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Abstract - There is a high need for spectrum, but in conventional radio system spectrum is not effectively used. To resolve 
this problem and increase effective use of spectrum cognitive radio technology concept was proposed. Cognitive radio is the 
greatest technique for use spectrum effectively. The main purpose of Cognitive Radio (CR) is to use scant and limited 
resources efficiently without any impede to the primary user (PUS). Among most exacting problems in cognitive radio 
systems is spectrum sensing methods. Energy detection method, matched filter detection method, and cyclostationary 
detections method are most typical methods for spectrum sensing. This study has been based on energy detection spectrum 
method under Gaussian noise. This work proposes that energy detection is suitable method for detection under high SNR and 
comparison done for different SNR at constant number of CR users. 
 
Index Terms - Spectrum Sensing, Cognitive Radio, Energy Detection, Matched Filter Detection, Threshold. 
 
I. INTRODUCTION 
 
With increase in the wireless technologies the 
demand for wireless spectrum is also escalating. The 
quandary of selection scarcity comes into picture as a 
result of fixed spectrum allocation. Federal 
communication commission explains that fixed 
spectrum which is given to a primary users or 
licensed user are not properly utilized all the time. 
Hence to utilize that band effectively and to remove 
problem of spectrum scarcity Cognitive radio (CR) 
technology has been proposed. Among most exacting 
problems in cognitive radio is spectrum sensing 
method. There are three types of spectrum sensing 
methods which are generally used in cognitive radio: 
1) Energy detection method 2) Matched filter 
detection 3) cyclostationary detection method as 
shown in figure 1. 
 
In matched filter detection requires less time to obtain 
detection result but it needs complete knowledge of 
the primary user. It’s ace method of detection of the 
primary user when the transmitted signal is known. 
The cyclostationary method provides good results for 
detection of the primary user but it requires much 
time to complete sensing and also requires knowledge 
of the primary user cyclic frequencies. But energy 
detection technique is very useful and handy method 
because of its easy implementation and low hardware 
complexity. There is no need for prior information 
about primary user’s signal. In this method, a well-
chosen threshold can notably enhance the capability 
of signal (energy) detection. 
 
A process that cannot be estimated using particular 
function is called as Noise. 

 
 

Figure 1 Classification of Sensing Techniques 
 
Noise can be represented using random variables 
(RV). 
 
II. THE CONCEPT OF GAUSSIAN NOISE 
 
A process that cannot be estimated using particular 
function is called as Noise. Noise can be represented 
using random variables (RV). Random variable maps 
set of events into a set of real numbers. The 
characteristics of random variables are described by 
cumulative density function and probability density 
function. Random variables characteristics are 
generally represented by 3 main statistics- 1) variance 
also known as ac power 2) Mean also known as dc 
power and 3) Mean square value known as total 
power. The most general noise is represented as a 
Gaussian random variable (GRV) with zero mean and 
unity variance.  Noise cannot be estimated from 
neighbouring samples if each sample is uncorrelated 
but if there is a correlation between samples of noise 
then correlation statics can be used to estimate the 
next sample from neighbouring sample. So to 
estimate next sample in addition to amplitude 
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variation we also need correlation coefficient between 
samples. The correlation coefficient is then known as 
Autocorrelation coefficient in the time domain and in 
the frequency domain, its correlation is defined by 
power spectral density. 
Gaussian Noise is random and occurs naturally and 
Gaussian probability function describes the variations 
in amplitude. Natural (physical) sources that produce 
noise characterised as above are called as Gaussian 
sources. Radio noises calculated in terms of their 
noise temperature are a naturally occurring source for 
Gaussian noise. Next sample can be predicted by the 
mathematical model of Gaussian distribution. 
 
III. APPLICATIONS OF COGNITIVE RADIOS 
 
Cognitive Radio Systems can be applied to the 
following cases: 
Leased network: 
The constrained wireless sensor network cannot 
provide a leased network. Because these networks are 
high bandwidth demanding intolerable against the 
delay. Because cognitive radio WSN allows 
secondary user to use licensed band whenever 
required and necessary, in a manner without harming 
the communication of the PU. Primary user can 
access all licensed bandwidth when it required. CR-
WSN is very useful in this type of bandwidth 
extensive application. 
Cognitive mesh network : 
Cognitive mesh network becoming fruitful 
technology for rolling out broadband connectivity. 
The application that demands higher output data rate, 
mesh networks requires higher bandwidth to meet the 
requirement, since cognitive radio technology allows 
the access to larger width of spectrum, therefore 
cognitive radio networks will be suitable choice to 
meet the demands of mesh networks. 
Emergency networks : 
Real-time surveillance applications like public safety 
networks and emergency networks cognitive radio 
networks can be utilised. During natural calamity 
when all primary networks are down, their spectrum 
band can be utilized by cognitive radio users. CR 
network can work on existing infrastructure on 
temporary basis by maintaining minimum response 
time and communication priority. 
Military networks: 
Many military and public security networks or 
applications are working on constrained cognitive 
radio such as 1) warzone surveillance 2) intelligence 
assistant network 3) traffic monitoring. In battlefield 
(warzone) or in sensitive places an foe can send 
jamming signals to debarred communication channel 
and radio channel. In such conditions Cognitive radio 
wireless sensor networks can be used in military radio 
requirement. CR network allows military networks to 
choose random Intermediate Frequency (IF) 
bandwidth. CR WSN can use different frequency 
bands and modulation methods or coding method, 

