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Abstract: In this paper, we consider an Energy detection
scheme based on adaptive double threshold for spectrum sensing
in cognitive radio (CR) networks.Energy detection scheme has
taken for spectrum sensing because it doesn’t require any prior
information of the primary user (PU) signal, but the
performance of energy detection scheme degrades at low signal
to noise ratio (SNR) region. Since the performance of energy
detection scheme highly depends on noise, we have proposed an
adaptive double threshold for energy detection scheme to
improve the detection performance at low SNR region.Our
proposed adaptive threshold is a function of the detection
threshold (calculated under the fixed probability of false alarm)
and SNR of the primary user (SNR),) received at the sensing
node. Simulation results show that the detection performance of
the scheme based on proposed adaptive double threshold is much
better than the scheme based on adaptive threshold.

Keywor ds:Adaptive double threshold,Cognitive radio, Energy
detection, improved spectrum sensing.

|. INTRODUCTION

Due to rapid growth of wireless technologies,the demand
of the wireless spectrum resources increases exponentially.
However, theoreticaly we have infinite spectrum but
practically that can’t be used due to limitations of the physical
devices. Mogt part of the spectrum is alocated toPU’s for
specific services and no interruption from the secondary users
(SU’s) is allowed. Due to this fixed spectrum allocation policy,
the problem ofspectrum scarcity arises. Survey made by the
Federal Communications Commission (FCC) reveals that these
fixed allocated bands are most of the time and at different
locations are underutilized by the PU’s [1].

To solve the problem of spectrum scarcity and to increase
spectrum utilization CR isthe key technology recentlyhas been
proposed in the literature. CR provides spectrum access to the
SU’s when PU is absent [2]. To detect the presence or absence
of PU, spectrum sensing is required by SU’s. So, spectrum
sensing is an important task of CR to detect the spectrum holes.
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There are various spectrum sensing techniques have been
proposed [3, 4, 5] like energy detection, cyclostationary
detection, wavelet detection, eigen value based detection,
matched filter detection etc. Out of these techniques energy
detection have taken the much attention because it doesn’t
require any prior information of the PU signal and in practical
we rarely having the information of the PU signal. But the
performance of energy detection degrades at low SNR because
it depends on noise. The performance of energy detection is
much depends on the detection threshold and threshold is
depends on the noise power. Traditional method is fixed
threshold calculating under fixed false alarm probability or
fixed detection probability. But traditional methods suffer at
low SNR region due to noise uncertainty problem. To model
this problem an adaptive threshold was proposed by usin [6].
In the literature, there are various methods have proposed [7, 8,
9] to decide detection threshold.

In this paper, to further improve the detection performance
and to decrease the collision probability adaptive double
threshold based energy detector is proposed for spectrum
sensing in cognitive radio networks.

The rest of the paper is organized as follows. System model

is presented in section Il with brief introduction of energy
detection scheme. An adaptive double threshold based sensing
scheme is proposed insection I111. Simulation results are shown
in sectionlV and finaly our conclusions are drawn in
sectionV.

Il. SYSTEM MODEL

A.  System model
In our model, we consider a single PU and a single SU. SU
sense the spectrum by using energy detection.The detection
hypothesis can be given as:
_(wn) ; Hy
x(n) = {s(n) + w(n) e M
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Where n = 1, 2, 3, .......N is the number of samples of
received signal, x(n)is the received sample signal, w(n) is the
white Gaussian noise with mean zero and variance J,%, s(n)is
the received PU signal with mean zero and variance (IS?'.
H, and H, representthe absence and presence of the PU
respectively. The performance of sensing scheme s
characterized by following three terms:

1) Probability of detection:probability to decide H,
when H, istrue.

P; = Pr(H,/H,) 2)

2) Probability of missed detection:probability to decide
Hy when H; istrue.

Pmg = Pr(Ho/H,) = 1= Py 3)

3) Probability of false alarm: probability to decide H,
when H, istrue.

