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Abstract

One of the most crucial roles of the cognitive radio (CR) is detection of spectrum ‘holes’. The
‘no a-priori knowledge required’ prospective of blind detection techniques has attracted the
attention of researchers and industries, using simple Eigen values. Over the years, a number of
study and research has been carried out to determine the impact of thermal noise in the
performance of the detector. However, there has not been much work on the impact of man-
made noise, which also hinders the performance of the detector. As a result, both man-made
impulse noise and thermal Gaussian noise are examined in this proposed study to determine
the performance of blind Eigen value-based spectrum sensing. Many studies have been
conducted over long sample length by oversampling or increasing the duration of sensing. As
a result, a research progress has been made on shorter sample lengths by using a novel
algorithm. The proposed system utilizes three algorithms; they are contra-harmonic-mean
minimum Eigen value, contra-harmonic mean Maximum Eigen value and maximum
Eigenvalue harmonic mean. For smaller sample lengths, there is a substantial rise in the
number of cooperative secondary users, as well as a low signal-to-noise ratio when employing
the maximum Eigen value Harmonic mean. The experimental analysis of the proposed work
with respect to impulse noise and Gaussian signal using Nakagami-m fading channel is

observed and the results identified are tabulated.
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1. Introduction

Over the years, the frequency spectrum that is used by various applications like Wi-Fi,
military, industry and LANSs have been found to be extremely costly and scarce. As a result,
the Federal Communications Commission (FCC) has established that numerous organisations
are underutilizing certain spectrums, resulting in unnecessary spectrum band wastage. A
cognitive radio concept was defined by the authors in [1] where unlicensed spectrum band is
detected and then allocated to be used by unlicensed spectrum users with the aid of a software-
defined radio. Here, the cognitive radio (CR) is typically used to find the solution for the
spectral usage efficiency. Spectrum sharing, spectrum mobility, spectrum management and
spectrum sensing are some of the functions that are displayed by the CR [2]. This sensing of
spectrum will lead to hole-detection in a more efficient manner at low probability of false alarm
and high probability of detection. In this paper, a number of access methods on spectrum
sensing are analyzed. In [3] the authors have surveyed multiple methodologies that are used
for home detection. Authors in [4] have used Energy detection as a semi blind detection scheme
due to its ease of implementation and low complexity. The biggest drawback of this
methodology low signal to noise ratio (SNR) caused because of interruptions in power with
respect to noise. In [5] it has been observed that identically distributed and independent signals
are the best applications for using energy detection. However the power density is affected by
correlated signals posing as a serious drawback [6]. Diversity in gain significantly improves
performance of the detector when using cooperative spectrum sensing. Analysis of cooperative

sensing methodologies is made in [7] along with its positive and negative aspects.

In order to address the issues faced in ED, authors in [8] have suggested the use of
eigenvalues of sample covariance matrix in non-cooperative and cooperative techniques.
Authors in [9] present a brief overview of the maximum eigenvalue detection methodology
that utilizes ratio of maximum eigenvalue to that of noise. It has been identified that thisa MED
[10] serves as a better methodology when compared with ED in terms of noise uncertainty with

correlated signals. In an attempt to prove this methodology by eliminating noise power estimate
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a maximum eigenvalue minimum eigenvalue (MME) technique [11] has been introduced.
Analysis of the same shows significant improvement in PD for correlated signals. The MME
technique was further enhanced with the help of energy-to-minimum eigenvalue ratio. A
positive influence is observed in the performance of correlated signal as well as noise-power
uncertainty when using EME methodology. Authors in [12] have introduced arithmetic
geometric mean (A-GM) and maximum eigenvalue to trace detection (MET) to determine
Rayleigh fading channel. Similarly, A-GM [13], MET [14], EME [15] and MME [16]
methodologies have been examined by the authors in [17] using Nakagami-m channel. They
also gave a novel methodology along with analytical results that indicate better performance in
comparison to previously existing scheme of MET in terms of cooperating secondary users
[18] and smaller length of samples [19].

This article explored many strategies that work well when a lower sample size is used
[20]. Contra-harmonic-mean-p (CHM-p) [19], contra-harmonic-mean (CHM) [20], harmonic-
mean (HM) and geometric-mean (GM) are some of the common operations that are applied on
datasets and are also used to remove impulse noise such as salt and pepper noise in images.
These methodologies also serve well in filtering the impulse noise [21] and AWGN noise [22]
present in the images. The advantage of using them is that they have the tendency to suppress
negative and positive transient noise. Let us take a dataset of non-equal elements, it is observed
that AM is always greater than GM, which is greater than HM. Similarly, it is observed that
CHM-p is smaller than HM through it is greater than AM [23]. When the secondary users count
increases, the GM-ME methodology proves to perform better with smaller length samples.
Moreover, since GM is greater than CHM-p and HM, the latter are more sensitive to performing
well with respect to impulse noise and filtering Gaussian in images because of non-linearity
[24-26]. In this methodology, about 3 detection algorithms are used to improve PD for two-
noise environment and smaller sample length. This uses the ratio of maximum-eigenvalue-
harmonic mean, eigenvalue-to-the contra-harmonic mean uses the ratio contra-harmonic mean

minimum eigenvalue and maximum eigenvalue to harmonic mean with the ratio of CHM to
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minimum eigenvalue of sample covariance matrix. CH-ME, ME-HM and ME-CHM-p are
analysed with Nakagami-m fading channel [27].