resulting to the varying radio environment of 
warzone. Also CR is intolerable against delay which 
is basic requirement of some military application, for 
those applications CR WSN is advisable. 
 
IV. LITERATURE SURVEY 
 
In [2], Author proposed adaptive threshold. In 
adaptive threshold method threshold varies according 
to the varying signal power of received user.  In [3], 
author proposed Threshold decision only depends on 
the stastical values of incoming signal. Lagrange 
multipliers technique can be used to get the optimal 
threshold in single threshold system [4]. An process 
based on double threshold is proposed by author in 
[5]. Double threshold algorithm is different from 
static threshold algorithm and brings considerable 
enhancement in detection capability. Method 
proposed in need extra time for spectrum sensing to 
get the result. An alternate method of adaptive 
threshold for unlicensed WLAN channels is 
explained by authors in [6]. In [7], the author decides 
maximum spectrum sensing numbers. Secondary user 
starts utilizing other spectrum if number of sensing 
time crosses the maximum limit. 
 
V. METHODOLOGY 
 
If cognitive radio system doesn’t have much 
information about   user then matched filter cannot be 
used as optimum method [12]. But if spectral power 
or variance of Gaussian noise is known to cognitive 
radio energy detection is best choice for detection of 
received signal [11]. The block diagram of hardware 
energy detector is shown in figure 2. 
First of all the input signal pass through the analog to 
digital converter after that signal is selected by band 
pass filter, BPF select the frequency of interest or 
centre frequency. Then selected received signal is 
passed through squaring device to calculate the 
received energy or signal energy. Integrator 
determines observation time, T. Then output of 
integrator is compared with threshold to detect 
presence of primary user. 
The main disadvantage with energy detector is that it 
is vulnerable to varying noise power. The problem 
with Energy detection System is that it cannot 
differentiate between signal power received and noise 
power but it just let us know whether primary user is 
present or not. 
 
VI. RESULTS AND DISCUSSION 
 
A Fixed threshold can be used in that situation where 
the target is not varying with time and space, in such 
situation fixed threshold can specify a fixed 
probability of false alarm which is governed by 
probability density function of Gaussian noise 
because noise is generally assumed to be Gaussian in 
nature. The probability by which target can be 
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detected is depends upon SNR of the target. 
However, when the noise level varies with time and 
space, which is general in practical system varying 
threshold or adaptive threshold should be used. In 
such systems threshold varies according to noise level 
to maintain a constant value of false alarm 
probability. This type of system are called constant 
false alarm rate (CFAR) system. 
Two Probabilities on which performance of detection 
method depends upon can be broadly classified are : 
The false alarm probability and the missed detection 
probability. These probabilities are based on 
threshold used in algorithm. If an equation can be 
generalised to error probabilities then it is possible to 
set threshold accordingly. 
This work proposed that energy detection is suitable 
method for detection under high SNR provided that 
SNR of received signal is above threshold. The 
plotting is in between false alarm probability and 
missed detection probability. 
 

 
Figure 2 Block Diagram of Energy Detector 

 

 
Figure 3 Graph showing the relationship between the false-

alarm probability and the missed-detection probability for 10 
cognitive users and SNR of 20 dB 

 

 
Figure 4 Graph showing the relationship between the false-

alarm probability and the missed-detection probability for 10 
cognitive users and SNR of 15 dB 

 
Figure 5 Graph showing the relationship between the false-

alarm probability and the missed-detection probability for 10 
cognitive users and SNR of 10 dB 

 
Signal to noise 

ratio (SNR) Number of CR Path loss 

20db 10 2db 
15db 10 2db 
10db 10 2db 

Table 1 Parameters for energy detection 
 
The Table 1 shows all the parameters taken into 
account. And below Figure 3, Figure 5, and Figure 4 
shows the plots of detection for SNR of values 20 dB, 
10 dB, and 15 dB. 
 
CONCLUSION 
 
The proposed method establishes the threshold for the 
energy detection under Gaussian noise conditions and 
it also shows the relationship between both the 
detection parameters i.e. the false-alarm probability 
and the missed-detection probability. A large number 
of methods can be adopted using the proposed 
method which can be used for both cooperative and 
non cooperative sensing. 
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