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Abstract- In cognitive radio, Spectrum sensing is an emerging technology to exploit the underutilized spectrum so as to 
overcome the problem of spectrum scarcity. One of the important Spectrum sensing technique for cognitive radio is energy 
detection. In this paper, the performance of energy detection technique for non cooperative system is analyzed for the 
detection of the primary user (PU). Simulation results prove that the detection probability increases whenever signal to noise 
ratio (SNR) and false alarm probability increases. 
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I. INTRODUCTION  
 
Cognitive radio (CR) is regarded an exhilarating 
technology that has the potential of dealing with the 
tough requirement for meeting the scarcity of the 
radio spectrum. It is a new way to fulfil the problem 
arising due to spectrum shortage in wireless 
environment. With the help of dynamic spectrum 
access, it enables higher spectrum efficiency. CR 
allows the unlicensed users to use the unutilized 
portions of the licensed spectrum ensuring that there 
is no interference to the primary user’s transmission. 
It is an effective solution to the problem of spectral 
congestion by setting up intelligent use of the 
spectrum that is not possessed by the licensed users. 
FCC defines cognitive radio as:   
 
“A radio or system that senses its operational 
electromagnetic environment and can dynamically 
and autonomously adjust its radio operating 
parameters to modify system operation, such as 
maximize throughput, mitigate interference, facilitate 
interoperability, access secondary markets”. In 
cognitive radio, PU is defined as licensed user who 
has the right to utilize a particular portion of 
spectrum. On the other hand, secondary user (SU) or 
CR users don't have the license for the usage of 
spectrum but can utilize it whenever PU is not 
present. Cognitive user shifts the transmission to a 
different frequency or varies the modulation 
parameters, hence never causing interference to PU 
whenever it is present. Therefore, SU must have the 
capability to sense the spectrum reliably and check 
whether PU is using it and simultaneously make 
changes in the radio parameters to utilize the unused 
portion of spectrum. By far, Spectrum sensing  is the 
most vital task for the implementation of CRs 
because they need to sense hole in the spectrum band, 
and decide whether to use the spectrum band or not. 
Many different techniques were proposed for 
identification and presence of the PU signal 
transmission. Spectrum sensing techniques can be 

categorized to: Energy Detection, Cyclostationary 
Detection, and Matched Filter Detection. 

 

 
Fig.1 Classification of Energy Detection Technique 

 
Among these, energy detection is widely 
implemented since it doesn't require the prior 
information of primary signals and have much lower 
complexity compared to other two techniques. In this 
paper, we have studied the technique of energy 
detection and its performance. 
 
In this paper the energy detection technique is applied 
for sensing the spectrum in cognitive radio networks. 
Simulations are carried out and observation shows us 
that detection performance is enhanced whenever 
there is an increment in the SNR value or whenever 
the probability of false alarm increases. It is also 
observed that energy detection technique is 
comparatively producing better detection 
performance as compared to matched filter detection 
and cyclostationary detection. 
 
II. SYSTEM MODEL 
 
In this model, it is assumed that the energy detection 
is implemented at every SU (fig.1). Energy detector is 
consisting of a finite time integrator and a squaring 
law device. Output of the integrator at any time 
instant is input energy to squaring device over the 
time interval 'T'. Noise pre-filter limits noise 
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bandwidth, input noise to the squaring device has the 
spectral density as flat and band-limited. 

 
Fig.2 Energy Detection Technique 

 
Energy detection technique is one of the sub-optional 
Signal sensing techniques which have been hugely 
used in radio communications. The detection 
technique can be performed in time domain as well as 
in frequency domain. Fig. l shows the energy 
detection process with the hypotheses as follow: 

H0: Y[m] = W[m]       ;   Absence of signal        (1) 
H1: Y[m] = X[m] +W[m]     ;   Presence of signal     

     (2) 
Here, m =1, 2,....,M; where M is the window under 

observation 
Here X[m] denotes the sample of the target signal 
having certain power 'u' and W[m] is noise sample 
that is assumed to be additive white Gaussian noise 
(AWGN) having zero mean and variance same as the 
signal power  
The energy is calculated as: 

