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ABSTRACT

Spectrum sensing is the main feature of cognitive radio
technology. Spectrum sensing gives an idea of detecting the
presence of the primary users in a licensed spectrum. The
dynamic threshold energy detection is proposed in this paper
for the spectrum sensing of Cognitive Radio. The proposed
dynamic energy scheme depends on the current state of the
primary user. Depending on this, dynamic thresholds are
evaluated considering the effect of noise uncertainty. The
thresholds evaluated are used to increase the value of P4 and
decrease the value of Pr,. The performance of dynamic
energy detection technique is optimized against the values of
parameters. It is observed that the proposed dynamic energy
detection (DED) scheme is better than the classical energy
detection (CED) scheme.
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1. INTRODUCTION

Cognitive radio (CR) [1] technique has been initiated to
exploit the spectrum holes when the spectrum is under
utilization. It allows the secondary users called CR user to
access the spectrum along with primary users (PU) in
opportunistic manner. A CR basically senses the spectrum,
understands its operating environment, identify the available
temporary spectrum, adapt spectrum for transmission and
learn its behavior.
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Fig 1: Concept of frequency spectrum hole [1]

A frequency range hole (sometimes known to be White
Space) shown in fig.1, is a range of frequencies which is
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designated to the PU, but the frequency range remains
unutilized by the user at any time and geographic area. The
concept of frequency range hole can be revised as a
probability in transmission in space of Electromagnetic (EM)
spectrum. EM spectrum area is not a practical space which is
owned by transmitted signals having dimension of location,
frequency, arrival angle, power, time and many more as
possible. The radio which is built on CR has abilities of
sensing and understanding the frequency band, recognize the
frequency range holes in electromagnetic spectrum, in making
decision of how the user can access the electromagnetic range
and to adapt it transmission and reception parameters
accordingly. Therefore, the cognitive radio that utilize this
strong electromagnetic range access involves the capability to
significantly enhance the frequency band efficiency utilization
that results in easier and flexibility of accessing the spectrum
for present and upcoming services of wireless communication.

The concept of Cognitive Radio was given by Gerald Maguire
and Joseph Mitola [2]; they expressed the expansion of
Software defined radio that improves the performance of
wireless communication.

In this paper a dynamic energy scheme that depends on the
current state of the primary user is developed. Depending on
this, dynamic thresholds are evaluated and considering the
effect of noise uncertainty. The thresholds evaluated are used
to increase the value of Py and decrease the value of Py, . The
performance of dynamic energy detection technique is
optimized against different values of parameters.

2. SYSTEM MODEL

Energy detection is the most common technique used in the
detection of primary transmitter. In this technique, the
detector performs non-coherent detection and therefore does
not require any prior knowledge of the primary transmitter [3-
5]. Fig. 2, shows the block diagram of the energy detection.
The signal Y(f) is obtained by passing the received signal y(t)
through band pass filter and Fast Fourier Transform. The
energy gain of the signal is then calculated by integrating and
summing the information Y (f) over detection interval of time.
The primary user is then encountered by correlating energy of
received signal with the range of threshold. The threshold
decision confides upon the level needed for fake alarm and is
much inclined to the uncertainty in noise signal. This
technique cannot differentiate between noise and primary
signal and therefore has very low attainment under less SNR.
Also this technique is unsuitable for the detection of spread
spectrum signals due to complex signal processing algorithms
used for the detection.

31



International Journal of Computer Applications (0975 — 8887)
Volume 148 — No.5, August 2016

Y(t v(f) Squaring + Threshold Decid
res| ecide
FET 1 i i
H BPE H E nt:eg‘:?ct;"g Device Hypothesis

Fig 2: Block diagram of energy detection

2.1 Spectrum Sensing Problem

Formulation
With the help of two hypotheses of binary hypothesis problem
of testing, we can formulate spectrum sensing problem as
described below:

H, denotes : y(n) = w(n) - (PU unavailable) 1)
H; denotes : y(n) = x(n) + w(n) -» (PU available) (2)

Here, y(n) is the signal received, by primary user, n= 1, 2,
3...N where N is complete primary legal user’s observing
period length. x(n) represents the sample of primary legal
user signal while w(n) represents the sample of AWGN
(Additive White Gaussian Noise) having variance ¢? [6].
Hypotheses H, say about the absence of primary user and
Hypotheses H; say about the presence of primary user. The
samples of noise are related to variance in way as mentioned:

w(n) € N(0,0?2) )

