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ABSTRACT

In cognitive radio, spectrum sensing is a key component for
securing the licensed terminal from interference and detects
the white spectrum hole to improve the spectrum efficiency.
In the existing techniques, the noise uncertainty was either not
considered or only detrimental effects are mitigated without
much performance improvement. Therefore, a novel dynamic-
double-threshold energy detection scheme is proposed under
noise uncertainty, and its performance has been studied.
Simulation analysis and results show that the proposed
scheme improves the performance of detection for smaller
values of false alarm probability. It is also found that the
detection probability is reached at a satisfactory level, even
under varying noise uncertainty.
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1. INTRODUCTION

Nowadays, there is a scarcity of the radio spectrum due to
advancement in wireless appliances and services as Wi-Fi,
Bluetooth, ZigBee, and Wi-MAX etc. Because of this huge
demand of radio spectrum cognitive radio gains much
attention as it can sense the unused spectrum i.e. spectrum
holes under license band and keeping spectrum utilization and
quality of service high for the overall system. To meet the
excessive demand of the radio spectrum band the cognitive
radio (CR) is a very promising technique as it does not cause
harmful interference to the licensed terminals.

According to a survey performed by Spectrum Policy Task
Force (SPTF) within the Federal Communication Commission
(FCC), that actual licensed spectrum is inefficiently utilized
[1-3]. To utilize the available spectrum up to the full extent it
is mandatory to allow the unlicensed terminals to borrow
unused licensed band under the condition that it should not
cause any harm to the licensed terminals. For this, an
intelligent wireless communication system is required, which
must be aware of its environment and able to select the
spectrum band as well as the parameter (such as carrier
frequency, modulation type, Bandwidth, etc.). The cognitive
radio is capable of doing this and thus fills the unused
licensed spectrum holes also called as white spectrum holes,
without causing much interference to the licensed terminals
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[4]. In order to do so CR must sense the spectrum
continuously. The basic spectrum sensing techniques, which
already have been proposed, are energy detection technique
[5], matched filter detection technique and cyclostationary
feature detection technique [6]. In these basic transmitter
detection techniques, energy detection is generally used
because of its low complexity. The double threshold
technique is introduced in [7]. Most of the techniques
presented on the basis of invariant noise power, whereas in
total noise is present due to various factors like quantization,
leakage of signals, thermal noise, etc., thus we can say noise
is not perfectly Gaussian also not stationary [8]. Thus, under
practical scenario we cannot fix the noise variance of received
signal which, results in the noise uncertainty condition.

The problem of noise uncertainty is corrected by using the
proposed dynamic-double-threshold scheme. Here two
varying thresholds has been taken, which will result in high
detection probability, while keeping false alarm probability
at fixed lower value as in the case of fixed noise condition.

The remaining part of the paper is organized as follows. In
section Il detection model is explained. Double threshold is
introduced in section 111, and noise uncertainty with dynamic
threshold is explained in section IV. The performance
improvement is proven with the simulation result in section
V. Finally, conclusions are drawn in section V1.

2. DETECTION MODEL

Fig. 1 shows the system model for spectrum sensing in
cognitive radio (CR). There are two cognitive terminals
(CT): CT,and CT,, one licensed terminal and one licensed
terminal access point. The CTs will sense the spectrum and
find the spectrum holes to maximize the radio spectrum
utilization.

For detection of an unused licensed band of the radio
spectrum, the basic transmitter detection techniques are used
generally. These techniques can be modeled as a binary
hypothesis [9] as follows:

{HO:X(n) =W(n) ,n=12,...,N

Hy:X(n) = h.S() + W(n) ,n=12,..,N M
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Figure 1. System model for spectrum sensing.

where, X(n), S(n), W(n) and h denotes the received signal
at cognitive radio terminal, transmitted signal from licensed
terminal, additive white Gaussian noise with zero mean and
o,2variance and complex channel gain respectively.
H, represents absence of licensed terminal means spectrum
band can be used by cognitive radio terminal and H;
represents the presence of licensed terminal, i.e. spectrum
band is occupied by licensed terminals [9]. Also we denote
the signal to noise ratio (SNR) by y = % . Where P is the
average signal power and o,,2is noise variance. The following
cases can be drawn from the binary hypothesis:

1) Probability of detection (P4): The Channel is vacant
and declared as vacant.

2) Probability of false alarm (Py) :The Channel is vacent
and declared as occupied.
3) Probability of mis detection (P,,,):The Channel is

occupied and declared as vacant.

