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Abstract

Cognitive radio (CR) is a substantial technology for
spectrum utilization in wireless communication
networks. Cooperative Spectrum Sensing (CSS) has
been ensured to enhance the performance of detection
for cognitive users in the existence of spectral
variation, moreover, it tends to be an essential section
in Cognitive Radio Network (CRN) due to being fit for
decreasing the probability of bumble in blurring
channels. Generally, cooperative clustering in
spectrum detection is consolidated to limit Jostle of
revealing channel, update execution of sensing and
decrease the computational use. In this research, the
proposed co-operative clustering in CRN using
optimization scheme (Genetic) constrains the total
power wasted by CRN and time delay. Therefore, the
simulation analysis demonstrates that the proposed
scheme able to accomplish preferred energy gains less
over the traditional cooperative scheme, lessen delay
time and upgrade the total performance of CRN.

1. Introduction

CR is a versatile, intelligent radio system innovation
that can consequently recognize accessible channels in a
wireless spectrum and exchange the sending parameters
empowering more communications to run simultaneously
and furthermore enhance radio working behavior [1, 2].
CR clients are named as Secondary Users (SUs) that can
access the authorized spectrum at the same time but
transiently unexploited range [3]. From this point of view,
system throughput is improved and also the spectral
efficiency is upgraded.

Spectrum Sensing (SS) is environmental awareness
capability enabling for cognitive radio to detect
temporarily vacant spectrum bands. Energy Detection
(ED), Matched Filter Detection (MFD) and Cyclo
stationary Detection (CD) [4,5] are the most substantial
spectrum detection algorithms. They had been introduced
for a solitary SU to locate the PU.

Even though ED isn't ideal contrasted with others, it is
applied because of not requiring predefined data of the PU
and easy to implement. consistent with propagation
troubles like fading, mutilation, and shadowing that are
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addressed as an issue in wireless communication, the
detecting performance of a single SU isn't regularly
extraordinary. Subsequently, CS in radio spectrum had
been presented [6].

CSS can be overcome the fading and shadowing
issues because it has a massive effect a single CR user and
promotes the performance of SS [6,7]. Therefore, CSS can
be used to enhance the reliability of the detection of PU
signals, but CSS cause a huge transmission overhead
connection [8]. Hence, the clustering approach based on
CSS is applied in CRN in order to improve the
performance of sensing. The SUs are parted into small
groups called clusters so, the highest user power is chosen
as the cluster head (CH). CH job is to report final cluster
results to the FC [9]. This approach gives less time
overhead and improvement in detection probability, also,
lessen packets disputation in the channel.

The main contributions of clustering in CRNs [10] are
scalability, stability and supplying co-operative tasks, like
sensing and accessing the channel. The co-operative
clustering tasks are essential to CR executions. Though
there are found many advantages of using clustering in
CRNSs, challenges of clustering are found.

In [11], clustering is done using distributive clustering
algorithm. An optimal number of groups is obtained using
“K out of N rule” [12]. The largest control channel gain
sensor is selected as the group head. The only total error
rate of the CRNs is improved but power consumption is
still high. The weighted based cluster in [13] without
utilizing the regular control channel. The execution of this
protocol is assessed by different parameters as message
overhead and number of bunches. The contributions of this
manuscript can be summarized as follows:

e Cooperative clustering scheme in CRNs is analyzed

and discussed.

e Closed formulas for co-operative clustering

dissipated energy are used with applying GA.

e  The proposed scheme enhances the performance of
the SS and minimizes the total consumption energy
and delayed time the CRNs.

Whatever is left of this paper is sorted out as follows:

In Sec. 2, the cooperative SS in CRN is introduced. In
Sec.3, proposed cooperative clustering using GAin CRN
approach is presented. The simulation and analysis results



are discussed in Sec.4. Finally, conclusions are made in
Sec. 5.