                  (3)  
The Energy is now compared to a threshold for 
checking which hypothesis turns out to be true.  
 E > λ ⇒ H1   
 E < λ ⇒ H0    (4) 
  
The sensing is performed to make certain if any 
activity of the primary user for a particular band of 
frequency occurs, as suggested by binary hypothesis 
testing, and that can be mapped as: 

H0: The idle primary user 
H1:  The working primary user  

 
Missed detection senses busy channel as an idle 
channel and selects the hypothesis H0, which causes 
harmful interference to the primary user whereas 
false alarm senses idle channel as busy channel and 
selects the hypothesis H1, which cases the secondary 
user to miss the opportunity for efficient spectrum 
utilization.  
Based on this the performance of the detection 
technique can be defined by the following two 
probabilities.  
The probability of missed detection, 
  Pmd = P (H0=H1)                (5) 
 and the probability of false alarm,  
  Pfa = P (H1=H0)  (6)  
Now, the detection probability and false alarm, taking 
Square law combination (SLC), can be expressed as 
follow: 

Q , =  Q ( 2γ ,√λ )         (5) 

 Q ,   =  
(  , )

( )
                        (9) 

Where ,  yk is the SNR received at kth 

cognitive user, Qm is the Marcum Q-function, λ is the 
detection threshold, Where Г (a) is the complete 
gamma function and Г (a,b) is the incomplete gamma 
function. 
 
III. PROPOSED METHOD AND 

SIMULATIONS 
 
Using Energy Detection technique which has been 
applied for all non-cooperative system, here in this 
case we have considered the number of secondary 
user’s (CR's) which are working independently in an 
non-cooperative fashion. Each of the CR’s are taking 
its own decision based on a fixed threshold value to 
compare the present energy level of the channel. In 
all our simulation results, we have considered the 
modulation of the signal as MSK and the nature of 
the channel as Rayleigh-Fading (Slow fading). 
Additive White Gaussian Noise (AWGN) is 
considered as standard noise signal. All simulations 
are done on MATLAB under Additive white 
Gaussian Noise channel. 
 
We use graph characteristics for the analysis of the 
detection of signal and performance of the energy 
detector. It is an effective and efficient technique to 
analyze the trade off between the false alarm 
probability and the detection probability. 
 
Fig. 3 shows the graph of signal to noise ratio vs. 
probability of detection under AWGN channel. For 
the analysis of the detection probability under various 
values of SNR, the simulation was carried out for a 
fixed value of Pfa which is 0.01 and SNR was taken 
from -16dB to -4dB. It can be observed that the 
detection probability increases as the SNR increases 
(from -16dB to -4dB). The detection probability 
increases significantly after -11.5dB and detection 
probability becomes finally 1 when SNR is around-
7dB. 

 

 
Fig.3 Graph of Signal to Noise Ratio (SNR) Vs. Probability of 

Detection(Pd) 
 
Fig. 4 shows the graph of probability of detection (Pd) 
vs. probability of false alarm under AWGN channel. 
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The detection probability is based on the false alarm 
probability. Here probability of false alarm is used 
from 0.01 to 1 and increasing it by 0.01. From the 
simulation result it can be observed that when Pfa is 
0.7, the detection probability is 0.05.  
 
The detection probability increases significantly 
when Pfa is around 0.9, the detection probability is 
approximately good. So, the detection probability is 
increasing when Pfa is increasing. The probability of 
detection is estimated based on the different 
probability of false alarm. The detection probability 
also varies based on the probability of false alarm. 

 

 
Fig.4  Graph of Probability of  Detection(Pd) Vs. Probability of 

False Alarm(Pfa) 
 
CONCLUSION 
  
In this paper, studies have been carried out on 
spectrum sensing based on energy detection in 
Cognitive Radio Networks. Simulations were carried 
out and graphs of probability of detection vs. the 
probability of false alarm were observed and 
analysed. The detection probability varies with the 
SNR value. SNR has a great influence on the 
probability of detection.  
 
With an increase in SNR value, the probability of 
detection increases and we get SNR= -7dB, which is 
better where we get a detection probability of 1. 
Detection probability is also affected due to the false 
alarm. The detection probability increases with 
respect to the increase in false alarm. Hence, we 
almost obtain the final result on energy detection 
according to our expectation. 
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