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Abstract: Problem statement: Cognitive radio is a candidate technology for mefficient spectrum
utilization systems based on opportunistic spectrsinaring. However, a common assumption
regarding cognitive radios is that they are unlgezh spectrum users that should defer to (avoid
interfering with) existing primary sources. Themefeeffective sensing of primary users was a major
focus of current research. Cooperative spectrursiisgrnad been proposed to overcome the problem
associated with the local sensing node problemigu@oise uncertainty, fading and shadowing.
However, reporting the sensing result required gmrichannel to avoid degradation in sensing
performance due to fading. It also required a ldrgedwidth assuming large number of cognitive user.
Approach: In this study we presented a hard decision auteection reporting scheme that directly
corrects the errors in the reported bit and furthé@rimizes the average number of reporting bits by
allowing only the user with a detection informatimnreport its result. We used analytical formulati

to investigate the reporting scheme, by employiunghsselection technique; the reporting error due to
the fading channel was reducd®kesults. The sensing performance was investigated and weesh
through simulations and probabilistic analysis $kasing performance improvements achieved via the
proposed method. Numerical result showed much dserén reporting bit without affecting the
sensing performance.
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INTRODUCTION In cooperative sensing architectures, the control
channel can be implemented using different
Spectrum sensing is a base aspect of cognitivenethodologies. These include a dedicated band,
radio to insure no interference for the primargdhised unlicensed band such as ISM and underlay Ultra Wide
user). However spectrum sensing can be done loically Band (UWB) systefl. In order to minimize
the node, where it is susceptible to shadowing andommunication overhead, different quantization had t
fading which could cause a hidden node problem antbcal obtained signal is introduced. It was shoWwat t
will degrade the sensing performance. Cooperativéwo or three bits quantization was most appropriate
sensing is propos€d to overcome the problems without noticeable loss in performafiéeIn a hard
associated with local sensing, different coopeeativ decision (binary quantization) is proposed for taabily
method is discussed that exploit the multiuser it  large node populatiéh However, the total number of
in sensing proce$s. Different protocols can be sensing bits transmitted to the central is large.
employed in order to report the local sensing tetul Further to minimize reporting bandwidth a two
other secondary users or a common server ifevel quantization method was recently prop&sethe
centralized or decentralized architecture respelstiv. method identify the users with a reliable inforroati
the Amplify and Forward (AF) in which a relay only to report a binary decision (0,1) to the commmo
transmits the signal obtained from the transmitterserver as shown in Fig. la. However the method
without any processing achieved full diver§ityThe reduces the number of reporting bits at the exmise
AF is used in two cognitive user scenafpswhere degradation in sensing performance. The rmsult
each user considered as a relay for other usealsign show that misdetection probability,Rs degraded by
the next time slot. The scheme shows a reduction ithe imperfect channel and the false alarm prdipabi
detection time and increased agility. P; is bounded by the reporting error bataility.
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Decision H| No decision | Decision H sever, otherwise no report decision is taken. i ¢hse
if the server receives a local decision ‘0’ due to
0 M Az Qi imperfect reporting channel, it has a pre-knowlethge
@ only detection result is reported so it auto casdhe
reported error.
R’ | R For simplicity we assume that the local sensing
5 3 ‘Qi method used is energy detection based where tipaitout
() of integrator Q is compared with a threshbltb decide

whether a primary user is present or not.
Fig. 1: (a): Censoring detection method with biestrolds for If Q exceed the threshold, a reporting decisionsR
the " user; (b): Auto_correction reporting method taken and binary decision ‘1’ is sent to centralese
with one threshold for the'iuser otherwise ‘no report’ decision R’ is taken. Thigjisen

. _ by:
This means that spectrum sensing cannot bey

successfully conducted when the desirgdsPsmaller
than the boundP, . If the channels between cognitive R =

users and the central server are perfect the local
decision will send to central server without errbr.
practice, the reporting channels may experiencindad The system model of our interest is shown in
which will deteriorate the performance of the Fig. 1b.