2. The COOPERATIVE SS in CRN

It means that data from several Cognitive radio users
have cooperated for PU detection. Practically a lot of
factors, for example shadowing, multiple paths fading, and
the uncertain detection problem [14] can cause a big effect
in the detection performance of SS. The essential objective
of cooperative SS is to improve detection performance. CR
users work together with one another and share their
detecting data, therefore a joined decision is done to be
more exact than the individual choices [15].
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Fig. 1 The Sensitive enhancement in CSS[16].

The CSS is classified into three main categories based on
how cooperating CR users share their sensing data in the
network: centralized [16], distributed [17], and relay-
assisted [18]. These major types of co-operative sensing
are illustrated in Fig.2

The CRs energy consumption is given by,
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where L represents the transmission distance between FC
and the SU, E,is the power for sending or receiving a
signal, Sis the signal length. L? and L*are the path loss,
and the multipath fading loss respectively. Finally, Ris
calculated from,

R= () @)

Efs and Ep, are defined as the transmission power
amplifier to getthe bestsignal to noise ratio (SNR). The
energyconsumed by co-operative CRs is

E coop N x (Esensing + ER)
=N x (SEe + SEst2 +Esensing ) (3)
where Egnging 18 the sensing energy for PU and N is the
number of CRs.
3. Proposed CO-OPERATIVE CLUSTERIN in
CRNs using GA.

All cognitive nodes of the whole cognitive network are
partitioned into several clusters. So as to choose the
Cluster Head (CH) in each cluster [10,19], firstly  the
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cognitive radio distance nodes are determined in every
cluster to FC, after that the CRs with the highest power and
the shortest distance from FC is selected to be the CH. The
main job of CH is to send the co-operative sensing result
of the cluster to the FC. The importance of the clustering
approach not only ensuring the accuracy of the information
sent but also saving the channel transmission bandwidth.

Fig. 3 Generalco-operative clustering SSmodel.

Clustering Co-operative Sensing (CCS) technique is shown
in Fig.3where one PU exists alone in the proposed CRN.
Also, certainly one fusion focus (Fusion Center-FC)and
The N of SUs are assumed to be distributed consistently in
a squared area.In fact, different fading characteristics and
several reporting channel gain cause a big problem to the
CR users. Therefore, the channel among CRs can be
viewed as an ideal as they are closed from one another and
in the same cluster. The final dissipated energy in the
clusteringCRN is denoted by:

Erorar = Esgrup + NEcuster )
Erorar = Esgrup + (N + M)Esenging + (2N)SE,
2
+ NSEq + MSEpyL* +0.159(N)SEp, )

In which, E,. determines the consumed power in data
collection.

The closed energy formula in culster for co-operation in
CRN is denoted by:

Erorar = @ + (N + M)Egensing + MS Epy L + L2 (N)S Eg
(6)
Where a = ESET UP + (ZN)S Ee + NS EdC = Const

The primary thoughts of Genetic Algorithm (GA)based on
Darwin's hypothesis of development. These thoughts are
then grasped to the computational calculation to find
answers for given target work in an improvement
issue[20]. The flowchart shown in Fig. 4 summarizes the
steps of the GA algorithm. Our objective is to limit
E TOTAL to spare battery life, minimize power
consumed and enhance the both of lifetime and the CRN
performance. Therefore, the cost function to minimize the
total energy consumption in the CRN using GA can be
written as,
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Fig.2 Classification of SS : (a) centralized, (b) distributed, and (c) relay-assisted.
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Fig. 4 the G-A flowchart.

TABEL 1 Simulation Parameters

Parameter Value
No of SU users 100
No of clusters(M) 10
No of users per cluster(IN) 10
electronic energy ( E,) 50 nJ/ bit
length of the signal (3) 1 bit
e 10 pl/ bit/ m_
Emp 0.0013 pJ /bt m
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Sensing agility is an important metric in CSS because
of the cooperation between CRs and the FC leads to more
delay so it must be considered. Total detection time of CSS
T (co-op) according to TDMA schedule time can be
counted by:

