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ABSTRACT: Due to the massive and growing number of wireless devices, the scarcity of available frequency
spectrum is a challenging issue. Spectrum sensing is one of the fundamental blocks in the operation of Cognitive radio.
Energy efficient spectrum sensing and data communication to extend the life time of the cognitive sensor network is an
important issue of interest to reduce the energy consumption in cooperative spectrum sensing for increasing lifetime of
CRN. This paper presents an energy aware clustering algorithm (EAC) that enhances spectrum sensing performance.
Then we derived network wide energy consumption model in terms of sensing energy consumption, set-up phase
energy consumption and reporting energy consumption to FC by using Radio Energy Model. Further it includes the
optimization of total energy consumption Using Multi-Objective Genetic Algorithm to increase the lifetime of CR-
WSN.

KEYWORDS: Cognitive Radio Network (CRN), Cooperative Spectrum Sensing, Energy Aware clustering (EAC)
Algorithm, Fusion Centre (FC), Multi Objective Genetic Algorithm (MOGA).

I. INTRODUCTION

The radio frequency spectrum is one of the most valuable natural resource. Due to the tremendous demand of radio
channel this has led to the scarcity of frequency spectrum. Cognitive Radio (CR) has been a key technology that
provides efficient utilization of spectrum and overcome the issue of spectrum scarcity. CR technology works by
sensing the unused spectrum called white spaces or spectrum holes and allocating it to the Secondary User (unlicensed
user) without causing interference to the Primary User (licensed user). If the PU arrival is sensed on the network and no
more spectrum bands are available then one of the SU needs to free the band and that is assigned to the primary user
[1], [2].Federal Communications Commission (FCC) results in early 1990s rescued the technologists by deducing that a
part of licensed spectrum is free most of the time providing good spectral opportunities for the unlicensed access. To
address this, it was finally decided that the spectrum scarcity can be economically used as a new road to wireless
communications by dynamically switching between frequencies, called Dynamic Spectrum Access (DSA). One of the
promising solutions to increase the availability of frequency spectrum to these wireless devices is to add the Cognitive
Radio (CR) capability to such devices. The conventional Wireless Sensor Network (WSN) operates in overcrowded
ISM (Industrial, Scientific and medical) band. If the WSN is embedded with cognitive capabilities it gives new
dimension and opportunities to researchers and industry which will help to design new algorithms, hardware and
software. WSN with cognitive technology can reduce collision, interference, latency by effective channel utilization.
Hence reducing the power consumption and increasing the network lifetime.

Spectrum sensing is one of the most important functions in CR to identify the available spectrum holes and to protect
the PU from interference. Cooperative spectrum sensing occurs when a group or network of cognitive radios share
there spectrum sensing information. This provides a better picture of the spectrum usage over the area where the
cognitive radios are located. The main idea of cooperative sensing is to enhance the sensing performance by exploiting
the spatial diversity in the observations of spatially located CR users. By cooperation, CR users can share their sensing
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information for making a combined decision more accurate than the individual decisions. While cognitive radio
cooperative spectrum sensing is obviously more complicated than a single non-cooperative system, it has many
advantages that outweigh the added complexity. Naturally cooperative spectrum sensing is not applicable in all
applications, but where it is applicable, considerable improvements in system performance can be gained. Some of the
main advantages of cooperative spectrum sensing is that it can overcome the issues like SNR wall problem, hidden
node problem, and reduces false alarm probability [3], [4].So cooperative spectrum sensing improves spectrum sensing
performance in which multiple sensing nodes share their sensing results and decide on the availability of spectrum
holes. Although, the technique yields better sensing performance, it also incurs heavy communication overhead,high
energy consumption, extra sensing time and complexity [5], [6]. Out of these issues Energy consumption is one of the
major issue which directly affects the lifetime of network. So in the direction to achieve the longer lifetime of the
network our system should be more energy efficient. This paper proposed a cluster based cooperative spectrum sensing
and analysis of energy consumption using radio energy model to reduce the energy consumption and increase lifetime
of the network [8], [10].

