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Abstract-- In this wireless era there is an exponential increase in wireless devices but the spectrum availability for these
devices has become very less. Some additional spectrum band for these devices is required to make communication possible.
To clear this spectrum demand the cognitive user access the unused licensed frequency band, when the band is free. The
cognitive users may utilize unused channel till the band is occupied by primary user. In this paper, A MATLAB based
simulation is carried out to appraise the detection performances of cognitive radio .The spectrum sensing in non fading
Additive White Gaussian Noise (AWGN) environment and different fading scenarios such as Rayleigh, , Rican, Log normal
shadowing Weibull and Hyot fading environment using energy detection technique are carried out. The performance analysis
of energy detector designed for Average Signal-to-Noise Ratio (SNR) and different fading parameters are analyzed in
provisions of Probability of missed detection (Pm) and Probability of false alarm (Pf).The spectrum sensing is analyzed by
comparing the performances of various wireless fading channels.
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In this paper, a simulation model to examine the
performance of spectrum sensing for diverse fading
wireless channels using energy detection is developed.
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l. INTRODUCTION

The necessity of radio spectrum for communicating
devices has been observed increasing in recent years. This
is primarily owing to the rising figure of clients in wireless
services and development of wireless networks for high-

speed networks. With the appearances of new purpose and
the unavoidable nature of internet access, requirement for
the spectrum is projected to rise in coming years [1].
Cognitive Radio (CR) system has been launched to crack
the trouble of spectrum scarcity. By opportunistic manner
of accessing the available free spectrum band, CR users
divide the spectrum band in the midst of primary users
(PU’s). To differentiate the presences and absences of
primary users accurately, spectrum sensing is the lonely
indispensable tool for cognitive radio expertise. Due to
shadowing and fading, spectrum sensing is a hard task to
identify the state of spectrum usage. When cognitive radios
fail to indentify the existences and absences of primary
users in particular band it will cause obstruction to primary
users. So detecting state of spectrum band must be
accurate for acceptable quality of services [2].
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Figure 1.Block Diagram of Energy Detector

An energy detector is utilized to indentify the signal which
is unknown in a given period of time. Fig.1 shows the
block diagrammatic illustration of energy detector. The
received signal is sent to band pass filter and this filter is
designed to choose the required frequency. The output the
of band pass filter is sent to squaring device, wherever the
energy coupled with the signal is calculated. The output of
squaring device inputted to an integrator. The integrator
quantifies the energy over enduring phase of time window.
The quantified energy is fed to threshold devices, which
decides whether the licensed user’s signal is present or not
[3].

This paper is structured as follows: In section Il, system
model and important mathematical representation are
explained. It also provides schemes regarding diverse
wireless fading channels and measures for detection
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probabilities. In section 111, the results and its explanation
are presented. In section IV, conclusion is provided.

1. SYSTEM MODEL

To allocate CR consumers to the unoccupied band in the
spectrum, CR consumer are necessary to monitor the
spectrum continuously till indentifying the spectrum is in
usage or vacant. There are diverse detection techniques
such as Energy detection, Cyclostationary detection and
Matched filter detection are available for detecting whether
the band is vacant or not. Among these three techniques,
energy detection has been extensively utilized for
recognize a signal because no advanced features of
primary signals are needed [4].
The energy detection for the narrowband received signal
follows two hypotheses as shown below
n(t), Ho
<0 ={ . s®+n®, H1 D
Hy: Primary user(PU) is absent
H;: Primary user(PU) is present
where, X(t) - the signal received by secondary users
S (t) - primary users transmitted signal
n() - noise
h - amplitude gain of the signal
The received signal is initially pre filtered by an ideal band
pass filter with transfer function.

