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Abstract—in this paper we focus on optimizing the
spectrum sensing capability of cognitive radio network.
Cognitive users are allowed to share the licensed spectrum
allotted to the primary user, when kept unutilized by it.
Here energy detection technique is used for spectrum
sensing of the radio environment. To overcome the
individual sensing difficulties, the cooperative centralized
spectrum sensing is introduced where multiple cognitive
radios actively participate to enhance the sensing
capability of cognitive radio environment. To optimize
further the centralized cooperative sensing the decision
fusion rules such as AND rule, OR rule & Majority rule
are implemented under various different conditions.
Keywords—spectrum sensing, cognitivadio, Energy
detection, cooperative sensinfgision rule.

l. INTRODUCTION

The available radio spectrum is limited and it &ttigpg
crowded day by day as there is increase in the purot
wireless devices andpplications. The issue of spectr
underultilization in wireless communication can be sol
in a better way using Cognitive Radio (C It is a system
capable of monitoring different radiofrequerbands and
determinesif there are unused portions. Theognitive
radio network then adapt® operate in the vacant ba

[1]. The spectrum sensing mechanisms implemente
CRs should reliably detect the presence and absef
primary signals in real time. If the primary user not
using the available bandeth then it should be allotted

secondary cognitive users, to increase the effigieof

network. Once cognitive radios detect the presesfca
primary user in their operating band, they mustat@dhe
band immediately, and must not hamper the prirusers
functioning. Hence, accurate spectrum sensing is
essential feature of CR systems.

The spectrum sensing can be carriedby different
techniques like energy detector, cyclostationargtifiee
detection, matched filter detectiés. energy detectoroes
not require any prior knowledge of channel unany
consideration and is very easy to implement at e
cognitive sensing point.Henamnergy detection techniq

WWW.ijaer s.com

has been consideredver the AWGN channel [2]The
individual sensing capability of any gnitive radio node
may deviate from the expected outcome duthe effects
of noise and shadowing.

Thus secondary cognitive radio failing to detece
presence of primary user may interrupt the transiomsof
primary licensed user and disb the whole network. To
overcome this problem #chnique is usewhere all the
sensed data of each individual CR is collecat one
centralized place and fused together. The outplitgivie
more precise information about the availabiof vacant
bands, and this information is shared throughout
network.

Depending upon the nature in which the data of |
cognitive radio is fused at the central fusion e,
cooperative and nooeoperative spectrum  sensi
techniques are considerebh non-cooperative spectrum
sensingall the cognitive radios in the respective ra
environment are sensing the chan but not
communicating with each other and thus there isuathge
of cooperative spectrum sensing where all the ¢vgr
radios in the vicinityexchange their sensedecision, so
that the total outcome is more precise thar-cooperative
spectrum sensing.

Il. SPECTRUM SENSING
The sensing of signalshrough the radio environme
which are intended for primary user is very chajleg job
In this approach thenergy ofradio frequency channel or
the receivedsignal strength is measureto determine
whetherchannel is busy or id.
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Banq Pass N Squar.mg . Integrator
Filter Device
Fig.1: Energy Detector
X (©) _[ n(t) f; Primary useris absent
S lhs(e)+ n(e) H, Primary useris present

Where x () is signal received by CR,t) is signal
transmitted for primary usen(t) is AWGN introduced and
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In non-cooperative sensing all the CR’s individuaense
the radio spectrum and send the sensed data, thewtd
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h is amplitude gain. In Energy detection the sersighl is
passed through band pass filter of bandwMittand then
squared to remove noise and integrated for finmgerval,
which gives a statistic value\] this value is compared
with predefined threshold valué\))( The probability of
detection for energy detector jJP= ProbA>\|H,) and
Probability of false alarm ¢P = ProbA>\A|H,) can be

Pd = ( Ry )
N3 ..J oo o
calculated as follows

(M. &) )
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Fig.2: Cooperative spectrum sensing: Cognitive Radios
(CR) sensesthe radio channel by local sensing, intended
for Primary user (PU) .Here each CRis sharing
information with each other and then sends the status of
channel to central fusion block as global sensing.