Il. RELATED WORK

Energy detection algorithm is employed to detect primary users signal. The received signal waveform is filtered and
converted into discrete signal samples by a band-pass filter and analog-to-digital converter respectively. Energy-
detection based approach is the most common technique of spectrum sensing because of its low computational and
simplicity. It does not require any prior information of the PU’s signal. In Energy detection, signal is detected based on
the sensed energy which is compared with a threshold if it is less than threshold, the channel is considered to be
available. Average energy of the signal samples N, obtained from the integrator y(t) is compared with a threshold A to
detect the presence of primary user [11], [12], [13], [14]. Thus, the received signal at the SU y(t)can be expressed as —

_ n(t) ; Hy
YO =305y n 5 A @
Where,H,, denotes the primary user is absent (Null Hypothesis), H; denotes presence of primary user, n(t)denotes
zero-mean Additive White Gaussian noise (AWGN) at the SU. s(t)denotes the received signal waveform at SU
and h(t) is the Complex channel gain between PU transmitter and SU receiver. Performance of spectrum sensing
technique can be measure based on probability of detection(P;), probability of false alarm (P;) probability of miss-
detection(P,,) for the i"cognitive radio SU. Suppose the channels between secondary users and the common receiver
are perfect and decision fusion is utilized at the FC, sensing performance is usually measured by the false alarm
probability Q, the detection probability @, and the missing probability Q,, of the cooperative spectrum sensing are
then given by —

Qa :P{Hl/Hl}:]-_Z?’ql_Pd,i )
Qf:P{Hl/HO}:l—Z?’ql—Pf,i 3
Qm =1-2iL; Pu; (4)

A maximum a posteriori (MAP) detection scheme is used for the energy detection so that optimal detection of PU
activities can be achieved. The PU activities can be model using two state Markov chain as shown in fig 1. ON state
denotes the presence of PU signal, OFF state denotes absence of PU signal [7].
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Fig.1 Primary user state model

The transition probabilities from ON to ON and from ON to OFF are denoted as F,,,and P,, s respectively. Similarly,
transition probabilities from OFF to OFF and from OFF to ON are denoted as P, and P, ., respectively. Therefore,
based on the PU activity, a posteriori probabilities can be estimated as —

_ Pofn

Ponn - Pofn+t Porf (5)
— _Porr

POff - POfn+POff (6)

Where, F,,, and P,¢; denote probabilities of the period of ON and OFF states respectively. Performance of spectrum
sensing technique can be measure based on probability of detection P, and probability of false alarmP;. Probability of
detection is the probability that indicates presence of PU in the spectrum band given as —

P,(A) =Py > AMH,] (7
__(A—-2B,T(c} +0})
Pd(l)_Q(\/W) on (8)

Where Q(.) is generalized Marcum Q-function. Probability of false alarm indicates presence of PU’s signal when there
is no primary users in the spectrum bands, this phenomenon limits utilization of spectrum bands.

P(A) = B[Y > N\Hy].P,ss ©)
p _ A—2By, T3
0= 0(F) Por (10

I1l. PROPOSED SYSTEM MODEL

Heinzelmanet.al proposed a Radio energy consumption model for sensors based on the observation that the energy
consumption would likely be dominated by the data communications subsystem. We have assumed the same radio
model which has been used in earlier works [15]. For the radio hardware, the transmitter dissipates energy to run the
transmitter radio electronics and power amplifier while, receiver dissipates energy to run the receive radio electronics.
For the scenario described in this dissertation, both the free space (d? power loss) and multi path fading (d* power
loss) channel models is used depending on the distance between the transmitter and receiver. If the distance is less than
threshold, the Free Space model is used, otherwise the Multipath model is used. In the radio model of transmitter
amplifier, we use a = 2 for free space model and o = 4 for multipath loss model. Thus if a Node transmits L No. of
bits, the energy consumed by node transmitter will be —

L'Eelec + L'EfS'dZ (lf d< do)

E;x (L =FE,...L+E L =
) = e o B0 = S
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Where d,, is the distance threshold and it is given by-
Ers
E

mp

do =
The Energy spend by Receiver Radio to receive L bit message is given as —
ERX(Lx d) = Eelec L

We are assumed that network consists of a Fusion Centre (FC) or sink node that serve as a gate way and N number of
cognitive radio nodes that act as sensor nodes and local detectors. The nodes are uniformly distributed in a square area
of (LxL) sides and are organized into M number of clusters in which each cluster occupies an area assumed to be

LZ/ ySquare meters. Each cluster has a fusion centre (FC) that decides on the existence of primary user based on the
local decisions received from the local detectors. It is assumed that primary user’s signals are unknown and hence each
cognitive radio node is equipped with energy detection algorithm to sense the spectrum band for spectrum holes. Also
control information is exchanged through a common control channel and all nodes initially have equal amount of
energy. The network is partitioned into M number of clusters and each cluster have some cluster members (CM) that
perform spectrum sensing and a cluster head (CH) that coordinates the spectrum sensing as shown in Fig.4 —

"~ @
L
s Y, s,
’ su Uy
su, h e,
: -
A sy Cluster M
SU, (Dsu)
: cH su
) su, . ' MJ' By
Cluster 1 CH,

Cluster 2
ifl:

Fig.2 cluster based co-operative spectrum sensing.