cooperative spectrum sensing. A cluster based detho  Following the work dt where the white noise is
was proposet”’ where the most favorable user in eachmodeled as zero mean Gaussian random variable and
cluster is selected to report to central server niethod  the signal term as zero mean Gaussian variablestis w
improved the sensing performance compared tdhe decision metric R of the energy detector foddhe

{O Q<A R

1 Q>A R (@)

conventional sensing. distribution:
In this study, we propose a reporting scheme that
auto correct the error in the sensing results tegoto 2 H R
. - 2m 0’
the central server. By allowing only the users WIthR“{XZ (2y) H, R 2
detection information to report their local detenti am\ &Y v

result to the central sever, the server will kndwatt
whatever signal it receives from a cognitive user iwhere, m is the time bandwidth product aXd,, and
means a detection of a primary user (local decidjon 2 h | and | chi
If it receives an error signal due to imperfectaring Xom (2y) represent the central and non-central chi-
channel it auto corrects it to 1. The method has twsquare distribution with 2m degree of freedom
advantages: it reduces the number of reportingasits ~ respectively and non centrality parameter pffi@ the
it corrects the error in reporting signal. Furthtérge later. The SNRyis exponentially distributed with mean
scheme obviates the need of a decision fusion methovalue yassuming the channel expresses Rayleigh
at the central server. The sensing and detection Ghding.
primary users was evaluated that insure the method Assume that the receiver receive K (Where K =0,
does not degrade the sensing performance and the .. N)out of N local decision ‘1’ reported form the
algorithm acts as it has a perfect reporting chianne cognitive users.

The rest of this study is organized as fellowsgir If the server receives local decision ‘0’ it is

the materials and methods discuss the proposed auw@nsidered as a reporting error due to imperfeghnkl
correction reporting scheme and the system mod®. T 5nd is auto corrected to ‘1.

then, the results analyze the performance of caiper The final decision H at the server is done based o

sensing for the scheme and the simulation result ig |f the server receives any local decision ‘1@t a

shown. Lastly we conclude the study. final decision H = 1 is taken. If no local decisie
reported to the server, then a final decision H # 0

Autocorrecting reporting model: In our model, every
cognitive user conducts a local sensing and ifizany H :{
user detected, a hard decision ‘1’ is sent to eéntr
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Let K denotes the normalized average number ofvhere, By Pk, Pnk are the detection probability, the

reporting bits

K = 4)

where, K,4is the average number of reporting bits.

false alarm probability and the misdetection pralitsth
for the k th cognitive user, respectively.

Under Rayleigh fading,y would have an
exponential distribution. In this case, the Cumiuéat
Distribution Function (CDF) of collected energ®
under hypothesis §1H; is:

Let R¢ represents the event that there are K

cognitive users reporting and,_, represent the event
that there are N-K cognitive users not reportihgnt

P{R}=1- R xA} (5)
P{ RN—K} = F{ Q<)\} (6)

Further, let p = P{Hq}, P, = P{H.}. Then, the
average number of reporting bits is given by:

_ > N D
Kavg_PoKZ_;K(K]P{RM Hy}
N (N
g e

K=1-RR,- RR

)

®)

where, R, R; represent the probability of “No report”
under hypothesis §1H; respectively:

R,=P{Q<A|H} . R=R Al § )

0)=[r(om)0 -1—FETm%) 0
and
SORICENVE

- o5 =

Then Ry, R, can be written as:

R, = F(A),

R =G(A)

where, (.,), () are incomplete and complete

gamma functions, respectivefy.
In case K = 0, no report is sent to the servere he

From (8) it can be shown that the normalized® primary user considered active in the frequency

average number of reporting bité is always smaller
than 1.

Spectrum sensing performance analysis. If the

channel between cognitive users and the centraéser
are perfect and a full reporting is employed, the

detection probability § the false alarm probability; P
and the misdetection probability, Bre given by

N

R=1-T]( R (10)
=1 ] (- R) (11)
and

o =] P (12)
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band. LetP,, B; denote the probability of “no report”
under hypothesis §1H;, respectively:

B, =P{K=0H} =(R,)" (15)

B.=P{K=0H} =(R)" (16)

Here the detection probability,Pthe false alarm
probability R and the misdetection probability, Rare
given as follows:

PD :F{H: 1’K2 1'1}

“1-p, a7
R = F{ H= 1Kz 1"!3} (18)
=1-B,
and
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Pu=1-R (19)

In Eq. 19, it can be observed that the performance
of cooperative sensing is not degraded due to ifaper
reporting channel, the method auto-corrects the
reporting error and thus create virtual perfeciorépg
in an imperfect channel.