To increase the sensing capability of individuagjrutive
radio all the cognitive radios in the network sémel sensed
data to the centralized fusion center as showrigreFThe
transmitter is transmitting for the primary licedseser the
channel is continuously monitored by all the cagait
radios for the free spectrum. When free spectrum is
available all the CR’s in the network send the edrdata
to the fusion center and decision is made regarttieg
availability of spectrum.

The decision generated by each CR at local sefisinge
bit decision {0, 1} is transmitted to the centracikion
fusion center transmitted in binary form. {0} indied that
primary user is absent and {1} indicates that prynsser is
present. At central fusion center one bit decisioinall the
CR’s are clubbed together using Eq. (3). Heraht Ho is
the processed decision of central fusion centertivene
primary user is present or absent.
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have any information of other CR’s in the neightwardh
The channel is imperfect and position of each CR is
different so all the CR’s have different signahimise ratio
and threshold level. So there is ambiguity at thsioh
center about the actual correctness of situation
In cooperative sensing all the cognitive radios itaorthe
spectrum and send the sensed data to the cerdréligien
center for processing, the same as explained far no
cooperative spectrum sensing. The difference it libee
all the CR’s are in synchronous with each otheshasvn in
Fig.2. Even though their positions are differeneyth
maintain same signal to noise ratio and threstldl] this
leads to robust decision at fusion center. Congigethe
same threshold)) level at each CR, the false alarm
probability (Q) and missed detection probability {Qfor
cooperative sensing can be found using Eq.(4) apdbE

Fa

e ) ((CB) @

=1

K
an = H'P'm.i (5)
i=1

Where Py, Py are the probability of false alarm and
probability of missed detection for local spectraemsing
of ()" CR respectively.

V. FUSION RULES
The data send by all the cognitive radios in thisvaek is
collected at the central fusion center. This da&tds to be
processed and the fusion center has to come tdusio
regarding the availability of vacant spectrum. Rbis
processing we are considering hard decision comdini
technique. In this technique one bit locally senseta
from each cognitive radio is collected and combiosihg
k-out-of-N rule.

N
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=k
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A. OR Rule This rule determines the presecnce or

absensce of signal when even one of of the usdiiesot

the fusion center. This can be implemented by paitki=1

in Eq.(6) there by the Eq.(6) in the modified foisrgiven

by Eqg.(7). OR rule is best when the decision thokksls

very high.
Qd=1—(1—Py)" )

B. AND Rule: This rule determines the presence or absence

of signal when all the users notify to the fusicenter.

This can be implemented by putting k=N in Eq. (&)<t

the modified equation is given by Eq. (8). AND ruse

preferred when the decision threshold is very small

@d = (Pa'..i)N

If we choose to implement AND rule at the centraidon
center then we take into consideration most ottgnitive
radios in the vicinity, but it is not feasible tbaose all of
them , because more the number of radios the nare t
sensing time will be required and thus may hamper t
faithful execution of system. So we have to opténthe
number of number of radios to be considered. Ars freen
the table below for different SNR values the tetabr rate
is 0.5 and threshold value is 10 and number of itiwgn
radios required will be 20, which explains that ANlle
can be implemented when the threshold value isdad/
have to take into consideration all the cognitiadios in
the radio environment .

Table 1: AND rule implemented for different SNR

(8) conditions
C. MAJORITY Rule: This rule determines the presence or | Sr. | SNR | Total Error | Threshold| Optimal number
absence of signal when majority of the cognitivéi@a in No. | Value Rate of Cognitive radio
the vicinity convey their decision to the centralsibn 1 5 0.4 10 20
center, that is more than half of the users ndtifythe 2 10 0.5 10 20
fusion center. This can be implemented by puttirg k 3 15 0.5 10 20
[N/2] in Eq. (6), thus the modified equation is g@ivby Eq.
(9). MAJORITY rule is preferred when the decision B.ORrule
threshold is not small or high enough or not kndian cogpemEruson K o e
surely.
.
8= (;)(P 20) (1= Pa)™ (9) ! —— —
I=[niz] e —_———
¥ b e i ==
P g ke g ==
V. SIMULATIONRESULTS '\\*\% "\«\7\& |
Considering the concept of centralized fusion aenie 5 . ; \\x “\"m i
collect all the data from each cognitive radio dunsk that L | ‘ ihanses = TIPPPRNItes|

collected data at fusion center. The fusion isiedrout by
the considering the number of cognitive radiosrigkpart

in the decision process. Here we have considered th
cooperative spectrum sensing where all the cognitidios
share their sensed information with each other.

