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1. INTRODUCTION

In recent years, cognitive radio (CR) has emerged gpromising paradigm for exploiting the
spectrum opportunity, which is restricted by therent rigid spectrum allocation scheme, to solve th
spectrum scarcity problem [1][2]. One of the fundautal challenges in spectrum sensing is to relidbhgct
the primary users (PUs) signals. A number of défértechniques have been proposed for identifyfreg t
presence of the PU. The existing spectrum sensidigniques can be broadly divided into three categor
[2]: cyclostationary detection, matched filter deien and energy detection. Among them, energyctiete
has been widely applied since it does not requiseaaprioriknowledge of the primary signals and has much
lower complexity than the other two schemes. Buetcspm sensing is a tough task because of shadpwing
fading, and time-varying natures of wireless chémn&o combat these impacts, cooperative spectrum
sensing schemes have been proposed to obtain #fial giversity in multiuser CR networks [5]-[8]n |
cooperative spectrum sensing, information fromedédht CR users is combined to make a decision @n th
presence or absence of the primary user. Cooperatitong CR user is usually coordinated by a fusion
center through hard or soft decision fusion stiategin hard decision technique the individual C$&ru
makes the one-bit decision regarding the existefitbe PU. The bit-1 indicates the presence of Afr
observing the PU signal, the local detection fodsahem to data fusion centre for further procebs. final
decision then is taken by combining all local détecbased on predefined rules. In the case ofdsfision,
the decision is taken by correlating the measurémmexle by individual users in signal detection.sTipé@per
considers the performance of hard decision fusidesrbased on the AND, OR and MAJORITY rules. The
performance of these fusion rules is evaluated UAU¢GN channels.

The rest of this letter is organized as followsséttion Il a basic system model of energy detactio
is presented. Hard combination scheme with AND, @B MAJORITY rules were discussed on section lll.
Section IV discusses the simulation result andlfir@onclusion is drawn in section V.
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2. SYSTEM MODEL

The energy detector consists of a square law ddégltmved by a finite time integrator (Figure 1).
The noise pre-filter serves to limit the noise baidth and to select the bandwidth of interest. Tbise at
the input to the squaring device has a band-limitiedl spectral density [9]. The output of the grator at
any time is the energy of the input to the squadeagice over the intervdl in the past.

Squaring
Device Integrator
Input Noise , it Y ) 1 ¢ i
| Pre-filter @) () T ledr — = T_thy (r)ar

Figure. 1 Energy Detection

Finally, this output signal¥ is compared to the threshold in order to decidetldrea signal is
present or not. The threshold is set accordingtatistical properties of the outpit when only noise is
present.

Consider a CR network witN cooperative users ad samples are utilized. The energy detection
[13] [14] is applied at each CR user. The receisigdal at théth sample of thggh CR user;, 1<j<N, 1<i<
M, is given by

ro= i H, )
! ViSi ¥y, H,

where /yj S; denotes the received primary signal with the avermpgwery andn; denotes the

white noise. In eq. 1H, and H; denote the hypotheses corresponding to the absenteresence of the
primary signal respectively. The goal of energyedgbn is to decide between the two hypotheses. The
received signal; is Gaussian with [15],

N(02), H,
i IN(o1+y) @
’ y] ] Hl
According to eq. 2, the observed energy in ajtth€R user is given by [15]
M b. H
Yy =Yr2=], o o ®)
] Z:;‘ : {(1+yi)bil’ Hy,

where random variablelg, and by, follow a central chi-square distribution witdd degrees of
freedom. Lety be the local decision threshold for each CR uéen the local false alarm probabilRyand
detection probability?s can be obtained from eq. 3 as,

R, =P{Y>A1H,)=Q,/2r7) (4)

A
r(u,zj
P, =PlY>A|H,)=———=% (5)
f ( | 0) I'(u)
where I'([) r() y and Q, denote the gamma function, upper incomplete ganumetibn, signal to noise
ratio (SNR) and generalized Marcum’s Q functiospextively.
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3. HARD COMBINATION METHOD

In the hard combination scheme, local decisionshef CR user are sent to the decision maker.
Every CR user first performs local spectrum sensing makes a binary decision on whether a signal of
interest is present or not by comparing the seesedgy with a threshold. All CR users send thei-bit
decision result to the decision maker. Then, d filg&ision on the presence of the signal of intesemade
by the decision maker in described [12]. With adhdecision counting rule, the fusion center implataean
n—out-ofM rule that decides on the signal present hypothvelsénever at least out of theM local decisions
indicatey, . Assuming uncorrelated decisions, the probabiiftyietection at the fusion center [13] is given by

M M _
Py :Z[ ijﬁl,ik(l_ Pd,i)M ‘ (6)

where P, ; is the probability of detection for each individueide.