Tco—op = Tlocal + N * TR (8)

where Tj,.; 1s sensing local time, Tp is the reporting
time for one user. The purpose of clustering based scheme
is reducing the overall head time and minimizing the
sensing time (ST) [21]. So the sensing time of cluster
based on CSS T,y srer according to TDMA schedule time
can be given as:

N
Tclustr = Tsetup + Tlocal + ((; - 1) + K) * TR (9)

4. Simulation Results

This section presents the simulation parameter and
analysis. Also, MatlabR2017a simulator is used for the
simulation. The simulated CRN consists of CRs and their
distributions, the CSS energy performance and the
clustering cooperative scheme improvement with the
uniformly distributed CRs. We use in our analysis the
same energy module in [21, 22] and they are given in
Table 1.

Fig. 5shows the distributed CRs in the network area
(x=200, y= 300) m., they are uniformly distributed with
one FC. Also, each group of users has a unique color. The
FC locates at (x=100, y =275). In Fig. 6, The performance
of clustering approach based on CSS is better than the
conventional CSS scheme. From the results shown below
it can be seen that in the case of a group of SUs (100 CRs),
a massive reduction in the elapsed energy in the clustering
model is found with comparing to conventional
cooperation scheme where the total number of CRs are
distributed into organized groups. Hence clustering based
on CSS can tool up an energy efficient model and enhance
performance of SS.

Fig.7 explains the dissipated energy at different
numbers of co-operative clusters. Firstly, the dissipated
energy at the CSS approach is less than that is used by
traditional cluster CSS mode. Also, it can be shown that
with using energy closed formula under the constraints of
the number of cooperated clusters, the energy performance
is enhanced and the energy consumed is decreased. As is
seen in this figure increasing number of clusters causing a
decrease in energy consumption through CRN.

Fig. 8 demonstrates the energy dissipation at GA
clustering scheme, which is less than that used by cluster
CSS mode. Where, it is observed that with increasing the
number of CHs that are transmitting results to FC, the
energy performance of GA clustering approach is better
than traditional clustering scheme. In other words, GA
clustering approach can provide an

energy efficient transmission scheme. The
optimized values of energy are obtained based on GA in
Equation (7).
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Another enhancement that can be realized by usage of
our approach is the sensing delay time. As shown in Fig. 9,
the normalized detection time ST of clustering CSS is very
small. Hence, the performance of clustering CSS is



generally better than conventional CSS and total elapsed
delay time for SS in the CRN is decreased.

Fig.10 demonstrates the energy consumed in different
models where using optimization technique like GA gives
minimization in energy consumed in the co-operative
clustering network, hence GA-CCSS (our proposed
scheme) gives better performancewith compared to the
CCSS and CSS.More over, using GA-CCSS provides an
efficient scheme in minimizing the total consumed energy
in the CRN.
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5. Conclusions

In this manuscript, a proposed GA clustering approach for
CSS was discussed. Also, the conventional CSS was
introduced. The simulation analysis shows that the
performance of the proposed approach is enhanced taken
N of CRs in consideration and is better than the traditional
scheme. Moreover, using GA-CCSS provides an efficient
scheme in minimizing the total consumed energy in the
CRN. Further, it reduces delay time and enhances the
lifetime of the CRN network.

References

[1] Federal Communications Commission, "Spectrum Policy Task
Force," Rep. ET Docket no. 02-135, Nov. 2002.

65

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[21]

[22]

H. Sakran, M. Shokair, O. Nasr, S. El-Rabaie and A.A. El-Azm,
“Proposed relay selection scheme for physical layer security in
cognitive radio networks,” IET Communications, Aug. 2012.

D.Cabric, S. M. Mishra, and R. W. Brodersen, “Implementation
issues in spectrum sensing for cognitive radios,” in Proc. of
Asilomar Conf. on Signals, Systems and Computers, Pacific
Grove, CA, USA, Nov. 7-10,2004, pp. 772-776.

R. Akhtar, A. Rashdi and A. Ghafoor,"Grouping Technique for
Cooperative Spectrum Sensing in Cognitive Radios", Cognitive
Radio and Advanced Spectrum Management, 2009. CogART
2009. Second International Workshop on, May 2009, pp.80-85.

