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Abstract- Eigen value primarily based spectrum sensing could
make detection by way of catching correlation capabilities in
space and time domain names, which can't only lessen the
impact of noise uncertainty, but also acquire high detection
chance. Hence, the eigenvalue based totally detection is
always a warm topic in spectrum sensing vicinity. However,
maximum current algorithms best remember part of
eigenvalues in preference to all of the eigenvalues, which does
now not make complete use of correlation of eigenvalues. For
the CR to work productively what's more, to give the required
enhancement in range productivity, it must be ready to
successfully distinguishes the range openings. In this manner,
Spectrum Sensing (SS) is the key component and basic
segment of the CR innovation. In CR systems, Spectrum
Sensing (SS) is the errand of acquiring mindfulness about the
range utilization. For the most part it concerns two situations
of location:

(I distinguishing the nonappearance of the Primary User (PU)
in an authorized range all together to utilize it and

(ii) identifying the nearness of the PU to maintain a strategic
distance from obstruction. A few SS systems were proposed in
the writing.

Among these, Eigenvalue Based Detector (EBD) has been
proposed as a valuable absolutely dazzle indicator that abuses
the spacial assorted variety, conquer clamor vulnerability
challenges and performs satisfactorily even in low SNR
conditions. Be that as it may, the intricacy of the
disseminations of choice measurements of the EBD is one of
the vital challenges. Besides, the utilization monstrous MIMO
innovation in SS is still not investigated. Finally, we endorse
new weighting schemes to provide promotions of the
detection performance. Simulations verify the efficiency of
the proposed algorithms.

I. INTRODUCTION
The rapid improvement of wi-fi offerings ends in the scarcity
of the general public radio spectrum turning into more and
more serious. Traditionally, licensed spectrum is allotted over
noticeably long time durations and is supposed for use best via
legitimate users.Cognitive radio (CR) era become proposed to
deal with the contradiction between the shortage of spectrum
resource and the underutilization of certified spectrum [1, 2].
Spectrum sensing that's a essential assignment of CR is geared

toward acquiring the notice of licensed spectrum utilization
and life of primary users (PUs) in a particular geographical
location [3-7]. The predominant feature of spectrum sensing
is to frequently explore the spectrum holes for the secondary
customers (SUs) via detecting the presence of primary
customers in order that the SUs can proportion the certified
spectrum. Therefore, spectrum sensing turns into critical in
cognitive radio machine.

There had been many discussions and proposed answers for
spectrum sensing [8]. Of these methods, likelihood ratio check
(LRT) [9], cyclostationary detection (CSD) [10, 11], and
matched filtering (MF) detection [12, 13] can reap most
efficient overall performance whilst requiring both supply
signal and noise energy statistics, which isn't to be had in
practice.

Hence, semiblind techniques such as strength detection (ED)
and maximum eigenvalue detection (MED) [15] are proposed.
Among those, ED is the most usually selected scheme for
observe and implementation due to its quite low complexity
and exceptional performance underneath low signalto-noise
ratio (SNR) surroundings. However, EDheavily relies on the
accuracy of the understanding of noise strength that's normally
converting over time. This so-referred to as noise uncertainty
problem [16] can considerably degrade the overall
performance of ED algorithm.

To overcome those shortcomings, blind detection algorithms
which require no information on source signal or noise energy
were intensively studied currently. The classical blind
detection algorithms are the eigenvalue primarily based
methods. For example, most-minimum eigenvalue (MME)
detection, mathematics to geometric imply (AGM) detection
[23], and signal-subspace eigenvalues (SSE) ethod [23] can
conquer the lack of ED and achieve remarkable performance.
On the alternative hand, eigenvalue based methods have
additionally been studied in new scenarios, including
cooperative adaptive variations [24] and Multiple Primary
Transmit Power (MPTP) scenario [25].

However, most algorithms handiest bear in mind a part of
eigenvalues, together with most, minimum, and imply fee,
which does now not make full use of all the eigenvalues to
make detection. Motivated with the aid of this,we awareness
on the problem of eigenvalue weighting in multiantenna
machine and analyze the associated troubles. By reading the
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model of eigenvalue weighting, we transfer the weighting
trouble to an greatest trouble.