RESULTS

Simulation results: Simulation results demonstrate the
performance of cooperative spectrum sensing under
auto correction
comparison with the existing method, the resultshef
conventional method and the censoring method with
guantization (with probability of fail sensing edua
0.001}) are given for a comparison. We assume that
the number of cognitive user is 10 users in thdéesys
and the average SNR between the primary user and an
cognitive user is 10 dB. We usg=0.5.

Simulation results demonstrate the performance of
cooperative spectrum sensing under auto correction
reporting scheme and provide a comparison with the
existing method. The results of the conventionathwe
and the censoring method with quantization (with
probability of fail sensing equal to 0.06Ljre given for
comparison. We consider that the number of cognitiv

users is 10 and the average SNR between the primaF)jg- 3

user and any cognitive user is 10 dB. We yse ®5.

Figure 2 shows that the normalized average
reporting bits have been decreased compared with th
conventional method and the censoring method

Figure 3 shows the tradeoff between the spectrum
sensing performance and the average number of
reporting bits, i.e., Vs K, for given false alarm
probability, R = 0.0001, 0.001, 0.005, respectively. It
can be observed that, for a fixed false alarm gribibhg

v 06

04

Conventional methed
""""""" Two level quantization method
Autocorrecting reporting method |

K Vs P, N=10and SNR =10 dB

100

reporting scheme and provide &ig.2: The normalized average number of sensityy bi
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the missing probability ¢ changes a little wherk v \\

varies from 0.5 to 1, which means that we can aehée 104 . ‘ ‘ '

large reduction of number of sensing bits at a Vitig o o W o 0

expense of performance loss. ) ) .
Fig. 4 illustrates the complementary receiverFig- 4: Complementary Receiver Operating

Characteristic (ROC) (PVs R) of cooperative

operating characteristic performancey (/s R) of spectrum sensing, N = 10 and SNR = 10 dB

cooperative spectrum sensing, for the different
reporting method. The curves for the auto_correctio
reporting scheme and conventional method (assuming

DISCUSSION

perfect reporting channel for the latter) are thens . Performance In-a _spectrum sharing - network
: . involves evaluation of a number of system
which means there is none or unobserved perform"’m‘:c,fharacteristics. Of primary importance is the todfle

loss of spectrum sensing reporting performancetdue petween minimizing interference with primary users
fading in reporting channel, which justify the aysas. and maximizing spectral efficiency, a relationship
474



Am. J. Engg. & Applied i, 2 (2): 471-475, 2009

directly related to the Receiver Operating Charéstie

(ROC) curves of the cooperative sensing system.
However, any spectrum sharing network designed for

spectral efficiency would have stringent constsaioh
control-channel bandwidth.

for each cognitive radio to report its sensing lteand

the control channel is usually bandwidth limited. |

every cognitive radio transmits the real value tf i
sensing observation, infinite bits are required #nd

It has been shown that
cooperative spectrum sensing needs a control channg

will

result in a large communication bandwidth.

Quantization of local observations has attractecthmu
research interest even though it introduces additio
noise and a Signal-to-Noise Ratio (SNR) loss at the6
receiver. In our systems, using binary quantizatod
only the users with detection information are abo\vto

send to the common receiver, the system achieve a

large reduction of number of sensing bits at nceesp
of performance loss.

CONCLUSION

" 7
As far as the cognitive network grows, the

coordination algorithm should have reduced protocol
overhead. To decrease the average number of reporte
bit a reporting method for the result of the coapige
spectrum sensing in cognitive radio network witroer
auto correction scheme is discussed in this stlitig.
performance of the proposed method in spectrum

sensing is analyzed; the normalized average nuwiber
reported bits has been derived. Simulation reshibsvs

the

decrease in reporting bits without performaloss

compared with existing methods.
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