The test statistics for energy detection method is given as
[10],

N-1
D) == > K @
n=0

Here, D(X)is test statics, N is the number of samples taken
under observation period. For a single threshold value A,
presence or absence of licensed terminal can be declared
as:
{ D(X) > A ,H;: licensed terminal is present

D(X) < A ,Hy:licensed terminal is absent

(3

If we assume that noise variance is fixed and noise uncertainty
is not considered [10],

N (0,2, 0,%/N) Hy

N((6,% + P), (6,2 + P)?/N) H, )

D(X )~{
Now, we can derive probability of detection (P,;), probability
of false alarm (Py), and probability of mis-detection (Py,) as:

A= (P + 0,2

/Z/N.(P +0,2)

Py =Pr(D(X) > A/H,) = Q ®)
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/ A—a,> \
P = Pr(D(X) > A/Hy) = Q \\/T— / (6)
/N.Un2
szl_szl_Q/LJ”’"z)\ 7)

\ 2/y-(P+ an)/

Here Q(.) represents the standard Gaussian complementary
cumulative distribution function (CDF) and A represent is the
preset threshold value.

3. DOUBLE THRESHOLD SCHEME

In order to improve the reliability of decision double threshold
scheme is implemented. The two thresholds A,and A, are
illustrated in Fig. 2. Also we define:

).2 - ).1 = Aﬂ. (8)
Here, A,= lower threshold bound,
A, = upper threshold bound.

Considering this criterion the cognitive terminal with test
statics D(X) value between A;and A,will not be considered
and sensing will be performed again. When value of D(X) is
greater than the threshold value A, hypothesis H; will be
declared and when it is less than the threshold value A;
hypothesis H, will be declared. The probability equation will
be modified as follows:

N O O L B
\ Z/N(P+Un2)/

ll _an
Pr = Pr(D(X) > A/Hy) = Q| ———— (10)
,Z/N_anz
_ 2
Pp,=1-P;=1-0Q M (11)

2/N (P +0,2)

The performance of this scheme will depend upon value
of AA. In case if the higher value of AA is considered then the
probability that the test statistics falls in null region will be
more, resulting in more number of sensing cycles for selection
of white spectrum hole, and if lower value will be taken, it
will result in either miss detection or false alarm. Thus Proper
value of A4 should be chosen.

4. PROBLEM FORMULATION FOR
NOISE UNCERTAINTY

The detection performance has been discussed without
considering noise uncertainty in to account. Whereas, the
noise variance is not fixed as the wireless channel is
continuously changing.

4.1 Impact of Noise Uncertainty

Considering a case of wvarying noise variance
aso?e[o,%/p, pon?] [11] [12], where p represents the noise
uncertainty coefficient and value of p is close to 1, i.e. p >
land p = 1. So (9) and (10)will be modified as:
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min /lz—(P‘HTZ)\
//1 — (P +0,%/p) \
e \ 22/N (P +an2/p)/ "
max A —a?
Fr = 2elan?/p, PUnZ]Q \/%-az
of 21=se
Py = \J;/;Np:a / (13)
Pp=1-P;= 1—Q/ A= P+ on'/e) \ (14)

2/y-(P+0:2/p)

4.2 Proposed Dynamic Double Threshold
Energy Detection (ED) Scheme

It can be seen from Fig. 3 that performance is degraded sharply
as the noise uncertainty coefficient is increasing, which results
in severe interferences to the licensed terminals. In order to
contend this problem the dynamic threshold scheme is
implemented. p’ is the dynamic threshold factor and it is closer
to 1 iep’'>1 and p' = 1.The limits for dynamic double
threshold can be defined as [11] [12]:

{ /11’6[/11/9’, p'A] (15)
/12’6[/12//)'; p'Az]

While, considering dynamic-double-threshold under noise
uncertainty, (12) and (13) will be modified as:

P = min min
47 0%€[0,2/p, p 0n 2] A €12/ p', p' 2]
//12 —(P+0?) \
\ 2/ (P+02) /
r_ 2
P, =0Q //12/9 (P + o /p)\ (16)
2/y- (P +0,2/p)
p. — max max
17 0%€[0,2/p,p 022 A3 €12/ p", p' 23]
Q ll, bl 0'2
,Z/N.O'Z
! 2
B —Q<p i —pes (7

International Journal of Computer Applications (0975 — 8887)
Volume 87 — No.14, February 2014

Spectrum free Null Spectrum occupied

Decision Hy Decision H,

1

!

