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Abstract
In a cognitive radio network, the secondary users are allowed 
to utilize the frequency bands of primary users when these 
bands are not currently being used. To support this spectrum 
reuse functionality, the secondary users are required to sense 
the radio frequency environment, and once the primary users 
are found to be active, the secondary users are required to 
vacate the channel within a certain amount of time. Therefore, 
spectrum sensing is of significant importance in cognitive radio 
networks. The increased demand for mobile communications 
and new wireless applications raises the need to efficiently use 
the available spectrum resources. However, measurements 
have shown that a large portion of frequency bands are 
unoccupied or only partially occupied. Hence, the problem 
of spectrum scarcity as perceived today is due to inefficient 
spectrum management rather than spectrum shortage. In this 
paper we will calculate    by varying PFA and see their effects 
on users.
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I. Introduction
The last decade has witnessed the increasing popularity of 
wireless services. In fact, recent measurements by Federal 
Communications Commission (FCC) have shown that 70% of the 
allocated spectrum in US is not utilized. CR is a kind of intelligent 
wireless device, which is able to adjust its transmission 
parameters, such as transmit power and transmission frequency 
band, based on the environment. In a CR network, ordinary 
wireless devices are referred to as primary users (PUs), and 
CRs are referred to as secondary users (SUs). CR is defined 
as an intelligent wireless communication system that provides 
more efficient communication by allowing secondary users to 
utilize the unused spectrum segments.
The core technology behind spectrum reuse is cognitive radio, 
which consists of three essential components:
(1) Spectrum sensing: The secondary users are required to 
sense the radio spectrum environment within their operating 
range to detect the frequency bands that are not occupied by 
primary users. 
 (2) Dynamic spectrum management: Cognitive radio networks 
are required to dynamically select the best available bands for 
communications.
 (3) Adaptive communications: A cognitive radio device can 
conFig. its transmission parameters to opportunistically make 
best use of the ever-changing available spectrum [1,3,13]. 
Typically, the performance of spectrum sensing is evaluated 
with the probability of detection and probability of false alarm. 
From the primary user’s point of view, the probability of detection 
is critical as it determines how often primary user is susceptible 
to potential interference from the cognitive radio system. This 
is because the time of failures in detecting the presence of 
primary user depends on the probability of detection. Therefore, 

we are interested in the probability of detection as a measure 
for spectrum sensing performance. In this model, the SU first 
sense the frequency band allocated to the PU to detect the state 
of the PU and then adapts its transmitting power according to 
the detection result. If the PU is inactive, the SU allocates the 
transmit power based on its own benefit to achieve a higher 
transmission rate. If the PU is active, the SU transmits with a 
lower power to avoid causing harmful interference to the PU. 
In cognitive radio networks, the criterion considered so far is 
in terms of protecting the primary user, i.e., maximizing the 
probability of detection under the constraint of probability 
of false alarm. Detection of primary user by the secondary 
system is critical in a cognitive radio environment. However 
this is rendered difficult due to the challenges in accurate and 
reliable sensing of the wireless environment. Secondary users 
might experience losses due to multipath fading, shadowing, 
and building penetration which can result in an incorrect 
judgment of the wireless environment, which can in turn cause 
interference at the licensed primary user by the secondary 
transmission [1].

Fig.1 : Basic cognitive radio cycle [15]

The Fig.-1 is basic cognitive radio cycle. It shows cognitive 
radio operations as spectrum sensing, analysis, decision and 
utilization.

Fig. 2: Measurement of Spectrum Utilization (0-6 GHz) in the 
Downtown Berkeley [5]

Fig. 2 indicates the spectrum usage. As is clear from the Fig. 
that from 0-6GHZ band only a part of the band is used efficiently 
and the rest part is useless or not allocated. To make better 
use of this band is the only purpose of CR technology.
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Table 1: percentage usage of (0-6) GHZ band [5]

Table 1 shows the percentage usage of the band. As we can 
see that up to 3 GHZ band is used but after that the band is 
partially used. To maximize this usage the concept of CR came 
into existence.

Fig.3 : Cognitive radio network structure [3]

A CR network structure is shown in Fig.-3. In this Fig., the main 
spectrum is TV bands that are used by the CRNs. Cognitive node 
is capable of sensing its environment and making decisions 
instantaneously, and is capable of communicating over the 
most appropriate spectrum bands which may be licensed or 
unlicensed. The key features of CR include [3]:

1. Awareness of the radio environment in terms of spectrum 
usage, RF environment, the available node in the network, 
and the available power [3] based on interaction with the 
environment.

2.  Dynamic adaptability, such as adaptive tuning to system 
parameters which includes the transmit power, carrier 
frequency, modulation strategy, etc.

3. Highly efficient cooperative or non-cooperative behavior 
[4].

This paper is organized as follows: section II will explain 
spectrum sensing, section III will explain model of energy 
detector, IV will be simulation and results and section V will 
be conclusion part.

II. Spectrum Sensing
Spectrum sensing is one of the key enabling functions in 
CR networks that are used to explore vacant spectrum 
opportunities and to avoid interference with the PUs. The 
two main approaches for spectrum sensing techniques for 
CR networks are primary transmitter detection and primary 
receiver detection. The primary transmitter detection is based 
on the detection of the weak signal from a primary transmitter 
through the local observations of CR users. The primary receiver 

detection aims at finding the PUs that are receiving data within 
the communication range of a CR user. In this approach, the 
main objective is to find the sensing that minimizes the missed 
detection probability, i.e. determining the spectrum to be 
unoccupied when there is an active PU, and conversely, the 
false alarm probability, i.e. incorrectly inferring the presence 
of a PU in a vacant spectrum band. Several spectrum sensing 
methods have been proposed which require some knowledge 
of the potential interferer, including matched filter detection 
for specific systems and cyclostationary detectors for known 
modulations based on spectral correlation theory developed 
by Gardner. These methods will be helpful for detecting known 
primary systems. [5,8].