When the spectrum sensing fails then the resulting probability
is known as probability of false alarm and probability of
missed detection. In case probability of missed detection,
when primary user is available in spectrum band then the
technique of spectrum sensing selects hypotheses Hy. In case
probability of false alarm, when the frequency band is sitting
idle then the technique now selects hypotheses H;. In
probability of missed detection, there is a consequence of
resulting interference to the primary user. While in probability
of false alarm it results in missing the opportunities and due to
which the utilization of spectrum in an effective and efficient
manner decreases. Depending on these two definitions of
probability, it can be concluded that there are two types of
probabilities namely, probability of detection and probability
of false alarm [7]. For the optimal performance of cognitive
radio it is expected that probability of detection should be
maximized and probability of false alarm should be
minimized.

The probability of detection, P; = B.(H{/H;) and
Probability of false alarm, Py, = P.(H,/Ho).

3. COMPARISON ANALYSIS OF CED
AND DED
3.1 Fixed Threshold Classical Energy

Detector
Usually cognitive radio do not contain information about the
primary user, in this case energy detection plays a very vital
role. As energy detection can analyze the availability of
primary user when it is not having any prior information about
it. Also, the implementation and computation is very effective
and easy in this detection technique.

In energy detection technique considering fixed threshold, it
analyzes the availability of primary user in the spectrum
range. If the energy which is received from primary user
comes out to be greater than the fixed threshold that was
predetermined, the spectrum frequency band is considered to

be busy and declares Hypotheses H;. And if the energy
received comes out to be less than the predetermined fixed
threshold value, the spectrum can be declared as idle and
hypotheses Hy is considered in this case [8].

The statistic to be tested is given as:

N
D) = )y )
n=0

Here, y(n) denotes the received energy of primary signal, D(y)
is the decision variable. The statistic to be tested follows
central distribution chi-square beneath hypotheses H,and
non-central distribution beneath hypotheses H;. While
considering the region having low signal-to-noise-ratio, the
sample number needed to gain certain performance in
probability of false alarm and probability of detection should
always be more than a single sample. The Central Limit
Theorem and Gaussian distribution is used to analyze the
statistic to be tested, that is described below [9];

N(Ng?,2No)H,

N(N(P + ¢2),2N(P + 62)*)H, ®)

Do) =
P is the average signal power of Primary user. The probability
of false alarm and probability of detection is described as
below if the Additive White Gaussian Noise (AWGN) is
considered:

—N(P +o?
Y (+0)> ©

Py =F(Dy)>ylH) =Q ( V2N(P + 02)

)
y Nan> @

Pre = (DY) > yIHy) = Q( —

P, denotes the probability of detection and Py, denotes the
probability of false alarm. Q(.) is the standard Gaussian CDF
(Cumulative distribution function) and y is the predetermined
fixed threshold.

The desired predetermined fixed threshold can be calculated
by [10]:

¥ = 02[Q (P )V2N + N| (8)

From the value of threshold evaluated above, it can be seen
that the threshold not only depends on probability of false
alarm but also on the noise variance. As the signal changes,
noise variance also changes but due to the fixed value of
threshold, the performance of energy detector does not come
out to be optimum. Also, a small change in noise variance can
highly provide a harmful impact on the value of threshold. So,
there is a need to change the value of threshold considering
the effect of noise uncertainty. Here, comes the effect for the
dynamic threshold energy detection.
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3.2 Dynamic Threshold Energy Detection

Technique

In this section, a new technique is proposed for energy
detection based on dynamic threshold considering the effect
of noise uncertainty. This consideration of noise uncertainty
factor makes the cognitive radio perform in a better way than
the predetermined threshold fixed energy detector. In this
detection technique, it is required to calculate two values of
threshold so as to maximize the probability of detection and
minimize the probability of false alarm. From the values of
probability of detection and probability of false alarm, it can
be seen that, one can estimate the availability of legal user in
the present stage; one can increase the probability of detection
and decrease the probability of false alarm. This can be
achieved by decreasing and increasing the already used levels
of threshold. Using all these artifacts a new dynamic energy
detection scheme is proposed by predicting the primary user.
Through this detection mechanism, the average energy
received by the legal primary user is evaluated and compare
this average energy with the threshold value. The energy
received is considered during the L consecutive N observation
periods.

The average energy received by the primary legal user is
defined as below [11-12]:

L
1
Dav zzkz_lD(y)k (9)

D(y), is the energy received. Noise uncertainty factor can be
calculated by dividing the maximum value of noise variance
by the average value of all the noise variances.