3.1. Logical-and rule

In this rule, if all of the local decisions sentthe decision maker are one, the final decisionarad
the decision maker is one. The fusion center’sgieweiis calculated by logic AND of the received char
decision statistics. Cooperative detection peréoroe with this fusion rule can be evaluated [13kéiting
n=M in eq. (6).

M
Py ano = Py, 7

3.2. Logical-or rule

In this rule, if any one of the local decisions tsenthe decision maker is a logical one, the final
decision made by the decision maker is one. Cotiperdetection performance with this fusion rule dee
evaluated [13] by setting=1 in eq. (6).

Pyor =1- (l_ P, )M (8)

3.3. Logical-majority rule

In this rule, if half or more of the local decisgrent to the decision maker are the final decision
made by the decision maker is one. Cooperativectieteperformance with this fusion rule can be eatdd
[13] by settingn =LM/2]in eq. (6).

M (M _
Pavas = Z (kjpd,ik(l_%,i )M ‘ )

M /2]

where |_J represents the floor operator.

4. SIMULATION RESULT

All simulation was done on MATLAB version R2011adem AWGN channel by taking time
bandwidth factor u=1000, observing signal sample2B00 and probability of false alarm is used fr@.®1
to 1 by increasing 0.01, where 100 Pfa is usedsd&tng n=M for AND rule, n=1 for OR rule and n=Mi&
MAJORITY rule are used in eq. (6) for all the siamibn.

Fig. 2 shows complementary ROC of cooperative specisensing with 2(a) AND, 2(b) OR and
2(c) MAJORITY rules with 10 CR users and SNR=15@8nulation result shows that the performance of
the AND & MAJORITY rules providing approximately & at low Pfa before 0.5. When Pfa is about 0.5
then performance of OR is better than AND & MAJORITules. After this Pfa to 1, performance of
MAJORITY rule is better than AND rule and considayaworse than OR rule.
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Complementary ROC with AND rule & Fixed CR user under AWGN channel
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Fig. 2(c) Complementary ROC with MAJORITY rule aNég10.
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Fig. 3 shows complementary ROC of cooperative spactsensing with 3(a) AND, 3(b) OR and
3(c) MAJORITY rules with 10 CR users where SNR 46elB, 15dB, 20dB, 25dB and 30dB. Simulation
result show that probability of missed detectioda@sreasing when SNR increases. The probabilitpissed
detection is approximately same among 10dB, 15dB28B, but it abruptly changes in case of 25dB and
30dB. So SNR influences on the detection probabilkor different number of SNR changes this
characteristic significantly. The performance of tBR rule providing better performance at varioddRS
than AND & MAJORITY rules. The performance of MAJOR rule is better than AND rule and
considerably worse than OR rule.

Fig. 4 shows complementary ROC of cooperative spatsensing with 4(a) AND, 4(b) OR and
4(c) MAJORITY rules with SNR=15dB, CR user are N4B, 25, 50 and 100. Simulation result shows that
probability of missed detection for AND rule is ieased when the CR user also increased. In ORthde,
missed detection is decreasing even CR users swrd@r different number of CR users, the detection
performance of OR is better than MAJORITY rule.

Complementary ROC with AND rule & Different CR users under AWGN
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Fig. 4(b) Complementary ROC with OR rule and déferCR users.
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Complementary ROC with MAJORITY rule & Different CR users under AWGN
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Fig. 4(c) Complementary ROC with MAJORITY rule adifferent CR users.

5. CONCLUSION

In this paper, the performance of cooperative spettsensing has been studied with hard
combination fusion rules. Simulation result showattthe probability of missed detection for ANDeu
increased when the CR user also increased. In @Rthe probability of missed detection is decneggven
though CR users increase. The performance of thd®RTY fusion rule is considerably worse but much
better than the performance of the AND rule. SorOIR is the best among hard combination data fufgion
cooperative spectrum sensing in Cognitive Radiogines the better performance than AND & MAJORITY
rules.
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