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Abstract—Sensing in cognitive radio (CR) is an essential thing.
Without this we cannot predict the presence of primary user. In this
paper we use two concepts to sense the primary user (PU). First is
information theoretic criterion (ITC). In this sensing we can detect
the single primary user. In this ITC based we can detect the single
user target blindly. Second we can detect the target by energy
detection method. There is no requirement of primary user
information. In simulation we compare these two methods and
deduce which sensing technique is better in performance.
Performance can be analyzed on the basis of certain and uncertain
noise.
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1. INTRODUCTION

Cognitive radio is used to improve the utilization of spectrum.
In this we sense the presence of PU. For this we use secondary
user (SU) to determine whether we can get the channel or not.
If it gets the channel then it can use the spectrum of primary
user. Cognitive radio senses the primary user to use channel in
time as well as frequency domain [1].

Many researchers have done a lot of work in cognitive radio
for spectrum sensing. There are many spectrum sensing like
energy detection [2], information theoretic criteria [9] and
eigenvalue based [3]. Here energy detection is most used
method due to the energy detection we can achieve high
efficiency in sensing method. But this method is feasible for
only certain noise and for uncertain noise this detection is
robust with unknown interference. We all know that secondary
user can’t give accurate information about PU for sensing. We
use eigenvalue method to detect the target blindly [3]. In this
method we use two method MME and EME method and we
get the covariance matrix. After the matrix we get the
threshold value using this we can get the presence of PU.

Now we go to another method ITC [4]. In this method we
perform sensing for PU by the single secondary user. Using
this ITC sensing algorithm [5] we achieve performance that is
better than other sensing method. Using the ITC method we
can detect the primary user using secondary user in time and
frequency domain. In this paper we use ITC in frequency

domain for blindly detect the single user. In this paper we
compare energy detection and MDL method. MDL method is
based on ITC. Energy detection method is best than MDL
method based on ITC in noise certain condition. But in case of
noise uncertain condition we can find MDL method is best.
Simulation result is used to compare between proposed
methods to sense the target.

2. SYSTEM MODEL

In this a cognitive radio signal primary user that being sensed
by signal secondary user. For the spectrum sensing we
consider binary hypothesis.
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Here we consider the j antenna of secondary user. In this paper
we consider single primary user and single secondary user for

target detection. xj(n) is received signal sample of
secondary user. hm’j(i) Channel gainS, (N) primary user

signal. W, (Nn) is additive white Gaussian noise (AWGN).
Now we can find the matrix form of (1) and (2) as
H,: X, =W, ®)
H,:x, =s,+Ww, (4)

When the signal is preset the hypothesis (4) is consider but in
the absent of signal we consider the hypothesis (3).
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X, =% (N), e, X (ﬂ)]T ,

W, =W, (N), ..o W, @



Spectrum Sensing in Cognitive Radio under Noise Uncertainty

47

Sn = [gl(n), ........... ,gj (I’l)]T ,and

L-

SM=33 h, ([)s,(n—i)

m=1 |=

LN

In the real world different type of noise are present like
thermal noise, shot noise. We never get the exact information
of noise. This noise in the signal gives uncertainty in
detection. This noise uncertainty represent as noise power in a
interval
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of = noise power, o >1 represent quantifies of uncertainty.

Noise uncertainty comes under SNR wall phenomenon. If
signal is detected below SNR than this is not feasible.

Now for energy detector

wall
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Now the covariance matrix of signal is as
H
R, = E[x.x']
X, =S, +W,

R =E[s,s'']+E[w,w"]

R =HRH"+5’l,, (6)
Where H is MLx(N+PL) is as
Y (0) Ny (NG ) 0
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a is Identity matrix

R, = %Z X X (7)

This is sample covariance matrix of the received signal. Based
on this two detection method i.e. maximum-minimum Eigen
value (MME) or energy with Eigen value method is proposed.

We assume the eigenvalues of R is 4, >4, >......... Ay if
the signal is present. When the noise is present and
% no signal is present. So this

method to calculate eigenvalue is done by covariance matrix.
It is difficult to sense the PU.

3. ITC BASED FREQUENCY-DOMAIN SPECTRUM
SENSING

ITC based method use to sense the primary user. In this paper
we first sense the presence of primary user using ITC method.
To sense the user first we determine the model (1-2). Actually
in this paper we compare the blind detection method which is

done by ITC method with the energy detection method. We
use the condition that is with certain and uncertain noise.

X (f)=s,(f,)+w,(f,) ®)
x; (n) =, (n)+w, (n) ©

Where the equation (8) is Fourier transforms of equation (9)
and if we consider the entire secondary user antenna then

X(f) =[x (f)),eex (£
s(f.)=[5,(f.),...c.s; ()], and
W(fn):[wl(fn)l """ Wj(fn)]T

Based on [7] we find the likelihood function

L(H(k)) =N |Og det Rk _tr[R(k)]fl R (10)
o ’
Where R=sz(tn)x (t,)

ML of 0% is maximize [7] and we find by Anderson [8]

N 1 J
oct=—"-Y A (11)
J- q i=q+1
A >, Ay are eigenvalue of matrix R. Now the log
likelihood (12) is obtain by substituting the value of ML.
J—q
1 YN
J J—q
L(6) = log| =3 3 (12)
— 2 A(f
J—ki=q+l i(fn)

The number of parameter is calculated as k*(2J—q)+1

Now we can write the MDL criteria [2].
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As we can see that this method is varying of parameter i.e. q
varies from 1 to J. now it can be simplified by taking only two

N

value of MDL and determine 0,5, (f,) and find that it is
greater than zero or not. Now the calculation as

Ayor (f,) = MDL,(f,)~ MDL,(,)
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And
Ho Ayp (f,) <0 (15)
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So this hypothesis for single user with the single antenna
primary and secondary user in cognitive radio.

4. SIMULATION RESULTS

This simulation result shows the method which is best for
sensing in different condition. When we noise with certain
condition than in graph (1) we can easily find that energy
detection method is best than MDL method. As we change the
condition i.e. in uncertain noise condition we find in graph (2)
that MDL method is best in performance. MDL based formula
in [6] which show the difference between two values of MDL
to find the performance of ITC method.

Using these two graphs we can easily find we can’t predict the
noise certainty and uncertainty. According to this we can
easily say that ITC based MDL is best in term of performance

analysis. The performance comparison in these methods is
show in graph (1) & (2) for 1000 samples.
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Fig. 1: Performance comparison with energy detection and MDL
method with noise certainty (0dB) certainty
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Fig. 2: performance comparison with energy detection and MDL
method with noise uncertainty (-2dB) uncertainty

5. CONCLUSIONS

Method used in this i.e. energy detection have been proposed.
According to threshold value we can determine the probability
of detection of target without knowledge of signal. We also
used ITC based method which is minimum description length
(MDL) in frequency domain to detect the target. This method
is far better than the energy detection method. Performance of
these methods is show in graph. Which show than MDL has
better performance in probability of detection of target with
noise uncertainty.
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