2
H(f) = )

= f-flsw,
0, |f - fcl =W,
The received signal is directed through the blocks like
filter, squaring device and integrator (Fig.1) over the time
interval (T).The output of the integrator block estimate the
energy in the received signal .These energy value are
contrasted with established in advance threshold value and
after that trail statistics are decided.
The test statistic concludes the received energy are
matches merely to the noise energy (H,) or to the energy
of jointly to the unknown deterministic signal and noise
(H,). These H, /H, are the output of threshold detector.
The test statistics in shorthand notations as shown in (3)
— {x%u HO (3)
xzzu (2]/) Hl

An energy detector primarily consists of a default energy
threshold, A. The threshold value is essential to measure
three aspects to estimate the performance of the detector: i)
false alarm probability, ii) detection probability and iii) the
probability of missed detection. The primary aspects are
computed by integrating (2) over the period between the
energy thresholds to infinity {A, o} yielding,

P,_Pr(Y >M\/Hy) (4

Pr_Pr(Y >)1/H,) (5)
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Average detection probability for different wireless
fading channels

A. Non-fading wireless channel (AWGN channel)

Fading factor (h) is equivalent to one, when the signal is
gratis as of fading cause or shadowing cause. In AWGN
the probability of detection and false detection probability
are known by the following mathematical notations

Py =Pr(Y > A/H,) = Qm(ﬁ D (6)

P, = Pr(Y > A/Hy) = r% )
where I'(a,b)is the incomplete gamma function and
Qm(ab) is the generalized Marcum Q-function. Initially
the probability of false alarm (Pf) is fixed and then by
using (7) the threshold for detection value is determined.
When selecting the threshold for detection (1) value, the
probability of detection ought be selected as large
sufficient to preserve the Primary User(PU); otherwise, a
high missed detection probability might consequences in
unbearable obstruction to the Primary Users(PU). In this
situation, the detection probability (Pd) may be obtained
by normalizing (7) in fading statistics.

Pd=[Qm( /27, DEX)  (®)

Where, f,, (x) is the Probability Distribution Function
(PDF) of Signal to Noise Ratio (SNR) under fading.

B.Rayleigh fading channel

Rayleigh fading is a form of signal transmission as a result
of greatly built-up city surroundings over radio signals.
Rayleigh fading is mainly appropriate when rejection of
principal transmission beside a line of view linking the
transmitter and receiver. Rayleigh distribution occurs
owing to the environment consisting of few types of
dispersion. Then the amplitude of the signal and the Signal
to noise ratio

(y) follows an exponential PDF given by

L =lew (L) v=0 ©
In this situation, a closed-model formula may be calculated
by substituting fy(X) in (9),

Py ray = Z;{n o :, (E)k + (1;%7)"1—1 (ez(;iy) - 6_7/1 *
k
Zi= 02%(2(1+y)) ) (10)

C. Log-normal shadowing channel

Log normal shadowing model is a typical model and an
expansion to Friis Free space model. It is employed to
guess the transmission failure for a vast range of
environment. The gain of linear channel is designed by
means of a log-normal random variable, e* where X is a
zero-mean Gaussian random variable through variance o2 .
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Log-normal shadowing is typically illustrated in the
expression of its dB-spread, o, which is associated to ¢
by o= 01|I’I (10) adb

D. Rican fading channel

Rican fading is a form for radio transmission irregularity
sourced by incomplete termination of a radio signal. It also
occurs when the signal incoming at the receiver as a result
of numerous diverse paths. Consequently they are showing
multipath obstruction, and at slightest one of the paths is
altering and reduction. Rican fading also arises while one
of the paths, normally a line of view signal is to a large
extent of stronger than the other signal. In this case, the
received signal’s amplitude has a Rican distribution.

Then PDF in mathematical equation given as

_ 14K _ (1+K)y K(1+K)
fy(x) = = exp( K—7 )*10(2 /—7 ) (11)

Where K is the Rican factor. The average probability of
detection calculated by averaging (7) .

— [2k7  [aa+K)
Papic = Q ( K+1+7’ K+1+7) (12)
u=1

If K = 0, then the given equation is reduces to the
Rayleigh expression with u = 1.

E. Weibull fading channel

Weibull fading model is uncomplicated model of fading
used in wireless communications and this fading model
follows Weibull distribution.. The Empirical study have
shown it to be an efficient form in both indoor and outdoor
environment.

The equivalent PDF of the immediate SNR per symbol is
known by

R |

Where ¥ is stand for the average SNR per symbol.
The overall probability of detection equation for (Pd) in
case of a weibull channel acquired by (6) over (13) , then
Pd is given by

e 2 + Z

Al
Zu 1 1‘21
la
1)1F1 (7+ Lu+

a (@)
where, 1F;(a, b, X) 2 Y7, (‘;)Il’;,

F1 is the Kummer’s confluent hyper geometric function.

