technique for
spectrum sensing is Spectral Covariance sensing technique
because It provides better detection at the cost of
computationally complexity. It further needs a higher sensing
time than Energy detection (Dongyue 2014). In this paper, an
improved hybrid spectrum sensing technique which is derived
from Energy detection and spectral covariance based
detection. In the first stage, Energy detection is achieved
where the threshold is compared with the received signal. If
this energy is greater than the threshold level then channel is
affirmed to be occupied, otherwise SCS detect the signal. If
decision statistics of the SCS technique is more than the
defined threshold, then channel is decided to be occupied
otherwise it is declared empty and can be used by secondary
users.

The rest of the paper is arranged as follows: Section Il
describes the basic principle of hybrid spectrum sensing along
with its mathematical model. Numerical results and their
analysis are discussed in section Ill. Conclusions drawn and
outline of the future scope are given in section V.

2. PROPOSED HYBRID SPECTRUM
SENSING TECHNIQUE

The basic model of the proposed hybrid spectrum sensing
technique is shown in fig. 1. In the first part, radio channel is
sensed using Energy detection.. If energy calculated by ED
technique is greater than threshold A, then it is assumed that
channel is occupied but if energy is less than threshold then
received signal is analyzed by using second spectral
covariance base sensing technique.
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Fig 1: Proposed Hybrid Spectrum Sensing Technique



Energy detection is selected at the first stage because of its
simple construction model. It is the best possible way to detect
primary signals when secondary users are unknown to priori
information of the primary signal. It calculates the energy of
the incoming signal over some specified interval (Urkowitz,
1967). This energy is used as test figures and compared with a
threshold A and decides whether signal is present or absent.

The secondary user needs to take a decision between two
hypotheses: either the band is vacant or occupied. Here y(n) is
the received vector of length N which consists of signal and
noise. The transmitted signal of the primary user is
represented as x(n), impulse response of the channel is h(n)
and w(n) is the response of AWGN channel with variance o?.
For distinguishing the primary user signal, secondary user has
to differentiate between the following two hypotheses i.e.

Ho:y(n)=w(n) )
Hy:y(n)=x(mh(n)+w(n) O]

Where Hy is the null hypothesis which represents that only
noise is present in the channel and the primary user is not
communicating and H; is the other hypothesis that identifies
that the primary user is communicating.

The bandwidth of the signal is considered to be of W.
Sampling Theorem represents that if there is energy of
infinite number of terms over a duration T, then it need
approximately 2u samples where u =TW is defined as time
bandwidth product. (Urkowitz, 1967).

As hypothesis HO stated that primary signal is not transmitting
any data and only noise is present. So test statistic Y can be
observed as the sum of the squares of 2TW standard Gaussian
variates with unit variance and zero mean. The statistic Y
precedes a central chi-square (y2) distribution with degrees of
freedom as 2TW. For the second hypothesis H1, received
radio signal is the combination of signal and noise. So the
decision statistic Y will have a non-central y2distribution with
2u degrees of freedom and a non-centrality parameter 2y

~{ X%u' HO
X%u' (ZY) H1

Probability of false alarm can be calculated by (Digham,
2003)

©)

PEPHE-NHO- [ £ (y)dy = r(;aéz) (4)
Similarly
Pd=Pr(E>\H1)=Q, (v/2y, V1) ©

Where v is the signal to noise ratio .I'(.) is complete and I'(.,.)
is incomplete gamma functions . Generalized Marcum Q-
function is represented as Qu and u=TW. For u >125 it
assumes that the sample number is quite large and all the
sampled signals are not depending on each other . So the
decision statistic could be concluded which conform the
Gaussian distribution according to the Central-Limit Theorem
(Urkowitz, 1967).

For the second spectrum sensing hybrid stage, a spectral
covariance detector is invoked which will give better
performance than the energy detector mainly for low SNR.
Here periodogram estimation is used when spectrum of the
received signal is obtained and its correlation is calculated by
using the sample covariance matrix. Usually the primary user
has a unique non-flat spectrum which makes it extremely
correlated but the noise is entirely uncorrelated because the
spectrum is flat. The relative correlation can be calculated by
comparing the auto covariance of the spectrum with the total
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If the spectral correlation is greater than the said threshold,
signal is detected. Firstly SCS technique down converts the
received signal to a baseband complex signal. Then a low pass
filter is used which downsample the baseband signal which
further helps by averaging out zero mean noise. It also prevent
aliasing and suppresses noise power in stop band. The
spectrogram is computed by analysing the squared magnitude
of its Short Time Fourier transform (STFT). Then the
components are selected near DC for having reduced
spectrogram matrix M. The sample covariance of M can be
calculated as C = cov(M). After calculating covariance test
statistic T, is computed. At last T is compared with the
decision threshold and decided if it's greater than the said
threshold value.