F. F. Digham, M.-S.Alouini, and M. K. Simon, “On the energy
detection of unknown signals over fading channels,” in Proc.
IEEE ICC, Anchorage, AK, USA, May 11-15, 2003, pp. 3575-
3579

C. Sun, W. Zhang, K. B. Letaief, "Cooperative Spectrum
Sensing for Cognitive Radios under Bandwidth Constraints".
IEEE WCNC,2007, pp.2511-2515.

W. Zhang, K. Letaief, "Cooperative spectrum sensing with
transmit and relay diversity in cognitive radio networks", IEEE
Transactions on Wireless Communications 7 (12), 2008, pp.
4761-4766.

I. F. Akyildiz, B. F. Lo, R. Balakrishnan,“Cooperative
spectrum  sensing in cognitive radio networks: a survey,’
Phys. Commun. (Elsevier) J., 2011, pp. 40-62.

S. Mishra, A. Sahai, R. Brodersen, "Cooperative sensing among
cognitive radios" IEEE ICC , vol. 4, 2006, pp. 1658—1663.

K. Yau, N. Ramli, W. Hashim and H. Mohamad, "Clustering
algorithms for Cognitive Radio networks: A survey", Journal of
Network and Computer Applications, vol. 45, pp. 79-95, 2014.

N. Salout, F. Alqawasmeh,“Hierarchical Cluster-Based
Cooperative Spectrum Sensing in Cognitive Radio Employing
Soft-Hard Combination” 1EEE 30th Canadian Conference on
Electrical and Computer Engineering (CCECE), 2017.

S. Althunibat, M. D. Renzo, F. Granelli, “Optimizing the K-out-
of-N rule for cooperative sensing in cognitive radio networks”,
IEEE Global Communication Conference, USA, 2013.

S. Kumar, A. K. Singh, " 4 localized algorithm for clustering in
cognitive radio networks” Journal of King Saud University-
Computer and Information Sciences, 2018 - Elsevier

A. Ghasemi and E. S. Sousa, “Collaborative spectrum sensing
for opportunistic access in fading environments,” in Proc. lst
IEEE Symp.New Frontiers in Dynamic Spectrum Access
Networks, Baltimore, USA, Nov. 8-11, 2005, pp. 131-136.

L. F. Akyildiz, R.Balakrishnan, “Cooperative spectrum sensing
in cognitive radio networks: A survey”, Physical
Communication 4, 2011, pp. 40-62.

J. Unnikrishnan, V.Veeravalli, “Cooperative sensing for
primary detection in cognitive radio”, IEEE Journal of Signal
Processing vol. 2, 2008.

Z. Li, F. Yu, M. Huang, “4 cooperative spectrum sensing
consensus scheme in cognitive radios”, in: Proc. of IEEE
Infocom, pp. 2546-2550, 2009.

W. Zhang, K. Letaief, "Cooperative spectrum sensing with
transmit and relay diversity in cognitive radio networks" IEEE
Transactions on Wireless Communications, vol.7, no.12, pp.
4761-4766, 2008.

S. Mishra, A. Sahai, R. Brodersen, “Cooperative sensing
among cognitive radios" IEEE ICC , vol. 4, 2006, pp. 1658—
1663.

LE. Kassotakis ; M.E. Markaki and A.V. Vasilakos “4 hybrid
genetic approach for channel reuse in multiple access
telecommunication networks”. 1EEE Journal on, Selected
Areas in Communications 18(2): 234—243,February 2000

W. R. Heinzelman, et al., “Energy-efficient communication
protocol for wireless microsensor networks," in System
Sciences. Proceedings of the 33rd Annual Hawaii Inter. Con.
vol.2,2000.

N. Salout,F. Algqawasmeh , “Hierarchical Cluster-Based
Cooperative Spectrum Sensing in Cognitive Radio Employing
Soft-Hard Combination” IEEE 30th Canadian Conf. (CCECE),
2017.