Py = Pr(H,/H,) (@)

B. Energy detection

Energy detection scheme is optimal if we don’t have any
information regarding PU signal since it doesn’t require any
prior knowledge of the PU signal. But detection performance
of energy detection suffers at low SNR region.The test
statistics for energy detection is given as:

N

1
(%) = 5 ) K ©)

n=1

1) Single threshold based energy detection: In single
threshold based energy detection scheme energy of
the received signal is compared with single detection
threshold. When energy of the received signal is
greater than the detection threshold (T'(X) > 1), it
represents the presence of PU depicted as H, and vice
versa. When N is large enough probability of
detection (P4). false alarm probability (P ),missed
detection prohability (P,) and collision probability
(P-)can be given as respectively,

B A= (0 +a?)
. Q((o& n U%)N(N/Z)) ©
P=Q ('1—6“2) (7)
o/ (N/2)
P,=1-P, ®)
P.= P, ©)
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Where

1 = 2
0() = —= L e dt (10)

In the above equations, A is the detection threshold.
From equation (7), for a fixed P detection threshold can be
given as

1= cr,fﬁN/Z)Q‘l(Pf) + 02 (11)

2) Double threshold based energy detection: There are
two detection threshold in double threshold based
encrgy detection. Obviously, PU will be detected
(Hy) if and only if T(X) > A, and will not be present
(Ho) if and only if T(X) < A;. When energy of the
recaived signal is in (44,4;], redetection is needed.
The detection probability, false alarm probability,
and collision probability can be given as
respectively:

"12 - (Osz + 0—112) ) (12)

=2 ((os TN/

Ay — 0—7%
Pl = 9(7) 13
d a2 /\J(N/2) (13)
P/ = Pr{T(X) < A,|H,}

P’—l—Q( A — (62 +a}) ) (14)
il (2 + 2) /V(N/2)

I11. PROPOSED ADAPTIVE DOUBLE THRESHOLD

In this section, adaptive double threshold has obtained for
energy detection for spectrum sensing. According toNeyman
Pearson theorem, to maximize P;for a givenPy, decide H, if

p(x; Hy)
p(x; Hy)

> (12)

Where p(x; H,) and p(x; H,) are the probability density
function (pdf) of received signal under hypothesis H, and H,
respectively.

Then

{ZH(gz_:Gz]}M’z exp [— ngzl x2 (?’1)]

{ZT(:;W&’XP [— 217%2?1":1 2 (?1)]
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N
111 1 N (c?+a}
(S = 2n) > In(d) + —In | =——
3oz~ G, > (%

n=

N 2 al+oh
lz —_— @) + n (% ) y
N x“(n) > > . (13)
L [a_ B (rrs?wr%)]
TX) > A (14)
Where
Zin@ + (1 + snr,)}
= SR, (15)
o3 (1+SNRp)
2
a.
SNR, = — (16)
ayp

Selection of double threshold: Generally double threshold is
set according to noise fluctuation. But here, we choose double
threshold as follows:

A= al an
A= BA (18)
Where a and 8 are the given constant.

V. SIMULATION RESULTS

Simulation results are shown in this section to observe the
sensing performance of energy detection with theproposed
adaptive double threshold. For simulation, we have taken 500
samples and probability of false alarm is fixed at 0.01. We
assumeaandfasa =08andf = 1.2,
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Fig. 1. Probability of detection vs SNR,, for Pr = 0.01.

Fig. 1 shows the probability of detection versus
SNR, curves for both caseswith adaptive threshold and
adeptive double threshold.As it can be easily observed from
the fig. 1 that the probability of detection with adaptive double
threshold is much better than adaptive threshold.

Fig. 2 shows the plotsbetween the probability of collision
and SNR,. It is clear from the fig. 2 that the collision
probability is less in the case of adaptive double threshold
than the adaptive threshold.
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Fig. 2. Probability of collison vs SNR,, for P; = 0.01.
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Fig. 3 Total error ratevsSNR,,.

Vol. 11, Issue. 2, June 2015



Rahul Kumar Dubey, Gaurav Verma

T
—— Pf=0.01

Probability Of Collision

|
|
1
16 14 12 40 8 -6 -4 2
Signal to Noise Ratio (dB)

Fig. 4. Probability of collisionvsSNR,, for Pf= 0.01, 0.05and 0.1.

The total error rate withSNR,, is shown in fig. 3 for both
with adaptive threshold and adeptive double threshold. Here,
total error rate represent the missed detection probability and
false alarm probability together. From fig. 3 it is clear that the
total error rate with adaptive double threshold is much lower
than with adaptive threshold.