3. PERFORMANCE ANALYSIS OF
PROPOSED HYBRID SPECTRUM
SENSING TECHNIQUE

The performance of proposed hybrid spectrum sensing
technique is analyzed as follows:

3.1 Sensing Performance
In this hybrid spectrum sensing technique, a false alarm
appears if, under HO,

0) Ty >Ny, OF
(i) T, >\, given that Ty <A. (6)

Similarly, a right detection appears if, under H1. So the
overall probability of detection and false alarm of the hybrid
energy and spectral covariance detector is given by the
following formula

Paes = Pa,e + Py ses(1—Pa,e) (7
Ps.es = Pr g+ Prses(1 = Psg) (8)

3.2 Mean Detection Time
The mean detection time of the hybrid spectrum sensing
technique has two terms

T=Tp + Tis ©

Where Tgp is sensing time of the energy detection technique
and it is given as Tgp =LTep with Tep = ZLV’V) . Here Ngp is
number of samples required in energy detection and channel
bandwidth is represented as W. The number of channels to be
sensed are represented by L . The sensing time of SCS is

Tscs Which can be derived by following formula
Tscs =E[K]Tscs (10)

Here Tg.s is the sensing time for each channel. The number
of samples required for Spectral covariance detection is Nsgcs.
Random variable follows a binomial distribution with
parameters L. Pgcs is the probability of channel sensing
calculated by the SCS detector. It is shown that Pgcs i.e
Probability of activation of the second stage in conventional
two stage detector is given as

Pscs = P(Ho)(1-Psep) + P(H1) (1-Pg.ep) (11)

Where P (HO) is the probability of the channel being vacant
and P(H1) is the probability of the channel occupacy by the
primary user . Thus if TED is the time taken by the ED in the
first stage and TSCS is the time taken by the second stage
used for secondary detection i.e SCS , then the mean detection
time of the proposed hybrid spectrum sensing technique is
calculated as



T= %{NED +[P(Ho)(1-Ptep) + P(H1) (1-Pg,en)] Nscs]}
(12)
It implies that
T=L(Tep* Pscs Tscs) (13)
4, RESULTS AND ANALYSIS

In this section the performance of the proposed hybrid
spectrum sensing technique with the existing techniques i.e.
only energy detection or SCS detection is compared. The
performance is evaluated using curves of Py Vs SNR for
different values of probability of false alarm (Py) and sensing
time. ROC curves under different value of SNR are also
discussed to assess the performance of energy detector.
Assume signal is simulated as a primary signal with 200 KHz
bandwidth. The sampling frequency was fixed at 1000 KHz
with fm and fc as 100 KHz and 3 MHz respectively where fm
is modulating Frequency and fc is carrier frequency. Spectrum
of signal is shown in Fig 2. In order to achieve the
convergence, 1000 simulation runs were used for the
parameters.
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Fig 2: Spectrum of simulated signal

As shown in fig. 3 and fig 4 probability of detection is plotted
as a function of SNR for Energy Detector, SCS detector and
Two stage Detector for given P+=0.01 and P{=0.1. for sensing
time Tgp = Ims and . Fig. 3 and 4 represents the detection
performance versus signal to noise ratio for the three sensing
techniques for sensing times T; =2 ms and T, = 8 ms. From
the results it is concluded that for an SNR that is less than
—12 dB, the hybrid spectrum sensing technique performs
better than either energy detection or SCS detection.
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Fig 3: Sensing Time for P (H;)=0.3
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Fig 4: P4 Vs SNR for Pf=0.1
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Fig 5: Sensing Time for P (H,) =0.7

Fig 5 represents the detection time for the proposed hybrid
spectrum sensing technique compared to the energy and SCS
detectors for different SNRs. For P(H,) =0.2 and 0.8
respectively.  For P(H,) =0.2, hybrid spectrum sensing
outperforms the SCS detector in terms of mean detection time
as well as detection performance when SNR is less than <-12
db. For P(Hp)= 0.8, PSCS is higher, two-stage sensing does
not always have a smaller mean detection time than the SCS
detector.

5. CONCLUSIONS

This paper reported the performance analysis of hybrid
spectrum sensing technique which is based on Energy
detection and spectral covariance sensing. Probability of
detection, SNR and sensing time are used as performance
metrics. Through numerical results obtained via computer
simulation and analytical formulation, it is observed that at
low SNR, where the energy detector is not reliable, the
proposed hybrid spectrum sensing provides improved
detection. Furthermore, results shows that the mean detection
time of the proposed spectrum sensing is much lower than the
Spectral covariance detection technique for most of the SNR
range. Hence, proposed technique provides a good tradeoff
between performance and detection time. In future some
computational techniques can be applied along with the
proposed technique to improve further results.
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