The major tasks of the CHs are to perform data aggregation, data forwarding, and decision fusion on the local
decisions received from CMs to determine the existence of PU and coordinate local sensing i.e. selecting CMs that
would periodically sense the spectrum band. However, these tasks drain significant amount of energy from the battery
of the node. Therefore, energy load of all nodes need to be balance in such a way that nodes deplete their energy
virtually at the same time. In order to achieve this, the role of CH and sensing node would be rotated among the nodes
based on their thresholds. The energy-aware clustering algorithm consists of three phases: Initialization phase, Set up
phase andCoordination phase. The initialization phase involves CH emergence, the set up phase deals with formation
of the cluster. On the other hand, the coordination phase deals with determining optimal number of cooperative sensing
nodes for each cluster and selecting eligible sensing nodes based on threshold. In the initialization phase, nodes
compute their thresholds cht; and compete for the role of cluster head. Residual energy and neighbourhood nodes
within the node’s radio range serve as the basis for competing for the role of CH. Nodes with high threshold would
most likely emerge as the CHs while their neighbouring nodes become the cluster members.

If cht; is a threshold value that determines the emergence of node N; as a cluster head within the period = for i, round.
The probability P, ; (t)of a node emerged as cluster is given as —
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(1 if0<cht; <1
PCh,i(T) - {O lf Chti =0 (11)
cht;(1) = "o x 22 (12)

Where E™tand Ef“™ are the initial and current energies of the node respectively, denotes average number of
neighborhood nodes and N is the number of nodes in the network [9].

In the set up phase, once a node emerged as cluster head, it broadcasts an advertisement packet A, qcxeinviting other
neighbouring nodes to join the cluster. Node that decided to join the cluster based on the received signal strength RSS
of the advertisement packet, notifies the CH by sending back acknowledgment packet /..., Initially all the nodes
have equal probability to become the cluster head. Depending upon the random number selected the nodes themselves
decide whether to become the cluster head or not. The nodes eligible to become cluster heads then broadcast its
decision with larger signal strength so as to reach all the member nodes. E,,, is the amplification power needed to
transmit the signal. The energy dissipated in setup phase can be calculated as follows [15].1f M numbers of nodes are

the CH’s then to transmit the B bit message over a distance d energy required foreach node is —

ETX = M(BEele + BEmpD4) (13)
To receive this message from CH the (N — M)number of CM will consume the energy —

ERX = (N - M)BEelec (14)
When the nodes hear the cluster head message from the CHs they check for the signal with highest signal strength. The
signal from the CH which is closest will have highest signal strength. So the node will join the corresponding Head. For
joining as member the nodes will send a request to the CH. To transmit the join request the energy dissipated is as
follows —

Ery = (N — M)(BE,, + BE;;D?) (15)
To receive the join request the CH will need the energy as follows —

ERX = (N - M)BEelec (16)

When all the member nodes join their closest cluster head the cluster formation is completed. CHs then decide the
TDMA schedule and send it to all the member nodes.

Erx = (M)BE,, + BE;;D* (17)
The schedule sent by CHs will be received by all the member nodes consuming the energy as follows —
Epx = (N — M)BE . (18)
Now the total energy consumed in Cluster Setup E.,,, Using equations 13, 14, 15, 16, 17 & 18 is
Egerup = B{2(N — M)E, . + NBE;;D? + MBE,,,D*} (19)
In the coordination phase, BS determines the optimal number of cooperative sensing nodes for each of the clusters and
communicates it to the CHs. At every roundR, ;, each CH selects some CMs within its cluster to serve as sensing nodes

based on their thresholds. If Cmt;(7) is a threshold that determined successful selection of a node as sensing node, then
the probability P, ;(t) of selecting CM; as sensing node is given as —
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_ (1 if 0<Cmti(r) <1
Poi@ = {5 e omi) o 1 (20)
Cmt,(7) = E,p, x Ubls (21)

Nei

Where, N denotes number of CMs, ng is the optimal number of sensing nodes in the cluster, E,; denotes energy
threshold, d,;, is the Euclidian distance threshold that can be used to prioritize CMs that are well separated from one
another so as to elude correlation shadowing within the cluster in cooperative sensing. Flow chart for the algorithm of
Energy aware Clustering scheme is given in fig. (3) —