Fig. 4 shows the curves between probability of collision
and SNR, with proposed adaptive double threshold for
different P . It is obvious thatas Py increases collision
probability decreases with SNR.

Simulation results clarify that the energy detector based on
our proposed adaptive double
threshold provides better performance
than adaptive threshold.

V. CONCLUSION

' ' This paper proposes aspectrum
] ’C&}:« sensing scheme with an adaptive
=== double threshold which adapts

according to the varying SNR of the PU received at the sensing
node. So, our proposed threshold can model the uncertainty of
the wireless communication channel. Simulation results
demonstrate that the detection performance of spectrum
sensing with our proposedadaptive double threshold is much
better than the single threshold.

REFERENCES

[1] FCC, “Spectrum policy task force report,” in Proceedings of the Federal
Communications Commission (FCC), Washington DC, USA, Nov.
2002.

[2] J Mitolaand G. Q. Maguire, "Cognitive radio: making software radios
more personal,” |IEEE Personal Communications Magazine, August
1999, pp. 13-18.

International Journal of Emerging Trends in Electrical and Electronics (IJETEE — | SSN: 2320-9569)

20

[3] F. Khan and K. Nakagama, “Comparative study of spectrum sensing
techniques in cognitive radio networks,” World Congress on Computer
and Information Technology (WCCIT), pp. 1-8, June 2013.

[4] Ying-chang, kung-chengchen, Li G.Y., MahonenP.,"Cognitive radio
networking and communications: an overview" |EEE Transactions on
Vehicular Technology, vol. 60, no. 7, pp. 3386-3407, Sept. 2011.

[5] IL.F. Akyildiz, W. Y. Lee, M.C. Vuran, and S. Mohanty,"A survey on
spectrum management in cognitive radio networks," |EEE
Communications Magazine, vol. 46, no. 4, pp. 40-48, Apr. 2008.

[6] R.K.Dubey, G. Verma,“Improved spectrum sensing for cognitive radio
based on adaptive threshold,” 2™ IEEE International Conference on
Advances in Computing & Communication Engineering (ICACCE), pp.
256-259, May 2015.

[7] X. Ling, B. Wu, H. Wen, Pin-Han Ho, Z. Bao and L. Pan, “Adaptive
threshold control for energy detection based spectrum sensing in
cognitive radios,” |EEE Wireless Communications Letters, Vol. 1, No.
5, pp. 4481- 451, Oct. 2012.

[8] Hyun-Ho Choi, K. Jang and Y. Cheong, “Adaptive sensing threshold
control based on transmission power in cognitive radio systems,” |EEE
3rd International Conference on Cognitive Radio Oriented Wireless
Networks and Communication, pp. 1-6, May 2008.

[9] J.Ye, F. Zhang, P. Hu, C. Wang and Y. Zhang, “An energy detection
scheme based on hysteresis threshold for cognitive radio,” Proceedings
of International Conference on Communication and Technology
Applications (ICCTA), pp. 155-159, Oct. 2011.

About Authors:

Rahul Kumar Dubeyreceived the B.E. (Bachelor
of Engineering) degree in electronics and
communication engineering in 2012. He is
currently pursuing M Tech degree (Master of
Technology) in electronics and communication
engineering from National Institute of Technology Kurukshetra
(NITKKR), Haryana, India, under the guidance of Asst. Prof. Gaurav
Verma. His current research interests include spectrum sensing
enhancement in cognitive radio networks.

Gaurav Verma working as Assistant Professor in the
Department of Electronics and Communication Engineering,
Nationa Ingtitute of Technology Kurukshetra (NITKKR), India
He received his M.Tech Degre (Master of Technology) in
Communication Systems from Nationa Institute of
Techhnology Tiruchirappalli (NITT), in 2012. Received his B.
Tech (Bachelor of Technology) degree in Electronics and
Communication Engineering from National Institute of
Technology Raipur (NITRR), in 2010. His Research interests
include Cognitive Radio, Wireless Networking, Wireless
Communications and Next generation of communication
systems.

Vol. 11, Issue. 2, June 2015