Using the contemporary random matrix idea (RMT) [26, 27],
we derive the close shape expression of probability of
detection and probabilityof false alarm and obtain the optimal
answer. Finally, we suggest new weighting schemes to give
promotions of the detection performance. Simulations verify
the efficiency of the proposed algorithms. The foremost
contributions of this paper consist of the subsequent:

(i) Different fromthe traditional eigenvalue primarily based
detection, we keep in mind making detection by way of using
all of the eigenvalues in the multiantenna device. By moving
the weighting trouble to an most useful hassle, we examine
and derive an power primarily based maximum ratio
aggregate (EN-MRC) approach.

(i) Considering the case of correlated signals is commonplace
in applications, we use the concept of MRC weighting in EN-
MRC method to design an eigenvalue primarily based MRC
(EIG-MRC) scheme: sign eigenvalue weighting (SEW) based
detection, which wishes the a priori data of indicators’
covariance matrix and noise power.

(ili) To make the detection extra sensible, we use the
maximum likelihood estimation (MLE) technique to layout a
technique of sign eigenvalue approximation

weighting (SEAW) based detection, wherein handiest the
noise energy is wanted.

CR idea was right off the bat proposed by Joseph Mitola in
[9]. From that point forward, a few definitions for the CR
have been given dependent on various settings [48— 50]. For
instance, FCC characterizes the CR as: "A radio or framework
that detects its operational electromagnetic condition and can
powerfully and self-rulingly alter its radio working parameters
to change framework activity, for example, expand
throughput, alleviate impedance, encourage interoperability,
get to optional markets" [6]. This is accomplished by the two
fundamental attributes of CR: (I) subjective ability and (ii)
reconfigurability. Subjective capacity alludes to the capacity
to detect and assemble data from the encompassing condition
while reconfigurability alludes to the capacity to quickly
adjust the operational parameters as indicated by the detected
data so as to accomplish the ideal execution.

CR clients, otherwise called Secondary Users (SUs), are
unlicensed clients that have lower need to get to the range
assets. They are approved to abuse the range so as to not cause
unsafe obstruction to the PUs. Consequently, SUs should
know about their encompassing range condition and to
astutely misuse this range to serve their obligation while
ensuring the typical activity of the PUs. Being the core
interest of this section, range detecting (SS) is the most
essential instrument for the foundation of CR. It is the way to
effective of CR frameworks in which it is capable of
recognizing the range openings and the involved groups.
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Il. SYSTEM MODEL
HO: (k) = n(k)
H1: (k) =DXj=1h =ijs(k) + ni(k), (1)

Where i = 1, 2, 3... M represents the ith receiving antenna
and k=0, 1... N — 1 is the kth sample. x i (k) is the sample
of the ith receiving antenna. ni (k) is the channel gain
between the jth PU signal sj (k) and the ith receiving antenna.
ni (k) is the additive white Gaussian noise (AWGN) with 0
mean, o2 n
Variance.

Stacking the samples at the same time we can get the
following receiving vector of antenna array:

x (k) = [x1(k), x2(k) ,., xM(k)]T,
s (k) = [s1(k), s2(k),..,sD(k)]T,
n (k) = [n1(k), n2(k),....,nM(k)]T.
I1l. EIGENVALUE WEIGHTING BASED DETECTION
Fundamental of Eigenvalue Weighting Based Detection.

Based on (3), the corresponding covariance matrix can be
written as

RX = (XXH)
RS = (SSH) , 4)
RN = (NNH) .
RX = HRSHH+ RN. (5)
T = Zi:l ory, ReN) ®)
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Fig.1: Scenario of spectrum sensing for multiantenna
cognitive radio system.

where A(.) is the eigenvalues and w i is the weighting
coefficient. RX(N) = (1/N)XXH is the samples covariance
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matrix. Obviously, if T > y (y is the test threshold), then PUs
are present; otherwise, PUs are absent.

IXm+Ym)" = Zn (D)xkan* ... (7
k=0

Finally, we summarize the general eigenvalue weighting set of
rules steps as follows.

Eigenvalue Weighting Based Spectrum Sensing Algorithm for
Multiantenna Cognitive Radio System

Step 1 (compute the sample covariance matrix of the received
signal).