NODE n, compute threshold
theny = By x mguy

¥
Broadeast threshold thy,, | to
neighbaring nodes 1, ;

*
Ccompare received threshold th,,, ; with
neig_cht(n) [neighboring nodes)

Is
th,,; = neig_cht{n)

Node n; is W Mode n; is CH
| wiait for CH announcement Adve | | Broadeast Adve, |
| Send join request packet [ | | Wait for join request packet [, |

BS computes and broadcasts optimal No.

of sensing nodes for each cluster N5,

send threshold to CH & select optimal no. of nodes
with high threshold

theg = Epps dpy # 0y,
Initiate spectrum sensing

Is sensing node
->
| Go to sleep | | Send results to CH |

T f | Broadcast available channels |

Fig. 3 Energy aware clustering algorithm

IV.ENERGY ANALYSIS USING MOGA

Energy consumption for spectrum sensing E is basically the sum of energy consumed for listening to a channel and
receiving N, observation samples over a sensing duration of T, and the energy required to process the received signal
samples (signal shaping and modulation, etc) and make local decision. This energy cost increases along with increase
in number of cooperative sensing nodes N and it is mainly influence by sensing duration. Therefore, energy dissipated
by i-th node for sensing spectrum band is given as —

Ess(ni) = TEsr + Esp (22)
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Where E, is the electronic circuit energy consumption of i-th nodes for receiving N, signal samples and E,, denotes

energy cost for processing N,signal samples. If the sample of sensed spectrum has the spectrum bandwidth of B,, then
total sensing energy for a single frame is —

2B,

Ess(ni) = (NO_E;VW + Esp) (23)

Analytical model of network energy consumption is presented as the sum of energy consumed in the formation of
Cluster, Spectrum Sensing E ;and energy required to transmit data packets E,, as well as to receive data E,.;packets.
Spectrum sensing and reporting sensing results to Fusion center and data communication between cluster heads and
cluster members consumes large amount of energy. Therefore, minimizing energy consumption due to spectrum
sensing and data communication saves significant amount of energy and extends lifetime of the network. The total
energy consumption of the cluster based cognitive radio sensor network is expressed as below —

Etotal = Esensing + Esetup + Ereporting

The total reporting energy consumed will be the sum of the energy consumed in the communication between CM to
CH, and the energy consumed in the communication between CH to FC i.e. —

Ereporting = Erep(CM— CH) + Erep(CH— FC) (24)
If total number of sensing nodes are N and total number of cluster Heads are M in LxL region of CRSN and if we are
assuming CRSN is homogeneously distributed with (N/M) No. of nodes per cluster then the reporting energy between
CM and CH is given by —

ECM—CH = BEelec + BEstgM—CH (25)
Where,D,_cpis distance between CM andCH.The expected D.,_cp can be calculated from —

L2 0.5
D = (0.159 BE, =) (26)

Since each cluster has one CH and (% — 1)CM’3, S0 energy consumption of one cluster in reporting using equations
(25) and (26) is given as —
N L?
Ecv-cn = (5 — 1) (BEgec + 0159 BE %) @7)

Energy consumed by each cluster head to report the sensing data to FC will be the sum of Electronic energy consumed
to receive sensing information from (N/M — 1) CM’s, Energy dissipation to aggregate the sensed data and energy
consumed to transmit sensing information to CH. So the total energy consumed in reporting by CH is given by —

ECH—FC = Ereceive + Eagg + ETx—BS (28)

Where, E,..c.ive IS the energy to receive sensed data by(N/M — 1)CM.

N
Ereceive = (E - 1) BEelec (29)

And E,,, is the data aggregation energy of N/M cluster nodes at CH. Since distance between CH and Base Station is
presumably long, transmission energy dissipation model follows frissD* multipath power loss as following —

ETx—FC = BEelec + BEmngH—FC (30)

Copyright to JIRCCE DOI: 10.15680/IJIRCCE.2017. 0505093 10663


http://www.ijircce.com

'y R
' )
f 1IIRCCE)

2 ISSN(Online): 2320-9801
ISSN (Print): 2320-9798

International Journal of Innovative Research in Computer
and Communication Engineering
(An ISO 3297: 2007 Certified Organization)
Website: www.ijircce.com
Vol. 5, Issue 5, May 2017

Now equation (28) can be rewritten using equations (29) and (30) as following —

N N
ECH—FC = (ﬁ - 1) BEelec + HBE + BEelec + BEmpD‘(lZH—FC (31)

agg

Where D2y, _pc is the transmission distance between CH and FC. So total Energy consumption for one cluster in
reporting sensed information to FC is given by —