Simulation results and analytical methodology are presented using MET, CH-ME, ME-
GM, MEHM [28] and ME-CHM-p [29] using analytical expressions with the help of EME and
MME. In the proposed work, we have used the CR for a spectrum sensing device and next
generation networks in order to improve the spectral efficiency with radio frequency. Hence,
these schemes are not analysed with respect to particular criteria [30]. Moreover, the
performance of correlated signals is determined for wireless microphone transmission. This
paper is organized such that Section 2 shows the proposed Eigenvalue based sensing
algorithms. Section 3 provides experimental analysis and the results are recorded in section 4.

Section 5 concludes the work and proposes future work using this methodology.

2. Eigenvalue-based Sensing Algorithms
2.1 System Model

A group of population of cognitive radio provides service through a cognitive radio
base station (CRBS) as shown in Fig.1. This CRBS communicates with the CRs using the
control channel in order to transmit beacon signals that request information from the sensors.
From the volunteer notes, suitable nodes are selected to establish a rapport with the CRBS.
These nodes are used to capture samples and send them to CRBS, where a binary hypothesis

test is used to diagnose the spectrum detection problem.

Xo: yi(n) = pg,(n) + py,(n) 1)
x1: yi(n) = pg,(n) + py,(n) + ax(n) )

Where n=1,2,...N, i=1,2,3....M. X7 and X, are used to denote the signal present and
absent denotation respectively. The n'" sample sent by the i cognitive user is represented as

y;(n). Here M is the maximum the value of i denoting the number of CRs that are cooperative.
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The fading coefficient is a; and x(n) is the signal component. It is assumed that, the impulse
noise samples used in this work are distributed based on Laplace distribution and are
independent in nature. This is primarily due to the presence of noise and its existence in nature

as random bursts of high instantaneous power of short duration.

Primary User CRy = CRBS

Figure 1. Scenario of Secondary and Primary Users in a Cognitive Radio Base Station

The normalized SNR on the n™ branch is represented by 8, =«2 (Z—g) such that N,

represents noise-power spectral density and E; denotes the signal energy. Moreover, SNR can

be represented using the expression:
.B_n = E{fn} (3)

=E{o<$1}(z—i7)) assuming that E{} shows the mathematical expectation and E{o3}=1
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This work assumes that 3,, = 8 when the channel is identical. Hence, the probability

density function for Nakagami-m fading channels can be represented as

Fum(B) = = ypz1e TP @
Where, I'(z) and m are the gamma function and Nakagami-m parameters.
Considering the two-noise case, it is observed that

Zy(N) = HZ;(N)H* + (6§ + 67) 1y (5)

Where, ¥ denotes the transpose-conjugation, H is the channel response matrix and
Z,(N) and Z,(N) are the received and signal-only sample covariance matrices. Similarly, I,
represent the identity matrix of M order and §3 + 8?2 shows the addition of variances of impulse
noise and AWGN. The following equation denotes the minimum Eigen value and the

maximum Eigen value, respectively.

e (Ze(N)) = oy + enarn ((Z6,(V))) (6)
= gyiv + 04 + 67 (7
emax(Ze(N)) = Gyax + eax (83 + 67) 1) (8)
= oy + ewax (Zx(N)) ©)

2.2 Eigenvalue based Spectrum Sensing Methodologies

There are a number of eigenvalue-based spectrum sensing methodologies that are used
to analyse Nakagami-m fading. Based on the various schemes compared, a ME-GM scheme
will prove to be an improvement in Power density. Similarly, for samples that are larger in size
a comparison is made with the MET result for PD showing better performance overall when
compared with A-GM, MED, EME and MME. In general, these almost all the algorithms
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respond well to larger lengths of sample which is attained by oversampling the signal or
increasing the sensing duration. To limit the occurrence of Impulse and Gaussian noise, there

are two theorems to be followed:

Theorem 1: For real noise with the assumption:
@(N) = - Z,, (N) and o<111m¥ <1 (10)

85+67

Such that the minimum and maximum eigenvalues are represented as
emax(Zo,(N)) = 222% (AT + /I)? (12)
emin(Zo,(N)) = 2222 (M 4 /N2 (12)
Theorem 2: For real noise with the assumption:

O(N) = 57 25,(N) (13)
If 0<lim ™ < 1, then Stax(bie@)=¢

J-co I &

This converges to a distribution such that

e = (VN —1+VM)? (14)
e = (WN=T+VID(=t D (15)

3. Results and Discussion

In this paper, we have analysed an improvement in PD and have plotted the results
based on the number of p values. It is observed in Fig.2 that these samples will result in a
decrease in ME-CHM-p and ME-HM. Similarly, when the value of M differs, there is also a

significant reduction in PD. In ME-CHM-p, we can choose the value as -5. Moreover, it proves
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that a suppression in image noise filtering and spiked noise is improved for the immunity in
impulse noise and Gaussian. Similarly, Fig.3 shows that for a variation in samples between 10
and 200, it was observed that the PD was low for MET when compared with the other

methodologies.

0.08
0.07
0.06

0.05

0.04 — ME-CHM-p
ME-HM

Significant Term

0.03

0.02

0.01

0 9 8 7 6 -5 4 3 22

'
[ury

Figure2. Analytical effect of variation values of p for ME-HM, ME-CHM-p
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Figure 3. Variation of M for Nakagami-M fading for different Methodologies
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4. Conclusion

This paper has used CH-ME, ME-CHE-p and ME-HM algorithms that are three new

blind spectrum-sensing algorithms and further it is analysed based on impulse noise and

thermal noise using Nakagami-m fading statistics. The performance of ED is superseded by

the proposed methodology along with a significant improvement in correlated signals and noise

uncertainty. As far as small sample lengths are concerned, the CH-ME performs better than

MET. Moreover, the ME-MH algorithm performs better than all the other methodologies. The

requirement for oversampling is totally eliminated, despite the fact that complexity is

increased, and as a result, computational complexity, correlation caused by oversampling, and

sensing length are greatly reduced.
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