A. Probability of Detection ( )
The probability of detection is the time during which the PU 
(licensed) is detected. The throughput of system depends upon 
Pd. If the sensing time is increased then PU can make better use 
of its spectrum and the limit is decided that SU can’t interfere 
during that much of time. More the spectrum sensing more PUs 
will be detected and lesser will be the interference because 
PU can make best use of their priority right. Secondary users 
might experience losses due to multipath fading, shadowing, 
and building penetration which can result in an incorrect 
judgment of the wireless environment, which can in turn cause 
interference at the licensed primary user by the secondary 
transmission. This raises the necessity for the cognitive radio 
to be highly robust to channel impairments and also to be 
able to detect extremely low power signals. These stringent 
requirements pose a lot of challenges for the deployment of 
CR networks [6,9].

B. Probability Of False Alarm (PFA)
Probability of the sensing algorithm mistakenly detecting the 
presence of PUs while they are inactive. Low probability of 
false alarm should be targeted to offer more chances for SUs 
to use the sensed spectrum. The lower the probability of false 
alarm, the more chances the channel can be reused when it 
is available, thus the higher the achievable throughput for the 
secondary network. From the secondary user’s perspective, 
however, the lower the probability of false alarm, there are more 
chances for which the secondary users can use the frequency 
bands when they are available. Obviously, for a good detection 
algorithm, the probability of detection should be as high as 
possible while the probability of false alarm should be as low 
as possible. [6,11]

III. Model of Energy Detector
For a single-channel representation, once the threshold voltage 
is specified, the false-alarm rate and the detection probabilities 
can be calculated as follows (the rms power of the noise is

) [8,13]

       (1)

      (2)

These two equations can be used to prepare receiver operating 
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curves (ROC). The signal and noise powers are given as

Pnoise = , Psignal= . Receiver operating curves 
represent detection probabilities as a function of SNR for a 
given false-alarm rate [8,14-18]. These curves are prepared 
as follows:

1. First, we will specify the false alarm rate, PFA I.e. here 
10^-3, 10^-6 & 10^-9.
2.  Then we will Use Equation (1) in an iterative form, 
and calculate the threshold voltage,  for this .
3.  Fix the noise power, Pnoise =   .
4.  Use SNR = .
5. For a specified SNR, calculate Vo.
6.  Use the threshold voltage in Equation (2) and calculate 
the detection probability as a function of SNR [6].

The threshold voltage can be calculated from:

                            (3)

If the false-alarm rate is given then by Using this threshold 
voltage the detection probability can be found. By making use 

of all the above equations we can plot the  vs. SNR curves 
for different values of PFA. [19,20].

IV. Simulation Results
Here in this paper we have varied the values of PFA .Firstly 
we will define two functions. One will be for single channel 
and another will be for I+Q channels. Then we will keep on 
varying the values of false alarm.as are indicated in the Fig.s 
4, 5 and 6.

Fig. 4 :   vs. SNR plot for PFA=10^-3

This (Fig.-4) plot shows the value of PFA. =10^-3.As we know 
that when SNR increases the  also keep on increasing. 
We have made two plots one is for single channel indicated 
by black line  and other is for I+Q channels I.e. indicated by 
red color. we can see from this Fig. that when SNR=0,  
=0.1;at SNR=10,  =0.3 in case of I+Q channels but in case of 
single channel, when SNR=0, =0.05;at SNR=10, =0.9.It 
is clear from this plot that in case of multiple channels  
decreases as compare to single channel. It shows that when 
there is single user the detection becomes easy as compare 
to I + Q channels.

Fig. 5:  vs. SNR plot for PFA=10^-6

This (Fig. 5) plot shows the value of PFA. =10^-6.As we know 
that when SNR increases the  also keep on increasing. We 
have made two plots one is for single channel indicated by 
black line  and other is for I+Q channels I.e. indicated by red 
color. we can see from this Fig. that when SNR=0,  =0;at 
SNR=10,  =0.01 in case of I+Q channels but in case of 
single channel, when SNR=0, =0;at SNR=10, =0.4.It 
is clear from this plot that in case of multiple channels  
decreases as compare to single channel. It shows that when 
there is single user the detection becomes easy as compare 
to I + Q channels.

Fig. 6:  vs. SNR plot for PFA=10^-9

This (Fig.-6) plot shows the value of PFA. =10^-9.As we know 
that when SNR increases the  also keep on increasing. We 
have made two plots one is for single channel indicated by 
black line  and other is for I+Q channels I.e. indicated by red 
color. we can see from this Fig. that when SNR=0,  =0;at 
SNR=10,  =0 in case of I+Q channels but in case of single 
channel ,when SNR=0, =0.01;atSNR=10, =0.05;atSNR=

.It is clear from this plot that in case of multiple 
channels  decreases as compare to single channel. It shows 
that when there is single user the detection becomes easy as 
compare to I + Q channels.

V. Conclusion
In this paper we have varied values of false alarm and on the 
bases of this variation we have calculated the probability of 
detection. As we have seen in this paper that when PFA is 
increasing   is also increasing .As we can see that when 
false alarm is  high i.e. 10^-3 then probability of detection 
becomes high, even in case of multiple channels the probability 
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of detection is low whereas in case of single channel probability 
of detection is high. Finally we come to know that by increasing 
probability of false alarm the detection probability also increases. 
It shows that more and more false alarm will give chances for 
PU to use their band or we can say that PU can use their band 
without much disturbance.
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