Since the wide variety of samples is finite,we will best use the
pattern covariance matrix

RX(N) = (1/N)XXH.

Step 2 (obtain the eigenvalues of pattern covariance matrix).
Make eigenvalue decomposition (EVD) of RX(N), obtainM
eigenvalues, and type them in a descending order:
Al>A2>...2AM. (8)

Step 3 (calculate the test statistic of the eigenvalue weighting).
Let all the eigenvalues be weighted by wi and compute the
sum of them.Thus, we can obtain the take a look at statistic.
Step 4 (selection). IfT > y, then signal exists (“yes” choice);
otherwise, sign does not exist (“no” decision), where y is a
threshold.

a. Eigenvalue Weighting Based Detection.

Note that the transformation from eigenvalue to strength is
approximately equivalent and the equality holds whilst N
tends to endless. Hence, the corresponding analysis ought to
be greater correct whilst the variety of samples has a tendency
to be very huge.

Range Sensing methods with unrivaled execution and strength
can be planned utilizing the eigenvalues of the got signs
covariance lattice. These finders, arranged under the name of
"eigenvalue based identifier" (EBD), depend on the utilization
of irregular network hypothesis (RMT) and distinctive
eigenvalue properties of the example covariance framework in
basic leadership. For the execution of the EBD, the SUs need
to gather the flag's example framework in the initial step,
decide the example covariance lattice in the second and
afterward play out the EBD. A few decent variety systems
have been presented in writing in which the SUs can gather
the flag's examples in a K x N framework structure, where K
speaks to the assorted variety request and N the quantity of
tests gathered for the detecting procedure. Such assorted
variety strategies are:

I. Partial examining: Fractional inspecting can change over a
solitary info single-yield (SISO) framework into a virtual
single-input different yield (SIMO) framework and it has been
abused in the writing to procure decent variety increases over
recurrence specific blurring channels [147, 148]. In CR, the
got flag is examined, utilizing partial testing, with the rate
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higher than the Nyquist rate so as to accomplish decent variety
as shown in Figure where TF S is the fragmentary testing rate.

Trs
. R} y(1),y(K +1),..
S K Eigenvalue i
Y_ " K*Nyquist yi2)yK+12), .. s Decision
BPF — ADC - Based [—
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Detector
Eigenvalue based detector using fractional sampling.
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Fig.2: lllustration of how to obtain the eigenvalue weighting
schemes.

On the alternative hand, the evaluation below this example is
primarily based on the assumption that the received signals
are impartial and identically disbursed (i.i.d) for each other,
which isn't always very correct for the case of relatively
correlated alerts. For instance, the distribution of a i
underneath H 1 is considered as a linear mixture of Gaussian
variables with (1 + ri )- variance, that is based totally on the
belief that the received signals underneath H1 are i.i.d. for
every different, However, this assumption is most effective
available under a cooperative spectrum sensing version whose
samples are accrued from special sensing nodes.

Hence, the weighting coefficient isn't the proper weighting
scheme particularly for the case of extraordinarily correlated
alerts and as a consequence it desires to be advanced for better
catching the alerts’ correlation.

M
Tspw = T A (11)
SEW '—ZiMﬂriZ i

i=1
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In this case, the test statistic can further capture the correlation
among signals and may achieve better performance especially
when there are highly correlated PU signals. Hence, we
propose a signal eigenvalue weighting (SEW) based detection

and the test statistic is given as
M

Tsgw = %N (12)

2}11 pi?

i=1

where 1 i and p i are the eigen values of sample and signals
covariance matrix, respectively. Although the SEW based
detection may perform better performance, it is not available
in practice as it needs the a priori information of the channel,
signal, and noise. Hence, we try to use the maximum
likelihood

estimation (MLE) of these parameters to design semiblind
detection, in which only noise power is needed. Hence, we
will analyze and derive the MLE of eigenvalues of the PU

signals’ covariance matrix in the following.
M

R

M, (Ai-02)31)2
i=1
Since eigenvalue weighting problem can not be
solved directly, we first loose the constraint conditions and
assume that the PU signals follow the i.i.d. model and the
number of samples is very large. In this case,we can obtain an
inaccuracy solution: EN-MRC. Based on the MRC weighting
scheme, we then tighten the constraint conditions and modify
the assumption to make it satisfy the requirements of the
practical system, that is, correlated signalmodel. Considering
the eigenvalues can further capture the correlations of signals,
we finally replace the energies with eigenvalues and design
the eigenvalue based MRC (EIG-MRC) schemes: SEW and
SEAW based detection.