]

: D(X)
No decision i
1

A A,

Figure 2. Double threshold based spectrum sensing.

/lz/p’ - (P +an2/p)\

2/ (P +0,%/p)

Po=1-P;=1-Q (18)

5. SIMULATION RESULTS

For simulation additive white Gaussian noise (AWGN)
channel is considered with signal-to-noise ratio (SNR) = -15
dB, and BPSK modulation is used. Number of samples during
detection period (N) is 100, and Py varies from 0 to 1.

Fig. 3 shows the numerical receiver operating characteristic
(ROC) curves for comparison of the single and double
threshold scheme for energy detection technique. The curve
has been plotted between probabilities of false alarm (Py)
versus probability of detection (P;). For probability of false
alarm Py value at 0.1 the values for probability of detection
are 0.4, 0.78, 0.82 and 0.88 for single threshold i.e. A1 =0,
and A1 values 0.2, 0.15, 0.1 respectively. The result shows
that at AAequal to 0.1, performances best among all, it is
because as we go on increasing the value of AA , the null
probability increases and sensing will be performed again.
Therefore, appropriate value of AA should be selected for
good performance.

From Fig. 4 it is noticed that at probability of false alarm P, =
0.1, the probability of detection P, values are 0.58, 0.4, 0.13,
0.02 and 0 for the noise uncertainty coefficient p are 1, 1.01,
1.02, 1.03, 1.05 and 1.1 respectively. Thus, we can deduce
that with slight increase in p there is sharp falloff in P, so it
can stated that, very small change in noise variance will
severely deteriorate the detection performance. Along these
lines, energy detection method is susceptible towards noise
uncertainty.

Fig. 5 shows the results of action taken to reduce the problem
of noise uncertainty in sensing technique. The graph has been
plotted between probability of false alarm (Pf) and
probability of detection (P;) for (16) and (17) in which
dynamic double threshold scheme is proposed. From graph, it
can be deduce that at Pr = 0.1, P, values are 0.69, 0.66 and
0.88 for conditions without noise uncertainty, with noise
uncertainty and with the proposed dynamic-double-threshold
scheme. This indicates that the proposed scheme improves the
performance under noise uncertainty condition.

Fig. 6 compares the single threshold and proposed dynamic-
double-threshold scheme under these three conditions:

5.1 With no noise uncertainty.
5.2 With noise uncertainty.
5.3 With noise uncertainty and dynamic threshold.

Here NU* represents noise uncertainty under double threshold
scheme, NU — D* represents noise uncertainty under
proposed dynamic-double-threshold scheme and NU
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represents noise uncertainty under the single threshold
scheme.

From the result, it is concluded that under our proposed
scheme, at Pr = 0.1, Py value is 0.89 and 0.6 for single and
proposed scheme considering noise uncertainty. It clearly
indicates the performance improvement.
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Figure 2. ROC curves of energy detection scheme with
different noise uncertainty coefficient p.

International Journal of Computer Applications (0975 — 8887)

probability of detection

Volume 87 — No.14, February 2014

0.95 |
" MM NI o
085 |
1
0.8 %
0.75 B —ﬁﬁ(g
e I
N 7 ‘MW
‘ fmwwww i S
0.65 g% S |
i i .

0 01 02 03 04 05 06 07
probability of false alarm

0.8 0.9

-

Figure 3. ROC curves of ED scheme with dynamic-double
threshold with noise uncertainty.
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Figure 4. Comparison of ED for single threshold and
propopsed scheme with noise uncertainty

6.

consideration.

CONCLUSION

The energy detection technique has been used amongst the
basic transmitter detection techniques because of its less
intricacy. As this method is very much susceptible towards the
noise uncertainty due to continuously changing wireless
channel, a novel dynamic-double-threshold spectrum sensing
scheme has been proposed in this paper, in order to lessen the
effect of varying noise uncertainty. This scheme performs
better even under low signal-to-noise ratio (SNR) condition
and relentless noise uncertainty. The simulation results show
that the proposed technique boosts the performance in terms
of detection probability by keeping false alarm probability at a
low value. The overall performance of the proposed scheme is
based on selection of A1 and dynamic threshold coefficient p’.
If suitable values for these factors are selected the
performance degradation caused by noise uncertainty can be
expunged, and radio spectrum utilization can be enhanced.
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