[%F(l + g)]a/ 2 @a3)

(- 1)lAlA“' la
la/2 (r7+

Pd weib
1'u‘2”e2 Y

1%) (14)

F.Hoyt fading Channel
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Hoyt fading distribution is commonly employed to
differentiate the fading scenarios which are more rigorous
than Rayleigh fading.
The PDF of Hoyt distribution is put forward by
0 == e (- L) 1o (“E2)iy =0 @9)
4q°
P+’
Where q is fading severity parameter.
Then average detection probability of Hoyt fading
obtained by replace with the value of £, (y) in (15)

0<p<1

1. RESULTS AND DISCUSSION

The simulation is designed in MATLAB by means of the
following system parameters: Time-bandwidth product, m
= 5, average SNR, y =7dB. The Receiver Operating
Characteristics (ROC) curves of missing probability (Pm)
vs False alarm probability (Pf) is plotted for the system
parameters. This simulation set up is conceded for
different fading channels. Then simulated results of
different fading wireless channel are contrasted with non
fading AWGN.

Probabilty of missing

RAY SIM
AWGH THEORY
A\".'GI‘-J EII‘.‘I

10° 107 10 10°
Probability of false alarm

Figure 2.ROC curve under Rayleigh fading (_y =7dB, m=
5)

Fig.2. shows the ROC curve over Rayleigh fading. The
simulated results are compared with analytical results
obtained from equation which perfectly matches. It is
observed that when compared to AWGN, the Rayleigh
fading has less detection probability due to fading.

ROC for Rician fading

Probabilty of missing

10° 107 107 10°
probability of false alarm

Figure 3.ROC curve under Rican fading G =7dB, m=15)
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Fig.3 shows the ROC curve for Rican fading channel.
Three values of fading parameters are measured, viz., K=2,
3 and 5. The overall performance of energy detector in
Rican fading channel is less when fading parameter k=2
and high when fading parameter k=5.

—+—sigma db=Tdb |}

—e— sigma db=3db |*
sigma db=1db
AWGH

i
107 107 10°

probability of false alarm

Figure 4.ROC curve under log normal shadowing with
different db spreads (y =7dB, m=5)

Fig.4.shows the ROC curve for log normal shadowing.
When evaluating the AWGN curve related to shadowing, it
is observe that, detection probability is more when db
spread is less. Spectrum sensing is hard in occurrence of
shadowing.

o ROC for WEIBULL fading
10 o
: H R

¥

Probabity of missing

10° 107 10" 10°
probability of false alarm

Figure 5.ROC curve under Weibull fading (y =7dB, m= 5)

Fig.5 shows the ROC curve in Weibull fading channel.
Here two values of fading shape and scale parameters are
considered, viz., K=1, S=0.5 and k=3, S=1.5. From
figures it is noticed that the performance of energy detector
in Weibull fading channel is less when shape parameter
k=1 and scale parameter s=0.5 and high when shape
parameter k=3 and scale parameter s=1.5.

ROC for HYOT FADING

Figure 6. ROC curve under Hyot fading (y =7dB, m= 5)

Fig.6. shows the ROC curve under Hyot fading channel.
Here three values of fading severity q parameters are
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considered, viz., q=0.5 ,1.5 and 2 .The performance of
energy detector in Hyot fading channel is less when g=0.5
and high when g=2.

ROC for different fading

Pm

s : Pl , H Emiuiiiiir H HE I]
P " Figure 7.
ROC curve under different channels (y =7dB, m=5)
Fig.7.shows ROC curve of the energy detection foundation
on spectrum sensing in the existence of Rayleigh, Log
normal shadowing, Rican, Weibull and Hyot fading under
same SNR condition. When contrasting the AWGN to
other fading channel, the performance of energy detector is
finest in Weibull fading amid all other fading channels.

v. CONCLUSION

In this paper, the performances of energy detection under
different wireless fading channels are evaluated. When
comparing probability of detection of all these fading
channels (Rayleigh, Log normal shadowing, Rician,
weibull and Hyot), it is noted that the weibull fading
channel gives best detection performance. It is observed
that the performance of the detector is influenced by the
value of parameters like different fading parameters and
average SNR values. This is obvious that even minor
changes of the fading parameter outcome to considerable
deviation in the detection probability.
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