A. AND rule

. CO.OPERATIVE FUSION USING *AND" RULE
10
T

a 10 0

E}
THRESHOLD

Figure 4: Plot of Threshold vs. Total Error Rate and
Threshold vs. Optimal number of Cognitive radios, this
helps in analyzing optimal number of radios and threshold
for ORrule

If we choose to implement the OR rule at the céffiiion
center, we can choose very few cognitive radiothabthe

. R . sensing time is also less and we could get a eféestsult.
W As seen from the table for SNR value 10 the erate is
V\ M’ﬁ ) 0.6 and cognitive radios required are also 7 bairéguired
0 i 5 — > - : threshold is 40. Hence if we want to implement@i rule
. A——— at the fusion center, then we should have threshallee to
2l \'\i\ — | ‘ be higher side, else the results may not be pragisi
\\\J“\K& | Table 2: OR rule implemented for different SNR conditions
Ed W . S . Sr. | SNR | Total Error | Threshold| Optimal number
g . yj“’w z ¥77 ] No. | Value Rate of Cogpnitive radio
Fig.3: Plot of Threshold vs. Total Error Rate and 1 5 0.9 40 4
Threshold vs. Optimal number of Cognitive radios, this 2 10 0.6 40 ’
helps in analyzing optimal number of radios and threshold 3 15 01 40 15

for AND rule.
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C MAJORITY rule:
If we choose to implement the majority rule at temtral
fusion center then we can choose some required euafb
cognitive radios which are not less and not all. ¢am
consider majority of the cognitive radios and ndtta
make the decision regarding the presence of primaey.
By looking at the table we can conclude that foRSklue
5 and total error rate 0.4 we have threshold vafugs and
required optimal number of cognitive radios is jSsiAlso
by increasing the SNR values the total error ragrehses
for same threshold value.

Table 3: MAJORITY rule implemented for different SNR

conditions.

Sr. | SNR | Total Error | Threshold| Optimal number
No. | Value Rate of Cognitive radio
1 5 0.4 25 5

2 10 0.1 25 8

3 15 0.01 25 12
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Fig.5: Plot of Threshold vs. Total Error Rate and
Threshold vs. Optimal number of Cognitive radios, this
helps in analyzing optimal number of radios and threshold
for MAJORITY rule.

D. Comparison between AND, OR, MAJORITY

CO-OPZRATIVE FUSIDN OF 'AND", "GR, MAJORI™Y" RULES
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Fig. 6: Plot of Threshold vs. Total Error Rate, here all the
Fusion rules are compared with SNR=10, and number of
cognitive radios N=10.
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After individual implementation of above rules wavie to
optimize which fusion rule is best so that that cae be
considered best out of studied ones. So lookinbeaFig.6
we could clearly make out that Majority rule ahsvést
total error rate out off the three rules. So toi@ah the total
error rate less than 0.01 we have to choose theriiaj
fusion rule at the central fusion center. Also theeshold
value required for achieving that error rate is st is 18.
Comparing the results with the Fig.5, we came to a
conclusion that the optimum number of cognitivei@ador
this would be 5 and thus makes the MAJORITY rulé&do
optimum rule among above all.

Further to optimize the Majority rule, we have taosen
the SNR value to be 10 and required error ratee$s kK
0.01 and also the number of cognitive radios tdalss so
that sensing time required is less. Thus optimuinevaf
threshold is 16 and number of cognitive radios wehich is
the optimized depending upon fixed SNR values

VI. CONCLUSION
In wireless communication spectrum is very valuable
resource. Cognitive radio is one of the effortsitiize the
available spectrum more efficiently through oppoistic
spectrum usage. One of the important elementsgifitiee
radio is sensing the available spectrum opporemitihe
new interpretation of spectrum space creates new
opportunities and challenges for spectrum sensifg.
overcome individual sensing issues like fadingdskang
and hidden node cooperative spectrum sensing is
considered suitable. Further in cooperative sensihg
various fusion rules like AND, OR, MAJORITY are
implemented and optimized for different SNR cormdit.
Comparing the three, MAJORITY fusion rule is thestbe
suitable for less threshold and less total errtr vader the
same conditions.
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