(Ecluster)Rep. = ERep(CM - CH) + ERep(CH - FC) (32)
N L2 N N
(Ecluster)Rep. = (E - 1) (BEelec + 0.159 BEfs ﬁ) + (E - 1) BEelec + EBEagg + BEelec + BEmpDéH—FC (33)

Since there are M number of clusters, then total energy consumed in Reporting sensing information to FC by whole

CRN is given as —

N L2 N N
(ETotal)Rep. =M [(E - 1) (BEelec + 0'1593Efs ﬁ) + (E - 1) BEelec + EBEagg + BEelec + BEmpDéH—FC] (34)

By solving above expression, expression of Total Reporting Energy in simplified form can be expresses as below —

(ETotal)Rep. = (2N - M)BEelec + NBE

N
agg + 015912 (% — 1) BEf, + MBEy,Diyy_pc (35)

Therefore total energy Consumption Cluster based CSS for one frame can be formulated as below —

ETotal = Esetup + Esensing + EReporting (36)

Our target is to minimize E;,.,; to save battery life, minimize power consumed, increase life time and improve performance of
CRN. It has been found that using evolutionary algorithms such as Multi Objective Genetic Algorithm is a highly effective way of
finding multiple effective solutions in a single simulation run and it is used for the optimization problem. The main ideas of GA are
based on Darwin's theory of evolution. These ideas are then embraced to computational algorithm to discover answers for a given
objective function in an optimization problem. Chromosome is the solution for this optimization problem in which a group of
chromosomes is called a Population. The algorithm begins with an initial population of irregular chromosomes that are then
calculated based on the fitness function (objective function) to choose great ones which are called Parents. The chromosomes that
donate the best fitness value are called Elite children and are elected to participate in the next generation. Then the lasting
chromosomes will be subjected to some processes called, crossover and mutation to generate the next generation. The above steps
are refined till the optimum value of the fitness function is obtained. The flowchart shown below to summarizes the steps of GA.
[16], [17], [18].

Start with GA
parameters

Mutation

Generate ith population
Chromosome
Chromosome
Chromosome

Optimum value
reached?

Maximum

Selection Generations?

Crossover

Fig. 4 Genetic Algorithm
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V. SIMULATION RESULTS

(An ISO 3297: 2007 Certified Organization)

To minimize Total Energy consumption in CRN we have to choose the Objective Function which we have to minimize.
So in Multi Objective Genetic Algorithm the optimization problem can be written as —

Minimize{E(M, N, D¢y—rc)}

Subjected to %14 XV Erorar

Following table contains the same energy radio model parameters which | used in my simulation work -

Parameters Values
Max. No. of SU 100
Max No. of Clusters 10
No. of Users per Cluster 10
Eolec 50 nj/bit
Efs 10 py/bit/m?
By 0.0013 pj/bit/m*
Eogg 50 nj/bit
CRSN Area 200200
SNR 14.6 dB

TABLE - 1 Simulation parameter

In fig. 5 the Reporting energy consumed in the network in two different schemes is explained. It can be seen that the
performance of cluster based cooperative spectrum sensing mode is better than the traditional cooperative spectrum
sensing. The result shows in the case of 100 SUs. There is a great reduction in the consumed energy in the clustering
mode compared to the traditional cooperative spectrum sensing where the total number of users are divided into groups.

Each group has 10 users. Hence cluster based cooperative spectrum sensing can tool up an energy efficient scheme and
improve sensing performance.

o
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Fig.6Fig 5 Energy consumed in two modes
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7

Fig.6 Energy consumed vs. No. of CH

Fig. 6 shows that total energy consumption at MOGA clustering scheme which is less than that used by traditional
cooperative spectrum sensing mode. It can be observe that with increasing the No. of cluster Head that are transmitting
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results to FC, the energy performance of MOGA clustering approach is better than traditional clustering scheme. In
other words, MOGA clustering approach can provide an energy efficient transmission scheme.

The optimized values of Total Energy consumption and Reporting Energy are obtained at threshold value of 90 meters
(distance) based on MOGA in equation (36).

V1. CONCLUSION

This paper proposed a cluster based cooperative spectrum sensing scheme and optimization of energy consumption
using MOGA. Traditional cooperative spectrum sensing is also explained. Simulation results show that proposed
approach performance is better than traditional cooperative sensing scheme and can be used to minimize network wide
energy consumption as data communication and spectrum sensing energy costs. Moreover it increases lifetime of the
network.
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