The noise uncertainty factor is given as below:

max (a2, )
— 1<i<L i (10)

1
ZZzL:I O-zni
After the estimation of average received energy and noise

uncertainty factor, the average energy with the predetermined
threshold (y)is compared.

Algorithm 1: Proposed Energy Detection Scheme

Input: y€ RY,NeEN ,LEN,SNR€EN
Output:S; € {3y, 1}

1: for each sensing event i do

2: D(y;)«<—energy of N samples

3. Dayg«Mean of (D) —1+1),P W) i-142),....... D)}

4 02 «estimate the noise variance

5 Vay <—average Of{gf (i—L+1),U7% (i—L+2),...................,J'f%(z)}
2 2 2

6 Vinax < {Un G—L4+1),%7 (=L 42) s O

7 p = Vmax /Vav

8: if Dgyg =y then

9 Vnew = y/p

10: else

11: if Dgyg <y then

12: Ynew = VP

13: end if

14: fD (}’)z 2 Vnew

15: Si «— :7'[1

16: else

17: D(y)i < Vnew

18: Si «— :7'[0

19: end if
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The two different cases for evaluating the new thresholds
taking into account the effect of noise uncertainty is also
considered.
Case 1.If D,, =y, the estimation of the presence of primary
user (line 8 in algorithm 1), and new threshold is calculated by
considering the effect of noise uncertainty i.e.

Ynew =Y/P (11)
Case 2.IfD,, <y, the estimation about the absence of
primary user (line 11 in algorithm 1), and the new threshold is
evaluated by including the effect of noise uncertainty as,

Ynew = VP (12)
Now, dynamic nature of this proposed algorithm will highly
undergo the effect of noise uncertainty in the evaluation of
primary user’s state. Hence, dynamic threshold scheme
provides better result as compared to conventional energy
detection scheme. The dynamic threshold scheme involves the
concept of fixed threshold without considering the effect of
noise uncertainty.

3.2.1 Theoretical Analysis of the New Proposed

Scheme
Depending upon what the algorithm estimate about primary
user and what the actual status is about, the theoretical study
of our technique is divided into four cases:

Casel. True prediction:

PU is actually present, algorithm also declared
hypotheses H;. ¥yew = v/p the new threshold is proposed
that will increase the value of probability of detection.

Case2. False prediction:

PU is actually absent, algorithm declared hypotheses H;.
Ynew = ¥/p the new threshold is proposed that will increase
the value of probability of false alarm.

Case3. True prediction:

PU is actually absent; algorithm also declared hypotheses
Hy Vnew = yp the new threshold is proposed which will
decrease the probability of false alarm.

Case4. False prediction:

PU is actually present, algorithm declared hypotheses
Hy Vyew = yp the new threshold is proposed and it will
decrease the value of probability of detection.

Tablel. Theoretical analysis of proposed energy detection

scheme
Case 1 2 3 4
Predicted State H, H; H, H,
Actual State H,; H, H, H;
New threshold v/p y/p yp yp
Result Pat | Pral | Pral | Pal

4. RESULT AND DISCUSSIONS

In this section, different parameters are used to evaluate the
performance of CED and DED through MATLAB. Figures 3
to 6 shows the receiver operating curves (Pq VsPr,) that are
drawn for CED and DED technique. To know the
performance of these techniques different values of L, N and
SNR are chosen.
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Fig 3: Comparison of CED and DED (L=50, N=1000,
SNR=-20db)
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Fig 4: Comparison of CED and DED (L=200,
N=1000, SNR=-20db)
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Fig 5: Comparison of CED and DED (L=500,N=1000,
SNR=-20db)
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Fig 6: Comparison of CED and DED (L=500,N=1000,
SNR=-10db)

In the above graphs, Classical Energy Detector (CED) and
Dynamic Energy Detector (DED) have compared. It is clear
from the above figures that DED increase in probability of
detection with minimum probability of false alarm.

5. CONCLUSION

The dynamic threshold energy detection is proposed in this
paper for the spectrum sensing of Cognitive Radio. The
proposed dynamic energy scheme depends on the current state
of the primary user. Depending on this, dynamic thresholds
are evaluated considering the effect of Noise Uncertainty. The
thresholds evaluated are used to increase the value of P4 and
decrease the value of Pr,. The performance of dynamic
energy detection technique is optimized against the different
values of parameters. It is clear from the figures proposed
dynamic energy detection (DED) scheme is better than the
classical energy detection (CED) scheme.
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