Tspaw = A (13)

IV. SIMULATIONS AND DISCUSSIONS
This section provides some simulation results for
multiantenna cognitive radio systems within the MATLAB
surroundings.
Since this paper focuses the eigenvalue weighting
schemes for spectrum sensing, we will evaluate the proposed
EN-MRC, SEW, and SEAW based detection with eigenvalue
primarily based methods, along with MED, MME, and AGM
detection. We anticipate there may be 1 PU or 2 PUs
transmitting sign over the Nakagami-(m = 1) channel in
presence ofAWGN. The SUs are equippedwith 4-element
antenna array.The preventing criterion set is at 10,000
iterations and theP fa is set as zero.1 (this has been exact as
the maximum allowable Pfa by the WRAN 802.22 working
institution).
The simulation outcomes of detection overall performance in
terms of range of samples N = a hundred with 1 PU and 2 PUs
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are supplied in Figures three and four, respectively. It is
shown that once compared with eigenvalue primarily based
methods, inclusive of MED, MME, and AGM, the proposed
SEW and SEAW based detection carry out much higher
possibility of detection with exceptional SNRs, whilst the EN-
MRC performs a noticeably decrease detection opportunity
while compared with MED, MME, and AGM detection. It is
because algorithms SEW and SEAW are regarded as “EIG-
MRC” weighting scheme and MED and AGM belong to the
selection combination (SC) and equal advantage aggregate
(EGC) weighting schemes for eigenvalues,

Detection performance under N = 100 with 1 PU
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Fig.3: Detection performance under N = 100 with 1 PU.

respectively. As for EN-MRC, it is the strength based
weighting coefficients, which cannot completely seize the
correlations. In addition, the MME s just a type of partial
eigenvalue primarily based non weighting detection and for
this reason it has confined detection overall performance.
However, given that low SNR approximation has been
followed to derive the EN-MRC scheme, the EN-MRC is
capable of achieve a fantastically better detection probability.
For instance, the EN-MRC is barely higher than MME and
AGM whilst the SNR is ranging from—35 dB to —13 dB. On
the other hand, while the SNR will increase, the chance of
detection of EN-MRC drops a bit and offers a barely worse
overall performance (for the reason that quantity of
eigenvalues for the simulation 0.5 in phrases of SNR = —15
dB, that's inside the middle of Pd of SEW(i.E., 1) and P d of
EN-MRC (i.E., 0.2).

According to Figures 3—-6, a more interesting phenomenon can
be found; that is, the SEAW’s performance shifts from the
lower P d area (close to EN-MRC) to a higher I [J area
(close to SEW) with
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Detection performance under N = 100 with 2 PUs
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Detection performance under N = 1000 with 1 PU.

—a—SEW
2 SEAW H

o
W

i | —e—MED
—— AGM H

MME
#—EN-MRC H

o
=]

o
~
T

Probability of detection
o o o o
w = n ™

o
)

0.1
-3

Fig.5: Detection performance under [ = 1000 with 1 PU.

Detection performance under N = 1000 with 2 PUs.
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Fig.6: Detection performance under [ = 1000 with 2 PUs.

the increasing of number of samples and number of PUs,
which is like a kind of lower and upper bounds of the
performance of SEAW. If we consider the performance-
complexity tradeoff, the proposed SEAW can be selected as
an alternative for its low complexity and relatively better
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performance. Hence, the SEAW may be more suitable for the
application in reality.

V. CONCLUSION

This paper focuses on the hassle of the eigenvalue weighting
primarily based spectrum sensing in multiantenna cognitive
radio gadget. Through the evaluation of system model, we
transfer the eigenvalue weighting issue to the power based
totally weighting trouble and derive the theoretical expression
of detection threshold and possibility of false alarm and
eventually reap the close shape expression. Considering the
case of correlated indicators is common in applications, we
then layout the signal eigenvalue primarily based detection
methods and they can attain more better detection chance.
Simulation outcomes verify the performance of the proposed
algorithms.
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